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ABSTRACT

Purpose: Tumor size and lymph node metastasis are important factors that contribute to the 
progression of breast cancer. We aimed to analyze the relationship between tumor size and 
lymph node metastasis molecular subtype and examine the effects of nodal metastasis on 
overall survival (OS).
Methods: We retrospectively reviewed the data of 16,552 patients who underwent breast 
surgery in Samsung Medical Center between 2000 and 2015. Information on tumor 
size (largest diameter of the invasive component), number of positive lymph nodes, and 
molecular subtype were obtained. We constructed a linear regression model to evaluate the 
relationship between tumor size and lymph node metastasis. To determine the effect of nodal 
metastasis on OS, we performed a Cox proportional regression analysis with Np/T (number 
of metastatic lymph nodes [n]/tumor size [cm]).
Results: This study included 12,007 patients with a median follow-up of 62 months. The 
linear regression coefficients were 1.043 for luminal A, 1.024 for luminal B, 0.656 for HER2, 
and 0.435 for triple-negative breast cancer (TNBC) subtypes. No significant difference was 
observed in the coefficients between the luminal A and B subtypes (p = 0.797), while all 
other coefficients showed significant difference. After adjusting for other risk factors, the 
hazard ratio (HR) of Np/T for each subtype was significant for OS: luminal A (HR, 1.134; 95% 
confidence interval [CI], 1.097–1.171; p < 0.001), luminal B (HR, 1.049; 95% CI, 1.013–1.086; 
p = 0.007), HER2 (HR, 1.069; 95% CI, 1.014–1.126; p = 0.013), and TNBC (HR, 1.038; 95% CI, 
1.01–1.067; p = 0.008).
Conclusion: The incidence of lymph node metastasis differed according to molecular 
subtype. Luminal types have higher incidence of nodal metastasis than HER2 and TNBC. The 
HR of Np/T was highest in luminal A subtypes and lowest in TNBC subtypes.
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INTRODUCTION

Breast cancer is the most common type of malignancy worldwide and is the second leading 
cause of cancer-related deaths in women [1]. Because of the development of biomolecular 
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diagnosis, four subtypes of breast cancer have been identified (luminal A, luminal B, human 
epidermal growth factor receptor 2 [HER2]-neu overexpressed, and triple-negative breast 
cancer [TNBC]). The distinct clinical features and prognosis of each subtype have been 
studied. Hormonal therapy, clinical use of trastuzumab (HER2-neu targeting agent), and 
introduction of effective chemotherapy have improved the prognosis of breast cancer.

The American Joint Committee on Cancer (AJCC) and Union for International Cancer 
Control (UICC) stratified stages based on tumor size (T), lymph node metastasis (N), and 
distant metastasis (M). In evaluating the prognosis of breast cancer, tumor size and lymph 
node metastasis have been the most powerful prognostic factors [2,3] and comprise the 
most generally accepted method of evaluating prognosis [4]. With a major prognostic value, 
the correlation between tumor size and nodal metastasis has been evaluated by several 
researchers. Increasing tumor size is associated with an increasing number of metastatic 
lymph nodes [5]. In a retrospective study of 453 patients with stage I-II breast cancer, 
subtype had no significant association with the number of metastatic lymph nodes or N 
stage [6]. However, some researchers have reported that the size-node relationship is not 
concordant with specific conditions. Some studies have reported that a positive correlation 
between tumor size and nodal metastasis is not similar in patients with basal-like breast 
cancer (BLBC) or BRCA-1 [5]. The TNBC subtype is larger than the other subtypes and has 
a weak relationship with lymph node metastasis [6,7]. Therefore, we aimed to evaluate 
the relationship between tumor size and number of metastatic lymph nodes according to 
subtype. In addition, we aimed to compare the impact of nodal metastasis on overall survival 
(OS) by subtype.

