
INTRODUCTION 

The incidence and prevalence of breast cancer is increasing each 
year throughout the world1). It typically develops in several stages as it 
progresses into breast tissue. American Joint Committee on Cancer 
divided breast cancer into nine stages (0, IA,IB, IIA, IIB, IIIA, IIIB, 
IIIC, and IV) depending on its histological and anatomical characters2). 
These include cancer size, invasive or non-invasive status, and propaga-
tion or not in other tissues3,4). The diagnosis of the stage of breast cancer 
has an important role for physicians to determine the appropriate treat-
ment and prognosis of the disease4).

Estrogen is a member of the class of sex hormones in the human 
body with variable levels ranging from high in women to low in men5). 
It is normally produced in women by the ovary and by the adrenals cor-
tex in men6,7). Increased levels of estrogens have been shown to be asso-
ciated with an increased risk of breast cancer, particularly in older 
women7-9). Promoting breast cancer through the effect of estrogens is 
complicated8). Estrogen usually becomes active by binding to specific 
cell receptors in human tissues10,11). Since 1970, breast cancer has been 
divided into two types based on the occurrence of estrogen receptors 
(ER), ER-positive and ER-negative12). These receptors are available in 
varying degrees in breast cancer patients. Positive ER breast cancer is 
more frequent than a negative ER type12,13).

The relationship between estradiol levels and the stage of two types 
of breast cancer receptors in females prior to menopause were studied. 

MATERIALS  AND  METHODS 

Patients 
A total of 120 women with breast cancer (age range: 30 to 59 years) 

were participated in this study from November 2019 to March 2020. 
Breast cancer was clinically diagnosed by the oncologists of the 
Oncology unit of AI-Ammam Hussein Medical City in Karbala prov-
ince. Histological examination of patient biopsy samples by hospital 
histopathologists was conducted to confirm the diagnosis of breast can-
cer. Stage of breast cancer was evaluated based on new TNM criteria of 
the American Joint Committee on Cancer (AJCC)/Cancer staging manu-
al2). Type of estrogen receptor (ER) was determined using an immuno-
histochemical test. Pregnant women and those undergoing estrogenic 
therapy were excluded from the study. 

Estradiol measurement 
One blood specimen was taken from each enrolled patient. Estradiol 

(E2) was determined after serum analysis by fully automated Cobas 
E411 analyzer (Roche Diagnostics GmbH, Germany). The normal range 
of estradiol was 12.5-166 pg/ml. 
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Ethical approval 
The study was carried out according to the Declaration of Helsinki 

and was approved by the local ethics committee (IRB) of the college of 
the corresponding author. All patients had written informed consent 
prior to enrolling in this study.

Statistical Analysis
Data of all tests were statistically analyzed with one-way ANOVA 

using Microsoft Excel for Windows version 10. The minimum level of p 
value > 0.05 was considered as significance level.

RESULTS 

Characteristics of patients 
Characteristics of all patients were summarized in table 1. The age 

mean was 44.5 years. Most patients had ER-positive breast cancer (75 
patients) compared to those with ER-negative breast cancer (45 
patients). There was no significant difference between three patient 
menstrual periods in each type of ER. The stage most commonly diag-
nosed in patients with two types of breast cancer was stage II with both 
categories (IIA and IIB). Category IIB was observed in a greater number 
of patients (34.16%), especially in ER-positive breast cancer patients 
(20%), than in stage IIA (23.33%). Meanwhile, category IA of stage I 
was found in high numbers (13.33%) compared to category IB (6.66%). 
Stage III, with all three categories, was mainly diagnosed in patients 
with ER-positive breast cancer. The IIIA category was absent in patients 
with ER-negative breast cancer, while the IIIC category was present in 
equal numbers of patients with both types of breast cancer. Stage IV 
breast cancer was diagnosed mainly in patients with positive ER breast 
cancer (4.16%), but with no significant difference from patients with 
negative ER breast cancer.

Estradiol levels in breast cancer patients
Estradiol levels have been investigated throughout all stages of 

breast cancer. A large number of patients presented with normal estradi-
ol levels (64.16%), while a high level was observed in 35.83% of 
patients. These normal levels were most commonly found in categories 
IIB (17.5%), IIA (17.5%) and IA (11.66%), while they were absent in all 
stage III categories. Estradiol was found to be significantly higher in 
patients with category IIB breast cancer (11.66%) and in all stage III 

categories. In stage I, elevated levels of estradiol were observed in two 
patients with category IA (1.66%) compared with one patient with cate-
gory IB (0.83%). There were no cases of stage IV breast cancer where 
estradiol was found to be high (Table 2). 

Estradiol level and type of breast cancer
Most ER-positive breast cancer patients had normal estradiol levels 

(47.5%), while most ER-negative breast cancer patients had elevated 
levels (18.33%). A normal level was observed in a larger number of 
stage IIB patients of two types of breast cancer, with a significant differ-
ence compared with the other stages. Patients with stage III of the two 
types of breast cancer had high levels of estradiol, with the exception of 
stage IIIA. Furthermore, high levels were also absent in ER-positive 
patients with stage IV and the two categories of stage I. Patients with 
category IIB of both types of breast cancer with high estradiol levels 
showed a great number, followed by category IIIB of ER-positive 
(4.16%) and category IIIC of both types breast cancer (Table 3). 

