
Abstract. Human endometrial cancer expresses both the
known estrogen receptors (ER-· and ER-ß). The significance
of the relative expression of both ER subtypes in endometrial
adenocarcinomas remains to be clarified and the usefulness of
the determination of the receptor status in endometrial cancer
patients is still controversially discussed. Therefore, the aims
of this study were the evaluation of the expression patterns of
ER-· and ER-ß with the characterization of the prognostic
significance in uterine endometrioid adenocarcinomas. Patho-
logical and surgical records of 214 patients who were diag-
nosed with an endometrioid adenocarcinoma without other
histological types (including mucinous, mixed, squamous or
villoglandular differentiation) were reviewed for both estrogen
receptors. The expression of both estrogen receptors was
demonstrated in malignant endometrioid adenocarcinomas.
ER-· was associated with histological differentiation, while
ER-ß demonstrated an association with ovarial invasion. The
loss of receptor positivity for ER-· resulted in a poorer cause-
specific survival in endometrial cancer patients, while ER-ß
did not affect survival. Interestingly, metastatic patients who
expressed ER-· or ER-ß had a better survival outcome than
estrogen receptor negative patients. Moreover, when tumor
samples of affected patients expressed ER-·, they had a
better cause-specific survival compared to negative findings
regarding both estrogen receptors. However, ER-· and ER-ß
were not independent factors with survival in endometrial
adenocarcinoma patients. Therefore, the analysis of both
estrogen receptors might be used as a marker to identify high-
risk patients only in a subset of patients with endometrioid
adenocarcinoma.

Introduction

Endometrial cancer has become the most frequent gynecologic
malignancy in the Western world (1-6). An incidence of
15-20 to 100,000 women per year has been estimated with
a life time risk to develop this type of cancer being appro-
ximately 2.5% (7). Meanwhile, several prognostic factors such
as histological type, histological grade, surgical stage, pelvic
lymph node involvement and myometrial invasion being
established (1-6). Therefore, the International Federation of
Gynecology and Obstetrics (FIGO) has established a surgical
staging system for endometrial cancer, including an explo-
rative laparotomy with radical hysterectomy and bilateral
salpingo-oophorectomy, peritoneal washing and a pelvic and
para-aortic lymph node dissection (8).

Meanwhile, endometrial cancer has been described as
consisting of two distinct groups with different biological
and molecular characteristics (9,10). Endometrioid adeno-
carcinomas are the most common histopathological form
and belong to the group I endometrial cancers with a more
favourable outcome compared to endometrial cancer of the
second group (6,9,10). The carcinogenesis of endometrioid
adenocarcinomas is predominantly thought to be due to an
excess estrogen exposure or conditions resulting in unop-
posed estrogens (1-6). The cellular action of estrogen is
mediated through the estrogen receptors (ER) that belong to
the nuclear steroid receptor superfamily (11-13). Meanwhile,
two distinct ERs, defined as ER-· and ER-ß, have been
identified (11,12). In the human uterus, ER-· is the predo-
minant subtype (14) and it is believed to be an independent
prognostic factor in women with endometrial carcinoma
(3,15,16). However, ER-ß might play an important role by
modulating ER-· function as demonstrated in an ER-· knock-
out model (17). The loss of ER-ß expression in cancer cells
might be a characteristic step in tumor cell dedifferentiation
(13). Moreover, an imbalance in the ER-· and ER-ß expres-
sion might be of substantial importance in estrogen-
dependent carcinogenesis (13,14,18-20).

The significance of the relative expression of both ER
subtypes in endometrial adenocarcinomas remains to be
clarified and the usefulness of the determination of the receptor
status in endometrial cancer patients is still controversially
discussed (21). Interestingly, since no association with the
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ER-ß expression and clinicopathological characteristics could
be observed in endometrial cancer (22,23), it seems that ER-ß
analysis might be only useful if evaluated with ER-· as a ratio
(13,14,18,22,23).

