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Abstract

Breast cancer is a complex disease with various histopathological and molecular features. We aimed to investigate the clinicopathological predictor factors, especially 
molecular sub-types, on axillary involvement in breast cancer patients. Female patients who underwent mastectomy or breast-conserving surgery combined with 
sentinel lymph node biopsy or axillary dissection were included in this study. Clinicopathological features including age, tumor location, lymphovascular invasion, 
perineural invasion, grade, tumor size, and hormonal receptor status were recorded. The cohort consisted of 238 patients. The mean age of the participants was 
55.24±11.52 years. The most common molecular sub-type was Luminal B HER2- with 30.3%. This sub-type was followed by Triple-Negative (22.7%), Luminal 
A (18.9%), non-Luminal HER2+ (16.4%), and Luminal B HER2+ (11.8%), respectively. There was a significant relationship between the tumor sub-type and the 
axillary involvement (p=0.003). Axillary lymph node metastases were less common in Luminal A and Triple-Negative tumors. In luminal A sub-type, axillary 
involvement was the lowest with a rate of 24.4% (OR=0.260, 95%Cl: 0.124-0.543, p<0.001). In contrast, Luminal B HER2+ and non-Luminal HER2+ sub-types 
were highly positive in terms of axillary involvement. Luminal B HER2+ sub-type had the highest rate (60.7%). Luminal A, Triple-Negative tumors had a decreased 
risk of lymph node positivity as compared to other sub-types. Molecular subtypes should be regarded as an important factor affecting the condition of the axilla.  
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Introduction

Breast cancer is a complex disease that displays various 
histopathological and molecular features [1,2]. Axillary lymph 
node (LN) positivity and the number of positive lymph nodes are 
the most important prognostic factor in breast cancer. Sentinel 
lymph node biopsy (SLNB) is a surgical method applied for the 
evaluation of axillary lymph nodes [3,4].

The determination of the risk of positive axillary LN is essential 
for therapeutic decisions. Some clinicopathological predictors 
have been defined for LN status including age, tumor diameter, 
grade and molecular sub-types [5-8].

Breast cancer is divided into four main sub-types based on 

hormone receptor status and biomarkers. Luminal A (LA) 
and Luminal B (LB) sub-types are positive for estrogen 
receptors (ER) and progesterone receptors (PR), with different 
proliferation indexes. Non-Luminal HER2+ sub-type is defined 
by overexpression of the HER2 gene and Triple-Negative (TN) 
sub-type is negative for all estrogen or progesterone receptors 
and HER2 gene [9].

Our aim in this study is to investigate the effects of 
clinicopathological predictor factors, especially molecular sub-
types, on axillary LN positivity.

Material and Methods

The data of patients who undergone breast cancer surgery 
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between June 2015 and July 2019 at the SBU Derince Training 
and Research Hospital were recorded retrospectively.

The cohort consisted of female patients with unilateral invasive 
breast cancer who were evaluated with SLNB or axillary 
dissection along with mastectomy or breast-conserving surgery 
and who did not get neoadjuvant therapy. The study was approved 
by the local ethics committee, the Unique Identifying Number is 
2020-176.

Patient characteristics were obtained from the hospital records. 
The conditions of ER, PR, and HER2 receptor were determined 
by immune histochemistry. Estrogen and progesterone receptors 
were considered positive if stained more than 1%. HER2 
receptor positivity was determined by immunohistochemically 
3+ staining and/or with fluorescent in situ hybridization 
(FISH) method. Molecular sub-types were classified as LA, 
LB HER2-, LB HER2+, non-Luminal HER2+ and TN by the 
St. Gallen Consensus Conference performed in 2013 [9].  
SLNB was performed following the definition specified in the 
literature [10].

Clinicopathological features, that are thought to have an impact 
on axillary lymph node involvement, including age, tumor 
location, lymphovascular invasion (LVI), perineural invasion 
(PNI), grade, tumor diameter, and molecular sub-types have been 
studied in detail.

Statistical Analysis

SPSS version 22.0 was used for statistical analyses. Since this 
is a two-group study, Pearson Chi square and Fischer exact 
tests were used to evaluate categorical data, Student T test was 
used for scale parametric data, Mann Whitney U tests were 
used for non-scale parametric data. In the regression analysis, 
Binary logistic regression test was performed. P-value<0.05 was 
considered significant.

Results

The demographic and clinical data of the 238 patients included 
in the study are shown in detail (Table 1). The cohort consisted 
of females with a mean age at diagnosis of 55.24±11.51 years 
(range:30-86). 

