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Introduction

Breast cancer is the most common cancer in women 
worldwide. Management of axillary lymph node metastases 
has been a controversial but evolving area of breast cancer 
therapy (1-5). Axillary lymph node status is important in 
predicting local recurrence and long-term outcomes (6,7). 
Lymph node staging of breast cancer according to the 7th 
edition of the American Joint Committee on Cancer (AJCC) 
and International Union Against Cancer (UICC) TNM 
staging system, is based on positive lymph node count, 

but not the total number of lymph nodes removed or the 
negative lymph node (NLN) count. In fact, it is impossible 
that axillary dissection in every patient is of the same extent, 
so there must exist heterogeneity if we only use positive 
lymph node number to classify patients with different 
prognosis. To improve the efficiency of prognostic system 
in breast cancer, not only positive lymph node number, but 
also the number of total lymph nodes should be taken into 
account (8-10). 

In the last decade, many studies have shown that lymph 
node ratio (LNR) confers prognostic value in breast cancer 
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(8-10). Since total lymph nodes after axillary lymph node 
dissection (ALND) are composed of both positive and 
NLNs. It’s necessary to bring NLN count into the system 
of prognosis prediction in breast cancer. Many researchers 
have suggested that NLN count is closely related to 
the prognosis in gastric cancer (11), colon cancer (12), 
esophageal cancer (13), and cervical cancer (14). However, 
few data has been published to elucidate the importance of 
NLN count in breast cancer prognosis.

Here we explored the correlation between NLN count 
and prognosis of invasive breast cancer, and the value of 
combining NLN count with LNR in prediction of breast 
cancer survival.

Methods

Patients

In our study, primary invasive breast cancer patients 
who underwent surgery (breast-conserving surgery or 
mastectomy) between January 2005 and December 2007 at 
the Department of Thyroid and Breast Surgery, West China 
Hospital, Sichuan University were included. All patients 
enrolled had ALND, including those who underwent 
ALND after positive sentinel lymph node biopsies. 
Patients with previous breast cancer, bilateral breast cancer, 
distant metastasis, and those who underwent neoadjuvant 
chemotherapy were excluded. Ultimately 929 female 
patients aged 22–87 years (49±10.95, median 50 years) 
were enrolled in our study. Most patients (>90%) received 
adjuvant chemotherapy, radiotherapy, human epidermal 
growth factor receptor 2 (HER2) targeted therapy, or 
hormone therapy after surgery, alone or in combination.

Our study was approved by the Ethics Committee 
of West China Hospital [No. 2016(27)], and all the 
participants agreed to participate in this study and signed an 
informed consent before taking part. 

Pathologic analysis

A total of 471 (50.7%) patients had axillary lymph nodes 
metastasis that was assessed by haematoxylin and eosin 
staining. The total number of axillary lymph nodes removed 
from all 929 patients was 15,680 (mean 15, range from 10 
to 46), among which, 2,956 lymph nodes were negative. 
Estrogen receptor (ER), progesterone receptor (PR), ki67, 
and HER2 were determined by immunohistochemical 
(IHC) analysis.

Follow-up

After surgery, all the patients were under surveillance every 
6 months for 3 years, and then every year after 3 years by 
hospital visits. The median follow-up was 67 (range 1–94) 
months. Physical examination and ultrasound for breast, 
axillary, infraclavicular and supraclavicular lymph nodes 
were performed at every visit to monitor tumor recurrence. 
Mammography was performed annually. In addition to 
passive follow-up, an active one performed each year by 
the medical staff of West China Hospital Database Office 
through telephone or letters. 

Statistical analysis

In our study, we defined death from breast cancer as an 
end point event, and patients dying from other causes 
were censored. The 5-year overall survival (OS) rate was 
determined by Kaplan-Meier, and statistical differences 
between groups were calculated with the log-rank test. 
The following nine variables were included in univariate 
analysis: (I) age at diagnosis (≤50 or >50 years); (II) T stage 
(T1, T2, T3, or T4); (III) histologic grade (grades I, II, 
III); (IV) ER (−, +); (V) PR (−, +);(VI) ki67 (<14%, ≥14%); 
(VII) HER2 (−, +); (VIII) NLN count (0–9, ≥10); (IX) 
LNR (0–20.0%, 20.1–65.0% and 65.1–100.0%). Factors of 
statistically significant difference by univariate analysis then 
were included in multivariate analysis by Cox regression 
and by forward LR stepwise procedure for viable selection. 
Hazard ratios (HR) with 95% confidence intervals (CI) 
were calculated. For all the statistical analyses, SPSS version 
19.0 (SPSS, Chicago, IL, USA) was used.

