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Objective: For the patients with pathologic T2 N0  non-small cell lung cancer (NSCLC), the 

extent of lymph node (LN) removal required for survival is controversial. We aimed to explore the 

prognostic significance of examined LNs and to identify how many nodes should be examined.

Methods: We reviewed 549 patients who underwent pulmonary or pneumonectomy surgery 

or plus lymphadenectomy who were confirmed as T2 stage and LN negative by postoperative 

pathological diagnosis. According to Martingale residuals of the Cox model, the patients were 

classified into four groups by the number of examined LNs (1–2 LNs, 3–7 LNs, 8–11 LNs, 

and ≥12 LNs).  Kaplan–Meier analysis and Cox regression analysis were used to evaluate the 

association between survival and the number of examined LNs.

Result: Compared with the 1–2 LNs, 3–7 LNs, and 8–11 LNs groups, the survival was sig-

nificantly better in the ≥12 LNs group. The 5-year cancer-specific survival rate was 60.5% for 

patients with 1–2 negative LNs, compared with 68.7%, 72.6%, and 78.4% for those with 3–7, 

8–11, and >11 LNs examined, respectively. The 7-year cancer-specific survival rate was 52.9% 

for patients with 1–2 negative LNs, compared with 63.7%, 63.8%, and 70.8% for those with 3–7, 

8–11, and >11 LNs examined, respectively (P=0.045). There was a significant drop in mortality 

risk with the examination of more LNs. The lowest mortality risk occurred in those with 32 or 

more LNs examined. Multivariate analysis showed that age and the number of examined LNs 

were strong independent predictors of survival.

Conclusion: The number of examined LNs is a strong independent prognostic factor. Our study 

demonstrates that patients with T2 N0 NSCLC should have at least 12 LNs examined and that the 

results of this study may provide information for the optimal number of resected LNs in surgery.

Keywords: number of resected lymph nodes, non-small cell lung cancer, survival outcome

Introduction
Lung cancer is the leading cause of tumor-related deaths.1 Even though early stage non-

small cell lung cancer (NSCLC) patients may be cured by surgery, the postoperative 

survival rates are relatively low and the 5-year survival rate is ∼50%–60%.2,3 Lymph 

node (LN) assessment is the strongest predictor of postoperative long-term survival.4 

In clinical practice, the eighth edition of the Union for International Cancer Control 

(UICC) TNM classification is widely applied in the staging of NSCLC. However, it 

does not regulate the lowest number of LNs that need to be resected for various stage 

patients. Both carcinoma of esophagus and breast carcinoma have a definite number 

of resected LNs required in surgery. For NSCLC, some small institutional studies have 

reported the relationship between increased number of LN removed and survival.5,6 

However, the extent of LN removal required to affect survival is controversial. Examin-
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ing more LNs may avoid micrometastatic LNs, increase the 

possibility of accurate staging, and increase survival time.7 

There is evidence of a large amount of heterogeneity in LN 

assessment.8,9 As such, the possibility of identifying LN 

metastasis may be attributed to the quantity of LNs examined. 

The greater the quantity of resected LNs, the less likely that 

N1 or N2 patients is wrongly diagnosed as N0.

As we know, the probability of LN metastasis is signifi-

cantly increased with the raise of T stage and the extent of 

LN removal required varies with N stage.10,11 As such, in our 

study, we specifically studied patients with T2 N0 NSCLC. 

The purpose of our study was to identify the quantity of 

LNs related to the largest improvement in survival, which 

we propose as the first-rank number required to accurately 

identify the absence of nodal metastasis in T2 stage NSCLC 

patients.

Materials and methods
Patient selection
We reviewed consecutive NSCLC patients who underwent 

pulmonary lobectomy or pneumonectomy plus lymphadenec-

tomy and who had confirmed LN negative by postoperative 

pathological diagnosis based on the eighth edition of the 

UICC TNM system at Sun Yat-sen University Cancer Center 

in Guangzhou (Guangdong, People’s Republic of China) 

between June 1999 and September 2009. Patients were 

included in our study according to the following eligibility 

criteria: patients who had underwent pulmonary lobectomy 

or pneumonectomy plus lymphadenectomy and diagnosed as 

T2N0M0 NSCLC at Sun Yat-sen University Cancer Center, 

confirmed R0 resection.

The exclusion criteria were as follows: 1) patients with 

small cell lung cancer, preoperative chemotherapy, or radio-

therapy; 2) patients who have distant metastasis, second 

cancer; and 3) patients who died within 30 days of surgery 

and those with deficient histological information. Finally, 

549 patients were enrolled in our study.

