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CLINICAL SIGNIFICANCE OF ADIPOSE TISSUE INVASION IN ER-POSITIVE BREAST CANCER
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ABSTRACT

Objective: The aim of this study is to investigate the prognostic significance of adipose tissue invasion in breast cancer patients 
and its potential value for breast cancer therapy.

Methods: A total of 162 patients with early breast cancer were selected from June 2014 to June 2015 in Department of Breast 
and Thyroid Surgery of Weifang Hospital of Traditional Chinese Medicine. The clinical data of the patients were collected, and the 
relationship between adipose tissue invasion and clinicopathological factors was analyzed.

Results: Among the 162 patients, there were 56 cases of breast cancer patients with adipose tissue invasion and 106 cases 
without adipose tissue invasion. Univariate analysis showed that tumor histological grade (P=0.041), tumor size (P=0.029), lymph 
node metastasis (P=0.032), positive ER (P=0.001) and molecular subtype (P=0.01) were related to adipose tissue invasion. In addition, 
Luminal B was positively correlated with the adipose tissue invasion, while TNBC was negatively correlated with the adipose tissue 
invasion. Logistic regression analysis showed that tumor histological grade (P=0.014), lymph node metastasis (P=0.003), and positive 
ER (P=0.044) were significantly correlated with adipose tissue invasion. Patients with adipose tissue invasion (24/56, 42.85%) had a 
worse prognosis than those without adipose tissue invasion (26/106, 24.58%) at 5-year follow-up (P=0.004).

Conclusion: In this study, histological grade, lymph node metastasis and positive ER were found to be associated with adipose 
tissue invasion of breast cancer, suggesting that adipose tissue invasion is associated with low prognosis of breast cancer and may 
affect the treatment of ER-positive breast cancer patients.

Keywords: Adipose tissue invasion, Breast cancer, Molecular subtype, Estrogen receptor, Prognosis.

DOI: 10.19193/0393-6384_2022_5_499

Introduction

In recent years, the incidence of breast cancer 
has been increasing, and its onset age tends to be 
younger. It is the most common malignant tumor 
threatening the life and health of women in the 
world. The treatment methods of breast cancer 
include surgery, chemotherapy, endocrine therapy, 
radiotherapy, targeted therapy, etc. However, 
there are still some patients with recurrence and 
metastasis, which would affect survival. Obesity 
is currently recognized as an important factor 
affecting the prognosis of breast cancer patients, 
which may be related to the expression of related 

inflammatory cytokines in adipose tissue(4). One 
study has shown that there is a correlation between 
adipocytes and cancer cells. Cancer cells can 
activate adipocytes and lead to the up-regulation of 
expressions of inflammatory factors, tumor necrosis 
factor, matrix metalloproteinase (MMP) and other 
adipokines, thus promoting the occurrence and 
development of tumors. Moreover, adipocytes close 
to tumors are smaller in size and fewer in number 
than adipocytes far away from tumor cells(6-8). For 
ER (estrogen receptor) and/or PR (progesterone 
receptor) positive patients, endocrine therapy is the 
main therapy. Estrogen in postmenopausal women 
is mainly derived from adipose tissue(3), and obesity 
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is a high risk factor for recurrence and metastasis 
of postmenopausal hormone-dependent breast 
cancer(1-2,5). Therefore, the purpose of this study is 
to explore the clinical significance of adipose tissue 
invasion in the development of breast cancer.

Materials and methods

Case selection 
From June 2015 to June 2016, 162 cases of 

patients with early breast cancer were selected from 
Department of Breast and Thyroid Surgery of Weifang 
Hospital of Traditional Chinese Medicine. Their age 
ranged from 28 to 81 years old, with a median age 
of 50 years old. All patients were pathologically 
confirmed to be invasive ductal carcinoma and 
underwent breast -conserving surgery or modified 
radical mastectomy or with plastic surgery. After 
surgery, standard chemotherapy, radiotherapy, 
endocrine therapy, and targeted therapy were 
performed according to NCCN guidelines. Patients 
receiving preoperative neoadjuvant therapy or with 
stage IV breast cancer, invasive lobular carcinoma, 
mucinous carcinoma, medullary carcinoma or other 
pathological types, were excluded.