We adopted the cut-point survival analysis to determine 
the most appropriate cutoffs for NLN and LNR (10,11,15). 
According to log rank test χ2 statistics, we compared the 
ability to differentiate among subgroups. 

Results

Cut-point of NLN count and LNR

Five-year OS of all the 929 breast cancer patients was 
91.1%. Eight hundred and thirty-seven patients were alive 
when our follow-up completed. Results for all possible 
NLN count cut points were listed in Table 1.The optimal 
cutoffs of NLN count for classify patients with different 
survival were 9. Of 204 patients with 0–9 NLN count 
had a poorer prognosis compare to 725 patients with ≥10 
NLN count (P<0.001) (Figure 1A). Among 929 patients, 
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675 patients had LNR 0–20.0%, 172 patients had LNR 
20.1–65.0% and 82 patients had LNR 65.1–100.0%. The 
survival of the three subgroups had a statistically significant 
difference (P<0.001) (Figure 1B).

Univariate and multivariate survival analysis of 929 
patients

Seven factors were determined to have statistical 
significance in survival of 929 breast cancer patients after 
surgery by univariate analysis (Table 2). These are as follows: 
(I) age: patients with age ≤50 were more likely to have 
a better 5-year OS compared with age >50; (II) T stage: 
patients with larger primary tumor had lower 5-year OS; 
(III) histologic grade: the higher the histologic grade, the 
lower the 5-year OS; (IV) Ki67: patients with ki67 <14% 
were more likely to have a better 5-year OS compared with 
Ki67 ≥14%; (V) HER2: HER2 positive patients were more 
likely to have a lower 5-year OS compared with HER2 
negative patients; (VI) LNR: patients with higher LNR 
showed lower 5-year OS; (VII) NLN count: patients with 
higher NLN count had better 5-year OS. All of the seven 
variables were included in multivariate analysis to adjust for 
covariate effects (Table 3). In this Cox proportional hazard 
model, only LNR, T stage, and histologic grade remained 
statistically significant in correlation with 5-year OS of 
postoperative invasive breast cancer.

Combining NLN count with LNR in survival prediction

Among 204 patients who had NLN count 0–9, 25 patients 
had LNR 0–20.0% with 5-year OS of 95.7%, 104 patients 
had LNR 20.1–65.0% with 5-year OS of 83.4%, 75 patients 
had LNR 65.1–100% with 5-year OS of 61.7% (Table 4).  
We demonstrated that in this case 5-year OS would decrease 
significantly as LNR increased (P<0.001) (Figure 1C).  
In addition, of 725 patients who had more than 9 NLN, 
650 patents had LNR 0–20.0% with 5-year OS of 96.1%, 
68 had LNR 20.1–65.0 % with 5-year OS of 86.8%, and 7 
had LNR 65.1–100.0% with 5-year OS of 71.4% (Table 4).  
Similarly, we found that 5-year OS decreased as LNR 
increased (P<0.001) (Figure 1D). Moreover, in patients 
who had comparatively high LNR (>65%), their survival 
increased along with the elevated NLN count (Table 4).

To elucidate whether there is a direct relationship 
between LNR and NLN count, we performed a linear 
regression analysis using LNR as a dependent variable and 
NLN count as an independent predictor. We indicated that 