The follow-up results, clinical data, and cause of death 

were obtained from a review of medical records and the 

follow-up department of the hospital. All of the patients 

were treated according to National Comprehensive Cancer 

Network (NCCN) guidelines.

All nodal material was separated from the specimen 

by the surgeon at the end of the procedure. Every LN was 

labeled according to their site of origin based on Mountain 

and Dresler mediastinal and pulmonary LN map; then, the 

pathologist measured them in three dimensions and analyzed 

them. One section of all the LNs was routinely examined 

histopathologically. Sometimes, we cut the serial sections 

from node area with the purpose of better confirming diag-

nosis and staging.

Follow-up
All patients had follow-up after surgery every 4 months for 

the first and second year, every 6 months for the third to 

fifth year and once a year thereafter. The evaluation includes 

chest X-ray, chest computed tomography scan, brain MRI, 

abdominal ultrasonography, and pertinent tumor markers. 

Cancer-specific survival was used to assess the connection 

between the number of negative LNs and prognosis to con-

trol for unrelated causes of death. We defined the time from 

diagnosis until the date of death, the end of follow up, or the 

date that the survival information was collected as the sur-

vival time. The follow-up date was updated to January 2017.

Statistical analysis
We used chi-squared test or Fisher’s exact tests to evaluate the 

differences in baseline clinical parameters between different 

groups. To compare differences in the survival rate between 

groups, Kaplan–Meier analysis with log-rank test was used. 

Cox regression multivariate analysis was used to test for 

the variables that were significant in the univariate analysis. 

Relative risks are presented with their 95% CIs. We defined 

the cutoff points of the number of examined LNs according 

to Martingale residuals of the Cox model with the software 

SAS version 9.3 (SAS Institute, Cary, NC, USA). Statistical 

analysis was performed using SPSS software, version 21.0 

(SPSS Inc., Chicago, IL, USA). P-value <0.05 was consid-

ered statistically significant.

Ethics statement
The patient consent was written informed consent, and that 

this study was conducted in accordance with the Declaration 

of Helsinki. The Institute Research Medical Ethics Commit-

tee of Sun Yat-sen University Cancer Center granted approval 

for this study.

Results
Patient characteristics
A total of 549 patients were enrolled in the cohort. Based on 

Martingale residuals of the Cox model, the cutoff points of the 

number of examined LNs was identified as 1–2, 3–7, 8–11, ≥12 

LNs. The relationship between the characteristics of patients 

and their tumors and the quantity of examined LNs was show 

in Table 1. Tumor location, surgical approach, whether existed 

bronchia invasion, and age influenced the number of examined 
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LNs significantly. The patients with right-side tumors, young 

age, and no bronchia invasion tended to have more resected 

LNs. Based on the number of negative LNs, no significant 

differences existed between the distribution of gender, histo-

logical type, tumor size, visceral pleura invasion, or smoking 

status and the four different classifications.

The distribution of the number of LNs in patients is 

shown in Figure 1. The median number of resected LNs was 

12 (range 1–46), and the median number of resected stations 

was 4 (range 1–9) (Table 2).

Impact of LN counts on survival
After the minimum of at least 7 years follow-up, cancer-

specific survival of the patients with more negative LNs 

was significantly higher. The rate of 5-year cancer-specific 

survival was 60.5% for patients with 1–2 negative LNs, 

compared with 68.7%, 72.6%, and 78.4% for those with 

3–7, 8–11, and >11 LNs examined, respectively. The 7-year 

cancer-specific survival rate was 52.9% for patients with 1–2 

negative LNs, compared with 63.7%, 63.8%, and 70.8% for 

those with 3–7, 8–11, and >11 LNs examined, respectively 

(P=0.045) (Figure 2).

With the increasing number of LN examined, the HR for 

death decreased sequentially. Until the examination of 32 

nodes, it can obtain a maximal benefit. Beyond the examina-

tion of 32 LNs, the sequential improvement in the HR for 

mortality was no longer evident (Figure 3).

