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Abstract

Background: The prognostic roles of three lymph node classifications, number of positive lymph nodes (NPLN), log
odds of positive lymph nodes (LODDS), and lymph node ratio (LNR) in lung adenocarcinoma are unclear. We aim
to find the classification with the strongest predictive power and combine it with the American Joint Committee
on Cancer (AJCC) 8th TNM stage to establish an optimal prognostic nomogram.

Methods: 25,005 patients with T1-4NO-2MO lung adenocarcinoma after surgery between 2004 to 2016 from the Surveillance,
Epidemiology, and End Results database were included. The study cohort was divided into training cohort (13,551 patients)
and external validation cohort (11,454 patients) according to different geographic region. Univariate and multivariate Cox
regression analyses were performed on the training cohort to evaluate the predictive performance of NPLN (Model 1), LODDS
(Model 2), LNR (Model 3) or LODDS+LNR (Model 4) respectively for cancer-specific survival and overall survival. Likelihood-ratio
¥’ test, Akaike Information Criterion, Harrell concordance inde, integrated discrimination improverment (IDI) and net
reclassification improvement (NRI) were used to evaluate the predictive performance of the models. Nomograms were
established according to the optimal models. They're put into internal validation using bootstrapping technique and external
validation using calibration curves. Nomograms were compared with AJCC 8th TNM stage using decision curve analysis.
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Results: NPLN, LODDS and LNR were independent prognostic factors for cancer-specific survival and overall survival.
LODDS+LNR (Model 4) demonstrated the highest Likelihood-ratio x2 test, highest Harrell concordance index, and lowest
Akaike Information Criterion, and IDI and NRI values suggested Model 4 had better prediction accuracy than other models.
Internal and external validations showed that the nomograms combining TNM stage with LODDS+LNR were convincingly
precise. Decision curve analysis suggested the nomograms performed better than AJCC 8th TNM stage in clinical practicability.

Conclusions: We constructed online nomograms for cancer-specific survival and overall survival of lung adenocarcinoma
patients after surgery, which may facilitate doctors to provide highly individualized therapy.

Keywords: Nomogram, Log odds of positive lymph nodes (LODDS), Lymph node ratio (LNR), Lung adenocarcinoma, SEER

Background
Lung cancer is identified as the most common cancer and
the leading cause of cancer-specific deaths in the United
States, accounting for about 135,720 deaths in 2020 [1].
Traditionally, lung cancer is classified as non-small cell
lung cancer (NSCLC) and small cell lung cancer. NSCLC
constitutes 85% of all types of lung cancer cases, and the
most common histological subtypes are lung adenocarcin-
oma (AC) and lung squamous cell carcinoma (SCC),
which accounts for 60 and 15% separately [2]. Although
lung AC and SCC are commonly categorized as NSCLC, a
large body of experimental evidence support that these are
very distinct diseases and have vastly distinct transcrip-
tomic profiles, histopathologic, and clinicopathological
features, resulting in different prognostics [3—7]. Hence,
some researchers suggested abandoning the concept of
NSCLC and adopting a subtype-centered tumor classifica-
tion to develop more accurate diagnostic, therapeutic, and
prognostic procedures [8]. Currently the prognostic re-
searches are mostly on NSCLC [5, 9], while the prognostic
models on lung AC are scarce. In addition, the prognosis
for patients with NSCLC is currently estimated based on
American Joint Committee on Cancer (AJCC) 8th tumor,
node, metastasis (TNM) staging system, of which the N
classification is based on the lymphatic region involved.
This system does not take the number of dissected lymph
nodes (NDLN) and number of positive lymph nodes
(NPLN) into consideration. All these limitations detract
from the accuracy of the prognostic estimates of lung AC.
Although NDLN and NPLN do not contribute to N
classification, several studies have confirmed that higher
values of NPLN, log odds of positive lymph nodes
(LODDS, calculated using the formula: LODDS= log

DN ptesss) or lymph node ratio (LNR, calculated
NPLN

using the formula: LNR=;7+) were related to worse
prognosis for NSCLC or several other types of malignant
tumors [10-13]. However, of these node classifications,
which can obtain the most precise prognosis in lung AC
is unclear.

In our study, based on the Surveillance, Epidemiology,
and End Results (SEER) database, we firstly aimed to

comprehensively compare the prognostic efficacy of
NPLN, LODDS, and LNR classification for predicting
long-term survival outcomes of patients with lung AC.
Secondly, according to the result of step one, we
intended to establish and validate a model combining
the N classification and the selected node number-based
or ratio-based staging system, which can make the best
use of the information of lymph node region and num-
ber of examined and positive nodes to predict the long-
term post-operative cancer-specific survival and overall
survival for these patients. We present the following art-
icle in accordance with the TRIPOD reporting checklist.

Methods

Data source and ethics statement

The SEER database collects data from 18 cancer registries of
the National Cancer Institute. SEER database includes data of
nearly 34.6% of US population [14]. The data was obtained
with the SEER*Stat software (version 8.3.8; RRID: SCR_
003293; https://seer.cancer.gov/resources/). Primary cancer
histology and site were coded by the 3rd edition of the Inter-
national Classification of Diseases for Oncology (ICD-O-3).
The requirement for informed consent was waived as all
SEER data was deidentified before release and contained no
personally identifying information of patients. The study was
conducted in accordance with the Declaration of Helsinki
and the Harmonized Tripartite Guideline for Good Clinical
Practice from the International Conference on
Harmonization. No approval by the institutional review board
was sought, because SEER is a public database.

Cohort selection

A total of 25,005 patients from SEER database were se-
lected into our study cohort. Inclusion criteria was as
followed: (I) patients diagnosed with primary lung tumor
between 2004 to 2016 with site codes as C34.0-C34.9;
(IT) positive pathologic confirmation of histologic type as
adenocarcinoma (8140-8147, 8255, 8260, 8310, 8323,
8480, 8481, 8490, 8550, 8572) based on ICD-O-3 His/
Behave, malignant; (III) identified as only one primary
tumor; (IV) patients who underwent a radical surgery
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and systematic lymph node dissection with NO-2 dis-
ease. Patients were excluded who (I) aged < 18 years; (II)
were diagnosed with autopsy/death certificate only; (III)
were at N3/M1 disease; (IV) had received preoperative
radiotherapy; (V) had received preoperative pathological
examination of resected specimens or invasive medias-
tinal staging; (VI) survived less than 3 months after sur-
gery; (VII) had missing information about NDLN,
NPLN, TNM staging as well as survival outcomes; (VIII)
had missing information about race, laterality, site, dif-
ferentiation as well as marital status at diagnosis. The
TNM stages of the selected patients from SEER database
were updated according to the 8th edition of the AJCC
criteria [15].