METHODS

Patient population
We retrospectively reviewed the data of patients diagnosed with breast cancer who underwent 
breast surgery in Samsung Medical Center between January 2000 and December 2015. A 
total of 16,552 patients was diagnosed with primary breast cancer and underwent breast 
surgery. Patients who received neoadjuvant chemotherapy or were diagnosed with carcinoma 
in situ (with or without microinvasion) were excluded. Patients with missing or inaccurate 
information on tumor size, metastatic lymph node, or subtype also were excluded. In 
total, 12,007 of 16,522 patients were enrolled in the study (Figure 1). All patients received 
standardized treatment in accordance with the National Comprehensive Cancer Network 
guidelines. Patients' medical data were obtained from the medical records, and this study 
was approved by the Institutional Review Board of Samsung Medical Center in Seoul, Korea. 
This is a retrospective study based on the medical records, so they did not seek informed 
consent (2019-02-003-002).

Diagnosis of molecular subtypes
For diagnosis of molecular subtypes of breast cancer, immunohistochemical (IHC) staining 
was performed. Immunoreactivity for estrogen receptor (ER) and progesterone receptor (PR) 
was considered positive if greater than 1% of the tumor cell nuclei showed staining. HER2 
positivity was also confirmed by IHC, and patients who showed borderline results in IHC 
underwent fluorescence in situ hybridization (FISH). Dissected lymph nodes were stained 
by hematoxylin and eosin (H&E). If H&E staining showed negative results, additional IHC 
staining was performed. Luminal A type of breast cancer was classified as hormone receptor 
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(ER and PR) positive and HER2 negative, with lower levels of Ki-67 expression (14%). 
Meanwhile, luminal B type was defined as positive for both hormonal receptor and HER2 
expression but negative for HER2 expression, with a Ki-67 expression level of >14%. HER2 
type was defined as a negative for hormonal receptor and positive for HER2 expression. 
Meanwhile, TNBC was defined as negative for hormonal receptor and HER2 expression.

Pathologic review of patients
For evaluation of tumor size and number of metastatic lymph nodes, all pathological data 
were collected. Throughout the study period, patients were staged according to the AJCC 
6th and 7th staging system. We excluded patients with inaccurate tumor size, re-operation, 
positive margin, or missing data. If patients had multiple breast cancer tumors, the diameter 
of the largest tumor was selected for analysis [7].

Statistical analysis
To examine the difference in lymph node metastasis between molecular subtypes of breast 
cancer, we created the variable “Np/T,” which is calculated as the number of metastatic 
lymph nodes divided by tumor size (cm). Along with this variable, multiple factors were 
evaluated: age, histopathology, tumor size, lymph node dissection, metastatic lymph node, 
multiplicity of lesions, lymphovascular invasion (LVI), nucleic grade, histologic grade, 
ER status, PR status, HER2 status, and history of adjuvant hormonal therapy, radiation 
therapy, or chemotherapy. Analysis of variance was used to identify the statistical differences 
between the baseline characteristics of the patients. Post hoc analysis was conducted using the 
Bonferroni method to distinguish the differences among multiple subtypes. The correlation 
between tumor size and metastatic lymph nodes was analyzed using a linear regression 
model. OS was defined as the period from the day of surgery to the date of death from any 
cause or the last follow-up. We performed a multivariable Cox regression test, including the 
Np/T ratio. The regression coefficients and hazard ratios (HRs) were compared by identifying 
the interaction effect. A 95% confidence interval (CI) with a p-value of <0.050 was considered 
significant. All tests were 2-ided. All statistical analyses were performed using SAS version 
9.4 (SAS Institute Inc., Cary, USA).
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Figure 1. Flow chart of the patient inclusion process.



RESULTS

Patient characteristics
The clinicopathological features of the 12,007 patients enrolled are shown in Table 1. Luminal 
A was the most common subtype (7,621 patients, 63.5%), and HER2 was the least common 
subtype (1,189 patients, 9.9%). The median age of the patients was 48 years. Overall, 7,853 
(65.4%) patients underwent breast-conserving surgery, while 4,153 (34.6%) underwent 
total mastectomy. Patients with luminal B or HER2 subtype more often underwent total 
mastectomy than those with other subtypes (p < 0.001). For axillary surgery, 9,204 (76.7%) 
patients underwent sentinel lymph node (SLN) biopsy, while 2,802 (23.3%) had axillary 
lymph node dissection. In addition, luminal B and HER2 patients more frequently underwent 
axillary lymph node dissection than those with other subtypes (p < 0.001).