Stratification of clinicopathological factors 
According to the 2018 NCCN guidelines, the 

diameter of primary tumor (D) was divided into T1 
(D ≤2.0cm), T2 (2.0cm < D ≤5.0cm), and T3 (D > 
5.0cm). The lymph node metastasis was defined as 
negative or positive. Positive ER/PR was defined 
as ≥1% tumor nuclear staining. Positive HER-2 
(human epidermal growth factor receptor 2) was 
defined as standard immunohistochemistry +++, or 
positive fluorescence in situ hybridization. Ki-67 
was classified as low expression (< 20%) and high 
expression (≥20%) according to the positive index. 
According to the expression of breast cancer receptor, 
breast cancer was divided into four molecular 
subtypes: Luminal A (ER and/or PR positive, HER-
2 negative and Ki-67 < 20%); Luminal B (ER 
and/or PR positive and HER-2 overexpression or 
amplification or HER-2 negative and Ki-67≥20%); 
HER-2 overexpression (ER and PR deletion and 
HER-2 overexpression or amplification); and, Triple-
negative breast cancer (TNBC) (negative expression 
of ER and PR and HER-2).

Adipose tissue invasion 
Adipose tissue invasion (18) refers to the direct 

invasion of adipose tissue by more than 20 cancer 

cells or interpenetration of cancer cells in adipose 
tissue. In this study, adipose tissue was defined as 
a pure aggregation of more than 20 adipocytes, not 
including the fibrous tissue in the breast. Adipose 
tissue included ducts or perilobular and subcutaneous 
tissue of the breast. Fibroadipose tissue (adipose 
cells mixed with various types of fibrous tissue) was 
strictly distinct from adipose tissue(Figure 1).

Immunohistochemistry 
The samples of breast cancer lesions were 

fixed with 10% formaldehyde solution, and then 
cut into 4 µm sections continuously. The sections 
were dewaxed by xylene and debenzenated by 
gradient ethanol. After incubating with 3% H2O2, 
the sections were thoroughly washed with PBS 
and subjected to antigen retrieval in a microwave 
oven. ER, PR and HER-2 were repaired with citrate 
buffer and Ki-67 was repaired with EDTA buffer. 
After antigen retrieval, the sections were naturally 
cooled to room temperature, and ER, PR, HER-2 
and Ki-67 monoclonal antibodies were added. After 
PBS rinsing, biotin-labeled secondary antibody was 
added for incubation at room temperature. Then, 
the sections were incubated at room temperature 
with horseradish peroxidase-labeled streptavidin. 
After thoroughly rinsing with PBS, the sections 
were developed by DAB, counter-stained with 
hematoxylin, and mounted with neutral gum. The 
known positive sections were used as the positive 
control, and the sections incubated with PBS 
instead of the primary antibody were used as the 
negative control. The results were observed and 
photographed under a microscope.

Statistical method 
SPSS 19.0 statistical software was used for 

analysis. Numeration data were expressed as 
percentage (%), and analyzed with chi-square test. 
Binary logistic regression was used to analyze the 
factors related to adipose tissue invasion. P < 0.05 
was considered statistically significant.

Figure 1:???????
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Results

Relationship between adipose tissue invasion 
and clinicopathological factors

There were 162 cases of breast cancer in this 
study, including 56 cases with adipose tissue invasion 
and 106 cases without adipose tissue invasion. 
Chi-square test analyzed the relationship between 
adipose tissue invasion and clinicopathological 
factors. The results showed that adipose tissue 
invasion was associated with tumor histological 
grade (P = 0.041), tumor size (P = 0.029), lymph 
node metastasis (P = 0.032), positive ER (P = 
0.001), and molecular subtype (P = 0.01) (Table 1).

