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Background: Log odds of positive lymph nodes (LODDS) is a novel and promising ratio-based lymph
node (LN) staging system in many malignancies. This study aimed to evaluate the prognostic value of
LODDS, and comprehensively compare the prognostic predictive performance of LODDS with the
American Joint Committee on Cancer (AJCC) N classification, number of positive lymph node (NPLN), and
lymph node ratio (LNR) among node-positive lung squamous cell carcinoma (SCC) patients after surgery.
Methods: We identified 2,561 patients with N1/N2 stage SCC diagnosed between 2004 and 2014 from
the Surveillance, Epidemiology, and End Results (SEER) database. X-tile analysis was used to calculate the
optimal cut-off value for each staging system. Univariable and Multivariable Cox regression analyses were
used to assess the association of cancer-specific survival (CSS), and overall survival (OS) with N, NPLN,
LNR, and LODDS, separately, and integrally. Moreover, linear trend ¥’ score, likelihood ratio (LR) test,
Akaike information criterion (AIC), and Harrell concordance index (C-index) were adopted as criteria for
assessing the predictive ability of each model.

Results: The optimal cut-off values for NPLN, LNR, and LODDS were 3, 0.28, and -0.37, respectively. N,
NPLN, LNR, and LODDS were identified as independent prognostic predictors for CSS and OS in patients
with SCC when each of them was incorporated into multivariable Cox model separately. Additionally,
LODDS had the higher linear trend %’ score, higher LR  test score, lower AIC, and higher C-index
compared to the other three systems. Moreover, a combination of N, NPLN, and LODDS was superior to
any staging system alone for predicting prognosis.

Conclusions: LODDS showed better predictive performance than N, NPLN, and LNR among patients
with node-positive SCC after surgery. A combination of LODDS and the current AJCC TNM classification

has the potential for becoming a better staging method to more precisely predicting prognosis.
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Introduction

Lung cancer has been the leading cause of cancer-related
deaths worldwide. Approximately 1.8 million people are
diagnosed with lung cancer, and 1.6 million people die
as a result of the cancer each year (1-3). Lung squamous
cell carcinoma (SCC) is a unique clinical and the second
largest histological subtype of non-small cell lung cancer
(NSCLC) that accounts for about 30-40% of all lung
cancers (4,5). Compared to lung adenocarcinoma (AC),
SCC is associated with distinct epidemiological features,
lack of effective targeted treatment options, and poor
clinical prognosis (3,6,7). This underscores the importance
of an accurate staging system that can precisely predict
the prognosis of SCC, and help implementing appropriate
treatment.

Lymph node (LN) status is considered as a major
determinant of prognosis, and a combination of anatomic
location of involved LNs and the total number of dissected
lymph nodes (NDLN) has been applied in the staging of
various malignant tumors for better therapeutic strategies
(8-12). Prognosis for NSCLC is mainly dependent on the
latest 8th American Joint Committee on Cancer (AJCC)
Tumor Node Metastasis (TINM) staging system, which
recommends station-based LN sampling/dissection and
tumor staging (13,14). However, this currently used
staging system does not take into any number- or ratio-
based nodal system classification, which might influence
the precision of prognosis evaluation, the extent of
dissection of LNs in surgery, and postoperative treatment
for patients with NSCLC (15,16). Several previous studies
have demonstrated that higher values of number of
positive lymph node (NPLN), and lymph node ratio (LNR)
were associated with worse survival outcomes for NSCLC
(17-21).

Log odds of positive lymph nodes (LODDS) is a novel
ratio-based nodal staging system, defined as the logarithm
of the ratio between NPLN and the total number of
negative LNs harvested. LODDS is currently being used
to as a more effective prognostic predictor in several types
of malignant tumors (16,22-31). However, until now, only
a few studies have attempted exploring the prognostic
validation of LODDS in NSCLC or lung AC alone
(16,25-27), and no specified research so far has focused
on its prognostic role in SCC, the second most common
histological subtype of NSCLC. Moreover, whether
LODDS was superior to other systems and could be used to
optimize the current nodal classification is still unclear.
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Based on the Surveillance, Epidemiology, and End
Results (SEER) database, our first aim was to evaluate the
prognostic role of LODDS staging system for predicting
long-term prognosis of postoperative node-positive
lung SCC patients. In addition, our second aim was to
comprehensively compare the prognostic performance of
the AJCC N classification, NPLN, LNR, and LODDS
systems and to identify a superior staging system for
predicting survival outcomes of patients with SCC. We
present the following article in accordance with the
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/tlcr-20-193).

Methods
Data source

The data from this study were collected from the
SEER 18 registries research database of the National
Cancer Institute (NCI). SEER database includes data of
approximately 34.6% of the population of the United
States (32). We obtained permission to access the dataset
(authorization code: 11874-Nov2018). The data were
extracted from the SEER database via SEER*Stat software
(version 8.4.6; http://seer. cancer.gov/seerstat/). This
study utilized the anonymous data available in the SEER
database, and hence the requirement for informed consent
was waived. This study was complied with the Declaration
of Helsinki (as revised in 2013), and approved by the
committee of Institutional Review Board of Changzheng
Hospital (Naval Medical University, Shanghai, China). The
content is solely the responsibility of the authors and does
not necessarily represent the official views of the SEER
database and NCIL

Population selection

From the SEER database, we identified patients,
histologically diagnosed with the primary lung SCC
(histological codes: 8052/3, 8070/3, 8071/3, 8072/3,
8073/3, 8074/3, 8083/3, and 8084/3) based on the 3rd
edition of the International Classification of Disease-
Oncology (ICD-0O-3) His/Behave, malignant. The
study period was chosen from 2004 to 2014 to guarantee
an adequate duration of follow-up time. Patients who
underwent a radical surgical procedure and systematic LN
dissection, with evidence of N1/N2 stage disease were
selected into the study cohort. Patients were excluded
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who (I) aged <18 years; (II) were identified by autopsy or
a death certificate only; (III) received a diagnosis while
in a nursing home or hospice; (IV) had diagnosis of any
other cancer; (V) were at NO/N3 stage disease; (VI) had
distant metastasis (M1); (VII) had a history of preoperative
radiotherapy; (VIII) did not undergo radical surgery or
systematic lymphadenectomy; (IX) underwent pathological
examination of resected specimens or invasive mediastinal
staging prior to surgery; (X) survived less than one month
after surgery; (XI) had missing data related to TNM staging
system, NDLN, NPLN, and survival outcomes. The TNM
stages of the patients in the SEER database were updated in
line with the 8th edition of the AJCC criteria (33).

Study covariates

From the SEER database, the baseline demographics
data of patients including age at diagnosis, sex, race,
Contract Health Service Delivery Areas (CHSDA) region,
marital status, insurance status, and cost-of-living index
were extracted. We also included data on baseline tumor
characteristics that included year of diagnosis, primary
site, laterality, tumor differentiation, T stage, and N
stage. In addition, treatment strategies including surgical
intervention, radiotherapy, chemotherapy, NDLN, and
NPLN were extracted from the database.