Table 1 NLN count with 5-year overall survival rate

NLN count N 5YSR (%) χ2 P value

0 14 50.0

1 11 35.8 0.667 0.414

2 7 71.4 2.143 0.143

3 12 83.3 0.713 0.398

4 24 78.9 0.053 0.819

5 22 81.8 0.027 0.869

6 23 78.3 0.012 0.912

7 27 96.2 2.432 0.119

8 30 79.9 2.993 0.084

9 34 75.4 0.002 0.969

10 108 94.4 9.03 0.003

11 70 94.3 0.016 0.898

12 57 94.7 0.142 0.707

13 59 100.0 1.249 0.264

14 56 94.6 1.215 0.270

15 54 94.4 0.003 0.958

16 43 93.0 0.07 0.791

17 50 98.0 1.301 0.254

18 42 92.8 0.296 0.586

19 27 88.9 1.226 0.268

20 29 96.6 0.213 0.644

21 15 93.3 0.667 0.414

22 10 100.0 0.867 0.352

23 15 93.3 – –

24 13 100.0 0.769 0.380

25 10 100.0 0.692 0.405

26 13 92.3 1 0.317

27 9 100.0 0.061 0.806

28 9 88.9 0.032 0.857

29 6 83.3 0.6 0.439

30 6 80.0 – –

31 6 100.0 – –

32 3 100.0 – –

33 3 100.0 – –

34 2 100.0 – –

35 1 100.0 – –

36 2 100.0 – –

38 2 100.0 – –

40 2 100.0 – –

41 1 100.0 – –

43 1 0 1 0.317

46 1 100.0 1 0.317

5YSR, 5-year overall survival rate; NLN count, No. of negative 
lymph nodes.
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LNR decreased as NLN count increased (P<0.001) (Figure 2).

Discussion

The AJCC/UICC pN classification is based on the 
number of positive lymph nodes，which is easily affected 
by the extend of ALND and the number of lymph nodes 
removed, especially if the retrieved number is small. 
Recent research emphasized the advantage of LNR over 
the number of positive lymph nodes in cases with few 
nodes removed (10). Others reported that LNR also 
improved the comparability between different centers (16). 
Furthermore, LNR could eliminate the stage migration 

phenomenon to some extent (17,18). In our study, LNR 
also showed statistically significant correlation with 
prognosis of postoperative invasive breast cancer. A review 
of literature showed that cutoff points of LNR differed 
widely: 0.10/0.50 (19), 0.50/0.75 (20), 0.25/0.55 (21),  
0.1/0.65 (22), 0.3 (23). Vinh-Hung et al. (10) assessed the 
prognostic value of LNR in 1,829 breast cancer patients. They 
classified patients into three groups: low (≤0.20), intermediate 
(>0.20 and ≤0.65), and high-risk (>0.65) group, according 
to the cutoff points of LNR 0.20 and 0.65, The cutoff 
points by Vinh-Hung were widely accepted because of the 
large number of population studied and accurate follow-up  
data. Therefore, we divided LNR into three groups 

Figure 1 Five-year OS of postoperative breast cancer patients. (A) Five-year OS of different subgroup of NLN count (0–9 and ≥10);  
(B) 5-year OS of different subgroup of LNR (0–20.0%, 20.1–65.0%, 65.1–100%); (C) 5-year OS of 204 breast cancer patients with 0–9 
NLN count according to subgroups of LNR (0–20.0%, 20.1–65.0%, 65.1–100%); (D) 5-year OS of 725 breast cancer patients with NLN 
count ≥10 according to subgroups of LNR (0–20.0%, 20.1–65.0%, 65.1–100%). OS, overall survival; LNR, lymph node ratio; NLN, 
negative lymph node.
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Figure 2 Correlation between LNR and NLN count.

Table 4 Combining the NLN count with LNR to predict prognosis 
of 929 breast cancer patients after surgery

LNR (%)

NLN count and 5YSR

0–9 ≥10

N % N %

0–20.0 25 95.7 650 96.1

20.1–65.0 104 83.4 68 86.8

65.1–100.0 75 61.7 7 71.4

5YSR 77.0 95.0

Table 2 Univariate analysis of factors affecting survival of 929breast 
cancer patients by Kaplan-Meier method

Factor N 5YSR (%) χ2 P value

Age 6.108 0.013

≤50 507 93.3

>50 422 88.5

T stage 74.755 <0.001

T1 373 96.0

T2 450 91.7

T3 69 73.6

T4 37 67.5

Histological stage 65.675 <0.001

Grade 1 318 99.0

Grade 2 223 94.5

Grade 3 388 82.6

ER 0.724 0.395

(−) 365 89.8

(+) 564 92.0

PR 3.836 0.050

(−) 285 87.9

(+) 644 92.5

Ki 67 5.053 0.025

<14% 388 93.8

≥14% 541 89.2

HER2 10.224 0.001

(−) 695 92.8

(+) 234 86.3

NLN count 78.815 <0.001

0–9 204 77.0

≥10 725 95.0

LNR 155.758 <0.001

0–20.0% 675 96.1

20.1–65.0% 172 84.7

65.1–100.0% 82 62.6

ER, estrogen receptor; PR, progesterone receptor; HER2, 
human epidermal growth factor receptor 2; LNR, ratio between 
positive and examined lymph nodes.