Invasive ductal carcinoma was the most common breast cancer subtype (86.1%–95.5%). A 
total of 512 patients (4.3%) had invasive lobular carcinoma, while 338 (2.8%) had mucinous 
carcinoma. T1 tumor was observed in more than half of the patients (6,707 patients, 55.9%). 
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Table 1. Patients' baseline characteristics, surgical features, and basic pathologic information
Variables Luminal A Luminal B HER2 TNBC Total p-value
Number 7,621 (63.5) 1,510 (12.6) 1,189 (9.9) 1,687 (14.0) 12,007
Age (yr) 47.0 (20–88) 48.0 (23–85) 52.0 (27–85) 48.0 (20–90) 48.0 (20–90) < 0.001
Surgery < 0.001

BCS 5,200 (68.2) 824 (54.6) 568 (47.8) 1,261 (74.8) 7,853 (65.4)
TM 2,421 (31.8) 686 (45.4) 621 (52.2) 426 (25.2) 4,154 (34.6)
SLNB 5,980 (78.5) 1,052 (69.7) 803 (67.5) 1,369 (81,3) 9,204 (76.7)
ALND 1,641 (21.5) 458 (30.3) 386 (32.5) 318 (18.7) 2,803 (23.3)

Histopathology < 0.001
IDC 6,564 (86.1) 1,423 (94.2) 1,136 (95.5) 1,477 (87.6) 10,600 (88.3)
ILC 455 (6.0) 34 (2.6) 5 (0.5) 18 (1.0) 512 (4.3)

Mucinous carcinoma 311 (4.1) 20 (1.3) 5 (0.5) 2 (0.1) 338 (2.8) < 0.001
Others 291 (3.8) 33 (1.9) 43 (3.5) 190 (11.3) 557 (4.6)

T stage < 0.001
T1 4,600 (60.4) 773 (51.2) 619 (52.1) 715 (42.4) 6,707 (55.9)
T2 2,615 (34.3) 667 (44.2) 485 (40.8) 899 (53.3) 4,666 (38.9)
T3 or T4 405 (5.3) 70 (4.6) 85 (7.1) 74 (4.3) 634 (5.2)

N stage < 0.001
N0 4,705 (61.7) 910 (60.3) 769 (64.7) 1,160 (68.8) 7,544 (62.8)
N1 2,048 (26.9) 381 (25.2) 270 (22.7) 375 (22.2) 3,074 (25.6)
N2 571 (7.5) 137 (9.1) 97 (8.2) 96 (5.7) 901 (7.5)
N3 297 (3.9) 82 (5.4) 53 (4.4) 56 (3.3) 488 (4.1)

Multiplicity < 0.001
Single 5,746 (75.4) 1,172 (77.6) 903 (75.9) 1,461 (86.6) 9,282 (77.3)
Multiple 1,875 (24.6) 338 (22.4) 286 (24.1) 226 (13.4) 2,725 (22.7)

LVI < 0.001
Positive 2,275 (29.6) 537 (35.6) 335 (28.2) 444 (26.3) 3,591 (29.9)
Negative 5,348 (70.4) 971 (64.4) 854 (71.8) 1,243 (73.7) 8,416 (70.1)

Histologic grade < 0.001
1 1,856 (24.4) 75 (5.0) 6 (0.5) 46 (2.7) 1,983 (16.5)
2 4,318 (56.7) 684 (45.3) 265 (22.3) 287 (17.0) 5,554 (46.3)
3 1,447 (18.9) 751 (49.7) 918 (77.2) 1,354 (80.3) 4,470 (37.2)

Nd 11.31 ± 4.62 12.74 ± 4.86 12.62 ± 5.09 12.16 ± 4.84 11.74 ± 4.74 < 0.001
Np 1.51 ± 2.03 1.88 ± 2.28 1.76 ± 2.98 1.21 ± 1.96 1.54 ± 2.10 < 0.001
Values are presented as number of patients (%), median(range), or mean ± standard deviation.
HER2 = human epidermal growth factor receptor 2; TNBC = triple-negative breast cancer; BCS = breast conserving surgery; TM = total mastectomy; SLNB = 
sentinel lymph node biopsy; ALND = axillary lymph node dissection; IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; Others = papillary, 
medullary, apocrine, tubular, signet ring cell and micropapillary type; LVI = lymphovascular invasion; Nd = number of surgically dissected lymph node; Np = 
number of metastatic lymph node.