According to purchased/referred care delivery areas
(PRCDA) region, these patients were divided into train-
ing cohort (PRCDA = East, Northern plains, and Alaska)
and external validation cohort (PRCDA = Pacific coast
and Southwest). The prognostic model was subjected to
bootstrap internal validation in the training cohort and
external validation in the external validation cohort.

Study covariates and outcomes

Information on the baseline demographics of the patients
including age at diagnosis, sex, race, PRCDA region, mari-
tal status at diagnosis was extracted. Moreover, histopath-
ologic features of tumor including primary site, laterality,
differentiation, T classification, and N classification were
included. We also extracted therapeutic strategies includ-
ing type of surgery, radiotherapy, chemotherapy, NDLN,
and NPLN. In addition, four continuous variables (NDLN,
NPLN, LODDS, and LNR) of training cohort were tricho-
tomized via the X-tile software (version 3.6.1) based on
the maximal log-rank x* value, representing the greatest
group difference in survival outcome [16]. NDLN was
grouped into NDLN1 (1 to 10), NDLN2 (11 to 19), and
NDLN3 (=20), while NPLN was divided into NPLNO (0),
NPLNI1 (1 to 6), and NPLN2 (7 to 61). Besides, LODDS
was categorized into LODDS1 (>-2.26, <-0.94),
LODDS2 (=-0.94, <-041), and LODDS3 (=-041,
<1.52), while LNR was classified into LNRO (0), LNR1 (>
0, <0.55), LNR2 (= - 0.55, <1.00).

In this study, we chose lung cancer-specific survival
(CSS) and overall survival (OS) as primary endpoints.
CSS was defined as the survival months from diagnosis
to lung AC-related death, while OS was defined as the
survival months from diagnosis to all-cause death. The
information on follow-up and prognosis of the SEER
database is updated annually and the latest follow-up
data was released in December 31, 2016.

Selection of prognostic model
To simplify the prognostic models, all the continuous vari-
ables were transformed into ranked or categorical
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variables and displayed as count and percentages. Baseline
data of patients stratified by training and external valid-
ation cohort was compared by using Mann-Whitney U
test or Pearson’s x° test for ranked variables or categorical
variables respectively. 1-, 3-, and 5-year CSS and OS
curves were presented by the Kaplan-Meier (KM) method,
and compared using a two-sided log-rank test.

In addition, a 2-step Cox proportional hazards regres-
sion analysis was performed to identify the relation be-
tween different lymph node classifications and prognosis,
and the hazard ratio (HR) and a 95% confidence interval
(CI) were presented. Firstly, we performed univariate Cox
regression analysis to determine which variates were po-
tential prognostic factors. Variates with statistical signifi-
cance (P<0.1) in the univariate Cox regression analysis
were then included in multivariate Cox regression ana-
lysis. Secondly, we separately put NPLN (Model 1),
LODDS (Model 2), LNR (Model 3), LODDS+LNR (Model
4) into four different multivariate Cox regression models
using Backward LR method. The predictive performance
of these models was assessed according to homogeneity,
statistical model fit, discrimination, and accuracy [17].
The likelihood-ratio (LR) x> test was applied to evaluate
homogeneity between different models. Akaike Informa-
tion Criterion (AIC) was used to measure statistical model
fit. Harrell concordance index (C-index) was used to test
the discriminatory ability or accuracy. In addition, com-
parisons of prediction accuracy between the 4 models
were performed by calculating the integrated discrimin-
ation improvement (IDI) and the net reclassification im-
provement (NRI) [18].

Construction and validation of the nomograms

The multivariate Cox regression models for CSS and
OS with the optimal predictive performance were
transformed into nomograms. Bootstrapping tech-
nique was applied on the selected model for internal
validation based on 1000 resamples of the training
cohort. Calibration for 1-, 3-, and 5-year CSS and OS,
which compares the nomogram-predicted survival
with the actual survival, was evaluated using calibra-
tion curves. The predictions were supposed to fall
closely to a 45-degree diagonal line if the model was
with high accuracy. Decision curve analysis (DCA)
was performed to compare AJCC 8th TNM stage with
our nomograms. The nomograms were transformed
into convenient online versions.

Statistical analyses were performed using SPSS for
windows (version 24.0; RRID: SCR_002865; https://www.
ibm.com/products/spss-statistics) and R software (ver-
sion 4.0.2; RRID: SCR_001905; http://www.r-project.
org). All tests were two-sided and P value <0.05 was
considered as statistically significant.
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Results

Patients characteristics

Between January 2004 and December 2016, the SEER
database collected 241,147 patients diagnosed with lung
AC. After employing the selection criteria, the final
study cohort included 25,005 patients. 13,551 of them
were categorized as training cohort (PRCDA = East,
Northern plains, and Alaska) and the external validation
cohort (PRCDA = Pacific coast, Southwest) consisted of
11,454 patients. The inclusion and exclusion process
were summarized in Additional file Table SI. Baseline
demographic and clinicopathological features of all pa-
tients stratified by training and external validation co-
hort were listed in Table 1. The median [interquartile
range (IQR)] diagnostic age was 67 years (60—74 years).
Most patients were diagnosed in the age of >50 years,
were diagnosed at NO disease (74.1%), were Caucasians
(81.6%), and received lobectomy (86.0%). Interestingly
patients with NO disease (18,541) were less than patients
with NPLNO disease (18,726), which may be attributed
to that part of N classification in SEER database is clin-
ical N classification assessed by imaging manifestations.