Identification of cut-off values for NDLN, LPLN, LNR,
and LODDS systems

LODDS was calculated using the formula:
log(NPLN+0.50)/(NDLN-NPLN+0.50), in which 0.50
was added to both the numerator and denominator to avoid
an infinite number (34). LNR was defined as the ratio of
positive LNs divided by the total number of dissected LNs
and calculated using the formula: NPLN/NDLN. Four
continuous variables (NDLN, NPLN, LNR, and LODDS)
were all dichotomized via the X-tile software (version
3.6.1; Yale University, New Haven, CT, USA) based on
the maximal log-rank chi-square value, which represented
the greatest group difference in outcome probability
(20,35-38). In our study, NDLN was divided into NDLN1
(range, 1 to 10) and NDLN2 (range, 11 to 82), and NPLN
was grouped into NPLN1 (range, 1 to 3) and NPLN2
(range, 4 to 33). In addition, LNR was categorized into
LNRI (range, 0.01 to 0.28) and LNR2 (range, 0.29 to 1.00),
and LODDS was classified into LODDSI (range, -1.70 to
-0.37) and LODDS?2 (range, -0.36 to 1.40).
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Outcomes

In the current study, lung cancer-specific survival (CSS)
and overall survival (OS) were chosen as primary endpoints
of our study. Causes of death were coded by the SEER
database according to information extracted from the death
certificate data. CSS was defined as the time from diagnosis
to SCC-related death, while OS referred to the time from
diagnosis to all-cause death. The SEER program is updated
annually, including patients’ information on follow-up and
prognosis. In this study, the latest patient information was
released in December 2016. Therefore, the survival time
was measured as the number of months from diagnosis
until death or the last follow-up (December 31, 2016) for
censored observations.

Statistical analysis

In the current study, continuous variables were presented
with the mean [standard deviation (SD)] or the median
[interquartile range (IQR)], while ranked or categorical
variables were displayed as count and percentages. Baseline
characteristics of study cohort stratified by LODDS staging
system were summarized and compared by using Student’s
t-test, Kruskal Wallis rank test, Pearson’s ¥ test or Fisher’s
exact test as appropriated.

Kaplan-Meier (KM) analysis was used to calculate 1-,
3-, and 5-year CSS and OSS rate, and log-rank test was
used to compare differences between groups. Moreover,
a 3-step Cox proportional hazards regression analysis was
performed to determine the association between different
LN staging systems and prognosis, with the hazard ratio
(HR) and a 95% confidence interval (CI) reported. Firstly,
univariable analysis was conducted to identify which among
those confounders were potential prognostic factors.
Variables which were of statistical significance (P<0.100) in
the univariable Cox regression model were subsequently
incorporated into the multivariable Cox regression analysis.
Secondly, we separately included the N (Model 1), NPLN
(Model 2), LNR (Model 3), and LODDS (Model 4) in four
different multivariable Cox regression models. Thirdly, all
these four staging systems and other potential predictors in
the univariable analysis were simultaneously entered into
the Cox regression model (Model 5). Performance of the
predictive models was evaluated from multiple dimensions,
including monotonicity, homogeneity, and discrimination.
The linear trend ’ score were used to assess discriminatory
ability and monotonicity of each model. The likelihood-ratio
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(LR) i’ test was used to assess homogeneity between groups.
Akaike Information Criterion (AIC) was applied to test
goodness of fit (39,40). Harrell concordance index (C-index)
was calculated to assess the accuracy of prediction (41).
Correlations between the N, NPLN, LNR, and LODDS
were visualized by scatter plots and evaluated by Pearson
correlation coefficient (r). Besides, sensitivity analysis was
performed accordingly.

For all statistical analyses, a two-sided P<0.050 was
considered to be statistical significance. All statistical
analyses were performed using SPSS software (version 22.0;
IBM Corporation, St. Louis, Missouri, USA) and R software
(version.3.6.1; The R Project for Statistical Computing,
TX, USA; http://www.r-project.org). This study was
approved by the Ethics Committee of Changzheng Hospital

Yu et al. LODDS and prognosis of lung SCC

(No. ChiCTR-IOR-19005542).

Results
Patients characteristics

Between January 1, 2004 and December 31, 2014, the SEER
database collected data on 109,348 patients diagnosed with
malignant SCC. After applying the inclusion and exclusion
criteria, the final study cohort consisted of 2,561 SCC
patients. The selection process of our study population
is summarized in 7able SI. Baseline demographic and
clinicopathological characteristics are presented stratified
by the LODDS system in 7able 1. Among 2,561 enrolled
patients, there were 1,760 (68.72%) patients diagnosed

Table 1 Baseline characteristics of study population stratified by the LODDS system

Characteristic Total LODDS1 (-1.70< LODDS <-0.37) LODDS?2 (-0.36< LODDS <1.40) P value
Total 2,561 1,801 (70.32) 760 (29.68) -
Baseline demographic characteristics
Year of diagnosis (year) <0.001
2004-2005 449 (17.53) 295 (16.38) 154 (20.26)
2006-2007 426 (16.63) 269 (14.94) 157 (20.66)
2008-2009 474 (18.51) 333 (18.49) 141 (18.55)
2010-2011 506 (19.76) 358 (19.88) 148 (19.47)
2012-2014 706 (27.57) 546 (30.32) 160 (21.05)
Age at diagnosis (year) 66.26+9.42" 66.18+9.44" 66.46+9.37" 0.490
Sex 0.066
Male 1,758 (68.65) 1,256 (69.74) 502 (66.05)
Female 803 (31.36) 545 (30.26) 258 (33.95)
Race 0.119
White 2,218 (86.61) 1,576 (87.51) 642 (84.47)
Black 211 (8.24) 138 (7.66) 73 (9.61)
Other 132 (5.15) 87 (4.83) 45 (5.92)
Insurance status <0.001
No 966 (37.72) 640 (35.54) 326 (42.90)
Yes 1,595 (62.28) 1,161 (64.46) 434 (57.11)
Marital status 0.382
Single 292 (11.40) 212 (11.77) 80 (10.53)
Married 1,524 (59.51) 1,078 (59.86) 446 (58.68)

Table 1 (continued)

© Translational Lung Cancer Research. All rights reserved.
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Table 1 (continued)

Characteristic Total LODDS1 (-1.70< LODDS <-0.37) LODDS2 (-0.36< LODDS <1.40) P value

Other 745 (29.09) 511 (28.37) 234 (30.79)

CHSDA region 0.919
East 1,375 (53.69) 962 (53.42) 413 (54.34)
Northern plains 287 (11.21) 206 (11.44) 81 (10.66)
Pacific coast 834 (32.57) 586 (32.54) 248 (32.63)
Southwest 65 (2.54) 47 (2.61) 18 (2.37)

Cost-of-living index 0.078
<1 1,384 (54.04) 953 (52.92) 431 (56.71)
>1 1,177 (45.96) 848 (47.09) 329 (43.29)

