
Lymph node ratio as a prognostic factor in elderly patients with 
pathological N1 non-small cell lung cancer

Juan P Wisnivesky1,2, Jacqueline Arciniega1, Grace Mhango1, John Mandeli3, and Ethan A 
Halm4

1Divisions of General Internal Medicine, Mount Sinai School of Medicine, New York, New York, 
USA

2Division of Pulmonary, Critical Care, and Sleep Medicine, Mount Sinai School of Medicine, New 
York, New York, USA

3Department of Preventive Medicine, Mount Sinai School of Medicine, New York, New York, USA

4Departments of Internal Medicine and Clinical Sciences, University of Texas Southwestern 
Medical Center, Dallas, Texas, USA

Abstract

Background—Lymph node (LN) metastasis is an important predictor of survival for patients 

with non-small cell lung cancer (NSCLC). However, the prognostic significance of the extent of 

LN involvement among patients with N1 disease remains unknown. A study was undertaken to 

evaluate whether involvement of a higher number of N1 LNs is associated with worse survival 

independent of known prognostic factors.

Methods—Using the Surveillance, Epidemiology and End Results-Medicare database, 1682 

resected patients with N1 NSCLC diagnosed between 1992 and 2005 were identified. As the 

number of positive LNs is confounded by the total number of LNs sampled, the cases were 

classified into three groups according to the ratio of positive to total number of LNs removed (LN 

ratio (LNR)): ≤0.15, 0.16–0.5 and >0.5. Lung cancer-specific and overall survival was compared 

between these groups using Kaplan–Meier curves. Stratified and Cox regression analyses were 

used to evaluate the relationship between the LNR and survival after adjusting for potential 

confounders.

Results—Lung cancer-specific and overall survival was lower among patients with a high LNR 

(p<0.0001 for both comparisons). Median lung cancer-specific survival was 47 months, 37 months 

and 21 months for patients in the ≤0.15, 0.16–0.5 and >0.5 LNR groups, respectively. In stratified 

and adjusted analyses, a higher LNR was also associated with worse lung cancer-specific and 

overall survival.
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Conclusions—The extent of LN involvement provides independent prognostic information in 

patients with N1 NSCLC. This information may be used to identify patients at high risk of 

recurrence who may benefit from aggressive postoperative therapy.

INTRODUCTION

The status of regional lymph node (LN) is a strong prognostic indicator and has a major 

impact on treatment decisions for patients with non-small cell lung cancer (NSCLC). 

Involvement of peribronchial, hiliar or intrapulmonary LNs is one of the stronger predictors 

of lung cancer survival; 5-year survival rates are approximately 70% in patients with N0 

disease compared with only 40% for patients with involvement of N1 nodes.1 Despite the 

strong correlation with survival, there is considerable variability in the outcomes of patients 

with N1 disease, even after controlling for T status. These findings have generated 

considerable interest in identifying patterns of LN involvement that more accurately predict 

survival, particularly of patients with N1 disease.2–6 N1-positive patients have a 

considerable risk of recurrence; thus, these data could provide useful prognostic information 

to physicians and patients, would allow the selection of patients for more aggressive 

postoperative therapy, and may help identify tumours with more aggressive behaviour.

The number of positive LNs may influence survival of patients with N1 NSCLC. Several 

single institutional studies have shown worse outcomes among patients with involvement of 

multiple N1 LNs.7–11 Based on these results, some authors have proposed a revised 

classification system dividing N1 disease into subcategories according to the number of 

positive LNs. A limitation in evaluating the association between survival and the number of 

positive LNs is that this factor is inherently confounded by the number of removed LNs. To 

address the potential limitation, the LN ratio (LNR) has been used to assess the prognosis of 

the extent of LN involvement in several other diseases such as colon, bladder, gastric and 

pancreatic cancer.12–16 The LNR has also been evaluated in a lung cancer study.9

Using national data from the Surveillance Epidemiology and End Results (SEER) registry 

linked to Medicare records, we evaluated the relationship between the LNR and survival of 

patients with resected NSCLC with N1 involvement. Our hypothesis was that a higher LNR 

is an independent predictor of worse prognosis.

