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A B S T R A C T

The expression of the classic steroid receptors ERa and PR-A has been correlated with stage,

histological grade and survival in endometrial cancer. Endometrial cancer samples (293)

were immunohistochemically analysed with monoclonal antibodies against the four ste-

roid receptors. The loss of ERa, PR-A and PR-B resulted in a poorer survival in endometrial

cancer patients, while ERb expression did not demonstrate any correlations with several

analysed clinicopathological characteristics and did not affect survival. Additionally, mul-

tivariate survival analysis demonstrated that PR-B was a significant independent prognos-

tic factor for cause-specific survival. In contrast, although ERa and PR-A showed a

significant association between different endometrial histological subtypes and grading,

both receptors were not independent factors with survival in endometrial carcinoma

patients. Therefore, the PR-B immunostaining might be used as an easy, simple and highly

efficient marker to identify high-risk patients and may aid in the selection of patients for a

more aggressive adjuvant therapy.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Endometrial cancer is becoming the most common gynaeco-

logic malignancy in the Western World and occurs in repro-

ductive and postmenopausal women.1 It mostly appears in

women with conditions resulting in unopposed oestrogens

(i.e. oestrogen-only hormone replacement therapy, obesity,

and oestrogen-producing tumours or anovulation).1 However,
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the current used diagnostic technology is quite insufficient to

identify endometrial cancer patients with poor prognosis.

Therefore, immunohistochemistry of different specific mark-

ers might be an interesting alternative to select high-risk

patients.2

Oestrogen receptor (ER) and progesterone receptor (PR) are

ligand-dependent transcriptional factors belonging to the nu-

clear steroid receptor superfamily. For several years it was
.
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generally believed that only single ER and PR receptors ex-

isted. However, the discovery of a new ER (ERb) and PR (PR-

B) has induced new insights in the steroid receptor signalling

system.3–5 The ER and PR expressions and distribution pat-

terns might play an important role in normal endometrial

function and pathogenesis and the expression and relation-

ship of the two distinct ER’s and PR’s could be of essential

clinical implications.6,7 The expression of the classic steroid

receptors ERa and PR-A has been correlated with stage, histo-

logical grade and survival in several studies. Additionally, it is

thought that the ER and PR status constitutes an independent

prognostic factor.8–10 Therefore, the National Cancer Institute

of the USA has recommended an incorporation of these

parameters in the evaluation of endometrial cancer patients

with stage I and II. However, PR, in contrast to ER, is suggested

to be a more predictive factor of disease-free survival,11,12

while some authors favour the fact that the expression of ste-

roid receptors does not constitute an independent prognostic

factor for endometrial cancer.13,14 Therefore, the usefulness

of the determination of receptor status in endometrial cancer

patients is still controversially discussed. Additionally, there

are limited data on the prognostic significance of the recently

discovered ERb and PR-B in endometrial cancer. Therefore,

the aims of this study were the evaluation of the expression

patterns of these steroid receptors (ERa, ERb, PR-A and PR-B)

and the assessment of their prognostic significance in endo-

metrial cancer patients.

2. Materials and methods

2.1. Tissue samples

Hysterectomy specimens (293) containing endometrial carci-

noma were obtained from the pathological archives that were

operated at the 1st Department of Obstetrics and Gynaecol-

ogy – Ludwig-Maximilians-University Munich between the

years 1990 and 2001. All haematoxylin and eosin-stained

slides were re-reviewed by a gynaecological pathologist

(N.S.) to verify the diagnosis, histological grade, histological

type, FIGO stage, lymphangiosis and haemangiosis.15 Women

with sarcoma of the uterus were excluded from this study.

Pathological stage and histological subtype were determined

for each surgical specimen according to 1988 International

Federation of Gynaecology and Obstetrics (FIGO) criteria.16

Histological classification was performed according to the

World Health Organization system in the well differentiated

(G1; n = 160), the moderate differentiated (G2; n = 80) and the

poor differentiated (G3; n = 53).

Patients with endometrial carcinoma received modified

radical hysterectomy, salpingo-oophorectomy or selective

pelvic lymphadenectomy, with or without para-aortic lym-

phadenectomy. Lymph node sampling or dissection was gen-

erally performed in patients having tumours with deep

myometrial invasion and/or high-grade or aggressive histo-

logical features. Obesity, advanced age and excessive comor-

bidity were factors against full surgical staging.