Baseline tumor characteristics

Laterality 0.487
Right 1,257 (49.08) 892 (49.53) 365 (48.03)
Left 1,304 (50.92) 909 (50.47) 395 (51.97)
Site 0.147
Main bronchus 97 (3.79) 75 (4.16) 22 (2.90)
Upper lobe 1,325 (51.74) 947 (52.58) 378 (49.74)
Middle lobe 103 (4.02) 68 (3.78) 35 (4.61)
Lower lobe 944 (36.86) 643 (35.70) 301 (39.61)
Overlapping lesion of lung 92 (3.59) 68 (3.78) 24 (3.16)
Differentiation 0.192
Well differentiated 52 (2.03) 32 (1.78) 20 (2.63)
Medium differentiated 1,121 (43.77) 809 (44.92) 312 (41.05)
Poorly differentiated 1,358 (53.03) 940 (52.19) 418 (55.00)
Undifferentiated 30 (1.17) 20 (1.11) 10 (1.32)
T stage 0.042
il 457 (17.85) 307 (17.05) 150 (19.74)
T2 1,472 (57.48) 1,023 (56.80) 449 (59.08)
T3 250 (9.76) 189 (10.49) 61 (8.03)
T4 382 (14.92) 282 (15.66) 100 (13.16)
N stage <0.001
N1 1,760 (68.72) 1,368 (75.96) 392 (51.58)
N2 801 (31.277) 433 (24.04) 368 (48.42)

Medical treatment
Type of surgery <0.001
Sublobectomy 108 (4.22) 41 (2.28) 67 (8.82)
Table 1 (continued)
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Table 1 (continued)
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Characteristic Total LODDS1 (-1.70< LODDS <-0.37) LODDS2 (-0.36< LODDS <1.40) P value

Lobectomy 1,649 (64.39) 1,173 (65.13) 476 (62.63)
Pneumonectomy 182 (7.11) 132 (7.33) 50 (6.58)
Unspecific 622 (24.29) 455 (25.26) 167 (21.97)

Radiation <0.001
None/unknown 2,026 (79.11) 1,498 (83.18) 528 (69.47)
Yes 535 (20.89) 303 (16.82) 232 (30.53)

Chemotherapy 0.056
None/unknown 1,071 (41.82) 775 (43.03) 296 (38.95)
Yes 1,490 (58.18) 1,026 (56.97) 464 (61.05)

NDLN <0.001
NDLN1[1-10] 1,160 (45.30) 609 (33.82) 551 (72.50)
NDLN2 [11-82] 1,401 (54.71) 1,192 (66.19) 209 (27.50)

NPLN <0.001
NPLN1 [1-3] 2,057 (80.32) 1,617 (89.78) 440 (57.90)
NPLN2 [4-33] 504 (19.68) 184 (10.22) 320 (42.11)

LNR <0.001
LNR1 (0.01-0.28) 1,785 (69.70) 1,785 (99.11) 0 (0.00)

LNR2 (0.29-1.00) 776 (30.30)

16 (0.89)

760 (100.00)

Note: data were presented as numbers with percentage of study population in brackets. T, variable (age at diagnosis) was presented with
the mean = standard deviation (SD). LODDS, log odds of positive lymph nodes; CHSDA, contract health service delivery areas; NDLN,
number of dissected lymph nodes; NPLN, number of positive lymph nodes; LNR, lymph node ratio.

with N1 stage disease and 801 (31.28%) patients diagnosed
with N2 stage disease, with a mean age of 66.26+9.42 years.
Moreover, the mean and median NDLN were 13.58+9.61
and 11.00 (IQR, 4.00 to 18.00), and the mean and median
NPLN were 2.52+2.42 and 2.00 (IQR, 1.00 to 3.00). In
addition, the mean and median LNR were 0.25+0.22 and
0.180 (IQR, -0.85 to 0.33), and the mean and median
LODDS were -0.52+0.45 and -0.560 (IQR, 0.10 to -0.28).
For the LODDS system, 1,801 (70.32%) patients were in
the LODDS1 group, and 760 (29.68%) patients were in
the LODDS2 group. Compared with the LODDSI1 group,
the patients included in the LODDS2 group were more
likely to receive sublobectomy (P<0.001), and postoperative
radiotherapy (P<0.001) with a higher rate of N2 stage,
less NDLN (P<0.001), more NPLN (P<0.001), and a
higher value of LNR (P<0.001). In addition, the T stage
distribution was more advanced in the LODDSI group
(P=0.042).

© Translational Lung Cancer Research. All rights reserved.

Survival analysis

The median follow-up time for the entire cohort was
52 months (IQR, 33-81 months). A total of 1,564 (61.07%)
patients died from any cause, and 1,212 (47.33%) patients
died from SCC at the end of the study period (December
2016). The cumulative 1-, 3- and 5-year CSS rates for
LODDSI patients were 84.4% (95% CI, 82.7-86.1%),
61.1% (95% CI, 58.7-63.6%), and 52.7% (95% CI,
50.1-55.4%) respectively, and were 75.7% (95% CI,
72.7-78.9%), 43.2% (95% CI, 39.5-47.1%), and 33.7%
95% CI, 30.0-37.7%) for LODDS?2 patients, respectively
(Tables S$2,53). As shown in Figures 1,2, patients with N2
stage, more positive LNs dissected, or higher values of
LNR and LODDS were significantly correlated with
worse CSS and OS (all log-rank P<0.001). Univariable
Cox regression model suggested that age at diagnosis, sex,
insurance status, laterality, N stage, T stage, radiotherapy,
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Figure 1 Kaplan-Meier estimates of cancer-specific survival for patients with N1 /N2 stage SCC after surgery according to (A) N, (B)
NPLN, (C) LNR, and (D) LODDS staging systems. SCC, squamous cell carcinoma; NPLN, number of positive lymph nodes; LNR, lymph

node ratio; LODDS, log odds of positive lymph nodes.

chemotherapy, NDLN, NPLN, LNR, and LODDS were
potential prognostic factors for CSS in Table 2 (all P<0.100).
Likewise, the potential predictors for OS were also reported
in Table 2. Based on the results in the univariable analysis,
the N (Model 1), NPLN (Model 2), LNR (Model 3), and
LODDS (Model 4) were separately incorporated into
four different Cox regression models combined with the
same confounders. Multivariable Cox regression analysis
(Model 1-4) demonstrated that all the four staging systems
(N, NPLN, LNR, and LODDS) were all independent
prognostic factors for CSS and OSS in Tables $4,S5. The
respective HRs and 95% ClIs were as follows. For N, HR
=1.632 (95% CI, 1.445-1.843) for CSS, and HR =1.519

© Translational Lung Cancer Research. All rights reserved.

(95% CI, 1.363-1.692) for OS; for NPLN, HR =1.588
(95% CI, 1.380-1.827) for CSS, and HR =1.491 (95% CI,
1.313-1.692) for OS; for LNR, HR =1.648 (95% CI, 1.464—
1.856) for CSS, and HR =1.511 (95% CI, 1.359-1.681) for
OS; for LODDS, HR =1.661 (95% CI, 1.475-1.870) for
CSS, and HR =1.525 (95% CI, 1.371-1.697) for OS. Then,
all the four staging systems and significant factors in the
univariable analysis were incorporated integrally into one
Cox regression model (Model 5). The results showed that
N (CSS: HR =1.482; 95% CI, 1.307-1.681; OS: HR =1.403;
95% CI, 1.255-1.569), NPLN (CSS: HR =1.214; 95% CI,
1.031-1.429; OS: HR =1.193; 95% CI, 1.030-1.381), and
LODDS (CSS: HR =1.373; 95% CI, 1.186-1.591; OS:
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Figure 2 Kaplan-Meier estimates of overall survival for patients with N1/N2 stage SCC after surgery according to (A) N, (B) NPLN, (C)
LNR, and (D) LODDS staging systems. SCC, squamous cell carcinoma; NPLN, number of positive lymph nodes; LNR, lymph node ratio;
LODDS, log odds of positive lymph nodes.