METHODS

Patients with NSCLC were identified from the Surveillance, Epidemiology and End Results 

(SEER)-Medicare registry. The SEER program collects data on all new cases of cancer from 

several population-based registries covering approximately 26% of the US population. The 

study cohort consisted of 1682 patients >65 years of age with pathologically N1 NSCLC 

diagnosed between 1992 and 2005. Patients who were diagnosed at autopsy or from death 

certificate data were excluded, as well as those who received neoadjuvant chemotherapy 

(that may lead to downstaging), underwent limited resection (segmentectomy or wedge 

resection) or had incomplete data on the number of LNs involved or sampled during surgery. 

Preoperative comorbidities and use of neoadjuvant chemotherapy can only be assessed using 

Medicare claims before surgery. We therefore also excluded patients who were enrolled in a 
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health maintenance organisation, who were not covered by Medicare parts A and B or who 

were 65 years of age at the time of surgery.

Sociodemographic characteristics were obtained from SEER and the Medicare database. 

Socioeconomic status was estimated based on the median income for the ZIP code of the 

patient’s residence available in the Medicare file. Comorbidities were ascertained using the 

Deyo adaptation of the Charlson comorbidity index, applying lung cancer-specific 

weights.17

Stage was classified according to the latest revision of the 7th edition of the TNM 

classification for lung cancer.18 Data regarding tumour location, size, extension and 

histology was obtained from SEER. SEER collects detailed data regarding the status of LN 

involvement including the total number of regional LNs that were sampled as well as the 

number of positive LNs. Using this information, we calculated the LNR as the ratio between 

the number of positive N1 nodes and the number of LNs removed from all nodal stations 

during surgery. Based on prior studies and on the distribution of the LNR in SEER, patients 

were classified into three LNR groups: ≤0.15, 0.16–0.5 and >0.5.919

The type of surgery (lobectomy vs pneumonectomy) was categorised using SEER codes and 

the date of surgery was obtained from Medicare files. Radiation therapy use was ascertained 

from SEER and Medicare claims.2021 Patients were considered as treated with adjuvant 

chemotherapy if data from Medicare claims indicated that the individual received 

chemotherapy within 3 months of surgery.22

Statistical analysis

Differences in distribution of baseline characteristics between patients in the three LNR 

groups were evaluated using the χ2 test. The Kaplan–Meier method was used to estimate 

survival among the patients in the three LNR categories. As the objective of the study was to 

evaluate the prognostic significance of the LNR, we used lung cancer-specific mortality as 

the primary study outcome as it allows for controlling for unrelated deaths. To calculate 

disease-specific survival, deaths attributed to causes other than lung cancer were censored at 

the date of death. Cause of death information in SEER is provided by the National Center 

for Health Statistics and obtained from state death certificates. Secondary analyses used 

overall survival data. Survival was determined as the interval from the date of surgery to the 

date of death. Those surviving past 31 December 2007 were classified as censored.

The survival of patients within the three LNR groups was compared after stratifying the 

sample tumour status, an established prognostic factor, as well as other key covariates. We 

conducted secondary analyses evaluating whether the total number of positive LNs (≤2, 3 

and ≥4) was associated with survival among patients with >10 LNs sampled (the extent of 

LN sampling recommended in the literature).23 Cox regression models were used to evaluate 

the association between the LNR and survival after adjusting for age, sex, race/ethnicity, 

marital status, estimated income, comorbidities, histology, tumour status and location, type 

of surgery and use of chemotherapy or radiation therapy. We tested the assumption of 

proportionality of hazards using a log-log survival plot. All analyses were performed with 

SAS statistical package version 9.2 using two-sided p values.
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RESULTS

We identified 1682 patients with NSCLC aged >65 years with N1 disease from SEER-

Medicare. Overall, 31%, 50% and 19% we classified into the ≤0.15, 0.16–0.5 and >0.5 LNR 

categories, respectively. The median number of LNs resected was 8 (IQR 8). The 

distribution of age, race/ethnicity, marital status, comorbidities, tumour status and location 

were similar across the groups (p>0.05 for all comparisons, table 1). Patients with the 

highest LNR group were more likely to be female (p<0.0001), to have adenocarcinomas 

(p=0.001) or to have undergone lobectomy (p<0.0001). Postoperative radiotherapy was more 

frequently used in patients with the highest LNR group (p<0.0001); however, there were no 

significant differences in the use of adjuvant chemotherapy (p=0.09).