Patient data were obtained from three sources: hospital tu-

mour registry, automated database and chart review. The Mu-

nich tumour registry systematically collects baseline data,

including demographic data, diagnosis, additionally diseases
(i.e. obesity, diabetes, and blood pressure) and treatment infor-

mation on all cancer patients who are diagnosed or treated at

the 1st Department of Obstetrics and Gynaecology, Ludwig-

Maximilians-University Munich. Automated records and,

when available, charts for each patient were reviewed to verify

diagnosis and presence or absence of radiographic or patho-

logical evidence of disease recurrence. All cases of recurrence

had radiographic evidence of disease or biopsy-proven pro-

gression of disease. Only the records of patients who died of

disease were considered to be uncensored; the records of all

patients who were alive at follow-up or who did not die of dis-

ease (or a related cause) were considered to be censored. Addi-

tionally, as censored cases were also those cases considered

where the exact cause of death was unknown but died within

two years after the diagnosis of a metastatic lesion.

2.2. Immunohistochemistry

Immunohistochemistry was performed using the mouse-IgG-

Vectastain Elite ABC kit (Vector Laboratories, Burlingame, Cal-

ifornia, USA) as previously described.6,7 Briefly, paraffin-fixed

tissue sections were dewaxed using xylol for 15 min, rehy-

drated in an alcohol row, and subjected to antigen retrieval

on a high setting for 10 min in a pressure cooker in sodium

citrate buffer (pH 6.0), containing 0.1 M citrate acid and

0.1 M sodium citrate in distillate water. After cooling, the

slides were washed twice in PBS. Endogenous peroxidase

activity was quenched by immersion in 3% hydrogen peroxide

(Merck, Darmstadt, Germany) in methanol for 20 min. Non-

specific binding of the primary antibodies was blocked by

incubating the sections with diluted normal serum (10 ml

PBS with 150 ll horse serum, provided by Vectastain Elite

ABC kit) for 20 min at room temperature. Sections were then

incubated at room temperature for 60 min with the primary

antibodies (Table 1). After washing with PBS, the slides were

incubated in diluted biotinylated anti-serum secondary anti-

body for another 30 min at room temperature (10 ml PBS,

50 ll horse serum, provided by Vectastain Elite ABC kit). After

incubation with the avidin–biotin peroxidase complex (di-

luted in 10 ml PBS, reagent ABC provided by Vectastain Elite

ABC kit) for another 30 min and a repeated washing step with

PBS, visualisation was performed with substrate and chroma-

gen 3,30-diaminobenzidine (DAB; Dako, Glostrup, Denmark)

for 8–10 min. The slides were counterstained further with

Mayer’s acidic haematoxylin and washed in an alcohol multi-

ple-row (50–98%). After xylol treatment the slides were cov-

ered. For positive controls sections of human breast cancer

tissue and normal colon were used, while human ileum

served as negative control tissue. Positive cells showed a

brownish colour and negative controls as well as unstained

cells were blue.

2.3. Immunohistochemical evaluation

The intensity and distribution patterns of specific steroid

receptor immunohistochemical staining reaction were evalu-

ated by two blinded, independent observers, including a

gynaecological pathologist, using a semi-quantitative score

as previously described and used to assess the expression

pattern of steroid receptors in endometrial tissue.7



Table 1 – Antibodies used for immunohistochemical characterisation of endometrial glandular cells (ER = estrogen
receptor, PR = progesterone receptor)

Antibody Clone Isotype Dilution Source

ERa 1D5 Mouse IgG1 1:150 in dilution-medium Immunotech, Hamburg, Germany

ERb PPG5/10 Mouse IgG2a 1:50 in PBS Serotec, Oxford, United Kingdom

PR-A 10A9 Mouse IgG2a 1:50 in dilution-medium Immunotech, Hamburg, Germany

PR-B SAN27 Mouse IgG1 1:50 in PBS NovoCastra, Newcastle, United Kingdom

Dilution-medium was obtained by Dako, Glostrup, Denmark.
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The IRS score was calculated by multiplication of optical

staining intensity (graded as 0 = no, 1 = weak, 2 = moderate

and 3 = strong staining) and the percentage of positive stained

cells (0 = no staining, 1 = <10% of the cells, 2 = 11–50% of the

cells, 3 = 51–80% of the cells and 4 = >81% of the cells) as pre-

viously described.18 Sections were examined using a Leika

(Tokyo, Japan) photomicroscope. Digital images were obtained

with a digital camera system and were saved on a computer.

The IRS scores were compared using the Kruskal–Wallis one-

way analysis of variance by ranks. Correlations of steroid

receptor expression levels were assessed using the Spearman

rank correlation test. Significance of differences was assumed

at p 6 0.05 at the two-sided test.

2.4. Statistical analysis

For the purposes of statistical survival analysis, steroid

receptors expression in tumour sample, was considered to

be elevated if >10% positive staining was observed as previ-

ously suggested,11,17,18 which corresponds per definition to

an immunohistochemical staining score (IRS) of higher than

two. For the evaluation of the ERb staining intensity the med-

ian for all tumour samples was used (median for ERb = 0).

