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Abstract
Background: We conducted this study to estimate the prevalence of biomarkers, including estrogen receptor (ER), progesterone receptor 

(PR), and human epidermal growth factor receptor 2 (HER2) among patients with breast cancer and to explore their effects on disease 
mortality.

Methods: We conducted this registry-based retrospective cohort study in Tehran, in 2014, using the data on 1622 patients with breast 
cancer, diagnosed pathologically and registered with the Comprehensive Cancer Control Center from 1998 to 2013. The outcome of 
interest was the survival probability of patients with breast cancer based on receptor status along with other prognostic factors such as age, 
histopathology, stage/grade of tumor, metastatic status, and surgical procedures using the life table, Kaplan-Meier curves, and multivariate 
Cox proportional hazard model. We generated different subtypes based on expression of ER, PR, and HER2, positive (+) and/or negative (–).

Results: ER+/PR+/HER2– subtype (51.5%) was the most common form of breast cancer cells. Compared to the ER+/PR+/HER– 

3.59) for ER–/PR–/HER2+ subtype and 5.19 (1.51, 17.86) for ER–/PR+/HER2+ subtype.
Conclusion: In this study, breast cancer cases with ER–/HER2+ tumors had shorter survival than those with ER+/PR+/HER2– tumors. 

income country further indicate the importance of receptor status, in particular HER2 status, in the prognosis of breast cancer.
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Introduction

Breast cancer is the most common cancer in women in both 
developed and developing countries.1 Several prognostic 
factors for breast cancer have been well recognized.2–5 

histological criteria for different purposes, including prognosis. 
The major subtypes are based on histopathological features, the 
grade of the tumor, the stage of the tumor, receptor status, and the 
gene-expression.6 Clinicians still tend to rely on reliable and 
inexpensive traditional histopathological features and readily 
available tumor markers such as estrogen receptor (ER), 
progesterone receptor (PR), and human epidermal growth factor 
receptor 2 (HER2).7

About 75% of all breast cancers are ER-positive and 65% 

are PR-positive.8 Breast cancers containing either estrogen or 
progesterone receptors are called hormone receptor-positive. 
About two-thirds of breast cancers are hormone receptor-
positive. The breast cancer cells that have neither estrogen nor 
progesterone receptors are called hormone receptor-negative.9 
Hormone receptor-positive cancers tend to grow more slowly and 
are more likely to respond to hormone therapy.

HER2 overexpression may occur in 18% to 20% of breast 
cancers.9–11 HER2 overexpression is associated with worse 
clinical outcomes such as higher rate of recurrence and mortality 
in patients with breast cancer.11,12 These breast cancers tend to 
be fast-growing and spread more aggressively than other breast 
cancers.8,9 Thus, HER2 status should be considered in the clinical 
decision, along with other prognostic factors.11 If breast cancer 
cells do not have ER or PR and are low in expression of HER2, 
they are called triple-negative. These cancers tend to occur more 
often in younger women and tend to grow and spread more 
quickly and behave more aggressively than other types of breast 
cancer.13–15

Several studies have been conducted worldwide to assess the 
prognostic effect of biomarkers on breast cancer. However, the 
prevalence and the prognostic effect of these factors may vary 
across countries. There is limited evidence about prognostic 
effects of different types of breast cancer in developing countries. 
This study was carried out to classify breast cancer into different 
subtypes based on the immunohistochemical markers ER, PR, 
and HER2 expression, positive (+) and/or negative (–), and to 
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explore the individual and combined effect of these markers on 
the disease mortality.

Materials and Methods

This registry-based retrospective cohort study was conducted in 
Tehran in 2014. The Research Council of Hamadan University 
of Medical Sciences approved the study. We used the data 

of Diseases for Oncology 3rd edition sites C50.0–C50.9)16 
diagnosed pathologically and registered with the Comprehensive 

University of Medical Sciences from 1998 to 2013. Cases are 
reported to CCCC from hospitals and any other facilities such as 
laboratories and clinics in Tehran. Every patient had a medical 
record, including medical history, demographic characteristics, 

of diagnosis, admission, and periodic visits. The patients with 
unknown pathology were excluded. Data were extracted from 
the medical records using a checklist of items according to the 
context of the medical records.

