
Page 1 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(4):300 | http://dx.doi.org/10.21037/atm-20-4856

Comparison of three lymph node staging methods for predicting 
outcome in breast cancer patients with mastectomy

Meng-Shen Wang1#^, Mo-Zhi Wang1#^, Zhenning Wang2, Yongxi Song2, Peng Gao2, Pengliang Wang2, 
Chong Wang1, Xueting Yu1, Fengheng Wei1, Jingyi Guo1, Yingying Xu1^

1Department of Breast Surgery, the First Affiliated Hospital of China Medical University, Shenyang, China; 2Department of Surgical Oncology, the 

First Hospital of China Medical University, Shenyang, China

Contributions: (I) Conception and design: Y Xu; (II) Administrative support: Y Xu, MS Wang, MZ Wang; (III) Provision of study materials or patients: 

MS Wang, MZ Wang; (IV) Collection and assembly of data: X Yu, F Wei, J Guo, MS Wang, MZ Wang; (V) Data analysis and interpretation: Z 

Wang, Y Song, P Wang, and C Wang; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work. 

Correspondence to: Yingying Xu. Department of Breast Surgery, the First Affiliated Hospital of China Medical University, 155 North Nanjing Street, 

Shenyang 110001, China. Email: xuyingying@cmu.edu.cn. 

Background: Axillary lymph node (ALN) staging is essential in predicting the clinical outcome of breast 
cancer (BC) patients. Traditionally, it follows the tumor–node-metastasis (TNM) staging, but its accuracy 
needs further improvement. 
Methods: A total of 9,616 BC patients from the Surveillance, Epidemiology, and End Results (SEER) 
database and 675 patients from the First Affiliated Hospital of China Medical University underwent 
mastectomy together with ALN dissection were reviewed. Univariate and multivariate logistic analyses were 
conducted to find the most meaningful factors relevant to prognosis.
Results: After univariate and multivariate analyses, age, race, primary site, radiation, chemotherapy, grade, 
T-stage, estrogen receptor (ER), progesterone receptor (PR), total number of positive lymph nodes (pN), 
positive lymph node ratio (LNR) and log odds of positive LNs (LODDS) were found to be significantly 
associated with overall survival (OS). Using these non-LN risk factors, we further compared the efficacy of 
three different ALN staging methods in prognosis via nomograms. Harrell’s concordance index (C-index) 
and Akaike Information Criterion (AIC) were used to measure nomogram performance of the ALN staging 
methods: pN: C-index=0.687 (95% CI: 0.678–0.696), AIC =61,398.24; LNR: C-index =0.691 (95% CI: 
0.683–0.701), AIC =61,313.56; and LODDS: C-index =0.691 (95% CI: 0.682–0.700), AIC =61,315.60. We 
found that the nomogram incorporating LODDS had better predictive ability compared with other two 
methods. Furthermore, an external validation revealed a C-index of 0.753 (95% CI: 0.690–0.816) for the 
Asian population, which indicates the nomogram based on LODDS may have universality for both Western 
and Asian populations.
Conclusions: Compared with pN and LNR, LODDS showed higher homeostasis in LN evaluation, and 
showed marked efficacy in evaluating survival differences among patients with negative LN staging. We 
constructed a BC prognosis model by incorporating highly relevant clinical pathological factors and a new 
method of LN staging, which may greatly aid in guiding postoperative treatment. 
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Introduction

The dissemination of cancer cells from the primary site 
of breast cancer (BC) to the axillary lymph nodes (ALN) 
is a critical process in tumor progression that influences 
early recurrence and 5- or 10-year overall survival (OS) (1). 
Thus, ALN status is an important prognostic factor for BC 
patients with modified radical mastectomy. Total number of 
positive lymph nodes (pN) is commonly used to determine 
the N stage. However, accumulating evidence shows that 
a positive lymph node ratio (LNR) can predict prognosis 
more precisely than the traditional pN stage for BC (2-5). 
LNR is defined as the ratio between LNs with metastasis 
versus the total number of LNs retrieved, and thus does 
not solely rely on positive LNs. Several studies have shown 
that LNR has greater ability to predict the OS of patients 
compared with traditional TNM staging, and that LNR 
should be considered as an alternative to pN staging (2-8). 
The definition of pN =0 is equal to LN R =0, indicating no 
LNs with metastasis. However, prognosis may vary for pN0 
patients, and underestimations of severity still exist due to 
the shortcomings of the pN staging method. The newly 
issued 8th edition of the TNM system designed by the 
American Joint Committee on Cancer includes prognostic 
factors such as estrogen receptor (ER), progesterone 
receptor (PR), human epidermal growth factor receptor 
2 (HER2), and grade (9-11). However, a more powerful 
model combining both prognostic factors and refined N 
staging is necessary to improve the accuracy of survival 
prognosis.