Table 2 Univariable Cox regression analysis of potential prognostic predictors for cancer-specific survival and overall survival in patients with SCC

CSs (o]
Characteristic
HR (95% CI) P value HR (95% ClI) P value

Year of diagnosis (year)

2004-2005 1 1

2006-2007 1.007 (0.843, 1.202) 0.940 0.987 (0.847, 1.151) 0.870

2008-2009 1.049 (0.882, 1.248) 0.588 1.024 (0.879, 1.192) 0.762

2010-2011 0.873 (0.730, 1.043) 0.135 0.825 (0.704, 0.967) 0.017

Table 2 (continued)
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Table 2 (continued)
CSS oS
Characteristic
HR (95% ClI) P value HR (95% Cl) P value

2012-2014 0.747 (0.621, 0.899) 0.002 0.737 (0.625, 0.868) <0.001
Age at diagnosis (year) 1.021 (1.015, 1.028) <0.001 1.028 (1.023, 1.034) <0.001
Sex

Male 1 1

Female 0.823 (0.726, 0.931) 0.002 0.811 (0.727, 0.905) <0.001
Race

White 1 1

Black 1.054 (0.863, 1.287) 0.608 0.954 (0.795, 1.145) 0.614

Other 1.068 (0.830, 1.375) 0.608 0.994 (0.790, 1.250) 0.957
Insurance status

No 1 1

Yes 0.897 (0.800, 1.006) 0.063 0.861 (0.778, 0.953) 0.004
Marital status

Single 1 1

Married 0.862 (0.721, 1.032) 0.105 0.944 (0.802, 1.111) 0.485

Other 1.007 (0.830, 1.221) 0.946 1.090 (0.915, 1.298) 0.333
CHSDA region

East 1 1

Northern plains 0.936 (0.774, 1.130) 0.490 0.945 (0.801, 1.115) 0.502

Pacific coast 1.140 (1.008, 1.291) 0.037 1.117 (1.002, 1.246) 0.047

Southwest 0.006 (0.702, 1.443) 0.973 1.034 (0.755, 1.414) 0.836
Cost-of-living index

<1 1 1

>1 0.959 (0.856, 1.074) 0.4645 0.944 (0.854, 1.043) 0.257
Laterality

Right 1 1

Left 0.827 (0.739, 0.926) <0.001 0.846 (0.766, 0.934) <0.001
Site

Main bronchus 1 1

Upper lobe 1.098 (0.806, 1.497) 0.552 1.181 (0.892, 1.563) 0.246

Middle lobe 1.185 (0.783, 1.792) 0.422 1.294 (0.894, 1.874) 0.172

Lower lobe 1.318 (0.964, 1.801) 0.083 1.425 (1.073, 1.891) 0.014

Overlapping lesion of lung 1.307 (0.863, 1.981) 0.206 1.370 (0.944, 1.989) 0.098

Differentiation

Well differentiated

Table 2 (continued)
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Table 2 (continued)
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Characteristic

CSSs

0os

HR (95% Cl) P value HR (95% Cl) P value

Medium differentiated 0.827 (0.557, 1.227) 0.345 0.905 (0.631, 1.298) 0.587

Poorly differentiated 0.943 (0.637, 1.396) 0.770 0.990 (0.692, 1.417) 0.956

Undifferentiated 1.356 (0.751, 2.451) 0.313 1.192 (0.685, 2.074) 0.535
T stage

T1 1 1

T2 1.191 (1.016, 1.396) 0.031 1.170 (1.020, 1.342) 0.025

T3 1.614 (1.296, 2.010) <0.001 1.455 (1.197, 1.769) <0.001

T4 1.725 (1.419, 2.097) <0.001 1.533 (1.289, 1.823) <0.001
N stage

N1 1 1

N2 1.601 (1.425, 1.798) <0.001 1.468 (1.323, 1.628) <0.001
Type of surgery

Sublobectomy 1 1

Lobectomy 0.770 (0.590, 1.003) 0.053 0.822 (0.647, 1.045) 0.109

Pneumonectomy 1.179 (0.861, 1.616) 0.304 1.121 (0.841, 1.495) 0.435

Unspecific 0.807 (0.610, 1.068) 0.134 0.839 (0.652, 1.079) 0.171
Radiation

None/unknown 1 1

Yes 1.352 (1.187, 1.540) <0.001 1.223 (1.087, 1.376) <0.001
Chemotherapy

None/unknown 1 1

Yes 0.694 (0.619, 0.777) <0.001 0.610 (0.552, 0.673) <0.001
NDLN

NDLN1 [1-10] 1 1

NDLN2 [11-82] 0.797 (0.712, 0.892) <0.001 0.793 (0.718, 0.876) <0.001
NPLN

NPLN1 [1-3] 1 1

NPLN2 [4-33] 1.421 (1.244, 1.624) <0.001 1.318 (1.169, 1.487) <0.001
LNR

LNR1 (0.01-0.28) 1 1

LNR2 (0.29-1.00) 1.636 (1.457, 1.837) <0.001 1.518 (1.369, 1.684) <0.001
LODDS

LODDS1 (-1.70 to —0.37) 1 1

LODDS2 (-0.36 to 1.40) 1.654 (1.473, 1.858) <0.001 1.540 (1.388, 1.708) <0.001

Note: data were presented as hazard ratio (HR) and a 95% confidence interval (Cl). SCC, squamous cell carcinoma; CSS, cancer-specific
survival; OS, overall survival; HR, Hazard ratio; Cl, confidence interval; CHSDA, contract health service delivery areas; NDLN, number of
dissected lymph nodes; NPLN, number of positive lymph nodes; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes.
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Table 3 Predictive performance comparison among the different nodal staging systems
Study cohort Linear trend y* score AIC LR test C-index
Cancer-specific survival
Model 1 (N) 245.92 17,581.43 202.35 0.6313
Model 2 (NPLN) 232.45 17,551.48 228.30 0.6392
Model 3 (LNR) 248.62 17,537.13 241.67 0.6484
Model 4 (LODDS) 250.46 17,535.52 242.95 0.6526
Model 5 (N + NPLN + LODDS) 300.03 17,494.31 289.53 0.6619
Overall survival
Model 1 (N) 358.23 22,401.33 325.69 0.6404
Model 2 (NPLN) 349.56 22,374.70 348.32 0.6477
Model 3 (LNR) 361.53 22,365.24 357.04 0.6589
Model 4 (LODDS) 364.08 22,350.81 358.82 0.6617
Model 5 (N + NPLN + LODDS) 410.91 22,323.86 403.51 0.6659

AIC, Akaike information criterion; LR, likelihood ratio; C-index, Harrell concordance index; NPLN, number of positive lymph nodes; LNR,

lymph node ratio; LODDS, log odds of positive lymph nodes.

HR =1.310; 95% CI, 1.150-1.492) were identified to be
independent prognostic factors in the Cox regression model
(Tables S6,S7). However, after adjusting for the N, NPLN,
LODDS, and other variables, LNR didn’t remain statistical
significance anymore in Model 5, and had no effect on CSS
and OS.