However, adipose tissue invasion was not 
related to age, menstrual status, PR, HER-2, nerve 

invasion and vascular invasion (Table 1). Further 
analysis of molecular subtype revealed that Luminal 
B was positively correlated with the occurrence 
of adipose tissue invasion (P=0.014, OR=2.275), 
while TNBC was negatively correlated with the 
occurrence of adipose tissue invasion (P=0.003, 
OR=0.237) (Table 2).

Binary Logistic regression multivariate 
analysis

Logistic regression analysis showed that 
tumor histological grade (P=0.014), lymph node 
metastasis (P=.003), and positive ER (P=0.044) 
were significantly correlated with adipose tissue 
invasion (Table 3).

All patients were followed up for 5 years. 
Among 56 patients with adipose tissue invasion, 
24 patients (42.85%) had recurrence or metastasis, 
while in 106 patients without adipose tissue 
invasion, 26 patients (24.58%) had recurrence or 
metastasis (P = 0.004).

Discussion

Obesity is a recognized risk factor associated 
with the occurrence and development of cancer, 
including breast cancer, endometrial cancer, 

Adipose tissue

Yes No Total X2 P

Age <35 4 6 10

≥35 52 100 152 0.001 0.976

Menstruation Postmenopausal 33 52 85

Premenopausal 23 54 77 1.432 0.213

Grade I 1 15 16

II 50 84 134

III 5 7 12 6.386 0.041

T ≤2cm 16 49 65

>2cm 40 57 97 4.754 0.029

N Positive 24 27 51

Negative 33 78 111 4.601 0.032

ER Positive 48 64 112

Negative 8 42 50 11.024 0.001

PR Positive 39 59 98

Negative 17 47 64 2.998 0.083

HER-2 Positive 14 26 40

Negative 42 80 122 0.004 0.947

Ki-67 Low expression 17 32 49

High expression 39 74 113 0 0.982

Molecular subtype

Luminal A 11 22 33

Luminal B 34 39 73

Her-2 over-expression 10 20 30

TNBC 5 31 36 11.445 0.010

Vascular invasion
Yes 17 33 50

No 39 73 112 0.01 0.919

perineuronal 
invasion

Yes 7 12 19

No 49 94 143 0.049 0.824

56 106 162

Table 1: Correlation between adipose tissue invasion and 
clinical factors.

Adipose tissue invasion 95% confidence 
interval

Yes No Total X2 P OR upper 
limit

lower 
limit

Luminal A 11 21 33

Others 45 84 129 0.003 0.957

Luminal B 29 34 63

Others 27 72 79 5.990 0.014 2.275 1.171 4.419

Her-2 overexpression 15 25 40

Others 41 81 122 0.202 0.653

TNBC 5 31 36

Others 51 75 126 8.751 0.003 0.237 0.086 0.651

Table 2: Correlation between molecular subtype and 
adipose tissue invasion.

Table 3: Survival analysis of adipose tissue invasion after 
follow-up for 5 years.
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esophageal cancer, etc(9). Breast cancer is also 
recognized as a malignant tumor closely related 
to adipose tissue. Adipose tissue mainly includes 
adipocytes, fibroblasts, and endothelial cells. 
Adipose tissue is distributed throughout the body. 
It not only stores excessive energy in the body, but 
also acts as an endocrine organ, secreting a variety of 
adipokines and cytokines, and participating in tumor 
progression and metastasis(10-11). Studies  have shown 
that there is an interaction between breast cancer 
tissue and precancerous adipose tissue. Compared 
with those in the normal microenvironment, 
adipocytes in the tumor microenvironment have 
a lower degree of differentiation, and mature 
adipocytes lose their normal function and can 
promote the growth of tumor cells(12-13).