Nomograms are used to visually predict the prognosis 
of patients with various malignant tumors, including 
gastric, colon, prostate, and BC types, by analyzing relevant 
variables (12-15). A well-constructed nomogram also allows 
surgeons to classify patients with different levels of severity 
and optimize the postoperative therapeutic approach. 

Currently, there are no nomograms based on the 
Surveillance, Epidemiology, and End Results (SEER) 
database that include both prognostic factors and LNR or 
log odds of positive LNs (LODDS) to predict prognosis. 
Therefore, by combining related risk predictors and lymph 
node staging methods, we constructed a more effective 
evaluation model. 

We present the following article in accordance with the 
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4856).

Methods

Data retrieval

All patients met the following inclusion criteria: (I) 
pathologically diagnosed with invasive ductal or lobular 
BC, equivalent to codes 8500/3, 8521/3 or 8522/3 in 
the International Classification of Disease for Oncology 
3rd edition (ICD-O-3) in SEER*Stat; (II) underwent 
mastectomy together with ALN dissection; and (III) age at 
diagnosis >18 years. Exclusion criteria were the following: (I) 
distant metastasis present at diagnosis; (II) <5 regional LNs 
examined; (III) incomplete information about pathology, 
LN status, or systemic treatment regimen; (IV) lost to 
follow-up; or (V) a primary malignancy apart from BC. A 
flowchart of the training cohort selection process is shown 
in Figure S1. The primary outcome was OS, defined as 
time from diagnosis to death. The cut-off follow-up date 
was December 31, 2014. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Ethical Committee 
of The First Hospital of China Medical University (2019-
72-2), and informed consent was obtained from all patients 
in validation set, while informed consent in training set was 
unnecessary because SEER is a public resource.

Filtering of variables associated with OS

The SEER database was used to collect age at diagnosis, 
race (White, Black, other), primary site grade, the edition 
of TNM staging used (3th, 6th, 7th), radiation record, 
chemotherapy record, regional LNs examined, positive 
regional LNs, survival months, vital status record, ER 
status record, and PR status record. Age was classified as 
≤50 and >50 years. Poorly differentiated (grade III) and 
undifferentiated (grade IV) BC were considered as a group 
compared with well-differentiated (grade I) and moderately 
differentiated (grade II) groups. The SEER database does 
not provide detailed information about radiation and 
chemotherapy treatment regimens, simply showing whether 
a patient received those treatments. Importantly, to have a 
sufficient follow-up period, we enrolled the 9,616 patients 
from 1994 to 2004. There were three editions of TNM 
staging used during this period, so we re-staged patients 
diagnosed before 2010 according to the 7th edition of 
the American Joint Committee on Cancer (AJCC) TNM 

https://cdn.amegroups.cn/static/public/ATM-20-4856-Supplementary.pdf
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staging system.

LNR

LNR classification intervals were determined by comparing 
OS rates according to LNR with an initial interval of 0.1 
(LNR =0 and 1 were considered separately, reflecting 
metastasis in none or all nodes retrieved), and then sorting 
patients with similar OS. 

The LODDS system

LODDS is estimated as 
( )

( )
0.5

log
0.5

pnod
tnod pnod

+
− + , where tnod = total 

numbers of LNs retrieved and pnod = positive LNs in tnod, 
with 0.5 being added to both the numerator and denominator 
to avoid singularity (16,17). The classification is equivalent to 
the LNR method but with an initial interval of 0.5. 

Construction and validation of the nomogram model

A f t e r  p N ,  L N R ,  a n d  L O D D S  w e r e  t a k e n  i n t o 
consideration, univariate and multivariate analyses were 
conducted to find the most meaningful factors relevant to 
prognosis. Three nomograms were constructed based on 
pN, LNR, and LODDS, and then the C-index and Akaike 
Information Criterion (AIC) were used to measure the 
prognostic performance of the three models (18). After 
constructing the nomogram based on LODDS, an external 
validation was conducted on the 675 Asian patients from 
the First Affiliated Hospital of China Medical University. 