Unadjusted survival analyses showed that a higher LNR was associated with worse lung 

cancer-specific (p<0.0001) and overall (p<0.0001) survival (figure 1). Median lung cancer-

specific survival was 47 months, 37 months and 21 months for patients in the ≤0.15, 0.16–

0.5 and >0.5 LRN groups, respectively. Analyses stratified by tumour status also showed a 

significant association between a higher LNR and worse lung cancer-specific survival in 

patients with T1, T2 or T3 disease (figure 2). Similarly, stratified analyses by age, sex, race/ 

ethnicity, marital status, income, histology, tumour location, type of surgery, number of LNs 

sampled and postoperative use of radiotherapy or chemotherapy showed worse lung cancer-

specific and overall mortality in patients with a higher LNR (p<0.05 for all comparisons). 

Secondary analyses restricted to patients with >10 LNs sampled showed that a higher 

number of positive LNs was similarly associated with worse lung cancer-specific (p<0.0001) 

and overall (p<0.0001) survival.

Cox regression analysis was performed to evaluate the prognostic significance of the LNR 

after adjusting for potential confounders. As shown in table 2, the LNR was an independent 

predictor of survival with higher values associated with an increased risk of lung cancer-

specific and overall mortality. Compared with patients in the lowest LNR group (≤0.15), the 

hazard of lung cancer-related death was 1.26 (95% CI 1.07 to 1.48) and 1.92 (95% CI 1.57 

to 2.34) times greater for patients in the 0.16–0.5 and >0.5 LNR categories, respectively. 

Similarly, overall survival decreased with higher LNR (HR 1.31, 95% CI 1.14 to 1.50 and 

HR 1.88, 95% CI 1.58 to 2.34 for patients in the 0.16–0.5 and >0.5 LNR categories, 

respectively).

DISCUSSION

Accurate staging is critical for providing prognostic information to patients with lung cancer 

and for selecting the most appropriate therapeutic interventions. The status of LNs is one of 

the main determinants of survival in NSCLC and an essential component of the revised 7th 

edition of the TNM classification for lung cancer.18 Using nationally representative data 

from over 1600 resected patients >65 years of age with pathologically N1 disease, we found 

that involvement of a higher number of LNs (expressed as the LNR) is a marker of worse 

survival independent of tumour status, tumour size and other known prognostic factors. 

These results suggest that the LNR is an independent prognostic factor for patients with N1 

NSCLC.

Wisnivesky et al. Page 4

Thorax. Author manuscript; available in PMC 2017 October 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The 7th edition of the TNM classification for lung cancer is universally accepted as the most 

useful staging system for NSCLC.18 According to these criteria, LN involvement is 

classified into four groups: N0 (no regional LN metastasis), N1 (metastasis to ipsilateral 

peribronchial or hilar LNs), N2 (metastasis to ipsilateral mediastinal or subcarinal LNs) and 

N3 (metastasis to contralateral and supraclavicular LNs). It is established that long-term 

survival rapidly decreases with more extensive LN metastasis.1 A few studies have 

suggested that, among patients with N1 disease, the number of involved LNs may provide 

additional prognostic information.7–11 In a study of 1081 patients with stage I–IIIA NSCLC 

(N0–N2 disease), Lee et al showed that a higher number of N1 LN metastases was 

associated with worse prognosis.10 More recently, a study of 415 resected patients with 

NSCLC with N1 or N2 LN metastasis reported that an elevated LNR was a risk factor for a 

poor prognosis.9 Conversely, other studies showed no association between the number of N1 

nodes and survival.22425 Previous studies were conducted using case series from single 

referral centres, many had a limited number of cases of lung cancer, included patients with 

N2 or N3 disease and used different definitions to categorise the number of LNs involved 

with cancer. These factors may explain the discrepancy in findings across studies.