Survival analysis

The median (IQR) follow-up times on all selected pa-
tients were 65 months (30—-105months) by calculating
the interval of time from the median patient entry to the
cutoff date for analysis. The CSS and OS of the training
cohort patients stratified by different node classifications
were shown in Additional file Table S2 and Additional
file Table S3. The cumulative 1-, 3-, 5-year CSS rates for
LNRO patients were 96.4% (95% CI, 96.0-96.8%), 85.1
(95% CI, 84.3-85.9%), and 77.0% (95% CI, 76.0-78.0%)
respectively, and were 89.6% (95% CI, 88.4—90.8%), 63.3
(95% CI, 61.4-65.4%), and 48.0 (95% CI, 45.8—-50.3%) for
LNR1 patients respectively, and were 75.6% (95% CI,
72.3-79.1%), 40.7 (95% CI, 36.7-45.1%), and 26.0 (95%
CI, 22.3-30.3%) for LNR2 patients respectively. As dis-
played in Fig. 1, patients with higher value of NPLN,
LNR, and LODDS were significantly related with lower
CSS and OS rates (log-rank test P<0.001). In Fig. 2a,
Univariate Cox regression analysis demonstrated that
age at diagnosis, sex, marital status at diagnosis, lateral-
ity, site, differentiation, T classification, N classification,
type of surgery, radiotherapy, chemotherapy, NDLN,
NPLN, LNR, and LODDS showed significant relation-
ship with CSS (P <0.1). Similarly, the potential prognos-
tic variates for OS were also displayed in Fig. 2b.
Subsequently, using Backward LR method, we separately
incorporated NPLN (Model 1), LODDS (Model 2), LNR
(Model 3), and LODDS+LNR (Model 4) into four multi-
variate Cox regression models combined with the same
covariates. Multivariate Cox regression analysis (Model
1-3) showed that all the three classifications (NPLN,
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LODDS, LNR) were independent prognostic variates for
CSS and OS in Additional file Table S4 and Additional
file Table S5. Model 4 for CSS and OS was demon-
strated in Fig. 3a and b.

Comparison of predictive performance between NPLN,
LODDS, and LNR

The predictive performances of Model 1-4 were evalu-
ated and listed in Table S6. In Model 1-3, LNR (Model
3) showed higher LR x* test, and lower AIC than NPLN
and LODDS (Model 1-2). LNR (Model 3) and LODDS
(Model 2) showed similar C-indexes, which were higher
than NPLN (Model 1). In other words, LNR exhibited
superior predictive potential to NPLN and LODDS. In
addition, LODDS+LNR (Model 4) manifested the high-
est LR x* test (2022.4 for nomogram for CSS, 2085.1 for
nomogram for OS), highest C-index (0.7241 for nomo-
gram for CSS, 0.6941 for nomogram for OS), and lowest
AIC (63,133 for nomogram for CSS, 87,559 for nomo-
gram for OS) in all four models. What’s more, the com-
parisons between LODDS+LNR (Model 4) and other
models using IDI and NRI were shown in Table 2. All
the IDI and NRI values were <0 with most P values <
0.05, suggesting Model 4 had better predicting perform-
ance than other models.

Construction and validation of nomograms

Significant independent prognostic factors, including age
at diagnosis, sex, marital status at diagnosis, site, differ-
entiation, T, N, LODDS, LNR, type of surgery, and
radiotherapy were incorporated into the nomogram for
CSS prediction based on Model 4 (Fig. 4a). Likewise,
nomogram for OS was also established (Fig. 4b). 1-, 3-,
and 5-year CSS and OS can be calculated by these no-
mograms. As shown in the nomogram for CSS, T classi-
fication and differentiation made the largest contribution
to this nomogram, followed by LNR, age at diagnosis,
site, and other variates. While in the nomogram for OS,
age at diagnosis and T classification made the largest
contribution, followed by differentiation, site, LNR and
other variates. Each factor of these variates corresponded
to a score on the point scale. The total score could be
calculated by adding these points and by drawing a
straight line down from the total score, the estimated
CSS or OS rate could be determined.

Internal validation was performed using bootstrapping
technique based on 1000 resamples of the study cohort,
and the adjusted C-indexes (0.7222 for nomogram for
CSS, 0.6920 for nomogram for OS) were presented, indi-
cating a good prediction performance. For the external
validation cohort, the C-indexes (0.7302 for nomogram
for CSS, 0.7060 for nomogram for OS) were also high.
Besides, the calibration plots (Fig. 5) showed the points
were close to the 45-degree line, indicating a good
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Table 1 Baseline characteristics of training cohort and external validation cohort
Characteristic Total Training cohort External validation cohort P
(n = 25,005) (n=13,551) (n=11,454) value
N % N % N %
Age at diagnosis (year) <0.001
<50 1288 52 806 59 482 42
50-59 4898 196 2967 219 1931 169
60-69 8830 353 4829 356 4001 34.9
70-79 7683 30.7 3894 28.7 3789 331
280 2306 9.2 1055 7.8 1251 109
Sex 0.021
Male 10,680 427 5878 434 4802 419
Female 14,325 573 7673 56.6 6652 58.1
Race <0.001
White 20416 816 11,639 859 8777 76.6
Black 2287 9.1 1638 12.1 649 5.7
Other 2302 9.2 274 20 2028 177
Marital status at diagnosis <0.001
Single 2942 1.8 1479 109 1463 128
Married 14917 59.7 8095 59.7 6822 59.6
Other 7146 286 3977 293 3169 27.7
Laterality 0.026
Right 15,015 60.0 8223 60.7 6792 593
Left 9990 400 5328 393 4662 40.7
Site 0.006
Main bronchus 40 0.2 21 0.2 19 0.2
Upper lobe 15,359 614 8454 624 6905 60.3
Middle lobe 1317 53 674 50 643 56
Lower lobe 7983 319 4231 31.2 3752 328
Over lapping lesion of lung 306 12 171 13 135 12
Differentiation < 0.001
| (Well differentiated) 4568 183 2298 17.0 2270 19.8
Il (Medium differentiated) 12,401 496 6655 49.1 5746 50.2
IIl (Poorly differentiated) 7851 314 4506 333 3345 29.2
|V (Undifferentiated) 185 0.7 92 0.7 93 0.8
T classification 0.028
T 11,856 474 6529 482 5327 46.5
T2 8832 353 4701 34.7 4131 36.1
T3 2976 1.9 1580 1.7 1396 122
T4 1341 54 741 55 600 52
N classification 0.502
NO 18,541 74.1 10,080 744 8461 739
N1 3366 135 1774 13.1 1592 139
N2 3098 124 1697 125 1401 122
Type of surgery <0.001
Sublobectomy 2831 1.3 1707 126 1124 9.8
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Table 1 Baseline characteristics of training cohort and external validation cohort (Continued)
Characteristic Total Training cohort External validation cohort P
(n = 25,005) (n=13,551) (n=11,454) value
N % N % N %
Lobectomy 21,499 86.0 11,441 84.4 10,058 87.8
Pneumonectomy 675 2.7 403 30 272 24
Radiotherapy <0.001
No 22,786 91.1 12,262 90.5 10,524 919
Yes 2219 89 1289 9.5 930 8.1
Chemotherapy <0.001
No 18,282 73.1 9737 719 8545 746
Yes 6723 269 3814 28.1 2909 254
NDLN 0.277
NDLNT1 (1-10) 15,958 63.8 8717 64.3 7241 63.2
NDLN2 (11-19) 6399 256 3345 24.7 3054 26.7
NDLN3 (220) 2648 106 1489 11.0 1159 10.1
NPLN 0.301
NPLNO (0) 18,726 749 10,186 75.2 8540 746
NPLN1 (1-6) 5656 226 3022 223 2634 230
NPLN2 (27) 623 2.5 343 2.5 280 24
LODDS 0.371
LODDS1 (<—0.94) 15,712 62.8 8427 62.2 7285 63.6
LODDS2 (=2 —0.94, <—041) 6211 24.8 3451 255 2760 241
LODDS3 (=2 -041) 3082 12.3 1673 12.3 1409 12.3
LNR 0.045
LNRO (0) 18,726 749 10,186 752 8540 746
LNRT (>0, <0.55) 5120 20.5 2716 200 2404 210
LNR2 (20.55, <1) 1159 46 649 48 510 45