Statistical analysis

All statistical analyses and visualization were performed with 
the IBM SPSS 21.0 statistics package (SPSS, Inc., Chicago, 
IL, USA) and the “rms” package on R software version 3.1.3 
(http://cran.r-project.org). For all analyses, only P values 
<0.05 were regarded as significant. The SEER database 
is a reportable database in the United States, so informed 
consent was unnecessary for those patients, while informed 
consent was given by all patients involved in the external 
validation. 

Results

Patients’ characteristics

The training cohort of a total of 9,616 female BC patients 
from 1994 to 2004 were enrolled via SEER 18 (1973–2015), 
released in November 2017 with the SEER*Stat 8.3.5 
software. The validation cohort consisted of 675 patients 
admitted to the First Affiliated Hospital of China Medical 
University from 2005 to 2010 and followed for 5 years 
after surgery. The clinicopathologic characteristics of 
the training cohort and validation cohort are shown in 
Table S1. For the 9,616 patients, an average of 14.64±6.53 
LNs were retrieved, ranging from 6 to 81. An average of 
2.36±0.05 LNs were metastatic, ranging from 0 to 79. After 
re-analyzing the N-stage according to the 7th AJCC TNM 
N classification for all patients, pN0–pN3 were defined as 
patients with 0, 1–3, 4–9 and >9 affected LNs, respectively 
As shown in Table S1, the distributions of training set and 
validation set are different. Considering that the race of 
validation set only obtains information about “other” group, 
thus we perform subgroup analysis of training set and 
validation set according to “other” group. The results tend 
out that the clinicopathological features still have difference 
between the “other” group of two sets (Table S2). This may 
be related to the fact that “other” group in SEER database 
includes not only Asian population, but also a considerable 
number of people of multiple races around the Pacific 
Ocean, such as American Indian/AK Native, Asian/Pacific 
Islander.

Relationships between LODDS and pN or LNR

Scatter plots were created for the distribution of LODDS 
vs. pN (Figure 1) and the distribution of LODDS vs. LNR 
(Figure 2). The LODDS values increased as the number of 
positive LNs increased (Figure 1), which indicated a close 
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Figure 1 Distribution of log odds of positive lymph nodes 
(LODDS) vs. total number of positive lymph nodes (pN).
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relationship between LODDS and the number of metastatic 
LNs. Based on this nonlinear relationship, the LODDS 
evaluation system is better than the pN evaluation system 
when the number of metastatic LNs is <10. We found that 
LODDS also increased as the number of positive LNs 
increased (Figure 2). However, we found an interesting 
phenomenon with varied LODDS values at LNR =0 and 1. 
Traditional N staging only considers the number of positive 
LNs, yet OS differed for patients with LNR =0 and 1. 

Thus, we believe that LODDS may potentially discriminate 
between patients with the same LNR classification but 
different OS, although LNR =0 and 1 should be taken into 
special consideration.

Regrouping LODDS and LNR according to OS

After running log-rank statistical analysis, we grouped 
patients with similar prognoses (Table 1): LNR0: LNR =0; 
LNR1: 0< LNR1 ≤0.2; LNR2: 0.2< LNR2 ≤0.3; LNR3: 
0.3< LNR3 ≤0.5; LNR4: 0.5< LNR4 ≤0.9; LNR5: 0.9< 
LNR5 <1.0; and LNR6: LNR6 =1. Of the 9,616 patients, 
4,740 (49.3%) were LNR0, 2,618 (27.2%) were LNR1, 589 
(6.1%) were LNR2, 671 (7.0%) were LNR3, 715 (7.4%) 
were LNR4, 97 (1.0%) were LNR5, and 186 (2.0%) were 
LNR6. The 10-year survival rate decreased significantly 
as LNR increased: LNR0 =77.8%; LNR1 =74.8%; LNR2 
=63.4%; LNR3 =57.7%; LNR4 =45.2%; LNR5 =23.3%; 
LNR6 =29.8% (P<0.001, Figure 3). We then constructed 
a novel 7 grouping based on LODDS: LODDS1 ≤–1.5; 
–1.5< LODDS2 ≤–1; –1< LODDS3 ≤–0.5; –0.5< LODDS4 
≤0; 0< LODDS5 ≤0.5; 0.5< LODDS6 ≤1; LODDS7 >1. 
We found 10-year survival rates of 80.6%, 76.4%, 73.9%, 
59.8%, 48.2%, 34.9%, and 27.7%, respectively (P<0.001, 
Table 2; Figure 4). In all cases, survival rate displayed an 
inverse relationship with LODDS stage, with lower survival 
rates at higher LODDS stages. In nomogram, the same 
LNR or LODDS categorization has been used.
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Figure 2 Distribution of log odds of positive lymph nodes 
(LODDS) vs. lymph node ratio (LNR).