Our study found a strong association between the LNR and lung cancer survival in a large 

nationally representative and relatively homogenous cohort of unselected patients with 

resected N1 NSCLC. Adjusted analyses showed that the increased hazard of death conferred 

by an elevated LNR (>0.5) is comparable to finding T3 disease and is independent of other 

prognostic factors. Our results are also consistent with the findings of several recent studies 

evaluating the relationship between the LNR and survival for other cancer types such as 

colon cancer, breast, gastric and bladder cancer, further supporting the validity of our 

findings.

The independent information provided by the LNR could be used to identify patients at high 

risk of recurrence who should undergo more aggressive postoperative therapies. Based on 

the results of several randomised controlled trials, current NSCLC treatment guidelines 

strongly endorse the use of adjuvant platinum-based chemotherapy for patients with stage II 

and IIIA NSCLC.26 However, adjuvant chemotherapy may provide little benefit to patients 

at low risk of recurrence while exposing them to potential toxicities or an increase risk of 

late mortality.27 Thus, more precise risk stratification may help avoid unnecessary toxicity 

among patients expected to be at low risk for recurrence after surgery. Additionally, the LNR 

could be used to provide more accurate prognostic information to patients with lung cancer 

and their families. These data should be useful in making informed decisions about 

therapeutic options and advanced directives, among other issues. Finally, the LNR may 

contribute towards better understanding of the underlying tumour biology as an increased 

number of positive LNs or a high LNR appears to be a phenotypic marker of a more 

aggressive disease. Improving staging and outcome prediction using biomarkers or gene 

expression profile is an active area of lung cancer research.28–30 The current strategy to 

identify new prognostic markers for lung cancer usually involves assessing the association of 

specific biomarkers or gene expression profiles with survival or cancer recurrence, thus 

requiring long-term follow-up data. If the validity of the LNR or the number of positive 

nodes and/or as a marker of aggressive tumour behaviour is validated in further studies, the 
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LNR (which is readily available following surgery) could be used as an alternative or 

complementary phenotypic factor to rapidly screen for putative cancer biomarkers.

Current guidelines on lung cancer surgery do not specify the number of LNs that should be 

sampled for adequate staging. This lack of consensus generates wide practice variability 

among thoracic surgeons as shown in previous SEER studies.2331 As the total number of N1 

nodes is limited by the total number of LNs sampled, we used the LNR, an index that allows 

evaluation of the extent of LN involvement while controlling for the number of LNs 

evaluated. However, secondary analyses limited to patients with >10 LNs sampled also 

found that a higher number of positive LNs was associated with worse survival. Large 

studies have suggested that at least 11 LNs should be removed during surgery for optimal 

staging of lung cancer.23 If these recommendations are consistently adopted by thoracic 

surgeons, the absolute number of LNs may be used in the future as an alternative prognostic 

marker.

Several strengths and limitations of the study should be noted. The SEER-Medicare database 

is a population-based sample of cancer cases and is less affected by selection bias and 

unique practice patterns that are common in case series from single referral centres. The 

rigorous procedures followed by SEER registries allow for levels of ascertainment in 

participating areas as high as 98%, showing that most eligible cases are captured in the 

registry. Thus, the generalisability of our findings should be excellent. Additionally, the large 

number of patients in the registry allowed us to assess the importance of the LNR among a 

homogenous cohort of patients with N1 disease and perform stratified analyses within key 

subgroups (tumour status, radiation therapy use, etc). However, as the study cohort included 

patients treated by different providers at multiple institutions, there was no uniform process 

for LN sampling or to establish the absence of N2 disease. We therefore cannot exclude the 

possibility that some patients with N2 LN involvement were included in the study.

In order to better examine the relationship between the LNR and disease progression, we 

used lung cancer-specific survival as the primary study outcome. The cause of death in the 

SEER registry is abstracted from death certificates and thus may not be accurate in some 

cases. However, for lung cancer the underlying cause of death was found to be >90% 

accurate in a large registry.32 Additionally, we confirmed our results in secondary analyses 

using all-cause mortality. Our study was limited to Medicare beneficiaries who were >65 

years of age; these results should therefore be validated among younger patients with 

NSCLC in the future. Exclusion of patients in SEER who were diagnosed with lung cancer 

before 65 years of age, however, allowed us to exclude individuals who received 

neoadjuvant chemotherapy and to control for the use of postoperative chemotherapy and 

radiation.