Comparison of prognostic performance among N, NPLN,
LNR, and LODDS

The performance of each Cox regression model was
assessed and summarized in Tiable 3. In Model 1-4, LODDS
(Model 4) showed higher linear trend y* score (CSS: 250.46;
0OS: 364.08), lower AIC (CSS: 17,535.52; OS: 22,350.81),
higher LR test (CSS: 242.95; OS: 358.82), and higher
C-index (CSS: 0.6526; OS: 0.6617) compared to the N,
NPLN, and LNR (Model 1-3). Therefore, it revealed
that the LODDS might be superior to the N, NPLN, and
LNR for predicting CSS and OS in patients with SCC.
In Model 5, LNR was of no significance, which suggests
that LODDS system might be a more reliable ratio-based
LN method than LNR for nodal classification. Moreover,
Model 5 showed the highest linear trend y’ score (CSS:
300.03; OS: 410.91), lowest AIC (CSS: 17,494.31; OS:
22,323.86), highest LR test (CSS: 289.53; OS: 403.51),
and highest C-index (CSS: 0.6619; OS: 0.6659), which

© Translational Lung Cancer Research. All rights reserved.

demonstrated that the combination of the N, NPLN, and
LODDS performed better than any staging system alone
for predicting prognosis.

Correlation between LODDS and N, NPLN, and LNR

To illustrate the reason for the superiority of LODDS over
the other systems, scatter plots were used to visualize the
relationship between LODDS and the other three staging
systems. LODDS was positively correlated with the N,
NPLN and LNR (r=0.266, 0.446, and 0.952, respectively;
P<0.001 for all three variables) (Figure 3). Generally, the
LODDS value increased with the increasing LNR value,
while their correlation was not completely linear. When
LNR was <0.1 or 0.9, the curves of LNR increased at
a slower rate as compared to LODDS, especially when
the value of LNR was proximity to 0 or 1, indicating that
LODDS system showed superiority for distinguishing
heterogeneity. In addition, when NPLN was <10, the
LODDS system still kept heterogeneous, and could
distinguish different survival outcomes for patients with the
same NPLN.

Sensitivity analysis and subgroup analysis

Subgroup analysis on the basis of N, NPLN, and LNR were
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Figure 3 Scatter plots of the relationship between LODDS versus (A) N, (B) NPLN and (C) LNR in patients with N1/N2 stage SCC after
surgery. SCC, squamous cell carcinoma; NPLN, number of positive lymph nodes; LNR, lymph node ratio; LODDS, log odds of positive

lymph nodes.
Subgroup No. of Patients LODDSH1 LODDS2 HR (95% CI) P value
Cancer specfic survival
N stage
N1 1760 1368 392 - 1.569 (1.341, 1.837) <0.001
N2 801 433 368 - 1.448 (1.206, 1.739) <0.001
NPLN
NPLN1 2057 1617 440 - 1.574 (1.364, 1.817) <0.001
NPLN2 504 184 320 —— 1.560 (1.207, 2.016) <0.001
LNR
LNR1 1785 1785 0 NA NA
LNR2 776 16 760 g 1.727 (0.818, 3.643) 0.152
Overall survival
N stage
N1 1760 1368 392 - 1.453 (1.265, 1.669) <0.001
N2 801 433 368 - 1.422 (1.2083, 1.680) <0.001
NPLN
NPLN1 2057 1617 440 - 1.474 (1.298, 1.674) <0.001
NPLN2 504 184 320 — 1546 (1.224, 1.953) <0.001
LNR
LNR1 1785 1785 0 NA NA
LNR2 776 16 760 — :. . . 1.879 (0.935, 3.778) 0.076
05 1 2 3 4
<---LODDS2 Better--- --- LODDS1 Better--->

Figure 4 The forest plot of HR (95% CI) for cancer-specific survival and overall survival in subgroups of the N, NPLN, and LNR systems

according to the LODDS stratification. HR, hazard ratio; CI, confidence interval; NPLN, number of positive lymph nodes; LNR, lymph

node ratio; LODDS, log odds of positive lymph nodes; NA, not available.

performed to further validate the robustness of our findings.
After stratifying by N, NPLN, and LNR, we analyzed the
CSS and OS between disparate LODDS stages. As shown
in Figure 4, we observed that the patients with LODDS 2
had significantly deteriorative CSS and OS compared to
those with LODDS 1 in almost all subgroups (exception
for LNR), indicating LODDS had excellent discriminatory
power in stratifying prognosis of distinct cohorts.

© Translational Lung Cancer Research. All rights reserved.

Discussion

An exact assessment of the LN status plays a crucial role in
the management of patients with NSCLC, including the
selection of patients for adjuvant therapy and predicting
patient prognosis. LODDS, a new nodal staging system,
has showed its superiority for predicting prognosis in other
cancers (24,28,29,31). However, the prognostic value of
LODDS for patients with SCC is unclear. In this study, we
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found that LODDS was an independent prognostic factor
for predicting long-term CSS and OS among N1/N2 stage
SCC patients after undergoing the surgery. In addition,
LODDS showed better prognostic performance than the N,
NPLN, and LNR staging systems.

Nodal status is one of the most significant prognostic
indictors for NSCLC. The current AJCC N staging system
based on the anatomic location in the positive LNs of the
pulmonary hila (N1) and mediastinum (N2) is widely used.
Compared to LN count, the anatomical definition of LN
station is more complicated, which thus might potentially
cause inconsistent interpretation and misclassification of
stage (42,43). Additionally, the accuracy of the N system is
significantly influenced by the insufficient NDLN, which
might lead to stage migration in nodal classification (37).
The NPLN system not only depends on the number of
LNs sampled or dissected to begin with in the surgical
intervention, but also depends on pathological procedures,
which could affect the accuracy of positive LN counts.
The LNR system combines both LN involved and the
total number of LN harvested, which could theoretically
overcome the limitations of number-based nodal
classification system. Several previous studies demonstrated
that LNR was a promising prognostic factor in patients
with node-positive NSCLC, and was superior to the N and
number-based nodal classification (19,38,44). However, even
if the patients have different numbers of metastatic LNs
and total number of dissected LN, they might get the same
LNR. For example, it seems obvious that the prognosis for
patients with 1 positive LN out of 1 dissected LN would
be better than that for patients with 10 positive LNs out
of 10 dissected LNs, even though they both have the same
LNR of 1. Another major disadvantage of LNR is a tight
correlation with the number of LNs dissected. Therefore if
there is a low number of LNs harvested especially in video
assisted thoracic surgery (VATS), the efficacy of LNR is
dubious (45). Moreover, LNR system will not distinguish
the difference in survival for patients with node-negative
disease.