However, in the group with TNBC, the number of patients with a T2 tumor (899 cases) was 
significantly higher than that of patients with a T1 tumor (715 cases) (p < 0.001).

Over 60% of patients had an N0 status for all subtypes. Metastatic lymph nodes were found in 
4,462 (37.2%) patients. Multiple lesions were found in 22.7% of patients (2,724 patients). In 
TNBC, patients were more often diagnosed and treated for a single lesion (86.6%, p < 0.001) 
compared to those of other subtypes. LVI was found in 3,591 patients (29.9%). HER2 and TNBC 
had higher histologic grades than luminal A and B (p < 0.001). The mean numbers of dissected 
lymph nodes and metastatic lymph nodes were 11.74 and 1.54, respectively. The number of 
dissected lymph nodes was lower in patients with luminal A than in those with other subtypes 
(p < 0.001), but no significant difference was observed among the other subtypes.

Correlation between tumor size and lymph node metastasis according to 
molecular subtype
The data for tumor size and number of metastatic lymph nodes are presented in a scatter 
plot in Figure 2. Linear regression was used to evaluate the correlation between tumor size 
(cm) and the number of metastatic lymph nodes. Linear regression is conducted using 
least-squares estimation, which is the approximation of linear functions to data. The line 
calculated from the linear regression is shown in Figure 2. The slope of the line is the 
coefficient of linear regression. The coefficient of luminal A and B was 1.043 and 1.025, 
respectively. HER2 and TNBC had lower coefficients (0.656 and 0.435, respectively). For 
luminal A and B, the gradients were not statistically different (p = 0.797). However, all other 
subtypes showed significantly different gradients (p < 0.050).

Effect of node metastasis adjusted by size (Np/T ratio) on survival by 
molecular subtype
We selected patients who survived for more than 6 months, and 11,199 patients were 
analyzed using the Cox regression test (Table 2). The median follow-up period was 62 
months (range 6 to 186 months). For luminal A, histologic grade and Np/T were statistically 
significant. For luminal B, only Np/T was statistically significant. the number of patients 
with histologic grades I and II were extremely small, making it difficult to evaluate and 
compare the difference between these groups (grades 1 and 2). However, LVI and Np/T ratio 
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Figure 2. Linear regression analysis of tumor size and metastatic lymph nodes. 
Np = number of metastatic lymph node; HER2 = human epidermal growth factor receptor 2; TNBC = triple-negative 
breast cancer.



showed statistical significance. For the TNBC subtype, age, multiplicity, LVI, and Np/T ratio 
showed statistical significance. For all patients, LVI, histologic grade, and Np/T ratio showed 
statistical significance. In all patients, the Np/T ratio was statistically significant (HR, 1.072; 
95% CI, 1.041–1.104; p = 0.004); all subtypes had a statistically significant relationship with 
the Np/T ratio (HR, 1.072; 95% CI, 1.041–1.104; p = 0.004). The HR of Np/T for the subtypes 
were 1.134 for luminal A (95% CI, 1.097–1.171; p < 0.001), 1.049 for luminal B (95% CI, 1.013–
1.086; p = 0.007), 1.069 for HER2 (95% CI, 1.014–1.126; p = 0.013), and 1.038 for TNBC (95% 
CI, 1.010–1.067; p = 0.008). Luminal A had the highest HR for Np/T, whereas TNBC had the 
lowest. Luminal B had a lower HR for Np/T than HER2 and a higher HR than TNBC. Table 3 
presents a comparison of the Np/T values between subtypes. The difference between the HRs 
of Np/T was statistically significant between subtypes (p < 0.050).