There were some differences in the baseline characteristics of patients in the three LNR 

groups. A high LNR was more common among women, a factor associated with increased 

lung cancer survival.33 Similarly, postoperative radiotherapy use was more common among 

patients with a higher LNR. Whether postoperative radiation is beneficial or potentially 

detrimental for patients with resected N1 disease remains unclear.34 However, the 

association between a higher LNR and worse prognosis was consistently present in stratified 
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and multivariate analyses, suggesting that our findings were not explained by potential 

confounders such as tumour status, sex, histological type or use of adjuvant therapy.

Molecular profiling is expected to improve prognosis assessments in lung cancer and inform 

treatment decisions. Although several genetic profiles have been published in the literature, 

none has yet been validated or incorporated into routine clinical practice.35 Even if available 

in the future, it is expected that these approaches will be used in combination and not replace 

pathological staging. The LNR is readily available from the routine pathological report 

without additional costs so could be rapidly incorporated into clinical practice. Future 

studies should assess whether the LNR is also an independent prognostic factor among 

patients with N2 disease.

In summary, our study shows that the extent of LN involvement is an independent predictor 

of prognosis in patients with resected N1 NSCLC. Data regarding the LNR or the number of 

positive LNs could be used to provide patients with a more accurate assessment of 

prognosis. Additionally, these data suggest that patients with a high LNR are at risk of worse 

outcomes and should be considered for more aggressive postoperative treatments.
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Figure 1. 
(A) Lung cancer-specific and (B) overall survival according to the ratio of positive to total 

N1 lymph nodes examined. LNR, lymph node ratio.

Wisnivesky et al. Page 10

Thorax. Author manuscript; available in PMC 2017 October 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Lung cancer-specific and overall survival according to the ratio of positive to total N1 lymph 

nodes examined during surgery among patients with (A, B) T1; (C, D) T2; and (E, F) T3 

disease.
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Table 1

Baseline characteristics of patients with N1 lymph node involvement in SEER-Medicare

Characteristic

Lymph node ratio

p Value≤0.15 (N=524) 0.16–0.50 (N=849) ≥0.5 (N=309)

Age (years), N (%)

 ≤70 191 (36) 303 (36) 108 (35) 0.980

 71–75 165 (31) 279 (32) 103 (33)

 >75 168 (32) 267 (31) 98 (32)

Female, N (%) 200 (38) 379 (45) 171 (55) <0.0001

Race/ethnicity, N (%)

 White 483 (92) 744 (88) 270 (87) 0.061

 African American 18 (3) 35 (4) 18 (6)

 Hispanic/other* 23 (4) 70 (8) 21 (7)

 Married, N (%) 326 (62) 531 (63) 179 (58) 0.338

Median income in ZIP code of residence, N (%)†

 Lowest quartile 127 (24) 186 (22) 73 (23) 0.682

 Second quartile 128 (24) 221 (26) 69 (22)

 Third quartile 126 (24) 223 (26) 87 (28)

 Highest quartile 143 (27) 215 (25) 80 (26)

Comorbidity score, N (%)

 ≤1 190 (36) 339 (40) 117 (38) 0.445

 1–2 195 (37) 290 (34) 120 (39)

 >2 139 (27) 220 (26) 72 (23)

Tumour status, N (%)

 T1A 61 (12) 95 (11) 28 (9) 0.364

 T1B 82 (16) 148 (17) 59 (19)

 T2A 234 (45) 388 (46) 152 (49)

 T2B 54 (10) 98 (12) 32 (10)

 T3 93 (18) 120 (14) 38 (12)

Histology, N (%)

 Adenocarcinoma 222 (42) 408 (48) 175 (57) 0.001

 Squamous cell carcinoma 219 (42) 293 (35) 81 (26)

 Large cell carcinoma 32 (6) 62 (7) 17 (6)

 Bronchioloalveolar cell carcinoma 29 (6) 49 (6) 25 (8)

 Other 22 (4) 37 (4) 11 (4)

Tumour location, N (%)

 Upper lobe 287 (55) 450 (53) 149 (48) 0.118

 Lower lobe 186 (36) 337 (40) 128 (41)