The surgical intervention applied to the patients were as follows, 
i) Breast Conserving Surgery (BCS) with SLNB in 89 patients, ii) 
BCS with Axillary Lymph Node Dissection (ALND) due to LN 
involvement in SLNB in 112 patients, iii) Simple Mastectomy 
(SM) with SLNB in 14 patients, iv) Modified Radical Mastectomy 
(MRM) in 23 patients. 

Invasive ductal carcinoma (IDC) was the most common type of 
breast cancer among the patients (188 patients). 60.9% of patients 
(145 patients) had stage 2 disease. While there were no LN 
metastasis in 50% of patients, the average number of metastatic 
nodes in patients with axillary LN metastasis was 2.55. 

In the distribution of molecular sub-types, LB HER2- was the 
most common group with 72 patients, while LB HER2+ was the 
least detected group with 28 patients. The distribution of lymph 

node metastases according to clinicopathological factors is 
shown (Table 2). 

Table 1. Demographic&clinicopathologic distribution of all patients
Age, year, mean±SD, range                                   55.24±11.51 (30-86)
Primary Cancer Diagnosis
 IDC                                                    188 (79%)
 ILC                                                    17 (7.1%)
 Papiller carcinoma                            3 (1.3%)
 Sarcoma                            1 (0.4%)
 Spindle cell carcinoma                      1 (0.4%)
 Mucinous carcinoma                          7 (2.9%)
 Mix carcinoma                              14 (5.9%)
 Medullary carcinoma             4 (1.7%)
 Paget Disease 1 (0.4%)
 Neuroendocrine carcinoma     1 (0.4%)
 DCIS      1 (0.4%)
Laterality, n(%)
 Right                                                 113 (47.5%)
 Left         122 (51.3%)
 Bilateral                                                                                                   3 (1.3%)
 Localization, n(%)
 UOQ 121 (50.8%)
 UIQ 30 (12.6%)
 LOQ 26 (10.9%)
 LIQ 8 (3.4%)
 Retroareolar 21 (8.8%)
 Multicentric 32 (13.4%)
Type of Surgery
 BCS+SLNB                                                89 (37.4%)
 BCS+ALND                                                112 (47.1%)
 MRM            23 (9.6%)
 SM                                         14 (5.9%)
Tumor Size, mm, mean 28.20±16.74  (0-110)
 T Invasion Degree, n(%)
 T1                                                         51 (21.4%)
 T2 161 (67.6%)
 T3 18 (7.6%)
 T4                                                                                 8 (3.4%)
Metastatic Lymph Node Status, n(%)
 Absent 120 (50.4%)
 Present 118 (49.6%)
Metastatic Node, number, mean±SD, range                                   2.55±4.93 (0-42)
N Stage Status, n(%)
 N0                                                        119 (50%)
 N1         68 (28.6%)
 N2 46 (19.3%)
 N3                                               5 (2.1%)
Stage, n(%)
 Stage 1                                                 29 (12.2%)
 Stage 2     145 (60.9%)
 Stage 3                                            64 (26.9%)
Grade, n(%)
 Low 47 (19.7%)
 Intermediate 145 (60.9%)
 High 46 (19.3%)
PNI Status    
 Negative                                                   163 (68.5%)
 Positive                                                     75 (31.5%)
LVI Status    
 Negative                                                   143 (60.1%)
 Positive                                                     95 (39.9%)
Molecular Sub-types
 Luminal A                                             45 (18.9%)
 Luminal B HER2-                        72 (30.3%)
 Luminal B HER2+                   28 (11.8%)
 Non-Luminal HER2+                                        39 (16.4%)
 Triple Negative                                              54 (22.7%)

SD, standard deviation; Min, minimum; Max, maximum; BCS, breast conserv-
ing surgery; ALND, axillary lymph node dissection; SLNB, sentinel lymph 
node biopsy; MRM, modified radical mastectomy; SM, simple mastectomy; 
IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; UIQ, upper 
inner quadrant; UOQ, upper outer quadrant; LIQ, lower inner quadrant; LOQ, 
lower outer quadrant; PNI, perineural invasion; LVI, lymphovascular invasion
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Lymph Node Status:

Of the patients who had axillary LN involvement, the mean 
age at diagnosis was 55.07 years (range: 30-86) and the upper 
outer quadrant localization was the most common tumor 
localization. Multicentric and retroareolar tumors were more 
common (p=0.032). Tumor size, presence of LVI and PNI, were 
significantly higher (p=0.001).

In patients without axillary LN metastasis, the mean age was 
55.41 years (range: 33-84) and upper outer quadrant localization 
was also the most common tumor localization. Tumor size was 
significantly lower and low grade tumors were most commonly 
seen in this group (p=0.001).