We carried out univariate survival analysis of variables 

of all cohorts. It revealed that age, bronchia invasion, and 

the number of examined LNs were related to cancer-specific 

Table 1 Distribution of clinicopathologic characteristics of the patients in the four categories, as classified by the number of examined 
LNs

Variable No. of examined nodes (n) P-value

1–2 3–7 8–11 ≥12

Gender 0.744
Male 21 (3.8%) 81 (14.8%) 80 (14.6%) 210 (38.3%)
Female 7 (1.35%) 28 (5.1%) 30 (5.5%) 92 (16.8%)

Age (years) 0.022
≤65 13 (2.4%) 74 (13.5%) 84 (15.3%) 203 (37.0%)

>65 15 (2.7%) 35 (6.4%) 26 (4.7%) 99 (18.0%)
Smoking status 0.956

Never 11 (2.0%) 46 (8.4%) 43 (7.8%) 126 (23.0%)
Former 17 (3.1%) 63 (11.5%) 67 (12.2%) 176 (32.1%)

Tumor size (cm) 0.984
≤4 21 (3.8%) 84 (15.3%) 86 (15.7%) 235 (42.8%)

>4 7 (1.3%) 25 (4.6%) 24 (4.4%) 67 (12.2%)
Tumor location 0.002

Left 12 (2.2%) 48 (8.7%) 62 (11.3%) 106 (19.3%)
Right 16 (2.9%) 61 (11.1%) 48 (8.7%) 196 (35.7%)

Histological type 0.300
Squamous 6 (1.1%) 30 (5.5%) 31 (5.6%) 107 (19.5%)
Adenocarcinoma 19 (3.5%) 73 (13.3%) 66 (12.0%) 166 (30.2%)
Adenosquamous 2 (0.4%) 5 (0.9%) 11 (2.0%) 20 (3.6%)
Others 1 (0.2%) 1 (0.2%) 2 (0.4%) 8 (1.5%)

Visceral pleura invasion 0.108
Yes 11 (2.0%) 67 (12.2%) 71 (12.9%) 184 (33.5%)
No 17 (3.1%) 42 (7.7%) 39 (7.1%) 118 (21.5%)

Bronchia invasion 0.002
Yes 3 (0.5%) 20 (3.6%) 22 (4.0%) 97 (17.7%)
No 25 (4.6%) 89 (16.2%) 88 (16.0%) 205 (37.3%)

Surgical approach <0.001
Thoracotomy 18 (3.3%) 99 (18.0%) 95 (17.3%) 273 (49.7%)
VATS 10 (1.8%) 10 (1.8%) 15 (2.7%) 29 (5.3%)

Place of tumor relapse 0.271
Intrathoracic metastases 2 (1.5%) 17 (12.7%) 14 (10.4%) 41 (30.6%)
Systemic metastases 4 (3.0%) 11 (8.2%) 18 (13.4%) 27 (20.1%)

Abbreviations: LN, lymph node; VATS, video-assisted thoracoscopic surgery.
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survival (P<0.001, P=0.040, and P=0.045, respectively). The 

number of resected N1, N2, or total LN station was not asso-

ciated with survival. To further identify whether the number 

of examined LNs was related to survival, a multivariate Cox 

regression analysis was used. The results showed that age 

and the number of examined LNs were strong independent 

predictors of survival (P<0.001 and P=0.020, respectively). 

Compared with other groups, the survival was better in the 

≥12 LNs group significantly and ≥12 LNs examined reduced 

significantly the chance of cancer-related mortality (Table 3).

Identification of optimal LN number
According to above results, we suggest that the optimal 

number of examined LNs for T2N0 patients is not <12, but 

that the examination of 32 or more LNs limits any further 

improvements in nodal staging. Kaplan–Meier analysis and 

a log-rank test were carried out between <12 LNs and ≥12 

LNs, and between <32 LNs and ≥32 LNs. The 5 years cancer-

specific survival was 69.5% vs 78.4% and 73.8% vs 84.9%, 

the 7 years cancer-specific survival was 62.5% vs 70.8% and 

66.5% vs 77.2%, the HR (95% CI) was 0.704 (0.541–0.914) 

and 0.799 (0.410–1.558), the P-values were 0.008 and 0.509, 

respectively. As such, we confirm this optimal LN number 

is effective (Figure 4).

