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Abstract
Purpose  Recent studies revealed that metabolic stress influences the outcomes of breast cancer treatment. We sought to 
evaluate the prognostic effect of type 2 diabetes and find the molecular mechanism of relapses in postoperative HER-2+ 
breast cancer patients treated with HER-2 targeted therapy.
Materials and methods  We evaluated 190 HER-2+ breast cancer patients (pT1-4N0-2M0) who were treated with surgical 
resection and trastuzumab (HER-2 targeted therapy) between 2006 and 2015. Survival outcomes and failure patterns were 
compared between such patients with (n = 12) and without (n = 178) type 2 diabetes.
Results  The median follow-up period was 42.4 months (range 12.0–124.7 months). Twenty-one patients (11.1%) showed 
relapse (including nine patients with locoregional failure), and three patients (1.6%) died as a result of cancer relapse. One-
third of the patients with diabetes experienced relapse (4/12, 33.3%). The 3-year disease-free survival (DFS) and overall 
survival (OS) rates were 90.7% and 98.6%, respectively. Diabetic patients showed shorter DFS compared with non-diabetic 
patients (p = 0.006, 74.1% vs. 91.9%). OS was also shorter in diabetic patients compared with non-diabetic patients (p = 0.017, 
91.7% vs. 99.1%). Of our interest, the levels of HER-3 and its ligand neuregulin-1 were significantly increased in the tumor 
specimen in HER-2+ breast cancer patients suffering with type 2 diabetes than that in the euglycemic control group.
Conclusions  Type 2 diabetes was associated with detrimental effects on survival in postoperative HER-2+ breast cancer 
patients who were treated with trastuzumab. The poor prognostic effect of diabetes in HER-2+ breast cancer patients could 
be associated with the high levels of HER-3 and neuregulin 1, thus it should be considered and evaluated more.
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Introduction

Recent studies showed that diabetes is correlated with can-
cer incidence [1, 2], and diabetic patients often have a poor 
prognosis after cancer treatment. Cancer growth requires a 
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metabolic program change [3, 4]. Cancer cell proliferation 
is able to alter the cellular metabolic status, including glu-
cose levels. Recent studies [3, 5] have revealed that meta-
bolic stress influences the treatment outcomes of specific 
cancers. Clinically, metabolic syndrome, including diabetes 
and obesity, can influence tumor progression. Obesity was 
shown to increase the incidence of breast, colon, and endo-
metrial cancers [2]; investigation into the prognostic rela-
tionship between diabetes and cancer followed thereafter [6]. 
Increased levels of insulin-like growth factor are considered 
a risk factor for carcinogenesis. Conversely, metformin, an 
old anti-diabetic drug, is known to have anti-cancer effects 
[7], even in breast cancer patients after resection [8].

Human epidermal growth factor receptor 2 (HER-2) gene 
amplification or protein overexpression is observed in 20% 
of invasive breast cancers. The treatment outcome of HER-
2+ breast cancer has significantly improved following the 
introduction of HER-2 receptor targeting agents. The use of 
trastuzumab for the systemic treatment of HER-2+ breast 
cancer increases the disease-free survival (DFS) and overall 
survival (OS) by approximately 50%.

The mechanism of action of HER-2 is correlated with 
several known metabolic pathways, including the phospho-
inositide 3-kinase (PI3K)-AKT signal transduction pathway 
[9]. To overcome the treatment resistance to trastuzumab, 
usage of everolimus, a new mTOR inhibitor, was tried. The 
epidermal growth factor receptor (EGFR)-related pathways 
also can influence tumor cell progression, proliferation, 
and invasion, while also altering the glucose metabolism 
pathway involved in diabetes [6]. Neuregulin 1 (Nrg1) is 
also receiving attention as one of the treatments resistant to 
trastuzumab-related molecules.