The outcome of interest was the survival probability of patients 
with breast cancer of any type from the date of diagnosis to death 
due to breast cancer. We contacted the patients’ family to update 
our data. The patients who were lost to follow-up or died from 
causes other than breast cancer were considered as censored. 
The independent variables considered as predictive factors of 
survival probability of the patients included age, type of breast 
cancer (invasive ductal carcinoma (IDC), ductal carcinoma in situ 
(DCIS), lobular carcinoma in situ (LCIS), and invasive lobular 
carcinoma (ILC)), the stage of breast cancer (I, II, III, and IV), 
the grade of breast cancer (1, 2, and 3), the expression of hormone 
receptors (ER, PR, and HER2), the recurrence of tumor, metastatic 
status, and surgical procedure (breast-conserving surgery (BCS) 

Based on the expression of ER, PR, and HER2, we generated 

model. The full model included eight possible combinations of 
ER, PR, and HER2, positive (+) and/or negative (–), as shown in 
Table 1. The reduced model included four subtypes considering 
either ER or PR as hormone receptor-positive as shown in Table 2. 

group and the mortality rate of other subtypes was investigated 
and compared with the reference group.

The survival probability of patients with breast cancer was 
investigated using life table, Kaplan-Meier curves and log-rank 
test. The effect of prognostic factors on survival probability was 
explored using univariate and multivariate Cox proportional 
hazard model. All statistical analyses were performed at the 95% 

(StataCorp, College Station, TX).
 
Results

Of 1741 patients with breast cancer, 119 were excluded due to 
unknown pathology. The analysis was based on the remaining 

(SD) age of patients at diagnosis was 48.59 (11.72) years, ranging 
from 17 to 98 years. The majority (34.2%) of patients were aged 
40-49 years. A minority (17.0%) of the patients were cigarette 
smokers. IDC was the most common (89.8%) type of breast 
cancer. Most of the patients were diagnosed at stage II (43.5%) 
and III (30.8%). Most of the patients (54.3%) presented with 
grade 2. Almost 16.2% of the patients had distant metastasis and 
14.2% had evidence of recurrence. About 70.8% of the patients 
were ER+, 66.6% were PR+, and 75.9% were HER2–. Almost 
57.1% of the patients underwent BCS (Table 3).

The prevalence of immunohistochemical markers (ER/PR/
HER2, +/–) and 1-, 5-, and 10-year survival probability of 
the patients based on the full and the reduce models are given 
in Table 4. According to the full model, ER+/PR+/HER2– and 
ER–/PR+/HER2+ were the most and the least common subtypes 
of breast cancer cells, respectively. These two subtypes had the 
highest and lowest 5-year survival probability among the eight 

Esterogen Progestron HER2 Subtype
Positive Positive Positive ER+/PR+/HER2+
Positive Positive Negative ER+/PR+/HER2–
Positive Negative Positive ER+/PR–/HER2+
Positive Negative Negative ER+/PR–/HER2–
Negative Positive Positive ER–/PR+/HER2+
Negative Positive Negative ER–/PR+/HER2–
Negative Negative Positive ER–/PR–/HER2+
Negative Negative Negative ER–/PR–/HER2–

Table 1. The full model including eight possible combinations the expression of the esterogen receptor (ER), the progestron receptor (PR), and 
the human epidermal growth factor receptor 2 (HER2).