Discussion
LN status is an important crucial factor of stage and survival 

in lung cancer patients and it is important to accurately iden-

Figure 1 Distribution of the number of resected LNs.
Abbreviation: LN, lymph node.
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Table 2 Resected LNs characteristics

Variable Mean 
(range)

No. of 
patients

%

Total number of LNs resected 13.84 (1–46) 549
1–2 28 5.1
3–7 109 19.9
8–11 110 20
≥12 302 55
N1 nodes resected 3.65 (0–17)
N2 nodes resected 10.16 (0–45)

Total resected LNs stations 4.45 (1–9)
N1 station 1.30 (0–4)
N2 station 3.15 (0–6)

Abbreviation: LN, lymph node.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6873

Long-term survival outcome in patients with T2 N0 NSCLC

0.00 50.00 100.00 150.00 200.00 250.00

0.0

0.2

0.4

0.6

0.8

1.0

Months

1–2 LNs
3–7 LNs
8–11 LNs
≥12 LNs

P=0.045

C
um

ul
at

iv
e 

su
rv

iv
al

 (%
)

Figure 2 Cancer-specific survival curves for four classifications of patients based on the number of the LNs resected in 549 patients (P=0.045).
Abbreviation: LN, lymph node.
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Figure 3 Evolution of HR for mortality with the number of LNs resected.
Notes: With the increasing number of LN examined, the HR for death decreased sequentially. Until the examination of 32 nodes, it can obtain a maximal benefit. Beyond 
the examination of 32 LNs, the sequential improvement in the HR for mortality was no longer evident.
Abbreviation: LN, lymph node.
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tify N stage. The number of examined LN is a measurement 

that reveals the thoroughness of the examination, and that 

will judge the probability of finding LN metastases. Previous 

findings have shown that patients have a better survival rate 

thanks to the increasing number of examined LNs.11–13 The 

retrospective studies have demonstrated that the number of 

resected LNs is related to better OS.14–17 This could be due to 

various reasons. For example, as the number of LNs examined 

Table 3 Relationship between the number of examined LNs and cancer-specific survival in univariate and multivariate analysis

Variable Number Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Gender 0.093
Male 392
Female 157 0.771 (0.569–1.045)

Age (years) <0.001 1.807 (1.382–2.363) <0.001
≤65 374

>65 175 1.828 (1.399–2.387)
Smoking status 0.052

Never 226
Former 323 1.306 (0.996–1.711)

Tumor size (cm) 0.289
≤4 426

>4 123 1.179 (0.869–1.598)
Tumor location 0.995

Left 228
Right 321 0.999 (0.767–1.302)

Histological type 0.349
Squamous 174
Adenocarcinoma 325 1.162 (0.868–1.556) 0.314
Adenosqumaous 38 1.376 (0.808–2.343) 0.240
Others 12 0.480 (0.117–1.962) 0.307

Visceral pleura invasion 0.584
No 216
Yes 333 1.078 (0.823–1.412)

Bronchia invasion 0.040 0.795 (0.570–1.109) 0.177
No 407
Yes 142 0.712 (0.513–0.987)

Differentiation 0.172
Well or moderate 333
Poor or undifferentiated 216 1.202 (0.923–1.567)

Adjuvant therapy 0.076
No 459
Yes 90 0.704 (0.476–1.040)

Number of examined LNs 0.045 0.854 (0.747–0.976) 0.020
1–2 28
3–7 109 0.761 (0.427–1.356) 0.354
8–11 110 0.803 (0.452–1.424) 0.452
≥12 302 0.566 (0.330–0.972) 0.039

Number of examined N1 station 0.691
≥3 38

<3 511 1.112 (0.658–1.880)
Number of examined N2 station 0.775

≥3 374

<3 175 1.042 (0.786–1.380)
Total resected station 0.830

≥6 146

<6 403 1.033 (0.771–1.384)

Abbreviation: LN, lymph node.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6875

Long-term survival outcome in patients with T2 N0 NSCLC

decreases, the likelihood of missing a positive LN increases 

and so does the proportion of higher-stage disease patients 

who are misclassified as lower-stage disease. Also, resecting 

more negative LNs can decrease the rate of LN micrometas-

tases that cannot be identified by routine histologic examina-

tion. This is significant as patients with micrometastases often 

have a peculiarly high recurrence risk.7,18

The NCCN guidelines suggested that N1 and N2 node 

resection and mapping (The American Thoracic Society map) 

(at least three N2 stations sampled or complete lymph-node 

dissection) should be performed. However, it does not recom-

mend the lowest number of LNs necessary.19 Additionally, 

the eighth edition of the UICC TNM classification does not 

indicate the first-rank number of LNs that should be exam-

ined in surgery.5 As such, the degree of lymphadenectomy 

in early-stage NSCLC has been controversial.