Overall, breast cancer prognosis is affected by the meta-
bolic disease [10–12]. Diabetes weakly increases the inci-
dence of breast cancer [10] and is associated with breast 
cancer prognosis [13, 14]. A large-scale cohort study by 
Bonifazi et al. [15] revealed that diabetes is a prognostic 
factor for Italian women with early breast cancer treated with 
trastuzumab. If high risk of recurrence in patients can be 
detected beforehand, it will be helpful to find the appropriate 
treatment for those patients. Therefore, the prognostic effect 
of diabetes on HER-2+ breast cancer in the era of treatment 
with trastuzumab should be evaluated more.

Treatment response of trastuzumab may be affected by 
the Nrg1 expression status [16, 17]. According to a recent 
research by Park et al. [18], Nrg1 is involved in the phenom-
enon of hyperglycemic memory in breast cancer, showing 
an aggressive growth of cancer cells exposed to hyperglyce-
mia compared to euglycemia. Nrg1 is a potent growth fac-
tor activating HER-3 signaling pathways as a ligand; often 
it activates HER-2 pathways when HER-2 form dimerize 
with HER-3 in the development and cancer progression 
[19, 20]. In the cancer perspective, various studies strongly 

suggest that amplification of HER-3 status in cancer cells 
is an index of poor prognosis, resulting in a higher rate of 
chemo-resistance and relapses [20–22]. Thus, it would be 
valuable to evaluate the levels of Nrg1 and HER3 in HER-
2+ breast cancer patients who experienced relapses after tar-
geted chemotherapy particularly in diabetic conditions. For 
these reasons, we sought to evaluate the prognostic effect of 
diabetes in HER-2+ breast cancer patients who were treated 
with surgery and trastuzumab.

Materials and methods

Patient selection

We included and evaluated 190 breast cancer patients who 
were treated in Busan and Haeundae Paik Hospital. All 
patients were pathologically diagnosed with a subtype of 
hormone receptor negative (non-luminal) HER-2+ breast 
cancer or hormone receptor positive (luminal B) HER-2+ 
breast cancer, according to the St. Gallen criteria [23]. 
Patients diagnosed with carcinoma in situ or bilateral breast 
cancers were excluded from the evaluation. Patients with 
distant metastases or a history of cardiac disease at the time 
of diagnosis were also excluded from this evaluation. All 
patients included in this study underwent breast cancer sur-
gery. After surgical resection, all patients received trastu-
zumab for at least 6 months. All patients in this study were 
followed for at least 1 year after surgical resection.

Patients’ medical records were retrospectively reviewed 
to evaluate their past medical history and treatment results. 
Diabetes was diagnosed in patients with fasting plasma glu-
cose levels ≥ 126 mg/dL, hemoglobin A1c levels > 6.5%, or 
random glucose levels > 200 ng/dL with clinical symptoms 
of the disease. Evaluation of patients for diabetes was per-
formed at the time of surgery.

Ethical approval

This study was approved by the Institutional Review Board 
of Busan Paik Hospital and Haeundae Paik Hospital. Further 
biological research with tissue samples from the patients 
who had agreed to the use of their breast tumor tissue for 
cancer research (with written consent) was approved by both 
IRB and Inje University-Paik Hospital Biobank.

Perioperative treatment methods

Chemotherapy (CT) consisting of an anthracycline, 
taxane, and platinum-based regimen, was administered 
to the patients with a high risk of relapse. Trastuzumab 
was generally administered intravenously for 1 year as a 
targeted agent for HER-2+ breast cancer. Conventional 
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radiotherapy (RT) was administered to the patients who 
underwent breast-conserving surgery or who had a high 
risk of local relapse after undergoing a modified radical 
mastectomy based on pathological reports. Anti-estro-
gen hormone therapy was administered to patients with 
hormone receptor positive (Luminal B) HER-2+ breast 
cancer.