Increased/positive versus not increased/negative immuno-

staining in tumour samples was compared using the v2 test

and the exact Fisher’s test where applicable.

The outcomes analysed were progression-free survival,

cause-specific survival and overall survival. Univariate analy-

ses were performed with Kaplan–Meier life-table curves to

estimate survival and were compared using the log-rank

test.19 Prognostic models used multivariate Cox regression

analysis for multivariate analyses of survival. The variables

were entered in a forward stepwise manner.20 Data were ad-

justed for age, stage, grade, lymph nodes, lymphangiosis,

haemangiosis, unfavourable histology (endometrioid versus

papillary serous/clear cell), steroid receptor expression,

hypertension, obesity, diabetes, anti-hormone therapy and

radiation therapy. Lymph node involvement was entered as

categorical variable defined as no lymph node involvement,

positive lymph nodes and unknown status. Significance of

differences was assumed at p 6 0.05 at the two-sided test

(SPSS version 14.0; SPSS Inc., Munich, Germany).

3. Results

3.1. Clinicopathological characterisation

The clinicopathological features of the endometrial carcino-

mas are summarised in Table 2. The median patient’s age at
the time of diagnosis was 64.8 years (range 35.5–87.9 years).

219 (74.7%) and 21 (7.2%) patients were diagnosed in FIGO

stages I and II, respectively, while 45 (15.4%) patients had FIGO

stage III and eight patients (2.7%) presented with metastatic

disease (FIGO IV). Of the analysed 293 patients, 256 had an

endometrioid histology (87.4%), while 37 (12.6%) patients

presented with a serous/clear cell or undifferentiated carcino-

mas. Of the endometrioid carcinomas, 214 patients demon-

strated an endometrioid adenocarcinoma (83.6%), 12 (4.7%)

showed a mucinous carcinoma and 34 (13.3%) showed a

mixed adenocarcinoma. Lymph node sampling or dissection

was generally performed in patients having tumours with

deep myometrial invasion and/or high-grade or aggressive

histological features. Pelvic and/or para-aortic lymph node

sampling was performed for 209 patients (71.3%) while 23 pa-

tients (7.8%) demonstrated lymph node metastasis. A low

FIGO stage (FIGO Ia), obesity, advanced age and excessive

comorbidity were factors against a full surgical staging in 84

patients (28.4%). Obesity was observed in 99 (33.8%) cases,

while 115 (39.4%) and 33 (11.3%) patients presented with high

blood pressure and diabetes, respectively. Of the analysed 293

patients, 116 patients (39.6%) received a radiation therapy,

while 11 patients (3.8%) received an anti-hormone therapy.

During follow-up a tumour recurrence was observed in 45 pa-

tients (15.4%), and 41 patients (14.0%) died of disease.

3.2. Endometrial carcinoma samples

3.2.1. Oestrogen receptors
The results of the immunohistochemical analysis of endome-

trial carcinoma samples are summarised in Table 3. Positive

ERa and ERb immunostaining were observed in 129 (44.0%)

and 40 (13.7%) of 293 endometrial carcinoma samples, respec-

tively (Fig. 1a–d). No significant difference in ERb expression

was found among various subtypes of endometrial carci-

noma, while ERa demonstrated highly significant differences

(p = 0.009). ERa expression in endometrial carcinoma samples

demonstrated a significant association with grading

(p = 0.032) and histology (p = 0.033) with no statistical signifi-

cance with surgical stage (p = 0.066) (Table 4). ERb could not

be correlated with any of the assessed clinicopathological

characteristics of the patients. In addition, no correlation

was found between ERb and the other steroid receptors, while

ERa demonstrated a high correlation with PR-A and PR-B

(p < 0.001 each) (Table 5).

3.2.2. Progesterone receptors
A positive immunohistochemical staining reaction of PR-A

and PR-B was observed in 145 (49.5%) and 189 (64.9%)



Table 2 – Clinicopathological characteristics of the analysed endometrial carcinomas

Total (n = 293) Endometrioid
adenocarcinoma (n = 256)

Non-endometrioid
(n = 37)

Age (years)

<65 148 (50.5%) 133 (52%) 15 (40.5%)

>65 145 (49.5%) 123 (48%) 22 (59.5%)

WHO grading

Grade 1 160 (54.6%) 151 (59%) 9 (24.3%)

Grade 2 80 (27.3%) 72 (28.1%) 8 (21.6%)

Grade 3 53 (18.1%) 33 (12.9%) 20 (54.1%)

FIGO stage

FIGO I 219 (74.7%) 197 (77%) 22 (59.5%)

FIGO II 21 (7.2%) 19 (7.4%) 2 (5.4%)