Therefore, the aims of this study were the re-evaluation of
the expression patterns of ER-· and ER-ß with the charac-
terization of the prognostic significance in uterine endo-
metrioid adenocarcinomas. Moreover, we determined the
estrogen receptor expression in regard to several clinico-
pathological characteristics including surgical stage in
endometrial adenocarcinomas of a well-characterized
patient group (23,24). In an analysis of 315 endometrial
adenocarcinoma patients, the ratio of ER-·/ER-ß might be a
predictor of a shorter disease-free survival (22). However,
in this analysis we have assessed the expression of both
steroid receptors not as a ratio but as a combination of
positive and negative expression (14,18). Additionally, we
have used endometrial adenocarcinoma specimens without
other differentiation characteristics.

Materials and methods

Tissue samples. Pathological and surgical records of 214
patients who have been operated in the First Department of
Obstetrics and Gynecology, Ludwig-Maximilians-University
Munich between 1990 and 2002 were re-reviewed for this
retrospective analysis. The evaluated patient group has been
previously well characterized and an evaluation for several
prognostic markers have been performed, including estrogen
and progesterone receptors (23,24). Women with other histo-
logical types than endometrioid adenocarcinomas were
excluded from this study. Additionally, patients with mucinous
and mixed adenocarcinomas (including squamous or villo-
glandular differentiation) were also excluded from this study.

All hematoxylin and eosin-stained slides were re-
reviewed to verify the diagnosis, histological grade, histo-
logical type, FIGO stage, lymphangiosis, adnexal or cervical
involvement. Pathological stage and histological subtype
were determined for each surgical specimen according to
1988 International Federation of Gynecology and Obstetrics
(FIGO) criteria (8).

Patients with endometrial carcinoma received modified
radical hysterectomy, salpingo-oophorectomy or selective
pelvic lymphadenectomy, with or without para-aortic lymph-
adenectomy. Lymph node sampling or dissection was
generally performed in patients having tumors with deep myo-
metrial invasion and/or high-grade or aggressive histological
features. Obesity, advanced age and excessive comorbidity
were factors against full surgical staging.

Patient data were obtained from three sources: hospital
tumor registry, automated database and chart review as
previously described (23,24). All cases of recurrence had
radiographic evidence of disease or biopsy-proven progression
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 disease
(or a related cause) were considered to be censored.
Additionally, censored cases were also considered those
cases where the exact cause of death was unknown but died
within two years after the diagnosis of a metastatic lesion.

Immunohistochemistry. Immunohistochemistry was performed
using a combination of microwave-oven heating and the
standard streptavidin-biotin-peroxidase complex using the
mouse-IgG-Vectastain Elite ABC kit (Vector Laboratories,
Burlingame, CA, USA) as previously described (23,25,26).
Mouse monoclonal antibodies used for the experiments ER-·
(1D5; mouse IgG1; 1:150 in dilution-medium; Immunotech
Hamburg, Germany) and ER-ß (PPG5/10; mouse IgG2a;
1:50 in PBS; Serotec, Oxford, UK) as previously described
(23,25,26). For positive controls sections of human breast
cancer tissue and normal colon were used, while human ileum
served as negative control tissue as previously described (25).

Immunohistochemical evaluation. The intensity and distri-
bution patterns of specific steroid receptor immunohisto-
chemical staining reaction was evaluated by two blinded,
independent observers, including a gynecological pathologist,
using a semi-quantitative score as previously described (27)
and used to assess the expression pattern of steroid receptors
in human endometrium (23,25,26). 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). Sections were examined
using a Leika (Tokyo, Japan) photomicroscope. Digital images
were obtained with a digital camera system and were saved
in a computer.

Statistical analysis. For the purposes of statistical survival
analysis, steroid receptor expression in tumor samples, was
considered to be elevated if >10% positive staining was
observed as previously suggested, which corresponds per
definition to an immunohistochemical staining score (IRS)
higher than two (23). For the evaluation of the ER-ß staining
intensity the median for all tumor samples was used (median
for ER-ß, 0). Increased/positive versus not increased/negative
immunostaining in tumor samples was compared using the
¯2 test and the exact Fisher's test where applicable.