Table 3 Multivariate analysis of factors affecting survival of 929breast 
cancer patients by Cox proportional hazard model

Factor P value HR 95% CI

T stage <0.001 1.811 1.441–2.276

Histologic stage <0.001 3.235 2.173–4.817

LNR <0.001 2.951 2.310–3.771

HR, hazard ratio, CI, confidence interval.
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according to Vinh-Hung.
Total lymph nodes after ALND are composed of both 

positive and NLNs. Recently, several studies about NLN 
count and its predictive value of survival for cancer patients 
have been down. Schwarz et al. (24) showed that higher 
NLN count in patients underwent gastric cancer curative 
resection was correlated with improved postoperative 
survival. Johnson et al. (12) also demonstrated that increased 
NLN count in stage IIIB and IIIC colon cancer patients 
associated with decreased mortality. 

However, the predictive value of NLN count in breast 
cancer patients is still an open question. Mersin et al. (25) 
analyzed 270 patients with axillary lymph node-negative 
breast cancer, and they concluded that the increase 
in number of NLN count was associated with poorer 
prognosis. The 5-year event-free and OS was 92.5% and 
98.3% for patients who had 18 lymph nodes or less, and 
70% and 86.7% for those who had more than 18 negative 
nodes, respectively (P<0.00001). Later, Moorman et al. (26)  
studied the relationship between the number of lymph 
nodes and breast carcinoma survival among 911 women 
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with lymph node-negative breast carcinoma. They 
concluded that NLNs number examined was associated 
with neither 5-year nor long-term survival. Therefore, the 
prognostic value of NLN count still remains controversial 
in node-negative breast cancer patients.

Different from their studies, we included both lymph 
node negative and positive patients in our study. We 
explored prognostic value of NLN count and LNR in 929 
invasive breast cancer patients after surgery. We found 
that patients with more NLN count (≥10) and lower 
LNR showed improved survival. After combining LNR 
with NLN count, we found among patients in the same 
LNR subgroup, those with more NLN count had a better 
prognosis (Table 4). Therefore, combining NLN count with 
LNR could be considered as an alternative to LNR alone in 
survival prediction.

The reason why NLN count is associated with survival 
has not been fully explained. There are several possible 
mechanisms. Firstly, the evaluation of high numbers of 
lymph nodes may decrease stage-migration phenomenon，
which means survival on base of disease stage improves due 
to a better classification, though maybe no improvement in 
overall outcome or for a given individual. For instance，
low number of lymph nodes harvested related to poor 
survival due to misclassification of node-positive patients 
as node-negative. Secondly, NLN count may reflect 
adequacy of total lymph nodes evaluation and excellent 
quality of surgical care (12). Thirdly, the NLN count would 
be a potential marker of tumor-host interactions, and 
might influence the presence and functions of circulating 
cancer cells (CTC), which has an independent effect on 
survival (27). In addition, breast cancer patients with more 
positive axillary lymph nodes are more susceptible to local 
recurrence and distant metastasis than those with more 
NLNs (28).

However, it has been reported by ACSOG Z0011 
randomized trial that ALND can’t increase the survival 
of breast cancer patients with negative or less than three 
positive sentinel lymph nodes after breast-conserving 
therapy. In those patients, it has been proposed that ALND 
could be avoided (29). Moreover, radical axillary dissection 
may lead to more morbidity. So ALND was controversial 
in breast cancer patients at present and the balance 
between benefits and risks of extensive ALND should be 
individualized.

In summary, we have shown in this study that NLN 
count is associated with breast cancer survival. Combining 
NLN count with LNR has a better ability to discriminate 

populations with different survival than LNR alone. 
There are limitations in our study. This is a retrospective 
study conducted at a single center. Further prospective 
multicenter studies are required to confirm the exact value 
of NLN count and the most appropriate cut-off point of 
NLN and LNR.
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