FIGO III 45 (15.4%) 33 (12.9%) 12 (32.4%)

FIGO IV 8 (2.7%) 7 (2.7%) 1 (2.7%)

LN status

Negative 186 (63.5%) 162 (63.3%) 24 (64.9%)

Positive 23 (7.8%) 18 (7%) 5 (13.5%)

Unknown 84 (28.7%) 76 (29.7%) 8 (21.6%)

Lymphangiosis

Negative 265 (90.4%) 234 (91.4%) 31 (83.8%)

Positive 28 (9.6%) 22 (8.6%) 3 (16.2%)

Haemangiosis

Negative 285 (97.3%) 249 (97.3%) 36 (97.3%)

Positive 8 (2.7%) 7 (2.7%) 1 (2.7%)

Diabetes

Negative 260 (88.7%) 227 (88.7%) 33 (89.2%)

Positive 33 (11.3%) 29 (11.3%) 4 (10.8%)

Adipositas

Negative 194 (66.2%) 168 (65.6%) 26 (70.3%)

Positive 99 (33.8%) 88 (34.3%) 11 (29.7%)

Hypertension

Negative 178 (60.8%) 153 (59.8%) 25 (67.6%)

Positive 115 (39.2%) 103 (40.2%) 12 (32.4%)

Radiotherapy

Negative 171 (58.4%) 150 (58.6%) 21 (56.8%)

Positive 116 (39.6%) 100 (39.1%) 16 (43.2%)

Denial 6 (2.0%) 6 (2.3%) 0 (0%)

Anti-hormone therapy

Negative 282 (96.2%) 247 (96.5%) 35 (94.6%)

Positive 11 (3.8%) 9 (3.5%) 2 (5.4%)

Denial 0 (0%) 0 (0%) 0 (0%)
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endometrial cancer cases, respectively (Fig. 1e–h). Significant

differences in the IRS for both PRs were demonstrated among

the various subtypes of endometrial carcinoma (p = 0.006 and

p < 0.001 for PR-A and PR-B, respectively). By analysing posi-

tive and negative expressions, we could also observe signifi-

cant differences between histological subtypes (p = 0.038

and p = 0.018, respectively). Additionally, we demonstrated a

correlation between PR-A and PR-B with grading (v2:

p = 0.001 and p = 0.004) and histology (p = 0.008 and p = 0.005)

(Table 4). Additionally, PR-A was correlated with stage

(p = 0.008) and haemangiosis (p = 0.035). A significant correla-

tion between the two progesterone receptors was also ob-

served (p < 0.001). In addition, both subunits showed a

positive correlation with ERa expression (p < 0.001 each) (Table

5).
3.3. Survival analysis

The median time to death for the uncensored subgroup was

26.2 months (range 3.2–135.5 months), whereas the median

follow-up of censored patients was 89.6 months (range 0.3–

176.8 months). Univariate survival analysis revealed that

patients with a ERa, PR-A and PR-B expression had a signif-

icant better progression-free survival compared with the pa-

tients with no expression (Fig. 2) (p = 0.043, p = 0.004 and

p = 0.011 for ERa, PR-A and PR-B, respectively, log-rank test).

Additionally, patients with ERa, PR-A and PR-B expressions

demonstrated a highly significant poorer cause-specific sur-

vival (Fig. 3) (p = 0.023, p = 0.004 and p = 0.002 for ERa, PR-A

and PR-B, respectively, log-rank test). However, only the lack

of PR-A and PR-B demonstrated a significant poorer overall



Table 3 – Summary of immunohistochemical analysis of endometrial carcinomas

Total
(n = 293)

Endometrioid adenocarcinoma Non-endometrioid

Endometrioid
(n = 214)

Mucinous
(n = 12)

Mixed
(n = 34)

Serous
(n = 23)

Clear cell
(n = 5)

Undifferentiated
(n = 5)

ERa

Median 2 2 3 2 2 0 6

Mean ± SD 3.00 ± 2.89 3.07 ± 2.91 4.17 ± 2.59 2.85 ± 2.78 1.96 ± 2.03 0.4 ± 0.89 5.8 ± 4.92

Negative 164 (56.0%) 160 (74.8%) 10 (83.3%) 29 (85.3%) 17 (73.9%) 4 (80%) 5 (100%)

Positive 129 (44.0%) 54 (25.2%) 2 (16.7%) 5 (14.7%) 6 (26.1%) 1 (20%) 0 (0%)

Kruskal–Wallis 0.009

v2 0.578

ER b

Median 0 0 0 0 0 0 0

Mean ± SEM 0.56 ± 0.96 0.28 ± 0.91 0.08 ± 0.29 0.12 ± 0.48 0.74 ± 0.69 5.6 ± 2.04 1.6 ± 3.05