The outcomes analyzed were progression-free survival,
cause-specific survival and overall survival. Univariate ana-
lysis was performed with Kaplan-Meier life-table curves
to estimate survival (28) and were compared using the log-
rank test. Prognostic models used multivariate Cox regression
analysis for multivariate analyses of survival. The variables
were entered in a forward stepwise manner (29). Significance
of differences was assumed at p≤0.05 was used (SPSS version
16.0; SPSS Inc., Chicago, IL).

Results

Clinicopathological characterization. The clinicopathological
features of the endometrial carcinomas are summarized in
Table I. The median patient's age at the time of diagnosis was
65.11 years (range, 35.49-87.89 years). One hundred and
seventy-one (79.91%) and 15 (7.01%) patients were diagnosed
in FIGO stage I and II respectively, while 21 (9.81%) patients
had FIGO stage III and 7 patients (3.27%) presented with
metastatic disease (FIGO IV). Histological classification was
performed according to the World Health Organization system
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in well-differentiated (G1; n=134), moderate differentiated
(G2; n=56) and poor-differentiated (G3; n=24). Lymph node
sampling or dissection was generally performed in patients
having tumors with deep myometrial invasion and/or high-
grade or aggressive histological features. Pelvic and/or para-
aortic lymph node sampling was performed for 151 patients
(70.56%) while 11 patients (5.14%) demonstrated lymph node
metastasis. A low FIGO stage (FIGO Ia), obesity, advanced
age and excessive comorbidity were factors against a full
surgical staging in 63 patients (29.44%). Obesity was observed
in 77 (35.98%) cases, while 88 (41.2%) and 27 (12.62%)
patients presented with high blood pressure and diabetes
respectively. Of the 214 patients, 76 patients (35.51%)
received a radiation therapy, while 7 patients (3.27%) received
an anti-hormone therapy. During the follow-up interval, tumor
recurrence was observed in 29 patients (13.6%), and 25
patients (11.7%) died of disease. Sixty-two (29%) died during
the entire observation period until May 2009.

Endometrial carcinoma samples. Positive ER-· and ER-ß
immunostaining was observed in 94 (43.9%) and 29 (13.6%)
of 214 endometrial carcinoma samples respectively (Fig. 1a
and b). ER-· expression in endometrial carcinoma samples
demonstrated a significant association with grading (p=0.037;
1-sighted) (Table II). ER-ß could not be correlated with
any of the assessed clinicopathological characteristics of
the patients besides ovarian invasion (p=0.032).

Eleven patients (5.14%) demonstrated a positive, while
102 patients (44.66%) showed a negative immunolabelling
for both ER-· and ER-ß receptors (Table II). A positive
immunohistochemical staining reaction for only one estro-
gen receptor was determined for 83 (38.79%) and 18 (8.41%)
patients for ER-· and ER-ß expression respectively (Table II).
This differential expression of both ER's could not be
correlated with any of the assessed clinicopathological
characcteristics of the patients besides ovarian invasion
(p=0.038) (Table II).

Survival analysis. The median time to progression for the
uncensored subgroup was 28.62 months (range, 0.03-168.95
months), whereas the median follow-up of censored patients
was 100.13 months (range, 0.03-176.82 months). The median
for the cause-associated death for the uncensored subgroup
was 27.37 months (range, 3.15-130.39 months), whereas the
median follow-up of censored patients was 96.32 months
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Table I. Clinicopathological characteristics of the analyzed
endometrioid adenocarcinomas.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Paramater Endometrioid adenocarcinoma

(n=214) (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)

≤65 107 (50)

>65 107 (50)

Grading

Grade 1 134 (62.62)

Grade 2 56 (26.17)

Grade 3 24 (11.21)

FIGO stage

FIGO I 171 (79.91)

FIGO Ia 29 (13.55)

FIGO Ib 99 (46.26)

FIGO Ic 43 (20.09)

FIGO II 15 (7.01)

FIGO 2a 2 (0.93)

FIGO 2b 13 (6.07)

FIGO III 21 (9.81)

FIGO 3a 9 (4.21)

FIGO 3b 3 (1.4)

FIGO 3c 9 (4.21)

FIGO IV 7 (3.27)