Molecular Sub-types:

We found a statistically significant difference in the distribution 
of axillary LN metastasis according to molecular sub-types 
(p=0.003) (Table 3).

Of the 45 patients in the LA sub-type, 75.5% had no LN 
metastases. We also confirmed this result with univariate logistic 
regression test. There was a significant relationship between LA 
patients and LN status. This relationship was negatively related 
and the probability of axillary LN metastases was statistically 
lower in LA sub-type (OR=0.260, 95%Cl: 0.124-0.543, p<0.001). 
The accuracy rate of the model is 59.2% (Table 4).

Similarly, there was a statistically significant relationship 

Table 2. Association between lymph node metastases and clinicopathological factors

Clinicopathological Factors                        
No. Of Patients (%)

P ValueLymph Node Metastases (-)       
(120 patients 50.4%)

Lymph Node Metastases (+)
(118 patients 49.6%) 

Age, year, mean±SD, range                                   55.07±11.95(30-86) 55.41±11.10(33-84) p=0.820†

Primary Cancer Diagnosis

p=0.104‡

 IDC                                                    88 100
 ILC                                                    11 6
 Papiller carcinoma                            2 1
 Sarcoma                            0 1
 Spindle cell carcinoma                      1 0
 Mucinous carcinoma                          7 0
 Mix carcinoma                              6 8
 Medullary carcinoma             3 1
 Paget Disease 1 0
 Neuroendocrine carcinoma     0 1
 DCIS      1 0
Laterality, n(%)

p=0.166‡ Right                                                 55 58
 Left         65 57
 Bilateral                                                                                                   0 3
 Localization, n(%)

p=0.032‡

 UOQ 59 62
 UIQ 21 9
 LOQ 17 9
 LIQ 4 4
 Retroareolar 9 12
 Multicentric 10 22
Tumor Size, mm, range 24.5 (0-70) 25 (0-110) p=0.001§

 T Invasion Degree, n(%)

p=0.131‡
 T1                                                         30 21
 T2 80 81
 T3 5 13
 T4                                                                                 5 3
N Stage Status, n(%)  

p<0.001‡
 N0                                                        119 0
 N1         1 67
 N2 0 46
 N3                                               0 5
Stage, n(%)

p<0.001‡ Stage 1                                                 29 0
 Stage 2     86 59
 Stage 3                                            5 59
Grade, n(%)

p=0.001‡ Low 34 13
 Intermediate 70 75
 High 16 30
PNI Status    

p<0.001‡ Negative                                                   98 65
 Positive                                                     22 53
LVI Status    

p<0.001‡ Negative                                                   104 39
 Positive                                                     16 79

SD, standard deviation; Min, minimum; Max, maximum; † Student T test; ‡χ2 tests; §Mann Whitney U test
SD, standard deviation; Min, minimum; Max, maximum; IDC, invasive ductal carcinoma; ILC, invasive lobuler carcinoma; UIQ, Upper Inner Quadrant; UOQ, 
upper outer quadrant; LIQ, lower inner quadrant; LOQ, lower outer quadrant; PNI, perineural invasion; LVI, lymphovascular invasion
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between the LA and other sub-types in terms of the number 
of LN involvement. Each unit of increase in the number of 
LN involvement also led to an increase of 1,674 units in the 
probability that patients were in a sub-type other than the LA 
sub-type (OR=1.674, 95%Cl: 1.220-2.297, p=0.001).
Table 4. Univariate regression analysis of lymph node metastases for molecular 
sub-types
Variables Univariate analysis

OR (95% Cl)                                            Percentage Correct p value
Luminal A 0.260 (0.124-0.543)  59.2% <0.001
Luminal B HER2- 1.529 (0.876-2.669) 54.6% 0.136
Luminal B HER2+ 1.668 (0.745-3.732) 52.9% 0.213
Non-Luminal HER2+ 1.574 (0.785-3.157) 53.4% 0.202
Triple Negative 0.929 (0.506-1.704) 50.4% 0.811

Discussion

Breast cancer tends to spread to axillary lymph nodes and the 
LN positivity is an independent prognostic factor. The number 
of axillary LN involvement is similarly associated with overall 
survival (OS) [11,12].

The ability to predict axillary LN metastasis may be useful for 
surgeons so that they can modify the axillary treatment plan.  In 
conjunction with The American College of Surgeons Oncology 
Group Z0011 trial, axillary LN treatment approach has been 
updated in patients with limited nodal metastasis. Based on the 
study, patient selection criteria and treatment options for limited 
axillary surgery were revealed [13]. 