Among these four staging systems, LODDS is the
only variable that encompasses the numbers of dissected,
positive, and negative LNs. LODDS have been identified
as an independent prognostic factor, and showed better
prognostic predictive power than other LN assessment
classifications in breast, gastric, gastric adenocarcinoma,
pancreatic cancer, colorectal cancer, esophageal squamous
cell carcinoma (ESCC), and oral squamous cell carcinomas

(OSCCQC) (28-31,37,46-48). Recently, there were several
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studies attempting to explore the prognostic role of
LODDS for NSCLC (16,25,26). Similar to our results,
a single center study (26) limited their cohort in patients
with lung AC alone, and found that LODDS had the
highest ability to allow accurate prognostic stratification
along with greatest model fit than LNR and NPLN. Deng
et al. (25) demonstrated that LODDS was slightly superior
to LNR for NSCLC with <10 resected LNs, and LNR
was slightly superior to LODDS for NSCLC with >10
resected LNs. Compared to our study, differences in the
study time window, inclusion and exclusion criteria of the
cohort (in which the majority of patients were diagnosed
with AC), and the covariates included in the cox regression
models still existed. In another study, Lv er 4/. (16) found
that LODDS was superior to N, and NPLN in stage [-I1la
NSCLC. However, in this single-institutional study, only
240 cases with SCC were included, which neither analyzed
the correlation between LODDS and CSS, nor specified the
numbers of negative or positive LNs dissected. Moreover,
the prognostic performance of a combination of LODDS
and other systems was not explored in above studies.

To our knowledge, the current study is the first to
dedicatedly compare the prognostic performance of
four different LN staging systems (N, NPLN, LNR,
and LODDS) for predicting long-term CSS and OS
in node-positive SCC, and preliminarily explore the
possibility of a merger of the LODDS and other systems
to strengthen the current AJCC TNM classification. In
the multivariate Cox regression analysis (Model 1-4),
patients with more advanced N stage, more NPLN,
higher LNR, and higher LODDS were associated worse
CSS and OS, which indicates that such patients might
benefit from aggressive postoperative treatment or close
follow-up. Moreover, Model 4 (LODDS) showed better
performance in discriminatory power, monotonicity
of gradients, homogeneity, and accuracy of prognostic
prediction suggesting that the LODDS system might be
superior to the other three staging systems when each
of them was incorporated into Cox model separately.
In Model 5, LODDS and other staging systems were
combined together to provide more information, and
showed the strongest prognostic effectiveness compared
to Model 1-4, which demonstrated that LODDS could
complement the widely used AJCC TNM classification
and a combination of LODDS and other systems has the
potential for becoming an better staging method to more
precisely predicting survival. Moreover, a more accurate
staging system could provide a tool for finer stratification
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to identify the most appropriate therapeutic strategies
for specific subgroups of patients. A series of sensitivity
analyses showed that LODDS had the ability to distinguish
between patients with different N or NPLN subgroups
into distinct prognostic subgroups. Scatter plots were used
to visualize the relationship between LODDS and other
staging systems. When LNR was 1 or less than 0.1, and
NPLN was less than 10, the value of LODDS was more
heterogeneous, indicating that the LODDS system has the
potential to discriminate survival outcomes among these
patients. When comparing the prognostic effectiveness of
different nodal staging systems, it is necessary to consider
how many LNs should be dissected for adequate assessment
of LN status and maintenance of the optimal quality of
surgical intervention. However, the optimal number of
LNs to be dissected has not been established with a range
from 4 to 20 (49-53). In this current study, the optimal
cut-off point of NDLN (NDLNT1 <10; NDLN2 >10) was
calculated by X-tile analysis, and NDLN was found an
independent prognostic indictor in Model 1, 2 and 5. An
extensive LN dissection could facilitate the identification
of stage migration, which may contribute to the proper
delivery of adjuvant treatment. Furthermore, the number
of LNs dissected serves as a quality measure of surgery,
and adherence to lung cancer surgical quality standard is
associated with better survival (49).

Several strengths and limitations of our study should be
noted. The SEER program collects data on cancer patients
from 18 registries throughout the United States, resulting
in a high level of generalizability. Thus, our findings were
based on a comprehensive setting and had strong external
validity with a relatively large sample size in the analysis
of node-positive SCC. Moreover, an adequate duration
of follow-up time and relatively complete survival data
provided sufficient power to assess prognostic performance
of each staging system. Each Cox regression model was
assessed by monotonicity, homogeneity, and distinctiveness,
which made the evaluation of LN staging system more
comprehensive. X-tile is a bio-informatics statistical tool
for biomarker assessment and outcome-based cut-point
optimization, which is helpful to overcome the limitations
of previous system grouping by using medians or quartiles
as cut-off points. However, our study bears several
limitations that we must acknowledge. The SEER database
is the lack of detailed data, such as smoking history, imaging
techniques used before surgery, preoperative chemotherapy,
type of resection (RO, R1 or R2), use of systemic therapies,
and postoperative comorbidities. In the SEER database,
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the AJCC stage derived from the collaborative stage (CS)
system, represents a mixture of clinical and pathologic stage
(https://seer.cancer.gov/tools/collabstaging/). Considering
the discrepancies between these two staging systems, there
is a need for further subgroup analysis regarding sole
clinical stage or pathologic stage. In addition, information
about recurrence is not available, and progression-free
survival cannot be calculated. However, this current study
showed comparable CSS rates, and CSS can be assumed to
be an indirect extension of progression-free survival. In our
study, categorization of continuous variables bears the risk
of loss of information and is sometimes highly debated.

Conclusions

"To summarize, this study confirmed the prognostic value of
LODDS for predicting long-term CSS and OS in patients
with node-positive lung SCC after undergoing surgical
intervention. Additionally, LODDS system might have
superior prognostic effectiveness over the N, NPLN, and
LNR staging systems. Moreover, incorporation of LODDS
into the AJCC N classification should be considered to
more precisely predict survival, guide the choice of surgical
procedure, and help tailor individualized postoperative
treatment.
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Supplementary

Table S1 Number of observations after each selection procedure

Step  Criteria Number Number of rgmaining
excluded observations

1 Patients with lung SCC between 2004 and 2014 - 109,348

2 Exclude if diagnosed with autopsy/death certificate only 939 108,409

3 Exclude if no histologically confirmation of invasive cancer 13,427 94,982

4 Exclude if receiving a diagnosis while in a nursing home or hospice 174 94,808

5 Include if identified as only primary tumor 30,987 63,821

6 Include if aged =18 years 4 63,817

7 Exclude if undergoing pathological examination of resected specimens or invasive 55 63,762

mediastinal staging before surgery

8 Exclude if NO and N3 stage disease 25,121 38,641

9 Exclude if metastatic disease (M1) 16,826 21,815
10 Include if treated with radical surgery and systematic LN dissection 15,047 6,768

11 Include if at least one positive LN dissected 2,656 4,112

12 Exclude if receiving preoperative radiotherapy 437 3,675

13 Exclude if survival time of less than 1 month after surgery 413 3,262

14 Missing information about NDLN, NPLN, surgical approach, TNM staging as well as 701 2,561

survival outcomes

SCC, squamous cell carcinoma; LN, lymph node; NDLN, number of dissected lymph nodes; NPLN, number of positive lymph nodes;
TNM, tumor node metastasis.