The European Society of Thoracic Surgeons guidelines 

have suggested that the lowest requirements for accurate 

nodal staging must include minimum six LNs from the 

hilar and mediastinal stations.20,21 Several studies have also 

recommended that 11–16 is the optimal number of removed 

LNs for assessing stage I lung cancer.14,22 Additionally, some 

reports have determined that examining minimum eight LNs 

improved survival in pN0 NSCLC.11

Furthermore, three previous population-based studies 

have demonstrated the relationship between LN examination 

and survival in patients of pN0 NSCLC. One reported that 

survival peaked at ∼13–16 LNs, Beyond the examination of 

16 LNs, the improvement for survival was no longer evident.14 

Another demonstrated that the improvement for outcomes 

increased with increasing number of LNs examined, with a 

plateau at “≥11 LNs.”.22 The last one revealed that the resec-

tion of 11–15 LNs conferred the minimum HR for death 

compared with patients with no LN examined.23 Recently, 

one similar study showed that the examination of nearly 

18–20 LNs was optimally related to reduced death risk in 

patients with resected node-negative NSCLC.24 With regards 

to N1 and N2 disease, some studies have yielded different 

conclusions.25–28 However, the variability of the results may 

be because of the heterogeneous populations and the surgical 

procedures conducted in the studies.

In our study, we suggest that the examination of ∼12–30 

LNs can better reduce the mortality risk in pathologic T2 

N0 NSCLC patients. However, the number of resected N1, 

N2, or total LN station was not associated with survival. 

This is contrary to recent studies that have indicated that 

the number of LNs has no significant effect on OS and that 

have recommended that a complete systematic pulmonary 

and mediastinal lymphadenectomy should be performed 

in NSCLC.29,30 This may be because in some LN stations, 

examining minor LNs alone cannot meet the standard of 

accurate staging. As such, in our study, we suggest that sys-
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Figure 4 (A) Cancer-specific survival curves for 549 patients with <12 LNs and ≥12 LNs resected (P=0.008). (B) Cancer-specific survival curves for 549 patients with <32 
LNs and ≥32 LNs resected (P=0.509).
Abbreviation: LN, lymph node.
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tematic lymphadenectomy also should have an appropriate 

resected LN number for different LN stations. Additional 

studies are needed to validate our findings. There was a 

significant difference in survival outcome between the <12 

LNs and ≥12 LNs group. When the number reached 32, 

the HR for mortality no longer decreased. However, above 

results need more evidence to be confirmed. Additionally, 

our data showed that age and the number of examined 

nodes were strong independent predictors of survival in 

multivariate analysis.

In our study, Martingale residual analysis was used to 

examine the functional form of the covariate under study 

and identify the cutoff value of the number of examined 

LNs as 1–2 LNs, 3–7 LNs, 8–11 LNs, and ≥12 LNs. Few 

previous studies have used this statistical method. We 

believe that this method can recognize differences of the 

survival between groups and make our study objectively 

effective. In contrast to other studies, we only analyzed 

potential T2 N0 NSCLC patients who uniformly underwent 

lobectomy plus lymphadenectomy. As such, our results 

were not confounded by various T stage, positive N1 or N2 

LN, and different types of surgery. This is despite the data 

from the ACOSOG Z0030, which found that there was no 

survival difference between early stage NSCLC patients 

who received an elaborate systematic sampling procedure 

in comparison with those who had mediastinal nodal dis-

section.31 In summary, our results are relative reliable and 

can be applied in these patients.

It was inevitable that there were some limitations in 

our study. For example, it was a retrospective and single-

institution research study and our sample size was not larger 

than population-based studies. However, our study can be a 

reference for the Chinese population. The other limitation is 

that the quantity of LNs examined is a simple surrogate for 

the thoroughness of examination. It may be confounded by 

fragmentation of the LNs and the standard of lymphadenec-

tomy may need more standardization. However, as we did not 

find survival differences in the number of resected N1, N2 

or total LN station, our study mainly focused on identifying 

the optimal number of resected LNs. Also, we tried to find 

the adequate LN dissecting number for pT2N0 patients, but 

the p staging cannot help surgeons make the right decision 

during surgery, which restricted the clinical significance of 

this study.

In conclusion, the number of examined LNs is a strong 

independent prognostic factor. Our study demonstrates that 

patients with potential T2 N0 NSCLC following pulmonary 

lobectomy or pneumonectomy should have at least 12 LNs 

examined, whereas the discrimination power and efficacy of 

this guideline for clinical practice should be confirmed by 

large-scale, prospective clinical study in the future.
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