DISCUSSION

In this study, we analyzed the relationship between tumor size and lymph node metastasis 
according to breast cancer subtypes. Luminal types tend to have more frequent lymph node 
metastasis than HER2 or TNBC. In addition to this, we evaluated the effect of nodal metastasis 
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Table 2. Results of the multivariable cox regression analysis of overall survival (n = 11,199)
Variables Luminal A Luminal B HER2 TNBC Total

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Age 1.006  

(0.990–1.023)
0.452 0.984  

(0.958–1.011)
0.240 0.998  

(0.971–1.027)
0.914 1.019  

(1.001–1.037)
0.036 1.006  

(0.996–1.016)
0.249

Histopathology
IDC 1.348  

(0.723–2.511)
0.347 0.768  

(0.271–2.183)
0.621 0.932  

(0.277–3.130)
0.909 0.821  

(0.476–1.415)
0.477 1.004  

(0.703–1.433)
0.984

Others Ref Ref Ref Ref Ref
Multiplicity

Single lesion Ref Ref Ref Ref Ref
Multiple lesion 0.837  

(0.565–1.242)
0.377 0.658  

(0.342–1.267)
0.211 1.713  

(0.954–3.077)
0.071 0.477  

(0.241–0.947)
0.034 0.817  

(0.630–1.061)
0.817

LVI
No Ref Ref Ref Ref Ref
Yes 1.352  

(0.969–1.886)
0.075 0.901  

(0.538–1.506)
0.690 1.942  

(1.101–3.426)
0.021 2.185  

(1.498–3.187)
< 0.001 1.499  

(1.220–1.841)
< 0.001

Histologic grade
1 Ref Ref Ref Ref Ref
2 3.044  

(1.630–5.682)
< 0.001 1.861  

(0.635–5.454)
0.257 1.00 0.941  

(0.348–2.546)
0.904 2.853  

(1.793–4.540)
< 0.001

3 5.342  
(2.806–10.169)

< 0.001 2.331  
(0.803–6.770)

0.120 1.153  
(0.655–2.030)

0.621 1.497  
(0.597–3.754)

0.390 4.879  
(3.091–7.702)

< 0.001

Np/size 1.134  
(1.097–1.171)

< 0.001 1.049  
(1.013–1.086)

0.007 1.069  
(1.014–1.126)

0.013 1.038  
(1.010–1.067)

0.008 1.072  
(1.041–1.104)

0.004

HR = hazard ratio; CI = confidence interval; HER2 = human epidermal growth factor receptor 2; TNBC = triple-negative breast cancer; IDC = invasive ductal 
carcinoma; LVI = lymphovascular invasion.

Table 3. Statistical comparison of the HR of Np/T
Subtypes p-value
Luminal A vs Luminal B < 0.001
Luminal A vs HER2 < 0.001
Luminal A vs TNBC < 0.001
Luminal B vs HER2 0.009
Luminal B vs TNBC 0.009
HER2 vs TNBC < 0.001
HR = hazard ratio; Np/T = number of metastatic lymph node/tumor size; HER2 = human epidermal growth factor 
receptor 2; TNBC = triple-negative breast cancer.



adjusted by tumor size (Np/T) on OS. In all subtypes, nodal metastasis negatively affected 
the OS. In the luminal A subtype, which had the highest rate of lymphatic spread, nodal 
metastasis had the greatest negative effect on OS. In comparison, the TNBC subtype had the 
lowest rate of lymph node metastasis, with a smaller effect on OS compared to other subtypes.

In our study, the incidence of nodal metastasis differed according to the molecular subtype. 
Some researchers have suggested that patients with non-luminal subtypes (TNBC or HER2) 
have higher incidence of lymph node metastasis than those with luminal subtypes [8-10]. 
However, many researchers have reported that patients with non-luminal subtypes, including 
TNBC, have a lower incidence of lymph node metastases than those with luminal subtypes 
[11-14]. The reason for this difference in the extent of nodal metastasis according to subtype 
remains unclear, but genetic background and expression of molecules that determine 
tumor growth and lymphatic metastasis may play a role. Vascular endothelial growth factor 
(VEGF) stimulates the formation of blood vessels. In animal studies, VEGF-C mediated 
lymphangiogenesis in tumors and promoted dissemination of tumor cells to regional lymph 
nodes [15]. VEGF-D appears to promote angiogenesis and growth of tumors [16].

As estrogen was reported to downregulate the expression of VEGF [17], its level of expression 
in luminal types was relatively low, while HER2 and TNBC had higher expression of VEGF. 
TNBC has higher microvascular density and higher expression of VEGF [18]. From these 
backgrounds, patients with TNBC were presumed to have a larger tumor size and higher 
incidence of hematogenous metastasis [19-23]. However, these molecules are not the only 
factors that determine the risk for lymph node metastasis and tumor growth. Hence, further 
studies are needed to understand these phenomena and apply them in clinical practice.