Immunohistochemical staining, Western blotting 
and RT‑PCR

HER-2+ breast cancer was diagnosed based on patho-
logically observed overexpression (3+ according to the 
American Society of Clinical Oncology guidelines [24]) of 
ERBB2/HER-2 or HER-2 gene positivity in a fluorescence 
in situ hybridization assay, and negative expression for 
both the estrogen receptor (ER) and progesterone receptor 
(PR). For ER and PR, activity < 10% was considered nega-
tive. The primary antibodies used for pathologic evalua-
tions were as follows: ER (1:90; Novocastra Laboratories 
Ltd., Newcastle upon Tyne, UK), PR (1:170; Novocastra 
Laboratories Ltd.), and HER-2 (Ventana Medical Systems 
Inc., Tucson, USA).

Tumor tissue of five breast cancer patients was avail-
able for further molecular evaluation. Patient tissue sam-
ples were obtained under the approval of InJe biobank. For 
the additional experiments to find the mechanism of cancer 
treatment resistance-related diabetes, immunohistochemical 
staining of Nrg1, Western blotting, and quantitative real-
time polymerase chain reaction (qRT-PCR) were performed 
to evaluate the tissue samples. Paraffin block and frozen 
section were used for tissue analyses. For immunochemi-
cal staining, 6-µm-sections of formalin-fixed and paraffin-
embedded tumor tissue were used. Optical microscope was 
used for examining Nrg1 expression after immunochemical 
staining. Nrg1 monoclonal antibody (from R&D Systems™) 
was used for immunochemical (IHC) staining and Western 
blotting. Western blot analyses were performed to identify 
the cross-reactivity between patients’ tissue and Nrg1 anti-
bodies in protein level. Anti-beta lactamase antibody was 
used for loading of negative control. Additionally, qRT-PCR 
was performed to find the Nrg1 expression in messenger 
RNA level according to the presence of diabetes.

Outcome

The primary end-point of this study was DFS. OS and the 
pattern of failure were also evaluated as secondary end-
points. The OS and DFS rates were calculated from the time 
of surgery. The mortality event in this study included all 
types of deaths.

Statistical analysis

As for the statistical methods, the Fisher’s exact test and 
Chi square test were used for comparisons to evaluate the 
clinical factors related to treatment failure and diabetes. 

Table 1   Patient characteristics (n = 190)

HER-2 human epidermal growth factor receptor 2, BCS breast-con-
serving surgery, MRM modified radical mastectomy, TMX Tamoxifen, 
AI aromatase inhibitor

Characteristics No. (%)

Age (year)
 < 50 64 (33.7)
 ≥ 50 126 (66.3)

Diabetes
 Positive 12 (6.3)
 Negative 178 (93.7)

Pathologic subtype
 Luminal B HER-2 79 (41.6)
 HER-2 111 (58.4)

p53
 Positive 118 (62.1)
 Negative 72 (37.9)

Resection margin
 Positive 7 (3.7)
 Negative 183 (96.3)

T stage
 T1 107 (56.3)
 T2 77 (40.5)
 T3 5 (2.6)
 T4 1 (0.5)

N stage
 N0 116 (61.1)
 N1 54 (28.4)
 N2 10 (5.3)
 N3 10 (5.3)

Tumor location
 Right 96 (50.5)
 Left 94 (49.5)

Types of surgery
 BCS 117 (61.6)
 MRM 73 (38.4)

Radiotherapy
 Yes 120 (63.2)
 No 70 (36.8)

Chemotherapy
 Yes 138 (72.6)
 No 52 (27.4)

Hormone therapy
 AI 48 (25.3)
 TMX 26 (13.7)
 None 116 (61.1)
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The Kaplan–Meier method and log-rank test were used for 
univariate survival analysis. The Cox proportional hazard 
model was used for multivariate survival analysis. Student’s 
t test was used for analyzing the results of qRT-PCR. For all 
of the statistical analyses, SPSS version 22.0 software (IBM, 
Armonk, NY, USA) was used. Statistical significance was 
defined as p < 0.05 in cross-tabulation and univariate analy-
ses, whereas p < 0.10 was considered to indicate borderline 
significance. In multivariate analysis, p < 0.0125 (0.05/4) 
denoted significance according to the Bonferroni correction. 

The Bonferroni correction was used for p value adjustment 
to reduce the false positive results from type I error. Thus, 
the p value was divided by the number of comparisons being 
made.