Negative 253 (86.3%) 179 (84%) 12 (100%) 31 (91.2%) 15 (65.2%) 4 (80%) 4 (80%)

Positive 40 (13.7%) 34 (16.3%) 0 (0%) 3 (8.8%) 8 (34.8%) 1 (20%) 1 (20%)

Kruskal–Wallis 0.071

v2 0.084

PR-A

Median 3 3 2.5 2 2 0 0

Mean ± SEM 3.22 ± 3.04 3.53 ± .05 3.08 ± 2.47 2.68 ± 2.99 2.3 ± 3.15 0.2 ± 0.45 1.4 ± 1.17

Negative 145 (49.5%) 114 (53.3%) 7 (58.3%) 23 (67.6%) 19 (82.6%) 5 (100%) 4 (80%)

Positive 148 (50.5%) 100 (46.7%) 5 (41.7%) 11 (32.4%) 4 (17.4%) 0 (0%) 1 (20%)

Kruskal–Wallis 0.006

v2 0.038

PR-B

Median 4 4 6 3 2 0 0

Mean ± SEM 4.53 ± 3.58 4.95 ± 3.56 5.17 ± 3.51 3.65 ± 3.26 2.7 ± 3.1 0.2 ± 0.45 3.6 ± 4.93

Negative 104 (35.5%) 116 (54.2%) 2 (16.7%) 18 (52.9%) 17 (73.9%) 5 (100%) 2 (40%)

Positive 189 (64.5%) 98 (45.8%) 10 (83.3%) 16 (47.1%) 6 (26.1%) 0 (0%) 3 (60%)

Kruskal–Wallis 0.001

v2 0.018
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survival (Fig. 4) (p = 0.014, p = 0.013 for PR-A and PR-B

respectively, log-rank test). In contrast, ERb expression did

not demonstrate any significant differences in progression-

free survival (p = 0.907), cause-specific survival (p = 0.369)

and overall survival (p = 0.815). Other clinical parameters,

including advanced surgical stage (stage I/II versus stage

III/IV) and advanced histological grade (G3 versus G1 or

G2), which are known prognostic factors of endometrial

cancer, significantly affected the survival rates in our pa-

tients, demonstrating the validity of the patient group en-

rolled in this study (p in log rank was <0.001 for both

analysed parameters for progression-free, cause-specific

and overall survival, respectively).

Prognostic factors were also analysed by the multivariate

Cox proportional-hazard model. For the stepwise logistic

regression models, we included the following variables: age,

FIGO stage, tumour grading, tumour type, lymph node status,

lymphangiosis, haemangiosis, obesity, high blood pressure,

diabetes, radiotherapy, anti-hormone therapy, ERa, ERb, PR-

A and PR-B status. Forward stepwise elimination according

to Cox regression results led to a model containing four inde-

pendent terms that were predictive of progression-free sur-

vival: WHO grading (p < 0.001), FIGO stage (p < 0.001), lymph

node involvement (p = 0.010) and obesity (p = 0.043) (Table 6).

Independent prognostic factors for cause-specific survival

were age (p < 0.001), FIGO stage (p < 0.001), grade (p = 0.022),
obesity (p = 0.039) and PR-B expression (p = 0.019). The overall

survival was influenced by age (p < 0.001), FIGO stage

(p < 0.001), tumour grade (p = 0.008), lymph node involvement

(p < 0.001), haemangiosis (p = 0.016) and high blood pressure

(p = 0.047) (Table 6).

4. Discussion

Although more than 50% of patients with endometrial carci-

nomas are diagnosed with FIGO stage I, as many as 20% die

as a result of their disease.21 This is an unusual situation,

compared to other solid tumours, and may reflect the failure

of current diagnostics to identify pre-malignant stages and

endometrial cancer patients with a poor prognosis. There is

a clinical need for a simple and efficient marker of the activity

of this tissue, especially in regard to the endometrial carcino-

genesis and prognostic factors.

In this large series of 293 analysed cases, the lack of ERa

and PR-A expressions was associated with poor differentia-

tion in endometrial cancer patients as previously suggested

for these steroid receptors.8,9 Additionally, we demonstrated

for the first time an association between the newly identified

PR-B and histological differentiation. Interestingly, only the

expression of PR-A was associated with surgical staging.