Myometrial invasion

Only endometrial invasion 34 (15.89)

≤50% myometrium 111 (51.87)

>50% myometrium 69 (32.24)

Cervical invasion

Negative 191 (89.25)

Positive 23 (10.75)

Ovarial invasion

Negative 204 (95.33)

Positive 10 (4.67)

LN status

Negative 140 (65.42)

Positive 11 (5.14)

Unknown 63 (29.44)

Lymphangiosis

Negative 197 (92.06)

Positive 17 (7.94)

Adipositas

Negative 137 (64.02)

Positive 77 (35.98)

Diabetes

Negative 187 (87.38)

Positive 27 (12.62)

Hypertension

Negative 126 (58.88)

Positive 88 (41.12)

Chemotherapy

Not performed 208 (97.2)

Performed 5 (2.34)

Denial 1 (0.47)

Table I. Continued.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Paramater Endometrioid adenocarcinoma

(n=214) (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Radiotherapy

Not performed 132 (61.68)

Performed 76 (35.51)

Denial 6 (2.8)

Anti-hormonal therapy

Negative 207 (96.73)

Positive 7 (3.27)
–––––––––––––––––––––––––––––––––––––––––––––––––
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Table II. Univariate statistical analysis for positive estrogen receptor-· and estrogen receptor-ß according to various clinico-
pathological features.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

ER-· ER-ß ER-·/ER-ß
–––––––––––––––– –––––––––––––––– ––––––––––––––––––––––––––––––––––––––––

Negative Positive Negative Positive ER-· +/ER-ß+ ER-· +/ER-ß- ER- ·-/ER-ß+ ER- ·-/ER-ß-
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)

≤65 107 (50) 62 (57.94) 45 (42.06) 92 (85.98) 15 (14.02) 5 (4.67) 40 (37.38) 10 (9.35) 52 (48.60)

>65 107 (50) 58 (54.21) 49 (45.79) 93 (86.92) 14 (13.08) 6 (5.61) 43 (40.19) 8 (7.48) 50 (46.73)

¯2 N.S. N.S. N.S.

Grading

Grade 1 + 2 190 (88.79) 102 (53.68) 88 (46.32) 164 (86.32) 26 (13.68) 11 (5.79) 77 (40.53) 15 (7.89) 87 (45.79)

Grade 3 24 (11.21) 18 (75) 6 (25) 21 (87.5) 3 (12.5) 0 (0) 6 (25) 3 (12.5) 15 (62.5)

¯2 0.037 N.S. N.S.

(1-sighted)

FIGO stage

FIGO I + II 186 (86.92) 101 (54.30) 85 (45.70) 161 (86.56) 25 (13.44) 9 (4.84) 76 (40.86) 16 (8.60) 85 (45.70)

FIGO III + IV 28 (13.08) 19 (67.86) 9 (32.14) 24 (85.71) 4 (14.29) 2 (7.14) 7 (25) 2 (7.14) 17 (60.71)

¯2 N.S. N.S. N.S.

Myometrial invasion

<50% 145 (67.76) 77 (53.10) 68 (46.90) 124 (85.51) 21 (14.48) 9 (6.21) 59 (40.69) 12 (8.28) 65 (44.83)

>50% 69 (32.24) 43 (62.32) 26 (37.68) 61 (88.41) 8 (11.59) 2 (2.90) 24 (34.78) 6 (8.70) 37 (53.62)

¯2 N.S. N.S. N.S.

Cervical invasion

Negative 191 (89.25) 107 (56.02) 84 (43.98) 166 (86.91) 25 (13.09) 9 (4.71) 75 (39.27) 16 (8.38) 91 (47.64)

Positive 23 (10.75) 13 (56.52) 10 (43.48) 19 (82.61) 4 (17.39) 2 (8.70) 8 (34.78) 2 (8.70) 11 (47.83)

¯2 N.S. N.S. N.S.