NDLN number of dissected lymph nodes; NPLN number of positive lymph nodes; LODDS log odds of positive lymph nodes; LNR lymph node ratio

coincidence between nomogram-predicted and actual
CSS or OS. For both the training cohort and validation
cohort, the DCA curves (Fig. 6) for CSS and OS sug-
gested that our nomograms were better than the AJCC
8th TNM staging system. All these results suggested that
the nomograms are convincingly accurate and practical.

Development of webservers for convenient clinical use
Two online dynamic nomograms based on Model 4
were built (https://drboidedwater.shinyapps.io/DynNom-
CSS-lungadenocarcinoma/; https://drboidedwater.
shinyapps.io/DynNom-OS-lungadenocarcinoma/). The
calculation of LODDS and LNR can be troublesome for
doctors, while in our nomograms, LODDS and LNR can
be calculated automatically using NDLN and NPLN. By
putting in the covariates, predicted survival probability
and Kaplan-Meier curves can be generated by the
webservers.

Discussion
The current nodal status of 8th TNM staging system
was based on the notion that nodal metastasis takes
place first in the nodes closest to the primary tumor and
diffuse to more distant nodes sequentially [19]. It catego-
rizes metastasis to ipsilateral peribronchial and/or hilar
nodes and intrapulmonary nodes as N1, and classify me-
tastasis into ipsilateral mediastinal and/or subcarinal
nodes into N2, without considering number of meta-
static lymph node [20]. Surgery quality and the precision
of N classification are closely related to the number of
lymph node retrieval. If the surgeon cannot achieve suf-
ficient lymph node dissection, the pathological report
may lead to N classification migration, leading to insuffi-
cient therapy and worse prognosis. Likewise, the accur-
acy of NPLN staging system is also dependent on
number of lymph node dissected and surgery quality.
The widely used N classification and NPLN have been
questioned, and LODDS or LNR was believed to be
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Fig. 1 Kaplan-Meier estimates of CSS (A, B, C) and OS (D, E, F) for training cohort according to NPLN, LODDS, and LNR. CSS, cancer-specific survival;
OS, overall survival; AC, adenocarcinoma; NPLN, number of positive lymph nodes; LODDS, log odds of positive lymph nodes; LNR, lymph node ratio
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A

Subgroups HR(95%Cl) P value
Age at diagnosis (year)
<50

- 1.000 (1.000-1.000)

50-59 - 0.925 (0.799-1.071) 0.295

60-69 - 1.014 (0.883-1.165) 0.840

70-79 —-— 1.197 (1.041-1.378) 0.012

>80 —-— 1.495 (1.267-1.763) <0.001
Sex

Male . 1.000 (1.000-1.000)

Female - 0.731 (0.685-0.780) <0.001
Race

White L] 1.000 (1.000-1.000)

Black - 0.992 (0.896-1.097) 0.868

Other —-— 0.918 (0.723-1.166) 0.483
Marital status at diagnosis

Single . 1.000 (1.000-1.000)

Married - 1.047 (0.937-1.171) 0.417

Other - 1.131 (1.004-1.274) 0.043
Laterality

Right . 1.000 (1.000-1.000)

Left =- 1.072 (1.003-1.145) 0.039
Site

Main bronchus - 1.000 (1.000-1.000)

Upper lobe —_— 0.489 (0.254-0.942) 0.032

Middle lobe —_— 0.534 (0.274-1.042) 0.066

Lower lobe e 0.584 (0.303-1.126) 0.108

Overlapping lesion of lung ——s—— 0.974 (0.488-1.946) 0.941
Differentiation

| (Well differentiated) L] 1.000 (1.000-1.000)

Il (Medium differentiated) - 1.968 (1.741-2.225) <0.001

11l (Poorly differentiated) - 2.955 (2.612-3.342) <0.001

IV (Undifferentiated) — 2.991 (2.116-4.226) <0.001
T classification

T [ ] 1.000 (1.000-1.000)

T2 - 1.783 (1.653-1.923) <0.001

T3 - 2.454 (2.227-2.703) <0.001

T4 - 3.429 (3.048-3.857) <0.001
N classification

NO . 1.000 (1.000-1.000)

N1 - 2.766 (2.548-3.003) <0.001

N2 - 3.464 (3.199-3.752) <0.001
Type of surgery

Sublobectomy L] 1.000 (1.000-1.000)

Lobectomy - 0.944 (0.853-1.044) 0.261

Pneumonectomy —- 2.051 (1.735-2.425) <0.001
Radiotherapy

No - 1.000 (1.000-1.000)

Yes - 2.556 (2.348-2.782) <0.001
Chemotherapy

No - 1.000 (1.000-1.000)

Yes - 2.070 (1.939-2.211) <0.001
NDLN

NDLN1 (1-10) . 1.000 (1.000-1.000)
NDLN2 (11-19) - 1.046 (0.968-1.130) 0.253
NDLNS3 (>20) - 1.098 (0.984-1.225) 0.095

NPLN
NPLNO (0) . 1.000 (1.000-1.000)
NPLN1 (1-6) = 2.908 (2.716-3.113) <0.001
NPLN2 (27) - 5.429 (4.724-6.239) <0.001
LODDS
LODDS1 (<-0.94) . 1.000 (1.000-1.000)
LODDS2 (2-0.94, <-0.41) - 1.573 (1.456-1.699) <0.001
LODDS3 (>-0.41) - 3.816 (3.523-4.133) <0.001
LNR
LNRO (0) . 1.000 (1.000-1.000)
LNR1 (>0, <0.55) - 2.721 (2.533-2.922) <0.001
LNR2 (20.55, <1) = 5238 (4.714-5.821) <0.001
L L} L} L} L} L}