Table S2 1-, 3-, and 5-year lung cancer-specific survival rate of subgroups of different staging systems

Study cohort 1-year survival rate (%) 3-year survival rate (%) 5-year survival rate (%) P value

Total 81.8 (80.3-83.3) 55.7 (53.6-57.8) 46.9 (44.7-49.2)

N <0.001
N1 84.3 (82.5-86.0) 61.2 (58.8-63.7) 52.0 (49.3-54.7)
N2 76.5 (73.6-79.6) 43.6 (40.0-47.5) 35.5 (31.9-39.6)

NPLN <0.001
NPLN1 83.2 (81.6-84.9) 58.6 (56.4-61.0) 49.1 (46.7-51.6)
NPLN2 76.0 (72.3-79.9) 43.8 (39.4-48.8) 38.2 (33.6-43.3)

LNR <0.001
LNR1 84.3 (82.6-86.1) 61.2 (58.8-63.7) 52.7 (50.1-55.4)
LNR2 76.1 (73.1-79.2) 43.4 (39.8-47.3) 34.1 (30.5-38.2)

LODDS <0.001
LODDS1 84.4 (82.7-86.1) 61.1 (58.7-63.6) 52.7 (50.1-55.4)
LODDS2 75.7 (72.7-78.9) 43.2 (39.5-47.1) 33.7 (30.0-37.7)

Note: data were presented as survival rate (%) with a 95% confidence interval (Cl) in brackets; log-rank test was used to assess statistical

differences between subgroups. NPLN, number of positive lymph nodes; LODDS, log odds of positive lymph nodes.



Table S3 1-, 3-, and 5-year lung overall survival rate of subgroups of different staging systems

Study cohort

1-year survival rate (%)

3-year survival rate (%)

5-year survival rate (%)

P value

Total
N
N1
N2
NPLN
NPLN1
NPLN2
LNR
LNR1
LNR2
LODDS
LODDS1
LODDS2

77.6 (76.0-79.2)

79.6 (77.7-81.5)
73.2 (70.2-76.3)

78.8 (77.1-80.6)
72.6 (68.8-76.6)

79.5 (77.6-81.4)
73.2 (70.1-76.4)

79.6 (77.7-81.4)
72.9 (69.8-76.1)

49.0 (47.0-51.1)

53.7 (51.4-56.2)
38.6 (35.2-42.3)

51.4 (49.2-53.7)
39.2 (35.0-43.9)

54.0 (51.7-56.5)
37.8 (34.5-41.5)

54.0 (51.6-56.4)
37.6 (34.2-41.3)

38.2 (36.2-40.3)

42.5 (40.0-45.1)
28.4 (25.1-32.1)

40.2 (37.9-42.6)
29.7 (25.6-34.6)

43.5 (41.0-46.1)
26.3 (23.1-29.9)

43.6 (41.1-46.2)
25.7 (22.5-29.4)

<0.001

<0.001

<0.001

<0.001

Note: data were presented as survival rate (%) with a 95% confidence interval (Cl) in brackets; log-rank test was used to assess statistical
differences between subgroups. NPLN, number of positive lymph nodes; LODDS, log odds of positive lymph nodes.



Table S4 Multivariable Cox regression analysis (Model 1-4) of prognostic predictors for cancer-specific survival in patients with SCC

Characteristic

Model 1 (N)

Model 2 (NPLN)

Model 3 (LNR)

Model 4 (LODDS)

HR (95% Cl)

P value

HR (95% Cl)

P value

HR (95% Cl)

P value

HR (95% ClI)

P value

Age group (year)
Sex
Male
Female
Insurance status
No
Yes
Laterality
Right
Left
T stage
T1
T2
T3
T4
Radiation
None/unknown
Yes
Chemotherapy
None/unknown
Yes
NDLN
NDLN1 [1-10]
NDLN2 [11-82]
N stage
N1
N2
NPLN
NPLN1 [1-3]
NPLN2 [4-33]
LNR
LNR1 (0.01-0.28)
LNR2 (0.29-1.00)
LODDS

LODDS1 (-1.70 to —0.37)
LODDS2 (-0.36 to 1.40)

1.019 (1.012-1.025)

]
0.782 (0.690-0.886)

;
0.869 (0.773-0.976)

|
0.847 (0.757-0.949)

]
1.251 (1.066-1.468)
1.878 (1.504-2.345)
1.890 (1.550-2.305)

1
1.259 (1.094-1.450)

1

0.6722 (0.5952-0.7591)

1
0.816 (0.728-0.916)

;
1.632 (1.445-1.843)

<0.001

<0.001

0.018

0.004

0.006
<0.001
<0.001

0.001

<0.001

<0.001

<0.001

1.019 (1.013-1.026)

|
0.795 (0.702-0.901)

1
0.883 (0.786-0.993)

’
0.822 (0.734-0.920)

|
1.244 (1.060-1.460)
1.757 (1.407-2.194)
1.838 (1.508-2.241)

;
1.373 (1.197-1.574)

|
0.687 (0.609-0.775)

|
0.733 (0.650-0.825)

|
1.588 (1.380-1.827)

<0.001

0.0003

0.0381

0.0006

0.0075
<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

1.018 (1.012-1.025)

|
0.789 (0.696-0.894)

1
0.892 (0.793-1.003)

1
0.827 (0.739-0.926)

]
1.229 (1.048-1.442)
1.783 (1.430-2.223)
1.811 (1.487-2.207)

]
1.343 (1.171-1.542)

]
0.673 (0.596-0.759)

1

1.648 (1.464-1.856)

<0.001

<0.001

0.056

0.001

0.011
<0.001
<0.001

<0.001

<0.001

<0.001

1.018 (1.012-1.025)

;
0.788 (0.695-0.893)

1
0.892 (0.793-1.003)

;
0.830 (0.742-0.929)

;
1.241 (1.057-1.456)
1.804 (1.445-2.252)
1.828 (1.500-2.229)

;
1.341 (1.169-1.539)

;
0.676 (0.599-0.763)

1

1.661 (1.475-1.870)

<0.001

<0.001

0.049

0.001

0.010
<0.001
<0.001

<0.001

<0.001

<0.001

Note: data were presented as hazard ratio (HR) and a 95% confidence interval (Cl); NDLN didn’t remain in the Model 3-4. SCC, squamous cell carcinoma; NDLN, number
of dissected lymph nodes; NPLN, number of positive lymph nodes; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes.



Table S5 Multivariable Cox regression analysis (Model 1-4) of prognostic predictors for overall survival in patients with SCC

Characteristic

Model 1 (N)

Model 2 (NPLN)

Model 3 (LNR)

Model 4 (LODDS)

HR (95% Cl)

P value

HR (95% Cl)

P value

HR (95% Cl)

P value

HR (95% Cl)

P value

Age group (year)
Sex

Male

Female
Insurance status

No

Yes

Year of diagnosis (year)

2004-2005
2006-2007
2008-2009
2010-2011
2012-2014
Site

Main bronchus
Upper lobe
Middle lobe

Lower lobe

Overlapping lesion of lung

Laterality
Right
Left
T stage
T1
T2
T3
T4
Radiation
None/unknown
Yes
Chemotherapy
None/unknown
Yes
NDLN
NDLN1 [1-10]
NDLN2 [11-82]
N stage
N1
N2
NPLN
NPLN1 [1-3]
NPLN2 [4-33]
LNR
LNR1 (0.01-0.28)
LNR2 (0.29-1.00)
LODDS

LODDS1 (-1.70 to -0.37)
LODDS2 (-0.36 to 1.40)

1.025 (1.019-1.031)

]
0.766 (0.686-0.856)

]
0.788 (0.684-0.907)

]
1.083 (0.919-1.275)
1.300 (1.070-1.580)
1.065 (0.874-1.297)
0.922 (0.752-1.130)

]
1.209 (0.906-1.614)
1.283 (0.874-1.881)
1.380 (1.027-1.852)
1.355 (0.927-1.982)