Esterogen or Progestron HER2 Subtype

Positive Positive ER/PR+/HER2+

Positive Negative ER/PR+/HER2–

Negative Positive ER/PR–/HER2+

Negative Negative ER/PR–/HER2–

Table 2. The reduced model including four possible combinations based on the expression of the esterogen receptor (ER), the progestron receptor 
(PR), and the human epidermal growth factor receptor 2 (HER2).
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subtypes, respectively (Figure 1). The equity of survival function 
was investigated using log-rank test (P = 0.0002). Based on the 
reduced model, ER/PR+/HER2– and ER/PR–/HER2+ were the 
most and the least common subtypes of breast cancer cells with 
the highest and the lowest 5-year survival probability among the 
four subtypes, respectively (Figure 2). The equity of survival 
function was investigated using log-rank test (P = 0.0001).

The effect of several prognostic factors on survival probability of 
patients with breast cancer based on the Cox proportional hazard 
model is given in Table 5. The proportional hazard assumption 
was tested using the Schoenfeld residuals test. Since the test was 

P = 0.305), the proportional hazards assumption 

(HR 1.38, 95% CI 1.12, 1.69), stage IV (HR 7.67, 2.53, 23.25), 

associated with death due to cancer.
The effect of different combinations of ER, PR, and HER2 on 

the mortality rate of patients with breast cancer is given in Table 6. 
In the full model, compared to the ER+/PR+/HER– subtype as the 

reference group, all other subtypes had a higher risk of mortality. 
The HR of death due to breast cancer was 2.14 (95% CI: 1.13, 
4.03) for ER–/PR–/HER2– subtype, 1.92 (95% CI: 1.03, 3.59) 
for ER–/PR–/HER2+ subtype and 5.19 (95% CI: 1.51, 17.86) for 
ER–/PR+/HER2+ subtype. In the reduced model, there was no 

ER/PR+/HER2– subtype. 

Discussion

In this study, we measured the survival probability of patients 
with breast cancer and compared the mortality rate of the patients 
based on the immunohistochemical markers along with other 
well-known prognostic factors of breast cancer. According to our 

mortality rate. The risk of death was higher in the triple negative 
subtype (P = 0.019). The HER2+ subtype, irrespective of ER and/
or PR being positive or negative, was associated with a higher 
risk of cancer mortality. In other words, HER2+ is an independent 

Variables Number a Percentage
Age at diagnosis (yr)

17–29 53 3.4
30–39 295 18.8
40–49 538 34.2
50–59 407 25.9
60–69 204 13.0
70–79 65 4.1

11 0.7
Cigarette smoking

No 1013 83.0
Yes 208 17.0

Pathological type
Ductal/lobular carcinoma in situ 90 5.5
Invasive lobular carcinoma 76 4.7
Invasive ductal carcinoma 1456 89.8

Stage
I 300 21.2
II 617 43.5
III 436 30.8
IV 64 4.5

Grade
1 159 12.4
2 699 54.3
3 428 33.3

Distant metastasis
No 742 83.8
Yes 144 16.2

Recurrence
No 775 85.8
Yes 128 14.2

Estrogen receptor
Negative 379 29.2
Positive 921 70.8

Progesterone receptor
Negative 432 33.4
Positive 861 66.6

Human epidermal growth factor receptor 2
Negative 925 75.9
Positive 294 24.1

Surgical approach
Breast-conserving surgery 825 57.1

619 42.9
a The sum of subgroup may be less than total due to missing data.

Table 3. Characteristics of the patients with breast cancer (n = 1622).
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poor prognostic factor, whether or not ER/PR is positive or 
negative.17,18

In addition, we indicated that single hormone receptor positive 
tumors were rare and had shorter survival than double positive or 

existing literature.7,19,20 Maeyer et al. reported that only 1.5% of 
their primary operated cases presented the ER–/PR+ breast cancer 
phenotype.19 Ng et al. showed that 11.6% of the breast cancer cell 
were a ER+/PR– and 4.6% were ER–/PR+ 20 In addition, Rakha et 

al. indicated that ER+/PR– and ER–/PR+ tumors are biologically 
and clinically distinct subtypes of breast cancer that are associated 
with more aggressive characteristics.21

The results of this study also demonstrated that immunohistochemical 
markers play an important role in the prognosis of breast cancer; 
however, their effect on the mortality rate of the disease diminishes 
when controlling for other prognostic factors, such as the pathological 
type of cancer, the stage of cancer, the grade of cancer, and the 
metastatic status.