025 050 1.0 20 40 80

Fig. 2 Univariable Cox regression analysis and forest plot of potential prognostic predictors for CSS (A) and OS (B) in training cohort

B
Subgroups HR(95%Cl) P value
Age at diagnosis (year)

<50 L] 1.000 (1.000-1.000)

50-59 - 1.011 (0.883-1.158) 0.873

60-69 - 1.232 (1.084-1.400) 0.001

70-79 - 1.638 (1.441-1.862) <0.001

>80 - 2.240 (1.938-2.590) <0.001
Sex

Male . 1.000 (1.000-1.000)

Female - 0.711 (0.673-0.752) <0.001
Race

White L] 1.000 (1.000-1.000)

Black - 0.952 (0.872-1.039) 0.267

Other —a— 0.775 (0.622-0.965) 0.023
Marital status at diagnosis

Single . 1.000 (1.000-1.000)

Married - 1.042 (0.947-1.147) 0.402

Other - 1.230 (1.111-1.361) <0.001
Laterality

Right . 1.000 (1.000-1.000)

Left - 1.078 (1.020-1.140) 0.008
Site

Main bronchus L] 1.000 (1.000-1.000)

Upper lobe —_— 0.541 (0.307-0.954) 0.034

Middle lobe —_— 0.535 (0.300-0.955) 0.034

Lower lobe —_— 0.621 (0.352-1.095) 0.100

Overlapping lesion of lung ——s—— 0.870 (0.476-1.592) 0.652
Differentiation

| (Well differentiated) L] 1.000 (1.000-1.000)

Il (Medium differentiated) - 1.597 (1.454-1.755) <0.001

Il (Poorly differentiated) - 2.169 (1.971-2.387) <0.001

IV (Undifferentiated) —— 2.079 (1.533-2.819) <0.001
T classification

T1 L] 1.000 (1.000-1.000)

T2 - 1.553 (1.459-1.653) <0.001

T3 - 1.986 (1.827-2.159) <0.001

T4 - 2.589 (2.327-2.880) <0.001
N classification

NO . 1.000 (1.000-1.000)

N1 - 2.154 (2.003-2.316) <0.001

N2 - 2.610 (2.431-2.803) <0.001
Type of surgery

Sublobectomy L] 1.000 (1.000-1.000)

Lobectomy - 0.878 (0.808-0.955) 0.002

Pneumonectomy - 1.612 (1.387-1.873) <0.001
Radiotherapy

No . 1.000 (1.000-1.000)

Yes - 2.070 (1.915-2.237) <0.001
Chemotherapy

No . 1.000 (1.000-1.000)

Yes - 1.556 (1.469-1.648) <0.001
NDLN

NDLN1 (1-10) L] 1.000 (1.000-1.000)

NDLN2 (11-19) - 0.990 (0.927-1.058) 0.773

NDLN3 (220) - 1.013 (0.920-1.114) 0.797
NPLN

NPLNO (0) . 1.000 (1.000-1.000)

NPLN1 (1-6) - 2.245 (2.115-2.382) <0.001

NPLN2 (>7) - 3.881 (3.402-4.427) <0.001
LODDS

LODDS1 (<-0.94) . 1.000 (1.000-1.000)

LODDS?2 (>-0.94, <-0.41) - 1.447 (1.357-1.543) <0.001

LODDS3 (>-0.41) - 2.896 (2.697-3.110) <0.001
LNR

LNRO (0) L] 1.000 (1.000-1.000)

LNR1 (>0, <0.55) - 2.093 (1.966-2.228) <0.001

LNR2 (=0.55, <1) - 3.932 (3.570-4.330) <0.001

r T T T T 1
025 050 1.0 20 4.0 80

superior to N classification, NPLN or NDLN considered
separately for predicting survival outcomes and pro-
posed to be applied to lymph node classification [11, 21,
22]. LODDS and LNR are ratio-based nodal evaluation
methods and both include the number of dissected and
positive lymph nodes to achieve a better prognostic effi-
cacy which could overcome the limitation of number-
based assessment, namely, NDLN and NPLN classifica-
tion to some extent. Based on those discussions

mentioned above, we undertook this study to establish
an optimal multivariate Cox regression model to predict
survival outcomes of lung AC patients after surgery. We
found that NPLN, LODDS and LNR were all independ-
ent predictive factors, and LNR was superior to NPLN
and LODDS by demonstrating better performance in
homogeneity, statistical model fit, discrimination, and
accuracy of survival prediction. LODDS was thought to
be prognostically superior or equivalent to lymph node
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A
Subgroups
Age at diagnosis (year)
<50 [}
50-59 -
60-69 —-—
70-79 -
>80 —-—
Sex
Male .
Female -
Marital status at diagnosis
Single .
Married -
Other -
Site
Main bronchus .
Upper lobe —_—
Middle lobe —_—
Lower lobe —_—

Overlapping lesion of lung——s———
Differentiation

| (Well differentiated) (]

Il (Medium differentiated) -

Il (Poorly differentiated) -

IV (Undifferentiated) —_—

T classification

T2 -

T3 -

T4 -
N classification

N1
N2
Type of surgery
Sublobectomy
Lobectomy
Pneumonectomy
Radiotherapy
No

LODDS
LODDS1 (<-0.94)
LODDS2 (2-0.94, <-0.41)
LODDS3 (>-0.41)
LNR
LNRO (0)
LNR1 (>0, <0.55)
LNR2 (=0.55, <1)

]
-
—.—
]
-
—-—
]
Yes -
]
-
-
]
I
—-—

HR(95%CI) P value

1.000 (1.000-1.000)

0.966 (0.833-1.119) 0.640
1.168 (1.015-1.345) 0.030
1.465 (1.269-1.691) <0.001
1.848 (1.559-2.190) <0.001

1.000 (1.000-1.000)
0.730 (0.682-0.781) <0.001

1.000 (1.000-1.000)
0.973 (0.868-1.090) 0.630
1.148 (1.015-1.298) 0.028

1.000 (1.000-1.000)

0.625 (0.321-1.217) 0.167
0.627 (0.318-1.235) 0.177
0.718 (0.369-1.399) 0.330
0.779 (0.388-1.566) 0.484

1.000 (1.000-1.000)