]
0.877 (0.792-0.972)

]
1.226 (1.067-1.408)
1.829 (1.494-2.239)

1

1.230 (1.083-1.397)

]
0.628 (0.564-0.699)

]
0.841 (0.759-0.931)

]
1.519 (1.363-1.692)

<0.001

<0.001

<0.001

0.341
0.008
0.532
0.433

0.198
0.203
0.032
0.117

0.012

0.004
<0.001

0.001

<0.001

<0.001

<0.001

1.025 (1.019-1.031)

]
0.776 (0.695-0.867)

]
0.792 (0.792-0.913)

;
1.094 (0.929-1.288)
1.318 (1.084-1.603)
1.059 (1.099-1.980)
1.415 (0.968-2.070)

]
1.296 (0.970-1.730)
1.345 (0.917-1.974)
1.475 (1.099-1.980)
1.415 (0.968-2.070)

]
0.854 (0.771-0.946)

]
1.218 (1.060-1.400)
1.732 (1.416-2.119)
1.634 (1.369-1.950)

]
1.321 (1.167-1.495)

]
0.637 (0.573-0.709)

]
0.769 (0.692-0.854)

]
1.491 (1.313-1.692)

<0.001

<0.001

0.001

0.284
0.006
0.568
0.610

0.079
0.130
0.010
0.073

0.003

0.005
<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

1.024 (1.019-1.030)

]
0.772 (0.691-1.863)

]
0.797 (0.692-0.919)

;
1.094 (0.929-1.289)
1.312 (1.079-1.594)
1.064 (0.874-1.295)
0.953 (0.777-1.169)

]
1.308 (0.981-1.744)
0.759 (0.900-1.930)
1.464 (1.092-1.962)
1.422 (0.973-2.079)

;
0.857 (0.773-0.949)

]
1.208 (1.052-1.388)
1.742 (1.425-2.130)
1.615 (1.354-1.927)

;
1.298 (1.146-1.470)

]
0.625 (0.562-0.696)

]
1.511 (1.359-1.681)

<0.001

<0.001

0.002

0.280
0.007
0.539
0.645

0.067
0.157
0.011
0.069

0.003

0.008
<0.001
<0.001

<0.001

<0.001

<0.001

1.024 (1.019-1.030)

]
0.773 (0.692-0.863)

;
0.794 (0.689-0.915)

]
1.095 (0.930-1.290)
1.313 (1.080-1.596)
1.071 (0.879-1.304)
0.955 (0.778-1.171)

;
1.298 (0.974-1.731)
1.303 (0.890-1.909)
1.452 (1.083-1.946)
1.408 (0.963-2.058)

]
0.858 (0.774-0.950)

]
1.210 (1.055-1.392)
1.744 (1.427-2.133)
1.617 (1.356-1.930)

|
1.296 (1.144-1.468)

]
0.627 (0.563-0.698)

]
1.525 (1.371-1.697)

<0.001

<0.001

0.001

0.275
0.006
0.496
0.658

0.075
0.174
0.013
0.078

0.003

0.007
<0.001
<0.001

<0.001

<0.001

<0.001

Note: data were presented as hazard ratio (HR) and a 95% confidence interval (Cl); NDLN didn’t remain in the Model 3-4. SCC, squamous cell carcinoma; NDLN, number
of dissected lymph nodes; NPLN, number of positive lymph nodes; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes.



Table S6 Multivariable Cox regression analysis (Model 5) of
prognostic predictors for cancer-specific survival in patients with

SCC

Table S7 Multivariable Cox regression analysis (Model 5) of
prognostic predictors for overall survival in patients with SCC

Characteristic

Model 5

HR (95% Cl)

P value

Age at diagnosis (year)

Sex
Male
Female
Insurance status
No
Yes
Laterality
Right
Left
T stage
T
T2
T3
T4
Radiation
None/unknown
Yes
Chemotherapy
None/unknown
Yes
NDLN
NDLN1 [1-10]
NDLN2 [11-82]
N stage
N1
N2
NPLN
NPLN1 [1-3]
NPLN2 [4-33]
LODDS

1.019 (1.012-1.025)

1
0.779 (0.688-0.883)

]
0.890 (0.791-1.001)

]
0.835 (0.746-0.935)

;
1.233 (1.051-1.447)
1.856 (1.486-2.318)
1.891 (1.551-2.306)

1
1.202 (1.043-1.386)

]
0.669 (0.592-0.755)

]
0.866 (0.755-0.993)

]
1.482 (1.307-1.681)

1
1.214 (1.031-1.429)

<0.001

<0.001

0.054

0.002

0.010
<0.001
<0.001

0.011

<0.001

0.039

<0.001

0.020

LODDS1 (-1.70 to -0.37) 1

LODDS?2 (~0.36 to 1.40) 1.373 (1.186-1.591)  <0.001

Note: data were presented as hazard ratio (HR) and a 95%
confidence interval (Cl); LNR didn’t remain in Model 5. SCC,
squamous cell carcinoma; HR, hazard ratio; Cl, confidence
interval; NDLN, number of dissected lymph nodes; NPLN,
number of positive lymph nodes; LODDS, log odds of positive
lymph nodes.

Model 5
Characteristic
HR (95% Cl) P value

Age group (year) 1.025 (1.019-1.031) <0.001
Sex

Male 1

Female 0.763 (0.684-0.853)  <0.001
Insurance status

No 1

Yes 0.848 (0.764-0.941) 0.002
Year of diagnosis (year)

2004-2005 1

2006-2007 1.080 (0.917-1.272) 0.355

2008-2009 1.315 (1.082-1.599) 0.006

2010-2011 1.064 (0.874-1.296) 0.537

2012-2014 0.949 (0.773-1.164) 0.612
Site

Main bronchus 1

Upper lobe 1.266 (0.948-1.691) 0.111

Middle lobe 1.323 (0.901-1.944) 0.153

Lower lobe 1.428 (1.063-1.919) 0.018

Overlapping lesion of lung 1.405 (0.960-2.055) 0.080
Laterality

Right 1

Left 0.857 (0.776-0.947) 0.002
T stage

T 1

T2 1.231 (1.072-1.413) 0.003

T3 1.718 (1.409-2.094) <0.001

T4 1.700 (1.425-2.027)  <0.001
Radiation

None/unknown 1

Yes 1.169 (1.028-1.328)  0.017
Chemotherapy

None/unknown 1

Yes 0.618 (0.555-0.687)  <0.001
NDLN

NDLN1 [1-10] 1

NDLN2 [11-82] 0.870 (0.772-0.980) 0.022
N stage

N1 1

N2 1.403 (1.255-1.569)  <0.001
NPLN

NPLN1 [1-3] 1

NPLN2 [4-33] 1.193 (1.030-1.381) 0.019
LODDS

LODDSH1 (-1.70 to —0.37) 1

LODDS?2 (~0.36 to 1.40) 1.310 (1.150-1.492)  <0.001

Note: data were presented as hazard ratio (HR) and a 95%
confidence interval (Cl); LNR didn’t remain in Model 5. SCC,
squamous cell carcinoma; HR, hazard ratio; Cl, confidence
interval; NDLN, number of dissected lymph nodes; NPLN,
number of positive lymph nodes; LODDS, log odds of positive
lymph nodes.
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