Results

Patient characteristics

The median follow-up period was 42.4  months (range 
12.0–124.7 months). The patients’ clinical features are sum-
marized in Table 1. All of the patients were female. Their 
median age was 54 years (range 30–80 years). Diabetes was 
diagnosed in 12 patients (6.7%) prior to surgery. All of the 
diabetic patients had type 2 diabetes. More than half of the 
patients (n = 107, 56.3%) had pathologic T1 stage breast 
cancer. Seventy-four patients (38.9%) had regional lymph 
node metastases, as determined based on the pathologic 
reports after surgery. As for the surgical treatment, breast-
conserving surgery was performed in 117 patients (61.6%). 
The remaining 73 patients (38.4%) were treated with modi-
fied radical mastectomy. After surgical resection, postopera-
tive RT was performed in 120 patients (63.2%). Overall, CT 
was administered to 138 patients (72.6%). Among them, 22 
patients received neo-adjuvant CT. As for the hormone ther-
apy, 48 patients (25.3%) received tamoxifen and 26 patients 
(13.7%) received aromatase inhibitor.

Diabetic patients (n = 12) had no statistically significant 
differences in their clinical risk factors compared with non-
diabetic patients (n = 178), such as T stage, N stage, and 
resection margin (Table 2).

Table 2   Comparison of clinical characteristics between diabetic and 
non-diabetic patients

HER-2 human epidermal growth factor receptor 2, BCS breast-con-
serving surgery, MRM modified radical mastectomy

Characteristics Diabetic 
patients 
(n = 12)

Non-diabetic 
patients (n = 178)

p value

No. No.

Age (year) 0.344
 < 50 2 62
 ≥ 50 10 116

p53 0.768
 Positive 7 111
 Negative 5 67

Pathologic subtype 0.365
 Luminal B HER-2 3 76
 HER-2 9 102

Resection margin 1
 Positive 0 7
 Negative 12 171

T stage 0.233
 T1 9 97
 T2–4 3 81

N stage 1
 N0 7 109
 N1–3 5 69

Tumor location 0.565
 Right 5 91
 Left 7 87

Types of surgery 0.541
 BCS 6 111
 MRM 6 67

Radiotherapy 0.129
 Yes 5 115
 No 7 63

Chemotherapy 0.739
 Yes 8 130
 No 4 48

Hormone therapy 0.373
 Yes 3 71
 No 9 107

Fig. 1   Disease-free survival and overall survival
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Pattern of treatment failure

Ipsilateral breast tumor recurrence occurred in 3 patients, 
6 patients experienced regional lymph nodal recurrence, 
and distant metastasis occurred in 13 patients. The most 
common distant metastasis site was the lung (n = 7). 
Overall, 21 cases of treatment failure occurred (1 patient 
showed both regional and distant failure). The occurrence 
of treatment failure was significantly increased in diabetic 
patients (p = 0.031).

Survival analysis

The 3-year DFS and OS rates were 90.7% and 98.6%, 
respectively (Fig. 1). For the patients with the HER2+ sub-
type (n = 111), the 3-year DFS and OS rates were calculated 
as 86.3% and 97.5%, respectively. For the patients with the 
luminal B HER2+ subtype (n = 79), the 3-year DFS and OS 
rates were 96.7% and 100%, respectively. Table 3 shows the 
results of the univariate survival analysis for DFS. Diabetes 
was the only significant poor prognostic factor associated 

Table 3   Survival analysis 
for disease-free survival by 
univariable and multivariable 
analyses

HER-2 human epidermal growth factor receptor 2, BCS breast-conserving surgery, MRM modified radical 
mastectomy

Characteristics Univariable analysis Multivariable analysis

No. 3-year DFS (%) p value p value HR(95% CI)

Age (year) 0.976
 < 50 7/64 93.1
 ≥ 50 14/126 89.5

Diabetes 0.006 0.009 4.5 (1.454–14.045)
 Positive 4/12 74.1
 Negative 17/178 91.9

p53 0.992
 Positive 13/118 90.6
 Negative 8/72 90.8

Pathologic subtype 0.053 0.937 0 (0–2.320 × 1090)
 Luminal B HER-2 6/79 96.1
 HER-2 15/111 86.1