1.612 (1.424-1.824) <0.001
2.084 (1.836-2.366) <0.001
2.333 (1.648-3.303) <0.001

1.000 (1.000-1.000)
1.485 (1.374-1.604) <0.001
1.821 (1.647-2.013) <0.001
2.401 (2.122-2.716) <0.001
1.000 (1.000-1.000)
1.471 (1.052-2.056) 0.024
1.510 (1.086-2.100) 0.014
1.000 (1.000-1.000)
0.892 (0.803-0.991) 0.033

0.985 (0.821-1.181) 0.867

1.000 (1.000-1.000)
1.289 (1.169-1.422) <0.001

1.000 (1.000-1.000)
1.174 (1.071-1.287) <0.001
1.473 (1.284-1.690) <0.001

1.000 (1.000-1.000)
1.212 (0.864-1.700) 0.265
2.001 (1.395-2.869) <0.001

r T T T T
025 050 1.0 20 4.0

1
8.0

B
Subgroups
Age at diagnosis (year)
<50 .
50-59 -
60-69 -
70-79 -
>80
Sex
Male .
Female -
Race
White .
Black -
Other —-—
Marital status at diagnosis
Single .
Married -
Other -
Site
Main bronchus L]
Upper lobe —_—
Middle lobe —
Lower lobe —_—

Overlapping lesion of lung——s——
Differentiation

| (Well differentiated) (]
Il (Medium differentiated) -
Il (Poorly differentiated) -
IV (Undifferentiated) ——
T classification
.
T2 -
T3 -
T4 -

N classification

N1 —
N2 —_—
Type of surgery
Sublobectomy (]
Lobectomy -
Pneumonectomy -
Radiotherapy
No

Yes -
Chemotherapy
No

Yes -
LODDS

LODDS1 (<-0.94) L]

LODDS?2 (>-0.94, <-0.41) -

LODDS3 (>-0.41) -
LNR

LNRO (0) L]

LNR1 (>0, <0.55) —_—

LNR2 (20.55, <1) —

HR(95%CI) P value

000 (1.000-1.000)

.035 (0.903-1.186) 0.624
1 362 (1.196-1.551) <0.001
1.872 (1.641-2.136) <0.001
2.540 (2.184-2.953) <0.001

1.000 (1.000-1.000)
0.690 (0.651-0.731) <0.001

1.000 (1.000-1.000)
1.008 (0.921-1.103) 0.867
0.788 (0.632-0.982) 0.034

1.000 (1.000-1.000)
0.916 (0.829-1.012) 0.085
1.142 (1.027-1.269) 0.014

1.000 (1.000-1.000)

0.584 (0.328-1.040) 0.068
0.543 (0.302-0.977) 0.042
0.648 (0.364-1.154) 0.140
0.658 (0.358-1.209) 0.177

.000-1.000)

274-1.542) <0.001
.566-1.908) <0.001
.374-2.533) <0.001

woiho

1.000 (1.000-1.000)

1.370 (1.285-1.461) <0.001
1.636 (1.498-1.787) <0.001
2.032 (1.816-2.274) <0.001

1.000 (1.000-1.000)
1.518 (1.146-2.012) 0.004
1.557 (1.180-2.053) 0.002

1.000 (1.000-1.000)
0.893 (0.819-0.974) 0.011
1.000 (0.850-1.176) 0.996

1.000 (1.000-1.000)
1.279 (1.167-1.402) <0.001

1.000 (1.000-1.000)
0.881 (0.818-0.949) <0.001

1.000 (1.000-1.000)
1.182 (1.097-1.273) <0.001
1.384 (1.224-1.564) <0.001

1.000 (1.000-1.000)
1.051 (0.791-1.397) 0.731

1.813 (1.333-2.465) <0.001
1

T
025 050 1.0 20 40 80

Fig. 3 Multivariable Cox regression analysis and forest plot [Model 4 (LODDS+LNR)] of prognostic predictors for CSS (A) and OS (B) in training cohort
A\

Table 2 Comparison of predictive performance of different classification in training cohort

Model IDI (95%Cl) P NRI (95%Cl) P

Cancer-specific survival
Model 1 (NPLN) —0.006 (=0.010 to —0.002) <0.001 —0.000 (-0.054 to 0.029) 0.884
Model 2 (LODDS) —0.006 (-0.009 to —0.003) <0.001 —0.119 (-0.160 to 0.016) 0.093
Model 3 (LNR) —0.002 (-=0.004 to —0.000) <0.001 —0.094 (-0.125 to —0.068) <0.001
Model 4 (LODDS+LNR) Reference Reference

Overall survival
Model 1 (NPLN) —0.008 (=0.013 to —0.005) < 0.001 —0.111 (=0.132 to —0.050) <0.001
Model 2 (LODDS) —0.006 (=0.010 to —0.004) <0.001 —0.067 (=0.131 to 0.039) 0.266
Model 3 (LNR) —0.001 (-0.003 to —0.000) <0.001 —0.088 (—0.136 to —0.066) <0.001

Model 4 (LODDS+LNR)

Reference

Reference

IDI integrated discrimination improvement; NRI, net reclassification improvement; NPLN number of positive lymph nodes; LODDS log odds of positive lymph

nodes; LNR lymph node ratio
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Points

Age at diagnosis
Sex

Marital status at diagnosis
Site
Differentiation

T classification
N classification
LODDS

LNR

Type of surgery
Radiotherapy
Total Points
1-year CSS
3-year CSS

5-year CSS

Points

Age at diagnosis
Sex

Race

Marital status at diagnosis
Site
Differentiation

T classification
N classification
LODDS

LNR

Type of surgery
Radiotherapy
Chemotherapy
Total Points
1-year OS
3-year OS

5-year OS

0 1 2 3 4 5 6 7 8 9 10
<50 70-79
50-59 60-69 >80
Male
Female
Single
Married her
Middle lobe Overlapping lesion of lung
Upper lobe Lower lobe l\{llain bronchus "
1]
2 4
1 3
1
0 2
>-0.94, <-0.41
<-0.94 >-0.41
>0, <0.55
0 20.55, <1.00
Pneumonectomy
Lobectomy  Sublobectomy
No
0 5 10 15 20 25 30 35 40 45 50 55
0.9 0.85 0.80 070 06 05 04
0.9 0.85 0.80 070 06 05 04 03 02 0.1
0.9 0.85 0.80 070 06 05 04 03 02 0.1
0 1 2 3 4 5 6 7 8 9 10
50-59 70-79
<50 60-69 Male >80
Female White
Other Single Black
Married ypper lobe Qveorlté;]gpging lesion of lung
Middle lobe Lower lobe 0 Mlé\l/in bronchus
| > 1] 4
1 1 3
0 2>-0.94, <-0.41 2
-0. >-0.
<094?01<0.55 0.41
0 Pneumonectomy 0.55,<1.00
l—‘
Lobectomy  Sublobectomy Yes
No No
,—I
Yes
0 5 10 15 20 25 30 35 40 45 50 55
0.9 0.85 0.80 070 06 05 04 03
0.9 0.85 0.80 070 06 05 04 03 02 0.1
0.9 0.85 0.80 070 06 05 04 03 02 0.1