Ovarian invasion

Negative 204 (95.33) 113 (55.39) 91 (44.61) 179 (87.75) 25 (12.25) 9 (4.41) 82 (40.20) 16 (7.84) 97 (47.55)

Positive 10 (4.67) 7 (70) 3 (30) 6 (60) 4 (40) 2 (20) 1 (10) 2 (20) 5 (50)

¯2 N.S. 0.032 0.038

LN status

Negative 140 (65.42) 76 (54.29) 64 (45.71) 120 (85.71) 20 (14.29) 7 (5) 57 (40.71) 13 (9.29) 63 (45)

Positive 11 (5.14) 8 (72.73) 3 (27.27) 10 (90.91) 1 (9.09) 1 (9.09) 2 (18.18) 0 (0) 8 (72.73)

Unknown 63 (29.44) 36 (57.14) 27 (42.86) 55 (87.30) 8 (12.70) 3 (4.76) 24 (38.10) 5 (7.94) 31 (49.21)

¯2 N.S. . N.S. N.S.

Lymphangiosis

Negative 197 (92.06) 110 (55.84) 87 (44.16) 169 (85.79) 28 (14.21) 10 (5.08) 77 (39.09) 18 (9.14) 92 (46.70)

Positive 17 (7.94) 10 (58.82) 7 (41.18) 16 (94.12) 1 (5.88) 1 (5.88) 6 (35.29) 0 (0) 10 (58.82)

¯2 N.S. N.S. N.S.

Adipositas

Negative 137 (64.02) 76 (55.47) 61 (44.53) 114 (83.21) 23 (16.79) 9 (6.57) 52 (37.96) 14 (10.22) 62 (45.26)

Positive 77 (35.98) 44 (57.14) 33 (42.86) 71 (92.21) 6 (7.79) 2 (2.60) 31 (40.26) 4 (5.19) 40 (51.95)

¯2 N.S. 0.047 N.S.

(1-sighted)

Diabetes

Negative 187 (87.38) 104 (55.61) 83 (44.39) 162 (86.63) 25 (13.37) 9 (4.81) 74 (39.57) 16 (8.56) 88 (47.06)

Positive 27 (12.62) 16 (59.26) 11 (40.74) 23 (85.19) 4 (14.81) 2 (7.41) 9 (33.33) 2 (7.41) 14 (51.85)

¯2 N.S. N.S. N.S.

Hypertension

Negative 126 (58.88) 69 (54.76) 57 (45.24) 107 (84.92) 19 (15.08) 8 (6.35) 49 (38.89) 11 (8.73) 58 (46.03)

Positive 88 (41.12) 51 (57.95) 37 (42.05) 78 (88.64) 10 (11.36) 3 (3.41) 34 (38.64) 7 (7.95) 44 (50)

¯2 N.S. N.S. N.S.

Radiotherapy

Not performed 138 (64.49) 72 (52.17) 66 (47.83) 119 (86.23) 19 (13.77) 8 (5.80) 58 (42.03) 11 (7.97) 61 (44.20)

Performed 76 (35.51) 48 (63.16) 28 (36.84) 66 (86.84) 10 (13.16) 3 (3.95) 25 (32.89) 7 (9.21) 41 (53.95)

¯2 N.S. N.S. N.S.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
N.S., not significant.

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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(range, 0.03-176.82 months). 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 patients, demon-
strating the validity of the patient group enrolled in this study
(23,24).

Univariate survival analysis revealed that patients with
a ER-· had a significant better cause-specific survival com-
pared with the patients with no expression (Fig. 2) (p=0.016,
log-rank test). In contrast, ER-ß expression did not demon-
strate any significant differences in progression-free survival,
cause-specific survival and overall survival (p>0.05) (Fig. 3).

Interestingly, ER-· and ER-ß did not demonstrate any
significant survival benefit with regard to the FIGO stage with
exception of FIGO IV patients (p=0.018 and p=0.025
respectively, log-rank test) (Table III). By analyzing the
combined ER-·/ER-ß expression, we could demonstrate a
significant cause-specific survival benefit of patients
expressing ER-· compared to patients being negative for both
receptors (Fig. 4 and Table IV).