Table 1 Five- and ten-year survival rates of breast cancer patients according to the value of LNR with the interval of 0.1

No. 5-YSR 10-YSR Pa

LNR =0 4,740 91.3 77.8 0.144

0< LNR ≤0.1 1,410 91.2 76.5 0.069

0.1< LNR ≤0.2 1,208 88.1 72.8 <0.001

0.2< LNR ≤0.3 589 85.4 63.4 0.043

0.3< LNR ≤0.4 363 79.4 59.8 0.325

0.4< LNR ≤0.5 308 76.8 55.3 0.080

0.5< LNR ≤0.6 199 73.4 49.1 0.668

0.6< LNR ≤0.7 192 73.2 47.9 0.318

0.7< LNR ≤0.8 166 63.9 42.7 0.660

0.8< LNR ≤0.9 158 60.2 39.5 0.018

0.9< LNR <1.0 97 50.5 23.3 0.637

LNR =1.0 186 52.2 29.8
a, comparison between adjacent groups. No, number of patients; YSR, year survival rate; LNR, positive lymph node ratio.
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Homogeneity in LODDS grouping

Table 3 shows the 10-year OS of patients with different 
pN and LNR stages classified by LODDS. The 10-year 
OS was significantly different after classifying by LODDS 
regardless of pN stage. However, for patients within the 
same LODDS stage, the 10-year OS was highly similar, 
indicating that the LODDS method may be superior to 
pN staging. Similar results are evident when comparing 
LODDS with the LNR staging system. Patients had 
varying LODDS in each LNR stage, yet the 10-year OS 

rates were comparable and patients with the same LODDS 
score showed similar prognosis, implying that LNR staging 
performs similarly to LODDS staging for classifying 
patients based on prognosis.

Number of lymph nodes required

We next compared the prognosis performance of the 
pN, LNR, and LODDS staging systems classified by the 
number of collected LNs. As shown in Table 4, for pN 
staging method, the 10-year OS varied significantly with the 
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Figure 3 Survival curves of breast cancer patients according to 
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Figure 4 Survival curves of breast cancer patients according to log 
odds of positive lymph nodes (LODDS) stage.

Table 2 Five- and ten-year survival rates of breast cancer patients according to the value of LODDS with the interval of 0.5

No. 5-YSR 10-YSR Pa

LODDS ≤−1.5 1,552 96.8 0.808 0.001

−1.5< LODDS ≤−1 3835 0.994 0.764 0.013

−1< LODDS ≤−0.5 2074 0.991 0.739 <0.000

−0.5< LODDS ≤0 1157 0.980 0.598 <0.000

0< LODDS ≤0.5 518 0.916 0.480 0.002

0.5< LODDS ≤1 244 0.783 0.347 0.030

1< LODDS ≤1.5 163 0.673 0.280 0.847

LODDS >1.5 73 0.197 <0.2
a, comparison between adjacent groups. LODDS, log odds of positive LNs; No, number of patients; YSR, year survival rate; LNR, positive 
lymph node ratio.
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Table 3 Overall survival rates based on pN and LNR classification according to the LODDS staging system

LODDS1 LODDS2 LODDS3 LODDS4 LODDS5 LODDS6 LODDS7

Pa
No. 
(%)

10-YSR
No. 
(%)

10-YSR
No. 
(%)

10-YSR
No. 
(%)

10-YSR
No. 
(%)

10-YSR
No. 
(%)

10-YSR
No. 
(%)

10-YSR

pN

0 1,552  
(32.7)

0.806 3,118  
(67.3)

0.763 – – – – – – – – – – 0.001

1 – – 645  
(21.5)

0.766 1,919  
(63.9)

