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Abstract
Background: Hyperinsuliunemia is a condition with excess levels of circulating 
insulin in the blood among non-diabetics. Hyperinsuliunemia may increase breast 
cancer developing probability. 
Purpose: to investigate the role of hyperinsuliunemia in early recurrence in breast 
cancer by estrogen receptor (ER), progesterone receptor (PR) and human epider-
mal growth factor receptor 2 (HER2). 
Methods: 50 patients with invasive breast cancer in stage II and III in age range 
17 - 65 years, involved in this study and classified into five subtypes of ER, PR 
and HER2, and followed prospectively for 2 years from beginning treatment 
based on insulin serum levels. 
Results: In newly diagnosed patients the mean concentrations and standard de-
viation were (17.11 ± 10.17), while the insulin levels in the patients after chemo-
therapy treatment were (26.06 ± 15.69), when the tow means were compared by t. 
test the blood concentration of insulin was high significantly in patients as control 
(p > 0.001). Regarding hormone receptors and HER2, the insulin levels in ER− 
PR−HER2− and ER− PR−HER2+ increased significantly after chemotherapy (p = 
0.005 and 0.047) respectively. 10 of triple negative breast cancer patients suffered 
recurrence. 
Conclusion: Hyperinsuliunemia and weight change after chemotherapy may con-
sider as risk factors for breast cancer recurrence among patients with triple-nega-
tive breast cancer.
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Introduction

	 Breast cancer is the most common cancer in women 
worldwide and 70% of breast cancer deaths occur in women 
from low-income and middle-income countries[1]. It has been 
estimated that more than one million new cases occur world-
wide annually[2]. It is a major cause of morbidity and mortali-
ty in the world, although many risk and prognostic factors of 
breast cancer have been established, and understanding of breast 
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cancer prognosis is still poorly understood[3]. Breast cancer is 
a heterogeneous disease characterized by varying responses to 
therapeutic agents and significant differences in long-term sur-
vival[4]. Abnormal blood levels of anabolic hormones are associ-
ated with increased cancer developing probability. Several epi-
demiological studies have suggested that high insulin levels may 
play major role in breast cancer development[5]. High circulating 
insulin levels have also been associated with a risk of breast 
cancer recurrence[6]. The relationship between insulin and breast 
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cancer has been assessed by several epidemiological studies. 
Hyperinsuliunemia was reported to be a significant factor for in-
cident breast cancer[7], elevated insulin has been correlated with 
poor outcomes in breast cancer patients[8]. Estrogen receptor and 
progesterone receptor determinations are established procedures 
in the routine management of patients with breast cancer and 
are considered both prognostic and predictive factors; they are 
considered primarily as a predictive factor for response to ther-
apy and adjuvant hormonal therapy including aromatase inhib-
itors as letrozole and tamoxifen[9]. Human epidermal receptor 2 
(Her2), also known as ErbB2 or Neu in rodents) belongs to the 
epidermal growth factor receptor family of receptor tyrosine ki-
nases (RTK), the Her2 oncogene is expressed in approximately 
25% of human breast cancers and is associated with metastatic 
progression and poor outcome[10]. Breast cancer recurrence can 
occur at any time, but most recurrences happen in the first 5 
years after treatment[11]. The aim of this study was to a achieve  
role of higher insulin levels in early recurrence correlated to hor-
mone receptor status HER2 in patients with breast cancer during 
the first two years following treatment. 

Methods

Population  
	 Fifty non-diabetic women with newly diagnosed breast 
cancer were randomly selected at a mean of age 41years (range 
17 - 65 years). Patient’s information included type of breast can-
cer, weight and hormone receptor status. Results of hormone re-
ceptors were obtained from the histopathology laboratory done 
as routine test for breast cancer patients at radiation and isotopes 
center- Khartoum. This study was approved by the ethical com-
mittee in the ministry of health.

Follow-up 
	 For fifty patients’ insulin levels were measured before 
and after chemotherapy, they were followed prospectively for 24 
months from the beginning of treatment.

Sample collection 
	 5 ml of venous blood sample was collected from each 
patient in a plain vacationer tube, and then centrifuged at 3000 
r.p.m for 10 minutes to obtain the serum; the serum was kept 
in a serum container and stored at -20°C in a deep freezer until 
analyzed. 

Techniques 
	 Radioimmunoassay used for insulin measurement and 
immunohistochemistry used for the assay hormone receptor and 
HER2 status.  