Moreover, we could not demonstrate any significant correla-

tion of the newly cloned ERb with any clinicopathological



Fig. 1 – Expression of oestrogen (ERa and ERb) and progesterone (PR-A and PR-B) in malignant human endometrial tissue. ERa

showed moderate expression in well-differentiated endometrial cancer tissue (a, 150·) with a characteristic nuclear staining

reaction (b, 250·), whereas in most cases endometrioid adenocarcinomas did not demonstrate an ERb immunoreactivity (c,

150·). A positive staining reaction of ERb is demonstrated in d (250·). The staining reaction against PR-A was more intense

compared to ERa (e, 250·) being also mainly localised in the nucleoli (f, 400·). The PR-B immunoreactivity was similar to the

PR-A, being also mainly localised within the nucleoli (g and h, 150· and 250·, respectively).
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characteristics. Interestingly, ERa, PR-A and PR-B constitute a

significant prognostic marker regarding progression-

free and cause-specific survival. However, we determined that

receptor status did not constitute an independent prognostic

factor confirming previous results.13,14,22 Interestingly, only

the immunohistochemical expression of PR-B was an inde-

pendent prognostic factor for cause-specific survival.

The ERa status is believed to provide prognostic informa-

tion independent of tumour stage and grade in women with
endometrial carcinoma.9,17 Interestingly, the ERb/ERa mRNA

ratio was high in advanced invasive carcinoma, suggesting

that ERb is important in the progression of myometrial inva-

sion.23 The intact synchronised expression of ERb interacting

with ERa might be disrupted in malignant endometrium,24

playing an important role in endometrial cancer pathogene-

sis. However, we neither could demonstrate any significant

association between the immunohistochemical expression

of ERb and several clinicopathological characteristics nor an



Table 4 – Univariate statistical analysis for positive oestrogen receptor alpha (ERa), oestrogen receptor beta (ERb),
progesterone receptor A (PR-A) and progesterone receptor B (PR-B) according to various clinicopathological features

Total (n = 293) ERa ERb PR-A PR-B

Age (years)

<65 148 (50.5%) 64 (43.2%) 19 (13.1%) 76 (51.3%) 96 (64.9%)

>65 145 (49.5%) 65 (44.8%) 21 (14.5%) 72 (49.7%) 93 (64.1%)

v2 NS NS NS NS

WHO grading

Grade 1 + 2 240 (81.9%) 113 (47.1%) 30 (12.5%) 135 (56.3%) 164 (68.3%)

Grade 3 53 (18.1%) 16 (30.2%) 10 (18.9%) 13 (24.5%) 25 (47.2%)

v2 0.032 NS <0.001 0.004

FIGO stage

FIGO I + II 240 (81.9%) 112 (46.7%) 33 (13.8%) 132 (55.0%) 161 (67.1%)

FIGO III + IV 53 (18.1%) 17 (29.1%) 7 (17.0%) 16 (30.2%) 28 (52.8%)

v2 0.066 NS 0.001 0.058

Histology

Endometrioid 256 (87.4%) 119 (46.5%) 31 (12.1%) 137 (53.5%) 173 (67.6%)

Non-endometrioid 37 (12.6%) 10 (27.1%) 9 (24.3%) 11 (29.7%) 16 (43.2%)

v2 0.033 0.068 0.008 0.005

LN status

Negative 186 (63.5%) 84 (45.2%) 38 (20.4%) 99 (53.2%) 123 (66.1%)

Positive 23 (7.8%) 7 (30.4%) 1 (2.7%) 8 (34.8%) 11(47.8%)

Unknown 84 (28.7%) 38 (45.2%) 12 (14.3%) 41 (48.8%) 55 (65.5%)

v2 NS NS NS NS

Lymphangiosis

Negative 265 (90.4%) 119 (44.9%) 38 (14.3%) 136 (51.3%) 172 (64.9%)

Positive 28 (9.6%) 10 (35.7%) 2 (7.1%) 12 (42.9%) 17 (60.7%)

v2 NS NS NS NS

Haemangiosis

Negative 285 (97.3%) 126 (44.2%) 40 (14.1%) 147 (51.6%) 185 (64.9%)

Positive 8 (2.7%) 3 (37.5%) 0 (0%) 1 (12.5%) 4 (50%)

v2 NS NS 0.035 NS

Diabetes

Negative 260 (88.7%) 116 (44.6%) 34 (13.1%) 130 (50%) 165 (63.5%)

Positive 33 (11.3%) 13 (39.4%) 6 (18.2%) 18 (54.4%) 24 (72.7%)

v2 NS NS NS NS

Adipositas

Negative 194 (66.2%) 86 (44.3%) 30 (15.5%) 92 (47.4%) 121 (62.4%)

Positive 99 (33.8%) 46 (46.5%) 10 (10.1%) 56 (56.6%) 68 (68.7%)

v2 NS NS NS NS

Hypertension

Negative 178 (60.6%) 76 (42.7%) 24 (13.5%) 90 (50.6%) 113 (63.4%)

Positive 115 (39.4%) 53 (46.1%) 15 (13.0%) 58 (50.4%) 76 (66.1%)

v2 NS NS NS NS

Radiotherapy

Negative 177 (60.4%) 82 (46.3%) 25 (14.1%) 96 (54.2%) 115 (65%)