0.743 440  
(14.6)

0.644 – – – – – – <0.001

2 – – 2  
(0.2)

1.0 154  
(13.1)

0.688 651  
(55.4)

0.566 265  
(22.5)

0.477 61  
(5.2)

0.517 43  
(3.6)

0.410 <0.001

3 – – – – 1  
(0.1)

– 66  
(9.5)

0.610 253  
(36.4)

0.486 183  
(26.3)

0.298 193  
(27.7)

0.252 <0.001

Pb – 0.690 0.548 0.028 0.859 0.006 0.286

LNR

0 1,552  
(32.7)

0.806 3,188  
(67.3)

0.763 – – – – – – – – – – 0.001

1 – – 647  
(24.7)

0.766 1,971  
(75.3)

0.742 – – – – – – – – 0.136

2 – – – – 103  
(17.5)

0.674 486  
(82.5)

0.626 – – – – – – 0.412

3 – – – – – – 671  
(48.4)

0.577 518  
(37.2)

0.482 197  
(14.4)

0.373 – – <0.001

4 – – – – – – – – – – 47  
(16.6)

0.261 236  
(83.4)

0.277 0.594

Pc – 0.825 0.220 0.009 – 0.314 –
a, comparison of overall survival rates between different LODDS groups; b, comparison of overall survival rates between different pN 
groups; c, comparison of overall survival rates between different LNR groups. LNR, positive lymph node ratio; LODDS, odds of positive 
lymph nodes; No, number of patients; YSR, year survival rate. 

different numbers of LNs retrieved. Compared with >30 
nodes, the OS with fewer LNs collected varied significantly. 
Particularly, pN =3 patients with <15 LNs collected had a 
significantly poor prognosis, which indicates the necessity 
of collecting a sufficient number of LNs for the pN staging 
method. For LNR and LODDS staging, the OS was highly 
consistent across different number of LNs retrieved, which, 
together with the results shown in Table 3, suggests that 
LNR and LODDS staging are more powerful for predicting 
prognosis than pN.

Association of LODDS with survival and ability to 
differentiate patients with negative lymph nodes

The correlations between log hazard ratio and pN, LNR, 

and LODDS are shown in Figures 5-7. Prognosis decreased 
as pN, LNR, and LODDS increased. Strikingly, more 
variable prognosis was seen as LODDS increased in patients 
with no LN metastasis (Figure 8), indicating that LODDS 
could distinguish different OS in pN0 or LNR0 patients.

Selection of variables and nomogram construction 

In the univariate analysis, age at diagnosis (P=0.000), race 
(P=0.000), primary site (P=0.000), grade (P=0.000), radiation 
(P=0.000), chemotherapy (P=0.000), T-stage (P=0.000), ER 
(P=0.000), PR (P=0.000), pN (P=0.000), LNR (P=0.000), 
and LODDS (P=0.000) were all significantly relevant to 
prognosis. Multivariate analyses were performed with 
the univariate results, and all significantly correlated with 
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prognosis (Table S3). We constructed three nomograms 
based on these factors to predict 5- and 10-year OS. 
Each nomogram consisted of one of the three N-staging 
methods, but all other risk factors were the same. 

Internal and external validation 

The C-index and AIC were used to measure the performance 
of each nomogram: (I) nomogram pN (Figure 9): C-index 
=0.687 (95% CI: 0.678–0.696), AIC =61,398.24; (II) nomogram 

LNR (Figure 10): C-index =0.691 (95% CI: 0.683–0.701), 
AIC =61,313.56; (III) nomogram LODDS (Figure 11): 
C-index =0.691 (95% CI: 0.682–0.700), AIC =61,315.6. Our 
results indicated that the nomogram using LODDS had the 
most powerful predictive ability. External validation results 
from the 675 BC patients revealed a C-index of 0.753 (95% 
CI: 0.690–0.816), and the calibration plot (Figure 12) also 
indicating fairly accurate predictive ability.

Discussion

BC is one of the most common malignant tumors and 
the main cause of cancer-related deaths among females 
worldwide (19), with the incidence rate increasing each 
year. In 2018, there were 266,120 patients diagnosed with 
invasive BC and 40,920 deaths (19). Although the BC 
survival rate has significantly improved with better early 
detection and treatment methods, proper staging is often 
impeded by underestimating the affected LNs, which can 
influence subsequent systematic treatment and prognosis, 
especially for patients with pN0 stage. Therefore, a more 
effective LN assessment method is necessary to predict 
prognosis and guide treatment.

