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Negative lymph node count is an independent prognostic factor
for female patients with node positive breast cancer
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Background: Negative lymph node (NLN) count has been reported to associate with the prognosis of
various cancers. This study aims to reveal the prognostic value of NLN count in breast cancer.

Methods: Clinical characteristics of patients were collected from the Surveillance, Epidemiology, and End
Results (SEER) database. The X-tile program was used to determine the optimal cutoffs for NLN count.
Univariate and multivariate analysis were used to assess the risk factors for breast cancer-specific survival
(BCSS).

Results: The X-tile program identified that cutoff value of 2 and 10 could divide the patients into high,
middle and low risk subgroups. According to multivariate analysis, patients with NLN count <1, over
60 years old, being black, higher tumor grade, higher T or N stage, negative hormone receptor, no
radiotherapy or no chemotherapy would more likely suffer poor survival outcome. Subgroup analysis showed
that NLN count could still predict survival independently.

Conclusions: NLN count is a potentially effective predictor of breast cancer and is a good supplement for
N stage and TNM stage. Combining NLN count with other prognostic factors will be a better predictor for

the survival of breast cancer patients.
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Introduction (AJCC) and other committees, 6-10 axillary lymph nodes at

. . least should be collected from the breast cancer specimens
Breast cancer is the most common cancer (excluding

skin cancers) and is the second leading cause of cancer
death among women (1,2). Axillary lymph node status is
important for the staging of breast cancer to evaluate the
recurrence, metastasis and prognosis (3,4). According to
the current tumor-node-metastasis (TINM) staging system
for breast cancer of American Joint Committee on Cancer

for accurate histologic examination and proper tumor stage
(5,6). The N stage is evaluated by the number of positive
lymph node (PLN); however, each patient is heterogeneous
and the prognosis of the patient is limited and inaccurate
by only evaluating the node-stage. Therefore, the concept
of negative lymph node (NLN) count has been proposed
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in a variety of cancers as a complement to N stage, such as
colon (7), cervical (8), gastric (9) and esophagus (10) cancer.
In fact, NLN count as a predictor has also been reported
in breast cancer, but was not primarily described and is a
single-center study (11).

To better assess the association between NLN count and
breast cancer survival, we used data from the Surveillance,
Epidemiology, and End Results (SEER) database, which is a
multicenter and large database established by the National
Cancer Institute (NCI), to provide support for this study.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2351).

Methods
Patient characteristics

Clinical characteristics of patients were obtained from
the SEER research data (November 2019 submission)
and R version 3.5.1 was used to identify female patients
who underwent axillary lymph node dissection (ALND)
diagnosed with invasive ductal and lobular (International
Classification of Diseases for Oncology code 8522/3)
between 2000 and 2013. Patients with no radiotherapy or
radiotherapy after surgery were included. Patients were
excluded if they were with bilateral breast cancer, with
distant metastasis (M1), had one primary cancer but the
breast was not the first one, had undefined T or N stage,
had incomplete estrogen receptor (ER) and progesterone
receptor (PR) status, had unknown cause of death or survival
months. Year of diagnosis, age, race, tumor grade, AJCC
T stage, AJCC N stage, ER and PR status, radiotherapy
and chemotherapy were assessed. As patients with no PLN
account for about 2/3 of the total data, we selected patients
with node positive for analysis to prevent the bias on the
cutoffs of NLN. T0 stage was eliminated because there was
only one patient in this group. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). Ethical approval was not required because we have
signed the SEER research data agreement to access SEER
information.

Statistical analysis

The X-tile program (http://www.tissuearray.org/rimmlab/)
was used to determine the cutoffs for NLN count with
the minimum P values and maximum Chi’ test (12). The
Kruskal-Wallis test was performed to compare continuous
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variables. Categorical variables were compared by using
the Pearson test. The Kaplan-Meier analysis was used to
calculate the survival rate, which were analyzed by Log-
rank test. The survival curves were plotted by GraphPad
Prism version 6.0. The Cox proportional hazard regression
model was used to identify the independent prognostic
factors for survival. Data analysis was performed using SPSS
version 22.0. Difference with P <0.05 was considered to be
statistically significant.