Previous study evaluated the relationship 
between CT attenuation of adjacent breast adipose 
tissue and breast cancer prognosis, and the results 
showed that patients with enhanced CT attenuation 
of adjacent breast adipose tissue had a poor survival 
rate(14). TAT HU and HU difference were independent 
predictors for RFS in patients with breast cancer(14). 
Some study also quantified the fat around breast 
cancer tumor tissue by breast MRI, and found that in 
patients with early breast cancer, the fat around the 
tumor was positively correlated with the proportion 
of pathologically involved axillary lymph nodes(15).

The correlation between tumor and adipose 
tissue was also evaluated by mammography, and 
tumors with burr sign in mammography were 
correlated with adipose invasion(16). Consistently, 
the results of this study showed that adipose tissue 
invasion was positively correlated with lymph node 
metastasis and histological grade, and the prognosis 
of breast cancer patients with adipose tissue invasion 
was worse. Other study(17) has shown that adipose 
tissue invasion was not associated with lymph node 
metastasis, tumor grade, tumor size, and menopause, 
but was related to the metastatic outcome of breast 
cancer patients. However, these studies suggest that 
adipocyte phenotypes around breast cancer tumors 
are altered, and adipocyte invasion, like vascular 
invasion, is also an important predictor of prognosis 
in breast cancer patients(18).

Another important finding in this study was that 
adipose tissue invasion was positively correlated 
with ER; Luminal B was also positively correlated 
with the occurrence of adipose tissue invasion; 
while, TNBC was negatively correlated with the 
occurrence of adipose tissue invasion. Estrogen is 
involved in a variety of physiological processes of 

human growth and development, and the positive rate 
of ER is about 50-80% in breast cancer(19). Estrogen 
is mainly from ovarian in premenopausal women. 
In postmenopausal women, ovarian estrogen can 
be neglected and estrogen is mainly derived from 
adipose tissue. The Cytochrome P450 aromatase 
(P450arom) is a kind of microsomal enzyme, 
which is involved in the process from the 19 carbon 
steroid (androgens, such as androstenedione and 
testosterone) to 18 carbon steroid (estrogen, such 
as estradiol and estradiol), one of the last step of 
estrogen biosynthesis(20). In patients with ER and/
or PR positive breast cancer, the growth pattern was 
hormone-dependent. Endocrine therapy is the main 
treatment after the resection of hormone receptor 
positive breast cancer. Tamoxifen is the treatment 
for premenopausal women. Ovarian function 
inhibition combined with aromatase inhibitors in 
the treatment for premenopausal women with high 
risk factors, and aromatase inhibitors are also used 
for the treatment of breast cancer in postmenopausal 
women. Aromatase inhibitors are the drugs that 
block the action of aromatase to reduce estrogen 
levels in the body.

There are two types of aromatase inhibitors: 
irreversible steroidal inhibitors such as exemestane, 
and non-steroidal inhibitors such as anastrozole 
and letrozole, all of which have been approved by 
the FDA. Aromatase is hypothesized to be a major 
driver of postmenopausal estrogen-dependent 
breast cancer in adipose tissue. In postmenopausal 
women, obesity and weight gain are associated 
with a significantly increased risk of ER+/PR+ 
breast cancer, partly due to increased local estrogen 
production by breast adipose tissue(21). This result 
was consistent with the results of Moriuchi H et 
al., which found that compared with other types of 
cancer (such as basal-like tumors), Luminal breast 
cancer seemed to show more interactions with 
stromal tissue(16). Therefore, we also suppose that 
adipose tissue invasion may also affect endocrine 
therapy for ER positive breast cancer, but further 
studies are needed to verify this assumption.

In conclusion, the results of our study 
demonstrate that adipose tissue invasion is an 
important factor affecting the prognosis of breast 
cancer, and it is significantly correlated with ER-
positive and Luminal type, which suggests that 
endocrine therapy of hormone receptor-positive 
breast cancer may be affected.
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