Statistical analysis 
	 The data were analyzed using SPSS, version 16.0; Sta-
tistics included paired T-Test and correlation coefficient. The re-
sults were considered significant when P-Value < 0.05 

Results 

	 The findings of the study regarding insulin levels, in the 
newly diagnosed patients were (17.11 ± 10.178 mIU/L), while 
the insulin levels in the mean concentrations and standard devia-

tion of insulin level in the patients post chemotherapy treatment 
were (26.06 ± 15.698 mIU/L) as shown in figure 1, when the tow 
means were compared by t. test the blood concentration of insu-
lin was high significantly in patients as control (p > 0.001). Pa-
tients were classified into five subtypes groups explain in table 2. 
Furthermore, the triple negative breast cancer (ER−PR−, Her2−) 
and subtype ER−PR−, Her2+ have significant association with 
high insulin serum levels after chemotherapy compared to oth-
er breast cancer subtypes. A strong positive correlation found 
between BMI pre and post chemotherapy (r = 0. 929, P = < 
0.001) as explained in figure 2. Insulin serum levels increased 
in 22(44%) patients before chemotherapy and increased in 35 
(70%) patients after chemotherapy. 

Figure 1: Comparison of insulin levels between patients pre and post 
chemotherapy.

Table 1:  Insulin mean and STD among ER/PR and HER2 in breast 
cancer. 
Hormone receptors and HER2 Insulin  levels  (mIU/L)
Subtypes Breast cancer  pa-

tients
Mean    STD p-value

ER− PR−HER2− Pre chemotherapy  
Post chemotherapy 
(n = 22) 

15.9 ±  8.3
26.7 ±  19.4

0.005

ER+ PR+HER2+ Pre chemotherapy 
Post chemotherapy 
(n = 12) 

19.0 ±  15.6
23.7 ±  11.0

0.3

ER+ PR−HER2+ Pre chemotherapy 
Post chemotherapy 
(n = 5) 

17.0 ±  8.3
25.9 ±  9.0

0.5

ER+ PR+HER2- Pre chemotherapy 
Post chemotherapy 
(n = 5) 

20.2  ± 8.3
23.7 ±  9.0

0.2

ER− PR− HER2+ Pre chemotherapy 
Post chemotherapy  
(n = 6)

15.6  ±  8.9
31.1 ±  13.6

0.047

Note: ER = Estrogen receptor, PR = Progesterone receptor, HER2 = 
Human epidermal growth factor receptor 2, + = positive, − = negative, 
n= number of patients.
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Figure 2: Correlation of BMI pre and post chemotherapy in Breast can-
cer patients.

Discussion  

	 The present study focused specifically on serum insulin 
concentration among breast cancer subtypes. The findings are 
in agreement with a study which showed that  in women who 
are not known diabetics, and followed prospectively, fasting 
insulin levels correlated with recurrence and death after breast 
cancer treatment[12], also the results of this study confirmed that 
elevated insulin levels in the circulation have been reported to be 
associated with an adverse prognosis during the first 5 years af-
ter diagnosis[13]. This finding supports other studies which have 
shown that triple-negative breast cancers have more aggressive 
clinical course than other forms of breast cancer[14]; there is a 
high prevalence of triple negative tumors among younger wom-
en and poorer survival[15]. Several studies reported that insulin 
resistance is associated with increased incidence of breast cancer  
with all subtypes[16]. Plasma insulin level is a predictor of post-
menopausal breast cancer in ER negative patients[17]. Several 
studies have shown that metabolic syndrome may be an import-
ant prognostic factor for breast cancer[18]. However, one study 
described the effects of metformin on the hormonal/metabolic 
profile and tumor cell proliferation estimated by ki-67 labeling 
index in non-diabetic breast cancer patients, and show that there 
is considerable heterogeneity in these[19]. These findings are rele-
vant to design breast cancer prevention and treatment trials with 
metformin in women with insulin resistance or HER2-positive 
tumors[20]. Early survival following breast cancer is reduced in 
women with diabetes-related hyperinsuliunemia[21], also anoth-
er study reported that diabetic patients with breast cancer had 
adverse characteristics such as negative status of hormone re-
ceptors. The association could not be attributed to family history 
of breast cancer, and was independent of obesity, indicating that 
diabetes may have an independent effect on cancer prognosis[22]. 
Obesity is an independent prognostic factor for developing me-
tastases and for death as a result of breast cancer; the effects of 
adjuvant therapy seem to be lost more rapidly in patients with 
breast cancer and obesity. The authors also suggested that ad-
juvant chemotherapy and endocrine therapy were less effective 
over time periods greater than 10 years for patients with BMI 
> 30 although it was unclear whether this effect was mediated 
by poor responsiveness to treatment or differences in biology[23]. 
Weight variation has been reported as a side effect of chemother-
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apy treatment in breast cancer patients and has been identified 
as a factor of poor prognosis. Causes of weight variation during 
chemotherapy and mechanisms involved in the poor prognosis 
have been little studied; another study showed that insulin re-
sistance may be a common mechanism to explain the weight 
change during chemotherapy[24]. The findings of this study sug-
gest that hyperinsuliunemia is preferred to insulin resistance 
which occurs in non diabetics due to metabolic abnormalities 
has been related to breast cancer prognosis. 

Conclusion 

	 Hyperinsuliunemia associated with weight change af-
ter chemotherapy and may be consider as risk factors for breast 
cancer recurrence among triple-negative breast cancer. Further 
studies should be recommended to increase insulin sensitivity 
and improving breast cancer therapy.  
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