Resection margin 0.367
 Positive 0/7 100
 Negative 21/183 90.4

T stage 0.895
 T1 12/106 90
 T2–4 9/84 91.6

N stage 0.098 0.019 1.7 (1.086–2.536)
 N0 9/116 95.7
 N1–3 12/74 83.2

Tumor location 0.305
 Right 8/96 91.6
 Left 13/94 89.8

Types of surgery 0.199
 BCS 9/117 92.6
 MRM 12/73 87.8

Radiotherapy 0.342
 Yes 11/120 90.9
 No 10/70 90.7

Chemotherapy 0.664
 Yes 14/138 90.8
 No 7/52 90.8

Hormone therapy 0.084 0.944 2475.7 (0–3.46 × 1097)
 Yes 6/74 100
 No 15/131 86.7
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with DFS (p = 0.006, Fig. 2a). Diabetes also reduced the 
OS (p = 0.017, Fig. 3). There were no other clinical factors 
that significantly influenced the DFS and OS. Pathologic 
node positivity (p = 0.098), HER-2+ subtype (p = 0.053), 
and hormone therapy (p = 0.084) tended to be related to 
DFS (Table 3). However, p53 positivity did not influence 
DFS (p = 0.978, Table 3). Neither CT (p = 0.664) nor RT 
(p = 0.342) significantly affected DFS (Table 3). Multivariate 
analysis showed that diabetes was a significant prognostic 
factor for DFS (p = 0.009, HR 4.5, 95% CI 1.454–14.045).

Pathologic subgroup analysis

In the subgroup analysis of patients with the HER2+ sub-
type, diabetes significantly shortened DFS (p = 0.046, 
Fig. 2b). Additionally, DFS tended to be shorter in patients 
with diabetes compared with those without diabetes accord-
ing to the subgroup analysis of patients with the luminal B 
HER-2+ subtype (p = 0.091, Fig. 2c).

Molecular analysis of HER‑2 positive breast cancer 
with diabetes

In subgroup analyses using patients’ tissue samples, four 
patients out of five patients were diagnosed as type 2 diabe-
tes, and 50% of these diabetic breast cancer patients experi-
enced recurrence during the follow-up periods, whereas the 
patients in the non-diabetic control group did not experience 
recurrence after the targeted therapy. We directly analyzed 
the tumor specimens from diabetic- versus non-diabetic 
HER-2+ breast cancer patients by utilizing immunohisto-
chemistry for both Nrg1 and HER-3. Notably, the levels of 

Fig. 2   a Disease-free survival according to diabetes. b Diabetes and 
disease-free survival in hormone receptor negative (non-luminal B) 
HER-2 positive breast cancer. c Diabetes and disease-free survival in 
hormone receptor positive (Luminal B) HER-2 positive breast cancer

Fig. 3   Overall survival according to diabetes
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Nrg1 and HER-3 in tumors were significantly elevated in 
diabetic groups compared to the levels in the non-diabetic 
control group (Fig. 4a). In the same line, the protein levels 
of Nrg1 and HER-3 were consistently upregulated in tumor 
tissues isolated from diabetic breast cancer patients compared 
to that in non-diabetic control group (Fig. 4b). We also con-
firmed the increased levels of Nrg1 and HER-3 in tumor tis-
sues in diabetic breast cancer patient compared to that in 
control tumor tissues by utilizing qRT-PCR (Fig. 4c, d).

Discussion

Metabolic stress can influence breast cancer outcomes. In 
this study, we showed that diabetes is a poor prognostic fac-
tor for survival in patients with the HER-2+ positive breast 

cancer who were treated with trastuzumab. Consistent with 
previous report [18], increased levels of the Nrg1-HER-3 
pathway in diabetic breast cancer patients seem to be cor-
related with poor prognosis in our cohort study, nevertheless 
the case number is limited.