 Other location 51 (10) 62 (7) 32 (10)

Type of surgery, N (%)

 Lobectomy 410 (78) 722 (85) 281 (91) <0.0001
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Characteristic

Lymph node ratio

p Value≤0.15 (N=524) 0.16–0.50 (N=849) ≥0.5 (N=309)

 Pneumonectomy 114 (22) 127 (15) 28 (9)

Postoperative radiation therapy, N (%)

 Yes 135 (26) 362 (43) 158 (51) <0.0001

 No 389 (74) 487 (57) 151 (49)

Adjuvant chemotherapy, N (%)

 Yes 88 (17) 177 (21) 69 (22) 0.091

 No 436 (83) 672 (79) 240 (78)

*
Categories were combined to avoid reporting cells with small numbers of patients.

†
Income data missing for four study subjects.
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Table 2

Adjusted association between the lymph node ratio and survival of patients with N1 lung cancer

Variable Lung cancer-specific survival HR (95% CI*) Overall survival HR (95% CI)

Lymph node ratio

 ≤0.15 Reference Reference

 0.16–0.5 1.26 (1.07 to 1.48) 1.31 (1.14 to 1.50)

 >0.5 1.92 (1.57 to 2.34) 1.88 (1.58 to 2.34)

Age, years 1.02 (1.01 to 1.03) 1.02 (1.01 to 1.03)

Female 0.82 (0.71 to 0.95) 0.80 (0.70 to 0.91)

Race/ethnicity

 White Reference Reference

 Black 0.69 (0.48 to 1.03) 0.79 (0.58 to 1.08)

 Hispanic 0.41 (0.16 to 0.96) 0.59 (0.31 to 1.10)

 Other 1.03 (0.78 to 1.37) 1.08 (0.85 to 1.37)

Married 0.90 (0.78 to 1.05) 0.85 (0.75 to 0.97)

Median income in ZIP code of residence

 Lowest quartile Reference Reference

 Second quartile 0.97 (0.80 to 1.17) 1.02 (0.87 to 1.21)

 Third quartile 0.84 (0.70 to 1.03) 0.86 (0.73 to 1.02)

 Highest quartile 0.83 (0.69 to 1.02) 0.90 (0.76 to 1.06)

Comorbidity score, N (%)

 ≤1 Reference Reference

 1–2 1.05 (0.90 to 1.25) 1.08 (0.94 to 1.23)

 >2 1.32 (1.11 to 1.56) 1.42 (1.23 to 1.65)

Histology

 Adenocarcinoma Reference Reference

 Bronchioloalveolar carcinoma 0.97 (0.74 to 1.26) 0.91 (0.71 to 1.15)

 Squamous cell carcinoma 0.79 (0.67 to 0.93) 0.82 (0.71 to 0.94)

 Large cell 1.02 (0.78 to 1.34) 1.03 (0.81 to 1.30)

 Other 1.12 (0.82 to 1.56) 1.05 (0.79 to 1.40)

Tumour status

 T1A Reference Reference

 T1B 1.13 (0.85 to 1.50) 1.08 (0.86 to 1.37)

 T2A 1.55 (1.21 to 1.99) 1.36 (1.10 to 1.66)

 T2B 1.89 (1.40 to 2.55) 1.60 (1.25 to 2.06)

 T3 2.05 (1.54 to 2.74) 1.77 (1.40 to 2.25)

Tumour location

 Upper lobe Reference Reference

 Lower lobe 1.16 (1.01 to 1.33) 1.08 (0.97 to 1.24)

 Other location 1.13 (0.88 to 1.46) 1.19 (0.96 to 1.47)

Type of surgery

 Lobectomy Reference Reference
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Variable Lung cancer-specific survival HR (95% CI*) Overall survival HR (95% CI)

 Pneumonectomy 1.26 (1.04 to 1.54) 1.23 (1.03 to 1.45)

Postoperative radiation therapy 1.19 (1.03 to 1.37) 1.24 (1.10 to 1.40)

Adjuvant chemotherapy 0.76 (0.63 to 0.91) 0.69 (0.55 to 0.75)

*
Adjusted HRs from model including all covariates listed in the table.
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