The AJCC TNM classification is currently the most 
common method used for prognosis evaluation and 
treatment decision-making. However, pN staging only 
considers the specific number of metastatic LNs found 
and does not consider the effect of total LN detection on 
prognosis. Although several studies have shown that the 
LNR classification is superior to the pN classification, 
flaws still exist, as patients with stages LNR =0 or 1 can 
have varied OS. LNR staging can effectively reduce staging 
migration, and minimal LN detection is needed to ensure 
accurate prognosis evaluation. 
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Figure 7 Log hazard ratio as a function of log odds of positive 
lymph nodes (LODDS).

Figure 6 Log hazard ratio as a function of ratio of positive lymph 
nodes (LNR).

Figure 5 Log hazard ratio as a function of total number of positive 
nodes (pN).
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Figure 8 Log hazard ratio as a function of log odds of positive 
lymph nodes (LODDS) individually for patients with no lymph 
nodes involved (n=4,740).
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Figure 9 Nomogram constructed based on pN and other non-lymph node risk factors. ER, estrogen receptor; PR, progesterone receptor; 
pN, total number of positive lymph node.

Figure 10 Nomogram constructed based on LNR and other non-lymph node risk factors. ER, estrogen receptor; PR, progesterone 
receptor; LNR, lymph node ratio.
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LODDS is defined as the log of the ratio between the 
probability of being a positive LN and the probability of 
being a negative LN when one lymph node is retrieved. It is 
a promising indicator for predicting LN status that displays 
greater discriminatory power than LNR in patients without 
metastatic LNs and may be a novel option for improving 
the accuracy of pN classification for prognosis evaluation. 
Until now, no study comparing the three lymph node 
staging methods for predicting outcome in BC patients with 
mastectomy has been reported.

In our study, non-LN factors were independent 
predictors of prognosis in the multivariate analysis, and 

three nomograms were constructed according to the 
different LN classifications: pN, LNR, and LODDS. The 
results indicated that LODDS and LNR are superior to 
pN classification. LODDS and LNR can effectively avoid 
heterogeneity within the same pN stage, and because these 
staging methods were highly correlated with the number 
of LNs removed, their staging accuracy was improved. 
Furthermore, our cubic splines revealed that different 
LODDS values indicated different survival rates even in 
the pN0 stage when LNR =0. By using a large sample 
population, we confirmed that the survival rate of patients 
with no LN metastasis was highly heterogeneous, so it is 
necessary to screen high-risk groups from this population to 
provide appropriate treatment. 

Consistent with our results, some previous studies report 
that pN staging is inferior to LNR and LODDS staging 
(20,21). In the 8th edition of TNM staging, prognostic 
factors have played a pivotal role in the evaluation of 
individuals, but there is, to our knowledge, no existing 
prognostic model based on the 8th edition. By combining 
LN staging with other critical clinicopathologic factors, 
we constructed the first nomogram based on the SEER 
database data to predict individual survival. The predictive 
efficacy of our nomogram was significantly improved with 
the use of other clinicopathologic factors (e.g., age, race, 

Figure 11 Nomogram constructed based on LODDS and other non-lymph node risk factors. ER, estrogen receptor; PR, progesterone 
receptor; LODDS, log odds of positive lymph nodes.

Figure 12 Calibration plot of 5-year Overall Survival associated 
nomograms in validation sets.
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radiotherapy, and chemotherapy) and refined LN staging 
(e.g., LNR, LODDS) compared with the nomogram 
consisting of the factors defined in the 8th TNM staging 
(Figure 13; C-index =0.635; 95% CI: 0.625–0.645; AIC 
=62,028.51). Finally, we verified the universality of our 
model using data from patients attending our medical 
center and found that the model that performed well for the 
American SEER population had an even better score for the 
Asian population. 