Breast cancer consists of several different subtypes, each 
with different characteristics. In particular, the cellular 
response to metabolic stress seems to be diverse among the 
subtypes [25]. The proliferation of HER-2+ breast cancer 
cells could be related to the cellular glucose level. Moreover, 
the downstream expression levels of members of the EGFR 
and insulin-like growth factor receptor pathways are quite 
similar, in that they both signal through the PI3K and AKT 
pathway.

Alteration of glucose metabolism is related to diabetes 
and cancer progression, and increased levels of insulin-like 

Fig. 4   a Immunostaining for Nrg1 in tumor specimens from HER-
2+ breast cancer patients in either control or DM condition. Scales: 
100 μm. b Protein levels of Nrg1, its receptor HER-3 and phospho-
HER-3 (pHER-3) were determined by Western blotting. Quantita-
tion of protein levels is represented as a bar graph (left). (Ctrl = 1, 

DM = 4). c mRNA levels for Nrg1 and d HER-3 in breast tumor tis-
sues from control (n = 3) and DM (n = 5) were determined by qRT-
PCR. Data are presented as the mean ± SEM. Statistical significance 
was evaluated by unpaired two-tailed Student’s t test. **p < 0.01; 
***p < 0.001
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growth factor in diabetes can lead to cancer cell growth [2]. 
Ferroni et al. [26] suggested that the mechanism of breast 
cancer relapse in diabetic patients is a result of both pro-
inflammatory conditions and oxidative stress, which together 
result in cellular metabolic change. Coller et al. [3] claimed 
that glutamine could be an anaplerotic source for cancer 
cells. And, a recent study shows both breast cancer and met-
abolic syndrome involved in the insulin-leptin-adiponectin 
axis [27].

Immunologic changes in diabetes can also influence can-
cer treatment outcomes. Generally, T cells, natural killer 
cells, and macrophages are involved in the response to adju-
vant treatment, such as RT [28]. Diabetic patients showed 
decreased innate cellular immunity related to the function of 
their leucocytes and macrophages. Therefore, the effect of 
immunologic changes can influence the breast cancer treat-
ment outcomes.

New drugs targeting specific metabolic pathways can 
improve the outcome of HER-2+ breast cancer. AKT 
inhibitors or PI3K inhibitors seem to be promising. Also, 
lapatinib, a receptor tyrosine kinase inhibitor, can be use-
ful in treating HER-2 positive breast cancer with diabe-
tes. In addition, amplification of Nrg1 and HER-3 per se 
as well as the activation of HER-3 downstream signaling 
pathways potentially by its ligand Nrg1 could be promis-
ing targets for new treatment of breast cancer patients with 
diabetes [29]. The development of dual blocking agents, 
affecting both glucose metabolism and cancer progres-
sion, may be feasible to prevent breast cancer recurrence. 
In addition, it may be useful to identify the gene status 
associated with diabetes in selecting more effective treat-
ment methods for relapsed HER-2 positive breast cancer 
patients [30, 31].

As for the limitations of this study, it employed a retro-
spective design, therefore, interpreting the results requires 
attention. As this study was initially designed as a retrospec-
tive study, only a few patients were able to agree to further 
PCR, Western blotting, and IHC staining. It would be better 
if we could analyze more patients. Nevertheless, this study 
may have a meaning as a pilot study to show the possibil-
ity of future research. On the other hand, treatment-related 
toxicity, such as cardiotoxicity [32], may influence breast 
cancer survival outcomes indirectly. Additionally, the anti-
cancer effect of metformin for HER-2+ breast cancer should 
be evaluated more [33].

Conclusions

We demonstrated that diabetes has detrimental effects in 
postoperative HER-2+ breast cancer patients treated with 
trastuzumab. Positive NRG 1 status seems to attribute to 

HER axis activation. The prognostic importance of diabetes 
in HER-2+ breast cancer patients should not be ignored. 
To overcome treatment resistance related to diabetes, more 
effective treatment strategies for breast cancer patients with 
diabetes need to be developed.
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