Time intervals (yr) Population Deaths Lost Survival 95% CI
Full model

ER+/PR+/HER2–
1 yr 607 7 108 0.98 0.97, 0.99
5 yr 492 25 325 0.91 0.87, 0.93
10 yr 142 15 127 0.73 0.64, 0.81

ER–/PR+/HER2–
1 yr 24 1 5 0.95 0.71, 0.99
5 yr 18 1 11 0.87 0.57, 0.96
10 yr 6 1 5 0.62 0.13, 0.89

ER+/PR–/HER2–
1 yr 56 0 13 1.00 1.00, 1.00
5 yr 43 5 28 0.82 0.63, 0.92
10 yr 10 3 7 0.44 0.13, 0.72

ER–/PR–/HER2–
1 yr 206 1 20 0.99 0.96, 0.99
5 yr 185 23 104 0.82 0.74, 0.87
10 yr 58 2 56 0.76 0.65, 0.84

ER+/PR+/HER2+
1 yr 134 0 24 1.00 1.00, 1.00
5 yr 110 13 52 0.84 0.74, 0.90
10 yr 45 10 35 0.53 0.36, 0.68

ER+/PR–/HER2+
1 yr 30 0 4 1.00 1.00, 1.00
5 yr 26 3 16 0.83 0.56, 0.94
10 yr 7 1 6 0.62 0.18, 0.87

ER–/PR–/HER2+
1 yr 107 0 7 1.00 1.00, 1.00
5 yr 100 21 51 0.71 0.60, 0.80
10 yr 28 7 21 0.43 0.25, 0.59

ER–/PR+/HER2+
1 yr 10 0 1 1.00 1.00, 1.00
5 yr 9 3 6 0.50 0.11, 0.80

Reduced model
ER/PR+/HER2–

1 yr 687 8 126 0.98 0.97, 0.99
5 yr 553 31 364 0.90 0.87, 0.92
10 yr 158 19 139 0.71 0.62, 0.78

ER/PR–/HER2–
1 yr 206 1 20 0.99 0.96, 0.99
5 yr 185 23 104 0.82 0.74, 0.87
10 yr 58 2 56 0.76 0.65, 0.84

ER/PR+/HER2+
1 yr 174 0 29 1.00 1.00, 1.00
5 yr 145 19 74 0.82 0.73, 0.88
10 yr 52 11 41 0.53 0.38, 0.66

ER/PR–/HER2+
1 yr 107 0 7 1.00 1.00, 1.00
5 yr 100 21 51 0.71 0.60, 0.80
10 yr 28 7 21 0.43 0.25, 0.59

Table 4. Survival probability of the patients with breast cancer by estrogen receptor (ER,) progesterone receptor (PR), and human epidermal growth 
factor receptor 2 (HER2), positive (+) and/or negative (–) using a full model.
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Figure 1. Survival probability of the patients with breast cancer based 
on immunohistochemistry markers (8 subtypes), using log-rank test (P 
= 0.0002).

Figure 2. Survival probability of the patients with breast cancer based 
on immunohistochemistry markers (4 subtypes), using log-rank test (P 
= 0.0001).