Our study has some l imitations that should be 
recognized. First, this study was retrospective. All patients 
included in this study were from the SEER database, 
creating a certain degree of selection bias despite the 
large sample size. Second, because the diagnostic time 
of the included population was between 1994 and 2004, 
HER2 status was not disclosed in the SEER database. 
Thus, although previous studies have shown that HER2 
significantly correlates with prognosis (22,23), it cannot 
be applied to the model construction in this study. Third, 
radiotherapy and chemotherapy regimens for each patient 
are not available in the public database, so we cannot apply 
detailed drug categories to the prognostic models. Fourth, 
there is no definite surgical method for ALNs (e.g., sentinel 
LN biopsy or ALN dissection) in the SEER database, so 
we only used patients with at least five LNs collected and 
assumed that ALN dissection had been carried out. 

In conclusion, the current study showed that LODDS 

and LNR have obvious advantages in discriminating 
patients with the same pN stage in non-distant metastatic 
BC compared  wi th  the  AJCC pN c las s i f i ca t ion . 
Accordingly, our nomogram consisting of both prognostic 
factors and LODDS or LNR classification may provide 
relatively accurate prognostic information compared with 
anatomical TNM stage. This may help to accurately screen 
patients with variable prognoses for the most appropriate 
treatment option.

Acknowledgments 

Funding: This work was supported by the National Natural 
Science Foundation of China (81773083), the Scientific 
and Technological Innovation Leading Talent Project 
of Liaoning Province (XLYC1802108), and the Support 
Project for Young and Technological Innovation Talents of 
Shenyang (RC190393).

Footnotes

Reporting Checklist: The authors have completed the 
TRIPOD reporting checklist. Available at http://dx.doi.
org/10.21037/atm-20-4856

Data Sharing Statement: Available at http://dx.doi.
org/10.21037/atm-20-4856

Figure 13 Nomogram constructed based on the 8th TNM classification. ER, estrogen receptor; PR, progesterone receptor.

http://dx.doi.org/10.21037/atm-20-4856
http://dx.doi.org/10.21037/atm-20-4856
http://dx.doi.org/10.21037/atm-20-4856
http://dx.doi.org/10.21037/atm-20-4856


Wang et al. Comparison of lymph node staging methods for BC

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(4):300 | http://dx.doi.org/10.21037/atm-20-4856

Page 12 of 13

Peer Review File: Available at http://dx.doi.org/10.21037/
atm-20-4856

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at http://dx.doi.
org/10.21037/atm-20-4856). The authors have no conflicts 
of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the Ethical 
Committee of The First Hospital of China Medical 
University (2019-72-2), and informed consent was obtained 
from all patients in validation set, while informed consent 
in training set was unnecessary because SEER is a public 
resource. 

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Janni WJ, Rack B, Terstappen LW, et al. Pooled Analysis 
of the Prognostic Relevance of Circulating Tumor Cells in 
Primary Breast Cancer. Clin Cancer Res 2016;22:2583-93. 

2. Ahn SH, Kim HJ, Lee JW, et al. Lymph node ratio and 
pN staging in patients with node-positive breast cancer: 
a report from the Korean breast cancer society. Breast 
Cancer Res Treat 2011;130:507-15. 

3. Solak M, Turkoz FP, Keskin O, et al. The lymph node 
ratio as an independent prognostic factor for non-
metastatic node-positive breast cancer recurrence and 
mortality. J BUON 2015;20:737-45. 

4. Vinh-Hung V, Verkooijen HM, Fioretta G, et al. Lymph 
node ratio as an alternative to pN staging in node-positive 
breast cancer. J Clin Oncol 2009;27:1062-8. 

5. Danko ME, Bennett KM, Zhai J, et al. Improved staging 
in node-positive breast cancer patients using lymph node 

ratio: results in 1,788 patients with long-term follow-up. J 
Am Coll Surg 2010;210:797-807.

6. Cho DH, Bae SY, You JY, et al. Lymph node ratio as an 
alternative to pN staging for predicting prognosis after 
neoadjuvant chemotherapy in breast cancer. Kaohsiung J 
Med Sci 2018;34:341-7. 

7. Dings PJ, Elferink MA, Strobbe LJ, et al. The prognostic 
value of lymph node ratio in node-positive breast cancer: 
a Dutch nationwide population-based study. Ann Surg 
Oncol 2013;20:2607-14. 

8. Hung M, Xu J, Nielson D, et al. Evaluating the Prediction 
of Breast Cancer Survival Using Lymph Node Ratio. J 
Breast Cancer 2018;21:315. 