Prognostic factors were also analyzed by the multivariate
Cox proportional-hazard model. For the stepwise logistic
regression models, we included the following variables: age,
FIGO stage, tumor grading, myometrial invasion, cervical
invasion, ovarial invasion, lymph node status, lymphangiosis,
ER-·, ER-ß and ER-·/ER-ß. Forward stepwise elimination

according to Cox regression results led to a model containing
three independent terms that were predictive of progression-
free survival: WHO grading (p=0.017), FIGO stage (p<0.001)
and cervical invasion (p=0.009) (Table V). Four independent
prognostic factors for cause-specific survival were identified:
FIGO stage (p<0.05), cervical invasion (p=0.004), myometrial
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Figure 1. Expression of ER-· and ER-ß in human endometrioid adenocarci-
noma. ER· shows moderate to strong immunohistochemical expression in
endometrioid adenocarcinomas with a characteristic nuclear staining
reaction (a, x400). In contrast, ER-ß demonstrates minimal (b, x400) to no
immunoreactivity.

Figure 2. Kaplan-Meier curves of clinical outcome regarding ER-· expression
for progression-free survival (A), cause-specific survival (B) and overall
survival (C).
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invasion (p=0.027) and lymph node involvement (p=0.012).
The overall survival was influenced by age (p<0.001), tumor
grade (p=0.012), FIGO stage (p=0.006), cervical invasion
(p<0.001) and lymph node involvement (p=0.001) (Table V).

Discussion

Endometrial cancer is the most frequent gynecologic malig-
nancy in the Western world with several prognostic factors
such as histological type, histological grade, surgical stage,
pelvic lymph node involvement and myometrial invasion
being established (1-6). Although >50% of patients with
endometrial carcinomas are diagnosed with FIGO stage I, as
many as 20% die as a result of their disease (30). This unusual
situation might reflect that the current used diagnostic techno-
logy is quite insufficient to identify endometrial cancer patients
with poor prognosis. Therefore, immunohistochemistry of
different specific markers might be an interesting alternative
to select high risk patients leading to a more patient specific
risk profile and treatment (22,23,31,32).

Steroid receptor status is thought to constitute independent
prognostic factors in endometrial cancer patients (3,33,34).
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, the usefulness of determining steroid receptors
in human endometrial cancer patients is still controversially
discussed (23,24).

The ER-· status is believed to provide prognostic infor-
mation independent of tumor stage and grade in women with
endometrial carcinoma (3,15,16). Additionally, clinical data
in relation to the prevalence of steroid receptor isoforms
ER-· and ER-ß are rare (20,22,23). However, ER-ß might
also play an important role in endometrial carcinogenesis,
probably as a result to the different binding characteristics
(17,35,36). Interestingly, the loss of ER-ß expression in
cancer cells might be a characteristic step in tumor cell dedif-
ferentiation (13). Additionally, variant proteins originating
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Table III. Univariate statistical analysis (log-rank test) for
positive estrogen receptor-· and estrogen receptor-ß according
to surgical stage (FIGO).
–––––––––––––––––––––––––––––––––––––––––––––––––

ER-· ER-ß
––––––––––––––––– ––––––––––––––––-

¯2 Significance ¯2 Significance
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Progression-free survival

FIGO I 0.0092 0.924 0.0455 0.831

FIGO II 0.3690 0.544 1.0708 0.301

FIGO III 2.0352 0.154 0.0547 0.815

FIGO IV 1.8 0.180 0.75 0.386

Cause-specific survival

FIGO I 0.0092 0.924 0.1889 0.664

FIGO II 0.369 0.544 1.0709 0.301

FIGO III 2.035 0.154 0.4106 0.521

FIGO IV 1.8 0.180

Overall survival

FIGO I 0.986 0.321 0.1103 0.740

FIGO II 0.1356 0.713 2.5731 0.109

FIGO III 0.877 0.350 0.0738 0.786

FIGO IV 5.628 0.018 5 0.025
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. Kaplan-Meier curves of clinical outcome regarding ER-ß expression
for progression-free survival (A), cause-specific survival (B) and overall
survival (C).
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from transcriptional splicing errors have been described for
ER-· and ER-ß, being able to activate the transcription of ER-
dependent genes without the presence of steroid hormones
(37,38), leading to a potentially uncontrolled proliferation
(37-39). Therefore, the combination of ER-· and ER-ß

expression might be of essential importance in assessing
the risk profile of each patient with endometrial cancer.