Results
Patient characteristics

A total of 6,230 patients with lymph node positive breast
cancer after modified radical mastectomy were included
in this analysis, including 492 black, 5,259 white and 479
other race. The median ages of patients was 58 years (range,
21-98 years). The median follow up time was 97 months
(0-203 months). The mean number of regional lymph
nodes examined was 15 (range, 1-90), the mean number of
positive nodes was 5 (range, 1-79) and the median NLN
count was 10 (range, 0-77).

The optimal cutoffs for NLN count

NLN count was treated as continuous variable and then
it was validated as an independent prognostic factor by
univariate Cox analysis [hazard ratio (HR), 0.926; 95%
CI, 0.918-0.934, P<0.001]. Then, the X-tile program was
used to determine the optimal cutoffs for NLN count. As a
result, cutoff value of 2 and 10 could divide the patients into
high, middle and low risk subgroups (Figure I), of which
the 5-year breast cancer-specific survival (BCSS) rate were
64.6%, 83.0% and 91.8%, respectively (x’=426.0, P<0.001).
Clinical characteristics of patients in different NLN count
subgroups were compared with each other. As was shown
in Table 1, the age, year of diagnosis, tumor grade, AJCC T
stage, AJCC N stage, ER and PR status and radiotherapy
were significantly different among patients with different
NLN counts. While in these subgroups, the proportion of
patients with the same race or chemotherapy were basically
analogous.

Univariate analysis of BCSS

According to univariate analysis in Table 2, patients with
NLN count <1, over 60 years old, being black, higher tumor
grade, higher T or N stage, negative hormone receptor
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Figure 1 The cutoffs for negative lymph node count was determined by the X-tile program based on 5-year breast cancer-specific survival

(x’=425.7, P<0.001).

or no radiotherapy would more likely suffer poor survival
outcome. Year of diagnosis was associated with significant
differences in 5-year BCSS rate, although the correlation is
less obvious than other factors (x’=3.9, P=0.048). Both ER
and PR positive was associated with higher odds of survival
compared with ER or PR positive or ER and PR negative
(x’=207.4, P<0.001). However, according to the data,
chemotherapy had no significant effect on 5-year BCSS
rate, which was clinically inconsistent (’=2.6, P=0.106).

Multivariate analysis of BCSS

As shown in Table 2, women with higher NLN count
had a lower hazard of death than other subgroups (HR,
0.431; 95% CI, 0.369-0.503, P<0.001). The white race
had a better survival than black race (HR, 0.759; 95% CI,
0.641-0.898, P=0.003). Tumor grade, AJCC T or N stage,
ER and PR status and radiotherapy were also independently
prognostic factors (P<0.001). However, year of diagnosis
had no connection with hazard of death, after controlling
for other demographic and tumor characteristics. Based
on clinical experience, chemotherapy was included in the
multivariate analysis and it was found that patients who
received chemotherapy would get a better survival (HR,
0.838; 95% CI, 0.740-0.948, P=0.005).

Subgroup analysis of NLN count by Kaplan-Meier
survival analysis

To further analyze the prognostic value of NLN count,
different subgroups were ulteriorly divided by NLN
count. Figure 24 showed that patients with NLN count
<1 and older age suffered the highest risk of death. In race
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subgroup, the curve of black patients with NLN count <1
showed the most significant downward trend (Figure 2B).
When patients were stratified based on tumor grade, higher
NLN count still demonstrated higher survival (Figure 2C).
Kaplan-Meier survival analysis of patients stratified by
NLN count and AJCC T stage revealed that lower number
of NLN and higher T stage resulted in a significantly worse
breast cancer BCSS (Figure 2D). Likewise, AJCC N stage
subgroup could demonstrate the same result as T stage
(Figure 2E). Hormone receptor-negative breast cancer
patients with NLN count <1 had the greatest reduction in
survival, even compared with other subgroups (Figure 2F).
Subgroups based on whether or not receiving radiotherapy
or chemotherapy stratified by the cutoffs of NLN count
also showed significant survival differences (Figure 2G,H).