Studies have been reported to determine the factors that can 
predict the risk of LN positivity to guide axillary treatment 
options [14-17].

With the discovery of molecular subtyping by Pereu [18], the 
opinion that breast cancer is actually a complex disorder rather 
than a homogeneous has prevailed. The fact that patients with 
same grade, t stage, or similar nodal status have different early 
recurrence rate or long-term survival outcomes supported this 
view. For this reason, we examined the axillary nodal status 
according to molecular sub-types to find out the effect of 
hormonal status on axillary LN metastasis.

The present study demonstrated the incidence of nodal metastasis 
differed according to hormonal receptor status (molecular sub-
type) of tumor. Moreover, the presence of PNI or LVI and tumor 
size were also significantly different between molecular sub-
types.

We found LA and TN tumors had a decreased risk of nodal 
metastasis as compared to other sub-types. LA type had the lowest 

rate of axillary LN positivity (25%). Howland et al reported a 
study classifying the factors affecting nodal involvement in breast 
cancer patients. LA tumors had minimum risk of lymph node 
involvement, while age, increased tumor grade, tumor diameter 
and HER2+ sub-type were associated with increased risk of nodal 
involvement [19]. In a recent study tumor diameter, increased 
grade, and LVI have been reported as independent factors for LN 
metastasis in LA sub-type [20]. Moreover, it has been reported 
that the risk of nodal positivity decreases as patient age increases 
in LA tumors [21]. Axillary treatment approach may vary 
depending on the involvement of sentinel or non-sentinel lymph 
nodes. In a predictive model to evaluate sentinel LN positivity 
in early breast cancer, sentinel LN metastasis was reported less 
frequently in HER2- tumors [22]. In a study evaluating the risk 
of non-sentinel nodal involvement, it was shown that HER2+ 
tumors had increased risk than LA tumors [23].

Based on the results of present study, TN breast cancers tended to 
have lower risk of nodal metastasis as compared to HER2+ sub-
types. PNI or LVI was detected in 30% of TN tumors. Most of the 
TN tumors were having grade 2 disease with 48.1% lymph node 
positivity and the tumor diameter was greater than LA type. A 
study that included 20.09 patients demonstrated that TN tumors 
had a lower risk of nodal involvement than other molecular sub-
types [24]. A study that consisted of 3.198 patients revealed that 
the probability of nodal positivity in TN tumors was significantly 
lower as compared with other sub-types (28.2% vs 4.-44.8%), 
although without multivariate analysis [25]. TN breast cancer 
had a relatively lower rate of axillary LN metastasis as these 
tumors tend to spread hematologically.

Nodal involvement is more common in HER2+ tumors. 
Furthermore, PNI or LVI, and grade 3 tumor were more frequently 
reported in HER2+ sub-type. In LB HER2-, LB HER2+ and non-
Luminal HER2+ sub-types, positive axillary LN metastasis ratio 
was similar and about 60%. Buglioni et al reported that nodal 
metastasis was significantly associated with HER2+ sub-type and 
LVI [3]. 

In contrast, some studies has found no association between nodal 
metastasis and hormonal receptor status [26,27].

We believe that the above-mentioned effects of the molecular 
sub-type of the tumor on Axillary LN metastasis can contribute 
in the treatment of axilla and may find a place in clinical practice. 
We believe that the hormonal status of the tumor may also be a 
potential patient selection criterion for determining the axillary 
treatment approach, and less invasive axillary surgical options 

Table 3. Association between lymph node metastases and molecular sub-types

Lymph Node Metastases
Molecular subtype

Total P ValueLuminal A Luminal B HER2- Luminal B HER2+ Non-Luminal HER2+ Triple Negative

Negative Count 34 31 11 16 28 120

0.003
% 28.4% 25.8% 9.1% 13.3% 23.4% 100.0%

Positive Count 11 41 17 23 26 118
% 9.3% 34.7% 14.4% 19.5% 22.1% 100.0%

Total Count 45 72 28 39 54 238
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may be preferred in sub-types with a low nodal involvement rate, 
such as LA or TN breast cancer. However, randomized-controlled 
trials are needed to elucidate this hypothesis.

The limitations of this study are that the study was planned 
retrospectively and the non-sentinel lymph nodes were not 
examined. Thus, it has the potential to introduce significant bias 
into our analyses.

Conclusion

Hormonal receptor status can predict axillary LN metastasis. 
Nodal involvement varies widely among molecular sub-types of 
breast cancer. LA and TN tumors have decreased incidence of 
LN metastasis than LB and HER2+ tumors. Molecular sub-types 
may contribute to the selection of axillary treatment modalities.
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