Positive 116 (39.6%) 47 (40.5%) 15 (12.9%) 52 (44.8%) 74 (63.8%)

v2 NS NS NS NS

Anti-hormone therapy

Negative 282 (96.2%) 124 (44%) 40 (14.2%) 142 (50.4%) 183 (64.9%)

Positive 11 (3.8%) 5 (45.5%) 0 (0%) 6 (54.5%) 6 (54.5%)

v2 NS NS NS NS

NS, not significant.
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association with survival. An isolated evaluation of the ERb

expression regarding surgical staging or prognostic marker

might not be useful in endometrial cancer patients. Addition-

ally, we could not demonstrate a correlation between ERa and

both PR receptors with ERb, suggesting different regulation
and signalling mechanisms of ERb in endometrial cancer.

We therefore suggest that ERb is only useful if it is evaluated

with the ERa expression, since the ratio of the two steroid

receptors is probably more useful than evaluating each recep-

tor separately.



Table 5 – Correlation between oestrogen receptor alpha (ERa), oestrogen receptor beta (ERb), progesterone receptor A (PR-A)
and progesterone receptor B (PR-B) in all endometrial carcinoma samples

ERa ERb PR-A PR-B

ERa

Correlation coefficient – 0.012 0.352 0.390

p – NS <0.001 <0.001

ERb

Correlation coefficient 0.012 – 0.014 0.045

p NS – NS NS

PR-A

Correlation coefficient 0.352 0.014 – 0.537

p <0.001 NS – <0.001

PR-B

Correlation coefficient 0.390 0.045 0.537 –

p <0.001 NS <0.001 –

NS, not significant.
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Fig. 2 – Kaplan–Meier curves of clinical outcome regarding ERa (a), ERb (b), PR-A (c) and PR-B (d) for progression-free survival.

ERa, PR-A and PR-B demonstrated a significant association with survival (log rank: p = 0.043, p = 0.004 and p = 0.011,

respectively).
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Fig. 3 – Kaplan–Meier curves of clinical outcome regarding ERa (a), ERb (b), PR-A (c) and PR-B (d) for cause-specific survival. ERa,

PR-A and PR-B demonstrated a significant association with survival (log rank: p = 0.023, p = 0.004 and p = 0.002, respectively).
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PR has also been implicated in the development of endo-

metrial cancer, exerting its effects by its two receptors PR-A

and PR-B. A decrease of PR-B has been observed in poorly dif-

ferentiated endometrial cancer cell-lines.5 In PR-A knockout-

mice model the PR-B induces cell growth,25 suggesting

endometrial growth through PR-B in the absence of PR-A.26

In the present study PR-A was more predictive than ERs of

disease-free survival, which has been suggested by some

authors.11,12 However, several conflicting results have been

reported, where loss of ER expression – and not PR expression

– has been associated with poorer survival,17,27 leading to con-

troversial discussions with regard to the usefulness of the

determination of the specific receptor in endometrial cancer

patients. Interestingly, Palmer and colleagues28 confirmed

that PR/ER status was significantly related to survival and

demonstrated that, when only one receptor could be ob-

tained, PR provided the most helpful information for the

greatest number of patients. Nevertheless, the statistical

technique and the large series of analysed cases in this study

clearly distinguished between the importance of PR and ER

immunohistochemistry. Additionally, we demonstrated a sig-
nificant association of PR-B expression and patients’ survival.

Recently, a drastic decrease of PR-B mRNA, but not PR-A

mRNA, was associated with poor prognosis in endometrial

cancer patients.29 Our results seem additionally to be con-

firmed by a recent study in 141 patients, where PR-A and

PR-B expressions were significantly correlated with biologi-

cally malignant potential.30 Especially, the PR-B expression

was suggestive of a useful prognostic indicator of endometrial

adenocarcinoma.30 In the present study, PR-B was the only

steroid receptor which was an independent prognostic factor

in cause-specific survival. Therefore, we suggest that PR-B is

more suitable in assessing an individual risk profile and

selecting high-risk patients than ERa, ERb and PR-A.

Summarising, we showed an expression of both oestrogen

receptors (ERa and ERb) as well as both progesterone receptors

(PR-A and PR-B) in malignant endometrial tissue. The loss of

receptor positivity for ERa, PR-A and PR-B resulted in a poorer

survival in endometrial cancer patients, while ERb did not af-

fect survival. Additionally, survival analysis demonstrated

that PR-B immunoreactivity was a significant independent

prognostic factor for cause-specific survival. In contrast, ERa
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Fig. 4 – Kaplan–Meier curves of clinical outcome regarding ERa (a), ERb (b), PR-A (c) and PR-B (d) for cause-specific survival.