In this sub-analysis of endometrioid adenocarcinomas,
ER-· was associated with histological differentiation, while
ER-ß demonstrated an association with ovarial invasion.
Interestingly, the combined ER-· and ER-ß positivity demon-
strated an association with ovarial invasion. It has been
demonstrated that ER-· mRNA and protein expression are
decreasing in stages from normal or grade 1 to grade 3
tumor lesions, whereas ER-ß expression is not altered,
suggesting a shift to a decreased ER-·/ER-ß ratio (40,41).
Moreover, the ratio of ER-·/ER-ß differed between normal
and malignant tissues, whereas a higher ER-·/ER-· ratio was
observed in breast and endometrial carcinoma (13,14,18).
Moreover, the disrupted ER-·/ER-ß relation is associated
with ovarial invasion, implicating these steroid receptors with
malignant transformation and the metastatic potential of endo-
metrioid adenocarcinomas. This seems to be confirmed by
the fact that ER-· and ER-ß only demonstrated a significant
survival benefit in patients with metastatic stage (FIGO
IV). Interestingly, the ER-ß/ER-· mRNA ratio was high in
advanced invasive carcinoma. Additionally, Western blot
analysis demonstrated that ER-ß was highly expressed in
comparison with ER-· in endometrial cancer with severe
myometrial invasion, suggesting that ER-ß is important in
the progression of myometrial invasion (19).

With regard to survival, we showed that ER-· is a signi-
ficant prognostic marker regarding cause-specific survival
in univariate analysis. In contrast, ER-ß expression did not
demonstrate any significant differences in progression-free
survival, cause-specific survival and overall survival. By
analyzing the combined ER-·/ER-ß expression, we could
demonstrate a significant cause-specific survival benefit of
patients expressing ER-· compared to patients being negative
for both receptors. These data emphasize that the primary
estrogen action is mediated through the ER-· rather than
ER-ß receptor. However, we determined that ER-· and ER-ß
receptor status did not constitute an independent prognostic
factor confirming previous results (23,31,42).

Previously, we demonstrated in a large series of 293
analyzed cases, that the lack of ER-· in endometrial cancer
patients was associated with poor differentiation and
constitutes an important survival factor (23). Moreover, in an
analysis of 315 endometrial adenocarcinoma patients, the ratio
of ER-·/ER-ß might be a predictor of a shorter disease-free
survival (22). Therefore, the intact synchronized expression
of ER-ß interacting with ER-· might be disrupted in
malignant endometrium (20), playing an important role in
endometrial carcinogenesis. Therefore ER-ß is only useful if
it is evaluated with the ER-· expression, since the ratio of the
two steroid receptors is probably more useful than evaluating
each receptor separately.

Summarizing, an expression of both estrogen receptors
(ER-· and ER-ß) in malignant endometrioid adenocarcinomas
was demonstrated, whereas ER-· was associated with histo-
logical differentiation, while ER-ß demonstrated an association
with ovarial invasion. The loss of receptor positivity for ER-·
resulted in a poorer cause-specific survival in endometrial
cancer patients, while ER-ß did not affect survival. Intere-
stingly, patients with metastasis who expressed ER-· or

ONCOLOGY REPORTS  24:  385-393,  2010 391

Figure 4. Kaplan-Meier curves of clinical outcome regarding the com-
bination of ER-· and ER-ß expression for progression-free survival (A),
cause-specific survival (B) and overall survival (C). For statistical data see
Table IV.
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ER-ß had a better survival outcome than estrogen receptor
negative patients. When tumor samples of affected patients
expressed ER-·, they had a better cause-specific survival com-
pared to negative findings regarding both estrogen receptors.
However, ER-· and ER-ß were not independent factors with
survival in endometrial adenocarcinoma patients. Therefore,
the analysis of both estrogen receptors might be used as a
marker to identify high-risk patients only in a subset of patients
with endometrioid adenocarcinoma.
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