Fig. 4 Nomograms to predict 1-, 3- and 5-year CSS (A) and OS (B) for patients with lung AC after surgery. LODDS, log odds of positive lymph
nodes; LNR, lymph node ratio; CSS, cancer-specific survival; OS, overall survival; AC, adenocarcinoma
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Fig. 5 Calibration plots of the nomograms for CSS, OS prediction of the training cohort (A, B), and external validation cohort (C, D). CSS, cancer-
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ratio in previous lung or digestive cancer studies [10-13,
17, 23]. Deng et al. studied the predictive performance
of LODDS and LNR in patients with node-positive
NSCLC and chose 10 as a cutoff value of NDLN [11].
They found that when NDLN < 10, LODDS was slightly
superior to LNR and LNR performed better when
NDLN =>10. Zhao et al. performed a single center study
on patients with lung AC and supposed that LODDS
staging system performs better than LNR [24].

While in our study cohort, LNR (Model 3) showed
slightly better prediction performance than LODDS
(Model 2), which might be because of the difference of
centers, race composition of population, study time win-
dow and covariates included in the model. All these
studies suggest that putting these two ratio-based classi-
fications into nodal classification for patients with lung
AC would be reasonable and feasible.

To the best of our knowledge, this is the first study es-
tablishing a novel nomogram combining N, LODDS,
and LNR classifications to predict postoperative long-

term CSS or OS for lung AC. It is also a multicenter
study with the largest population of patients with resect-
able lung AC. Previous studies concentrate on compar-
ing the N, LODDS, and LNR classifications separately,
while considering the importance of accurate evaluation
of lung AC for optimizing and implementing of thera-
peutic methods, we innovatively incorporated LODDS
and LNR staging system into one prognostic model
(Model 4) to strengthen the TNM stage, which can take
full advantage of the valuable pathological evidence re-
trieved from surgery. As we can see in Table 2, Model 4
exhibited the most powerful prognostic prediction in all
4 models. In this model, patients with higher level of N
classification, higher value of LODDS or LNR tend to
have worse CSS or OS, suggesting more aggressive
therapeutic strategies and close follow-up are needed in
this cohort.

As for the NDLN, a larger NDLN is closely associ-
ated with more-accurate node staging and better
long-term survival outcomes and there is no final
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8th TNM stage and nomogram for 1-, 3-, and 5-year CSS (G, H, ), OS (J, K, L) prediction of the external validation cohort. DCA, decision curve
analysis; AJCC, American Joint Committee on Cancer; TNM, tumor, node, metastasis; CSS, cancer-specific survival; OS, overall survival

conclusion on optimal NDLN [25-27]. Liang et al. re-
ported 16 as the cutoff value for assessing the quality
of LN examination and prognostic prediction for pa-
tients with declared node-negative NSCLC [26]. While
Dai et al. suggested the optimal NDLN correlated
with tumor size, and the optimal NDLN for patients
with Tla, T1b, Tlc, and T2a NSCLC was 8, 9, 10,

and 11 respectively [28]. In our study, the X-tile soft-
ware trichotomized NDLN into NDLN1 (1 to 10),
NDLN2 (11 to 19), and NDLN3 (>20), and NDLN
turned out to be independent prognostic factor in
Model 1 for CSS. Based on comprehensive evaluation
on these models, we consider patients with lung AC
could benefit more from NDLN >11 than NDLN <



Wang et al. BMC Cancer (2021) 21:653

11. Our study revealed that patients who underwent
radiotherapy were associated with a significantly
worse CSS or OS. This may be attributed to that pa-
tients with radiotherapy were in higher TNM stage
and have poor prognostic outcomes essentially. Which
cohort could benefit from radiotherapy still needs fur-
ther research. Another interesting finding in our
study was that the long-term CSS and OS of patients
with a married status at diagnosis had no significant
difference from patients with a single status (never
married), while the patients with other marital status
at diagnosis (including divorced, separated, unmar-
ried/domestic partner, and widow) had worse long-
term CSS and OS (Additional file Table S4, Add-
itional file Table S5, and Fig. 3). Zhang’s group dem-
onstrated that married status was an independent
protective factor for both CSS and OS for soft tissue
sarcoma, and widowed patients had the highest death
risk among the unmarried groups [29]. A propensity-
adjusted study found that patients with NSCLC who
were married had better CSS compared to unmarried
ones, and among the unmarried ones, patients who
were single had worse CSS than those who were di-
vorced or widowed [30]. The different conclusion
concerning influence of single status on prognosis
may be due to the different TNM stage and histology
of lung cancer between our studies. However, the im-
pact of the subtypes of other marital status on long-
term survival of lung AC patients need further
investment.

In the end, two convincing nomograms based on
Model 4 for CSS and OS were established with relatively
high C-indexes, and theyre internally validated using
bootstrapping technique and externally validated using
calibration curves. Well-corresponded calibration plots
were exhibited for the prediction of CSS and OS using
the nomograms. Most importantly, a generalizable con-
clusion could be drawn based on our multicenter and
large cohort study. The online nomograms, consisted of
a few easily obtained prognostic factors, can help doctors
in evaluation of death risks, patient counseling, and
decision-making. In other words, patients with worse
survival outcomes estimated by the nomograms may
need more aggressive treatments, including chemother-
apy and radiotherapy.

Our study had several limitations. First, SEER data-
base is lacked of some potential prognostic factors,
such as smoking history, sequence of surgery and
chemotherapy, specific chemotherapy regimens, tyro-
sine kinase inhibitors treatment, immune checkpoint
inhibitors treatment etc. Second, as this is a popula-
tion study, we are unable to use uniform counting
methods, thus may resulting into underestimation
when the lymph nodes are adhesive to each other or
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difficult to be separated from the dissected tissues
and overestimation when fragmentation of nodal tis-
sues happens. Third, there is no recording of
recurrence-free survival in the SEER database.