Discussion

The TNM staging system is routinely used to evaluate
survival outcome in patients, in which N stage represents
the number of lymph nodes found to contain metastases,
namely PLNs. However, the removed axillary lymph
nodes consist of PLNs and NLNs and the number of
PLNs is often affected by many facts such as neoadjuvant
therapy, so it is not accurate to estimate the prognosis only
by the number of PLNs. Recently, several studies have
demonstrated that a high NLN count is associated with an
improved survival. Mo ez a/. found that in esophageal cancer
a better overall survival (OS) was observed with increasing
number of NLNs and NLN count was an independent
prognostic factor (13). Likewise, Hao et 4l. concluded that
the high NLN had improved BCSS and OS compared to

low NLN and histone modifiers were the most significant
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Table 1 Clinical characteristics of patients in different NLN count subgroups
Patients, No. (%)
Characteristic Test statistic P
NLN =0-1 (n=726) NLN =2-9 (n=2,649)  NLN =10 (n=2,855)
Median age at diagnosis (range) 61 (25-93) 58 (26-98) 57 (21-96) H=41.2 0.000°
Median year of diagnosis 2006 2005 2005 H=16.8 0.000*
Race
Black 58 (8.0) 213 (8.0) 221 (7.7)
White 620 (85.4) 2,235 (84.4) 2,404 (84.2) x’=1.9 0.755°
Other 48 (6.6) 201 (7.6) 230 (8.1)
Tumor grade
I 68 (9.4) 285 (10.8) 325 (11.4)
I 337 (46.4) 1,415 (53.4) 1,544 (54.1)
Il 262 (36.1) 798 (30.1) 818 (28.6) v°=26.9 0.001°
v 15 (2.1) 32(1.2) 31 (1.1)
Unknown 44 (6.1) 119 (4.5) 137 (4.8)
AJCC T stage
1 119 (16.4) 665 (25.1) 860 (30.1) x’=218.2 0.000°
2 301 (41.5) 1,301 (49.1) 1,420 (49.7)
3 192 (26.4) 518 (19.6) 468 (16.4)
4 114 (15.7) 165 (6.2) 107 (3.7)
AJCC N stage
1 207 (28.5) 1,263 (47.7) 2,025 (70.9)
2 179 (24.7) 838 (31.6) 648 (22.7) x*=871.0 0.000°
3 340 (46.8) 548 (20.7) 182 (6.4)
ER and PR status
- 94 (12.9) 169 (6.4) 211 (7.4)
+-/-+ 113 (15.6) 381 (14.4) 378 (13.2) x°=40.4 0.000°
++ 519 (71.5) 2,099 (79.2) 2,266 (79.4)
Radiotherapy
No radiation 342 (47.1) 1,342 (50.7) 1,744 (61.1) x?=81.2 0.000°
Radiation after surgery 384 (52.9) 1,307 (49.3) 1,111 (38.9)
Chemotherapy
None/unknown 217 (29.9) 729 (27.5) 769 (26.9) x’=2.5 0.282°
Yes 509 (70.1) 1,920 (72.5) 2,086 (73.1)

2 determined by use of the Kruskal-Wallis test. °, determined by use of the Pearson test. NLN, negative lymph node; ER, estrogen receptor;

PR, progesterone receptor.

© Translational Cancer Research. All rights reserved.

Transl Cancer Res 2020;9(12):7450-7457 | http://dx.doi.org/10.21037/tcr-20-2351



7454 Wu and Huang. The value of NLN count in breast cancer

Table 2 Univariate and multivariate analysis of survival with regard to all patients