9. Wang H, Guo W, Hu Y, et al. Superiority of the 8th 
edition of the TNM staging system for predicting overall 
survival in gastric cancer: Comparative analysis of the 7th 
and 8th editions in a monoinstitutional cohort. Mol Clin 
Oncol 2018;9:423-31.

10. Li X, Zhang Y, Meisel J, et al. Validation of the newly 
proposed American Joint Committee on Cancer (AJCC) 
breast cancer prognostic staging group and proposing a 
new staging system using the National Cancer Database. 
Breast Cancer Res Treat 2018;171:303-13. 

11. Giuliano AE, Edge SB, Hortobagyi GN. Eighth Edition 
of the AJCC Cancer Staging Manual: Breast Cancer. Ann 
Surg Oncol 2018;25:1783-5.

12. Song W, Lv CG, Miao DL, et al. Development and 
validation of a nomogram for predicting survival in 
patients with gastrointestinal stromal tumours. Eur J Surg 
Oncol 2018;44:1657-65. 

13. Lee SM, Liyanage SH, Wulaningsih W, et al. Toward an 
MRI-based nomogram for the prediction of transperineal 
prostate biopsy outcome: A physician and patient decision 
tool. Urol Oncol 2017;35:664.e11-8.

14. Kim Y, Bagante F, Gani F, et al. Nomogram 
to predict perioperative blood transfusion for 
hepatopancreaticobiliary and colorectal surgery. Br J Surg 
2016;103:1173-83. 

15. Lian ZQ, Wang Q, Zhang AQ, et al. A nomogram based 
on mammary ductoscopic indicators for evaluating the 
risk of breast cancer in intraductal neoplasms with nipple 
discharge. Breast Cancer Res Treat 2015;150:373-80. 

16. Song YX, Gao P, Wang ZN, et al. Which is the most 
suitable classification for colorectal cancer, log odds, the 
number or the ratio of positive lymph nodes? PloS One 
2011;6:e28937. 

17. Sun Z, Xu Y, Li de M, et al. Log odds of positive lymph 
nodes: a novel prognostic indicator superior to the number-

http://dx.doi.org/10.21037/atm-20-4856
http://dx.doi.org/10.21037/atm-20-4856
http://dx.doi.org/10.21037/atm-20-4856
http://dx.doi.org/10.21037/atm-20-4856
https://creativecommons.org/licenses/by-nc-nd/4.0/


Annals of Translational Medicine, Vol 9, No 4 February 2021 Page 13 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(4):300 | http://dx.doi.org/10.21037/atm-20-4856

based and the ratio-based N category for gastric cancer 
patients with R0 resection. Cancer 2010;116:2571-80. 

18. Moeckelmann N, Ebrahimi A, Tou YK, et al. Prognostic 
implications of the 8th edition American Joint Committee 
on Cancer (AJCC) staging system in oral cavity squamous 
cell carcinoma. Oral Oncol 2018;85:82-6.

19. Smith RA, Andrews KS, Brooks D, et al. Cancer screening 
in the United States, 2018: A review of current American 
Cancer Society guidelines and current issues in cancer 
screening. CA Cancer J Clin 2018;68:297-316. 

20. Chen LJ, Chung KP, Chang YJ, et al. Ratio and log odds 
of positive lymph nodes in breast cancer patients with 

mastectomy. Surg Oncol 2015;24:239-47. 
21. Wu SG, Wang Y, Zhou J, et al. Number of negative lymph 

nodes should be considered for incorporation into staging 
for breast cancer. Am J Cancer Res 2015;5:844-53.  

22. Gyawali B, Niraula S. Duration of adjuvant trastuzumab 
in HER2 positive breast cancer: Overall and disease 
free survival results from meta-analyses of randomized 
controlled trials. Cancer Treat Rev 2017;60:18-23. 

23. Zhan C, Yan L, Wang L, et al. Identification of 
immunohistochemical markers for distinguishing lung 
adenocarcinoma from squamous cell carcinoma. J Thorac 
Dis 2015;7:1398-405. 

Cite this article as: Wang MS, Wang MZ, Wang Z, Song Y, 
Gao P, Wang P, Wang C, Yu X, Wei F, Guo J, Xu Y. Comparison 
of three lymph node staging methods for predicting outcome 
in breast cancer patients with mastectomy. Ann Transl Med 
2021;9(4):300. doi: /10.21037/atm-20-4856


	300-ATM-20-4856
	300-ATM-20-4856 - Supplementary