Variables Unadjusted
HR (95% CI) P value Adjusted

HR (95% CI) a P value

Age at diagnosis

Test for trend (every 10 yrs) 1.12 (1.01, 1.25) 0.037 1.38 (1.12, 1.69) 0.002

Pathological type

Ductal/lobular carcinoma in situ 1.00 1.00
Invasive lobular carcinoma 6.46 (0.75, 55.38) 0.088 1.13 (0.11, 11.86) 0.917
Invasive ductal carcinoma 12.88 (1.80, 91.87) 0.011 2.06 (0.28, 15.40) 0.481

Stage

I 1.00 1.00
II 1.43 (0.77, 2.63) 0.248 2.60 (0.91, 7.42) 0.073
III 6.09 (3.48, 10.65) 0.001 2.66 (0.98, 7.19) 0.054
IV 24.73 (13.44, 45.51) 0.001 7.67 (2.53, 23.25) 0.001

Grade

1 1.00 1.00
2 2.08 (1.00, 4.32) 0.050 0.71 (0.24, 2.13) 0.545
3 5.64 (2.74, 11.61) 0.001 1.24 (0.42, 3.70) 0.696

Estrogen receptor

Negative 1.00 1.00
Positive 0.60 (0.44, 0.82) 0.002 0.54 (0.28, 1.05) 0.071

Progesterone receptor

Negative 1.00 1.00
Positive 0.61 (0.45, 0.83) 0.001 1.22 (0.63, 2.38) 0.548

Human epidermal growth factor receptor 2

Negative 1.00 1.00
Positive 1.94 (1.39, 2.71) 0.001 1.28 (0.81, 2.01) 0.296

Distant metastasis

No 1.00 1.00
Yes 11.55 (8.19, 16.30) 0.001 11.04 (6.43, 18.96) 0.001

Surgical approach

Breast-conserving surgery 1.00 1.00
2.49 (1.82, 3.39) 0.001 1.33 (0.79, 2.24) 0.284

a adjusted for all variables in the table.

Table 5. Effect of various predictive factors on survival probability of patients with breast using the univariate (unadjusted) and multivariate (adjusted) 
Cox regression model.
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Receptor status of breast cancer cell is critical for hormone 
therapy. This kind of treatment lowers estrogen/progesterone 
levels or blocks their receptors, and is thus helpful for treatment 
of ER+ or PR+ cancer cells. However, treatment with hormone 
therapy is not helpful for hormone receptor-negative cancers. 
Therefore, hormone receptor-positive cancers have a better 
prognosis than hormone receptor-negative cancers.9,22,23 HER2+ 
breast cancers tend to be aggressive and are usually associated 
with a worse clinical outcome and poor prognosis,24,25 as was 
the case in our study. However, Herceptin in combination with 
chemotherapy has been shown to be associated with reduced risk 
of recurrence in patients with HER2+ overexpressing metastatic 
breast cancers and improvement of cancer-free survival.26,27

health is the stage of breast cancer at diagnosis. Almost 79% of 
the patients were diagnosed at stage II or higher and more than 
35% were diagnosed at stage III or higher. This implies a long 
delay between the development of breast cancer and its primary 
diagnosis. This issue should be the focus of special attention of 
policymakers who plan screening and preventive programs.

We acknowledge the limitations and potential biases of this 
registry-based retrospective study.28 The main limitation of 
this study, like any long-term cohort study, is the censoring. 
Although censored data are taken into account in calculation 
of life-table, Kaplan-Meier, and the hazard ratio, censoring 
may lead to overestimation or underestimation of the results. 
Furthermore, we excluded 119 breast cancer cases due to 
unknown pathology. Missing data, especially of ER, PR, and 
HER2, were another important problem. Incomplete or inaccurate 

lack of information about the metastatic status were other main 
limitations. Despite its limitation, we believe our study is of value 
because it was conducted in a middle-income setting where limited 
evidence exists and these types of investigations can highlight 
the prevalence and prognostic effect of immunohistochemistry 
markers on breast cancer.

In conclusion, we indicated that the subtype ER+/PR+/HER2– 
was the most common form of breast cancer. We also showed that 
breast cancer cases with ER–/HER2+ tumors had shorter survival 
than those with ER+/PR+/HER2– tumors. Triple negative tumors 

prognosis. The results of this study in a middle-income country 
further indicate the importance of receptor status, in particular 
HER2 status, in the prognosis of breast cancer.

this work.
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