DISCUSSION 

Breast cancer is the number one cancer in women at 1/10 risk for 
life in the Western world1). This has become increasingly true in the 
Eastern Mediterranean region, including Iraq14). Each year, women and 
men in various provinces of Iraq are diagnosed with breast cancer, 
among many other types. Breast cancer was reported to be the first type 
of cancer among women in Karbala province for eight years (2008-
2015)15). The middle age is the most affected age group among women 
with breast cancer in Iraq16). The development of breast cancer is affect-
ed by the levels of a number of hormones in women's bodies. Estrogen 
as one of these hormones has a major impact on the development and 
promotion of breast cancer, especially at a high leve3-5). A major form of 
estrogen associated with breast cancer is estriol (E2)17). 

Most patients in this study were diagnosed with stage II breast can-
cer with normal estrogen levels, whereas a higher rate was observed in 
fewer numbers. In premenopausal women, estradiol is secreted by the 
ovaries as the predominant form of estrogen, while after menopause it is 
produced from the conversion of estrone18). No significant differences in 
estrogen concentrations were found in patients with breast cancer prior 
to menopause18,19) and there is limited evidence for a positive association 
between circulating estradiol levels and breast cancer risk20). Estrogen 
levels in premenopausal women are mainly affected by the course of the 
menstrual cycle18). Some higher levels of estradiol (12%) were related to 
the risk of breast cancer in premenopausal women throughout the men-
strual cycle, with a large difference in the middle of the cycle19). 

Breast cancer usually develops in nine stages, as pointed out by the 
U.S. Joint Committee on Cancer, in which it was later amended to 
include specific biomarkers used in the classification of stages2). Stage II 
has been diagnosed as the most frequent stage in women with breast 

Table 1: Patient's characteristics by tumor stage, menstrual peri-
od, and ER type.  

 Patient No. (%)

  ER-positive ER-negative  

 Age mean 44.5 years  
Total No. (%)

 Tumor stage

 IA 11* (9.16) 5 (4.16)  16** (13.33)

 IB 5 (4.16) 3  (2.5) 8 (6.66)

 IIA 18** (15) 10** (8.33) 28 ** (23.33)

 IIB 24** (20) 17** (14.16) 41*  ** (34.16)

 IIIA 3 (2.5) 0 3 (2.5)

 IIIB 5 (4.16) 3 (2.5) 8 (6.66)

 IIIC 4 (3.33) 4 (3.33) 8 (6.66)

 IV 5 (4.16) 3 (2.5) 8 (6.66)

 Premenopausal  31 (25.83) 32 (26.66) 63 (52.5)

Menopause  17 (14.16) 20 (16.66) 37 (30.83)

 Postmenopausal 9 (7.5) 11 (9.16) 20 (16.66)

*significant difference between ER types of the same stages at P < 0.05

**significant difference between stages of the same ER type at P < 0.05

Table 2: Estradiol levels in patients with different stages of 
breast cancer 

Tumor stage  Patient No. (%) Total No. (%)

  Estrogen level 

  Normal  High 

 IA 14* (11.66) 2 (1.66) 16** (13.33)

 IB 7* (5.83) 1 (0.83) 8 (6.66)

 IIA 21* ** (17.5) 7 (5.83) 28 ** (23.33)

 IIB 27* ** (22.5) 14 **(11.66) 41*  ** (34.16)

 IIIA 0 3 (2.5) 3 (2.5)

 IIIB 0 8 (6.66) 8 (6.66)

 IIIC 0 8 (6.66) 8 (6.66)

 IV 8 (6.66) 0 8 (6.66)

 Total No. (%) 77 (64.16) 43 (35.83) 120

*significant difference between estrogen level of the same stages at P < 0.05

**significant difference between stages at P < 0.05
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cancer globally21,22). It is more prevalent among Iraqi women without an 
age correlation22). High levels of estrogens in postmenopausal women 
are mainly associated with the development of breast cancer23-25). 
Differences in high estrone (E1) and intermediate or low estrone rates 
among postmenopausal Japanese women have no significant effect on 
breast cancer size26).

The role of estrogen in the development of breast cancer was related 
to two proposed mechanisms: The first is estrogenic stimulation of cel-
lular proliferation by an increased transcriptional rate that leads to 
genetic errors and cancer initiation. The second mechanism is dependent 
upon the role of quinine derived from estradiol metabolism to bind to 
the DNA causing the mutation27). 

Based on the results of this study, stage II was diagnosed more fre-
quently in the two cases of ER-positive and ER-negative breast cancer. 
Estrogen levels, in form of estradiol, were normal for most ER-positive 
breast cancer patients and higher for those who had ER-negative breast 
cancer. Farhat et al. (2011) found a different result when estradiol levels 
were not associated with ER-negative breast cancer28). ER-positive 
breast cancer among Kenyan women was commonly diagnosed with 
stage II29). The frequency of positive ER findings is generally higher in 
breast cancer patients than in ER-negative patients12,13). Similar results 
were observed in 208 breast cancer patients in California, while only 26 
were found to be negative in the ER13).

High levels of estrogen are often associated with a higher risk of 
positive ER breast cancer compared to negative ER breast cancer26,28,30). 
The association of a high rate of estrone in postmenopausal women at 
increased risk of ER-positive breast cancer is higher than in 
RE-negative women26). Higher levels of estradiol in women with non-fa-
milial breast cancer have also been observed in association with an 
increased risk of positive ER breast cancer30). 

CONCLUSION

ER-positive breast cancer is a commonly occurring type. Stage II is 
the most frequent stage of breast cancer without regard to the type of 
receptor. Normal estradiol levels are commonly found in patients with 
positive ER breast cancer, while higher levels are common in patients 
with negative ER breast cancer. The study recommended that estrogen 
levels should be routinely studied in patients with stage II breast cancer, 
particularly those with ER-negative and with stage III. 
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