In the luminal A subtype with more frequent lymph node metastasis, nodal involvement 
more strongly affected the OS compared with other subtypes. Despite our results, it is 
recognized that luminal types have a better prognosis than non-luminal subtypes. Our study 
demonstrated that the HR of Np/T on OS was lowest in TNBC, implying that lymph node 
metastasis has a weaker effect on the survival of patients with TNBC compared to those with 
the luminal A subtype regardless of tumor size. In accordance with our study, another research 
reported that tumor size and nodal metastasis are not good predictors of survival in patients 
with TNBC [24]. Hernandez-Aya et al. revealed significant differences in OS and recurrence-
free survival between N0 and node-positive patients [12]. However, when comparing N1 
with N2 and N3 patients, there were no significant differences in OS and recurrence-free 
survival. In a study by Dent et al. [25], a higher proportion of patients with TNBC had distant 
metastasis than those with other subtypes (33.9% vs. 20.4%, p < 0.001). These patients 
experienced distant metastasis earlier compared with those with other subtypes (2.6 vs. 5.0 
years, p < 0.001). Rather than lymphatic spread, the poor prognosis of non-luminal types 
seemed to result from different pathways, such as distant metastasis through hematogenous 
spread [11,19,22,23]. TNBC is known to have more visceral and bone metastasis than other 
subtypes [20,21]. Therefore, the prognostic significance of lymphatic metastasis in non-
luminal subtypes has little influence on the survival of breast cancer patients.

For curative treatment of breast cancer, appropriate surgical treatment and surveillance 
of axillary lymph node metastasis are essential [26]. Recent studies have reported that 
molecular subtype is associated with SLN and non-SLN metastases [14,27]. Because luminal 
types have higher incidence of lymph node metastasis with a larger HR of Np/T on survival 
compared with non-luminal subtypes, surveillance for axillary lymph nodes and additional 
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locoregional treatments (e.g., axillary lymph node dissection or radiotherapy) may be 
required. In concordance with several other studies [13,28], our study found that the HER2 
or TNBC subtype does not carry a higher axillary tumor burden compared with the luminal 
subtypes. However, due to the high locoregional recurrence rate and aggressive behavior, 
HER2 or TNBC patients more frequently undergo additional axillary dissection [29]. In a 
retrospective study, among patients with TNBC subtype potentially eligible for Z0011 criteria, 
axillary lymph node dissection could be avoided in 67% of node-positive patients and 84% 
of clinically node-negative patients [30]. For appropriate resection of axillary lymph nodes, 
further studies are needed to evaluate the relationship between molecular subtype and 
axillary lymph node metastasis.

In our study, the HRs of Np/T differed according to molecular subtype. In TNBC, the 
conventional nodal staging system (clinically estimated nodal status [cN]) has lesser 
predictive value when used in luminal A subtypes. In addition to cN, other indicators may be 
required to predict the risk of distant metastasis and prognosis of TNBC patients.

As this was a retrospective observational study, selection bias was present. Before performing 
the Cox regression test, we selected the risk factors to be included in the multivariate 
analysis. We analyzed and compared the incidence of nodal metastasis by tumor size in a 
large cohort within a longer period. In a single institution, 12,006 patients were treated using 
a standardized protocol, and a pathological review was conducted. For adequate evaluation 
of tumor size and lymph node metastasis, patients who received neoadjuvant chemotherapy 
were excluded. To the best of our knowledge, this is the first study to show the difference in 
nodal metastasis adjusted by tumor size according to molecular subtype and to compare the 
HR of Np/T on OS.

In conclusion, the incidence of lymph node metastasis differed according to the molecular 
subtype of breast cancer. Luminal types tend to have higher incidence of lymph node 
metastasis than HER2 or TNBC. Np/T ratio, which indicates the effect of nodal metastasis 
adjusted by tumor size, had a more adverse effect on the OS of patients with luminal A 
subtype and less effect on the OS of those with TNBC. Our findings suggest that the subtype 
of breast cancer has an influence on the regional management of axillary node metastasis.
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