PR-A and PR-B demonstrated a significant association with survival (log rank: p = 0.013, p = 0.014, respectively).

Table 6 – Hazard ratios by multivariate Cox regression analysis

Progression-free survival Cause-specific survival Overall survival

RR CI (5–95%) p RR CI (5–95%) p RR CI (5–95%) p

Age (>65years) – – – 3.948 1.97–7.93 <0.001 3.698 2.18–6.28 <0.001

WHO grading (G1/G2 vs. G3) 3.332 1.72–6.44 <0.001 2.279 1.12–4.62 0.022 2.017 1.22–3.34 0.008

FIGO stage (I/II vs. III/IV) 13.79 6.8–27.95 <0.001 6.756 3.3–13.82 <0.001 4.328 2.34–8.02 <0.001

LN status 0.414 0.21–0.81 0.010 – – – 0.362 0.23–0.58 <0.001

Haemangiosis – – – – – – 3.481 1.27–9.56 0.016

Hypertension – – – – – – 0.628 0.397–0.995 0.047

Obesity 0.449 0.21–0.97 0.043 0.446 0.21–0.96 0.039 – – –

PR-beta (positive vs. negative) – – – 0.458 0.24–0.88 0.019 – – –
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and PR-A were not independent factors with survival in endo-

metrial cancer patients. Therefore, the PR-B immunostaining

might be used as an easy, simple and highly efficient marker

to identify high-risk patients and may aid in the selection of

patients for a more aggressive adjuvant therapy.
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immunhistochemischen Östrogenrezeptornachweis (ER-ICA)
im Mammakarzinomgewebe. Pathologe 1987;8:138–40.

19. Kaplan EL, Meier P. Nonparametric estimation from
incomplete observations. J Am Stat Assoc 1958;53:457–81.

20. Cox DR. Regression models and life tables. J R Stat Soc B
1972;34:187–220.

21. Jereczek-Fossa B, Badzio A, Jassem J. Surgery followed by
radiotherapy in endometrial cancer: analysis of survival and
patterns of failure. Int J Gynecol Cancer 1999;9:285–94.

22. Jeon YT, Park IA, Kim YB, et al. Steroid receptor expressions
in endometrial cancer: clinical significance and
epidemiological implication. Cancer Lett 2006;239:198–204.

23. Takama F, Kanuma T, Wang D, Kagami I, Mizunuma H.
Oestrogen receptor beta expression and depth of myometrial
invasion in human endometrial cancer. Br J Cancer
2001;84:545–9.

24. Fujimoto J, Sakaguchi H, Aoki I, Toyoki H, Tamaya T. Clinical
implications of the expression of estrogen receptor-a and -b in
primary and metastatic lesions of uterine endometrial
cancers. Oncology 2002;62:269–77.

25. Mulac-Jericevic B, Mullinax RA, DeMayo FJ, Lydon JP, Conneely
OM. Subgroup of reproductive functions of progesterone
mediated by progesterone receptor-B isoform. Science
2000;289:1751–4.

26. Lydon JP, DeMayo FJ, Funk CR, et al. Mice lacking
progesterone receptor exhibit pleiotropic reproductive
abnormalities. Genes Dev 1995;9:2266–78.

27. Morris PC, Anderson JR, Anderson B, Buller RE. Steroid
hormone receptor content and lymph node status in
endometrial cancer. Gynecol Oncol 1995;56:406–11.

28. Palmer DC, Muir IM, Alexander AI, Cauchi M, Bennett RC,
Quinn MA. The prognostic importance of steroid receptors in
endometrial carcinoma. Obstet Gynecol 1988;72:388–93.

29. Sakaguchi H, Fujimoto J, Hong BL, Nakagawa Y, Tamaya T.
Drastic decrease of progesterone receptor form B but not A
mRNA reflects poor patient prognosis in endometrial cancers.
Gynecol Oncol 2004;93:394–9.

30. Miyamoto T, Watanabe J, Hata H, et al. Significance of
progesterone receptor-A and -B expressions in endometrial
adenocarcinoma. J Steroid Biochem Mol Biol 2004;92:111–8.


	Prognostic significance of oestrogen receptor alpha (ER alpha1 ) and beta (ER beta1 ), progesterone receptor A (PR-A) and B (PR-B) in endometrial carcinomas
	Introduction
	Materials and methods
	Tissue samples
	Immunohistochemistry
	Immunohistochemical evaluation
	Statistical analysis

	Results
	Clinicopathological characterisation
	Endometrial carcinoma samples
	Oestrogen receptors
	Progesterone receptors

	Survival analysis

	Discussion
	Conflict of interest statement
	Acknowledgements
	References