Univariate analysis Multivariate analysis
Characteristic 5-year BCSS rate 5
X P HR (95% Cl) P
NLN 426.0 0.000 0.000
0-1 64.6% Reference
2-9 83.0% 0.679 (0.594-0.777)
>10 91.8% 0.431 (0.369-0.503)
Age 45.0 0.000 0.000
<60 87.1% Reference
>60 81.5% 1.304 (1.173-1.448)
Year of diagnosis 3.9 0.048 0.304
2000-2006 84.4% Reference
2007-2013 85.8% 0.940 (0.836-1.057)
Race 22.0 0.000 0.003
Black 76.8% Reference
White 85.4% 0.759 (0.641-0.898)
Other 87.4% 0.689 (0.536-0.885)
Tumor grade 157.6 0.000 0.000
| 93.0% Reference
I 88.1% 1.430 (1.157-1.768)
1] 77.0% 1.866 (1.501-2.318)
\% 74.9% 2.144 (1.446-3.180)
Unknown 84.5% 1.548 (1.150-2.084)
AJCC T stage 366.3 0.000 0.000
1 93.1% Reference
2 85.3% 1.691 (1.457-1.963)
3 78.4% 2.117 (1.786-2.510)
4 65.9% 2.879 (2.347-3.532)
AJCC N stage 587.1 0.000 0.000
1 91.7% Reference
2 81.6% 1.773 (1.561-2.013)
3 67.8% 2.503 (2.181-2.873)
ER and PR status 207.4 0.000 0.000
-- 57.7% Reference
+-/-+ 79.1% 0.653 (0.544-0.785)
++ 88.6% 0.515 (0.442-0.600)
Radiotherapy 10.6 0.001 0.000
No radiation 85.4% Reference
Radiation after surgery 84.4% 0.813 (0.729-0.907)
Chemotherapy 2.6 0.106 0.005
None/Unknown 83.1% Reference
Yes 85.6% 0.838 (0.740-0.948)

BCSS, breast cancer-specific survival.
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Figure 2 Kaplan-Meier survival analysis of negative lymph node count stratified by (A) age, (B) race, (C) tumor grade, (D) American
Joint Committee on Cancer (AJCC) T stage, (E) AJCC N stage, (F) estrogen receptor (ER) and progesterone receptor (PR) status, (G)

radiotherapy and (H) chemotherapy.

different biological processes between the high and low
NLN group through transcriptomic analysis (14).

In this study, we screened female patients with node
positive breast cancer after modified radical mastectomy
from the SEER database, and found that NLN count can
be a strong predictor for these patients. Additionally, age,
race, tumor grade, AJCC T or N stage, radiotherapy and
chemotherapy also have association with the survival of
breast cancer patients. Even when patients were stratified
based on the above subgroups, reduction in NLN count
was still strongly associated with lower 5-year BCSS rate.
We found that in multivariate analysis chemotherapy was
associated with 5-year BCSS rate but not in univariate

© Translational Cancer Research. All rights reserved.

analysis, which might because the SEER database lacks
specific descriptions of chemotherapy regimens and
only provides information on whether patients have
received chemotherapy. As a result, factors such as patient
preferences, physician recommendations, comorbidities,
and proximity to treatment providers might lead to bias.

At present, the mechanism by which NLN is associated
with survival is unclear, but there are some conjectures.
Firstly, the recurrence and metastasis of breast cancer may
be achieved by the remaining PLNs, especially those with
micrometastases, which is difficult to find during operation
(15,16). The more NLNs removed, the fewer lymph
nodes with micrometastases is, thus improving survival.
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Secondly, more NLNs means that more total lymph nodes
are examined, and the N stage will be more reliable for the
assessment of survival. On the other hand, it reflects the
skill of surgeon and the success of the operation. Thirdly,
NLN may reflect the response of lymph nodes to the tumor,
and the high NLN count may indicate fewer circulating
tumor cells, which has an independent effect on survival (17).

With the improvement of breast cancer surgical
treatments in recent years, sentinel lymph node biopsy
(SLNB) is more and more widely used as the preferred
method for axillary lymph node staging of breast cancer
patients with clinically negative axillary lymph nodes to
replace ALND (18-20). However, SLNB could not obtain
enough NLN count, which, according to our findings, may
lead to missing a subset of patients with micrometastases
and misdiagnosis of breast cancer stage.

In conclusion, our study still suggests that NLN count
is a potentially effective predictor of breast cancer and is a
good supplement for N stage and TNM stage. Increased
NLN retrieval can improve BCSS. NLN count can predict
the prognosis of breast cancer more accurately combined
with age, race, tumor grade and stage, receptor status,
chemotherapy and radiotherapy.
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