Conclusions

We confirmed the value of combination of LODDS with
LNR was superior to NPLN, LODDS, and LNR separ-
ately in predicting survival outcomes in lung AC patients
who received surgery. Online dynamic nomograms in-
cluding 8th TNM stage complemented by LODDS and
LNR to evaluate CSS and OS were constructed. The
well-performed nomograms may facilitate doctors to
provide smarter, individualized therapy for lung AC
patients.

Abbreviations

AC: Adenocarcinoma; AIC: Akaike information criterion; AJCC: American Joint
Committee on Cancer; Cl: Confidence interval; C-index: Harrell concordance
index; CSS: Cancer-specific survival; DCA: Decision curve analysis; HR: Hazard
ratio; ICD-O-3: 3rd edition of the International Classification of Diseases for
Oncology; IDI: Integrated discrimination improvement; IQR: Interquartile
range; KM: Kaplan-Meier; LNR: Lymph node ratio; LODDS: Log odds of
positive lymph nodes; LR: Likelihood ratio; NDLN: Number of dissected
lymph nodes; NPLN: Number of positive lymph nodes; NRI: Net
reclassification improvement; NSCLC: Non-small cell lung cancer; OS: Overall
survival; PRCDA: Purchased/referred care delivery areas; SEER: Surveillance,
Epidemiology, and End Results; TNM: Tumor, node, metastasis

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-021-08410-6.

Additional file 1: Table S1. Selection procedure of study cohort. Table
S2. 1-, 3-, and 5-year cancer-specific survival rate of subgroups of differ-
ent classifications in training cohort. Table S$3. 1-, 3-, and 5-year overall
survival rate of subgroups of different classifications in training cohort.
Table S4. Multivariable Cox regression analysis (Model 1-3) of prognostic
predictors for CSS in training cohort. Table S5. Multivariable Cox regres-
sion analysis (Model 1-3) of prognostic predictors for OS in training co-
hort. Table $6. Comparison of predictive performance of different
classifications in training cohort.

Acknowledgements
The authors would like to thank all patients and staff who have participated
in the SEER program.

Authors’ contributions

SW and ML conceived and designed the analysis, collected the data,
performed the analysis and wrote the paper. YY conceived and designed the
analysis, contributed data or analysis tools, performed the analysis. WX and
XL interpreted the data and wrote the paper. YZ conceived and designed
the analysis and interpreted the data. All authors read and approved the
final manuscript.

Funding

This study was funded by Development Fund for the Department of
Anesthesiology of Shanghai Pulmonary Hospital, National Nature Science
Foundation of China (NO. 81300102, 81770244) and Science Foundation of
Shanghai Municipal Commission of Health and Family Planning (NO.
201740225).


https://doi.org/10.1186/s12885-021-08410-6
https://doi.org/10.1186/s12885-021-08410-6

Wang et al. BMC Cancer (2021) 21:653

Availability of data and materials

The dataset supporting the conclusions of this article is available in the
SEER*Stat software (version 8.3.8; RRID:SCR_003293; https://seer.cancer.gov/
resources/).

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki (as
revised in 2013) and the Harmonized Tripartite Guideline for Good Clinical
Practice from the International Conference on Harmonization. No approval
by the institutional review board was sought, and no individual patient
consent was required, because SEER is a public database and the data are
de-identified. The authors confirm that they are accountable for all aspects
of the work (if applied, including full data access, integrity of the data and
the accuracy of the data analysis) in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately investigated
and resolved.

Consent for publication
Not applicable.

Competing interests
All authors have completed the ICMJE uniform disclosure form. The authors
have no conflicts of interest to declare.

Author details

'Department of Cardiothoracic Surgery, Changzheng Hospital, Naval Medical
University, 415 Fengyang Road, Shanghai 200003, China. “Fuyang Hospital of
Anhui Medical University, 99 Huangshan Road, Fuyang, China. *Department
of Anesthesiology, Shanghai Pulmonary Hospital, Tongji University School of
Medicine, 507 Zhengmin Road, Shanghai 200433, China.

Received: 4 March 2021 Accepted: 24 May 2021
Published online: 04 August 2021

References

1. National Cancer Institute [Internet]. Surveillance, Epidemiology, and End
Results Program: cancer of the lung and bronchus: cancer stat facts; 2020
[cited 2021 Jan 2]. Available from: https.//seer.cancer.gov/statfacts/html/
lungb.html.

2. Arbour KC, Riely GJ. Systemic therapy for locally advanced and metastatic
non-small cell lung Cancer: a review. JAMA. 2019;322(8):764-74. https://doi.
0rg/10.1001/jama.2019.11058.

3. Wang C Tan S, Liu WR, Lei Q, Qiao W, Wu Y, et al. RNA-Seq profiling of

circular RNA in human lung adenocarcinoma and squamous cell carcinoma.

Mol Cancer. 2019;18(1):134. https://doi.org/10.1186/512943-019-1061-8.

4. Wang BY, Huang JY, Chen HC, Lin CH, Lin SH, Hung WH, et al. The
comparison between adenocarcinoma and squamous cell carcinoma in
lung cancer patients. J Cancer Res Clin Oncol. 2020;146(1):43-52. https://doi.
0rg/10.1007/500432-019-03079-8.

5. WuY, Han C, Wang Z, Gong L, Liu J, Chong Y, et al. An externally-validated
dynamic nomogram based on Clinicopathological characteristics for
evaluating the risk of lymph node metastasis in small-size non-small cell
lung Cancer. Front Oncol. 2020;10:1322. https://doi.org/10.3389/fonc.2020.
01322.

6. Deng HY, Zeng M, Li G, Alai G, Luo J, Liu LX, et al. Lung adenocarcinoma
has a higher risk of lymph node metastasis than squamous cell carcinoma:
a propensity score-matched analysis. World J Surg. 2019;43(3):955-62.
https://doi.org/10.1007/500268-018-4848-7.

7. Meng F, Zhang L, Ren Y, Ma Q. The genomic alterations of lung
adenocarcinoma and lung squamous cell carcinoma can explain the

differences of their overall survival rates. J Cell Physiol. 2019;234(7):10918-25.

https://doi.org/10.1002/jcp.27917.

8. RelliV, Trerotola M, Guerra E, Alberti S. Abandoning the notion of non-small
cell lung Cancer. Trends Mol Med. 2019;25(7):585-94. https://doi.org/10.101
6/jmolmed.2019.04.012.

9. Dziedzic D, Piotr R, Langfort R, Orlowski T. Polish lung Cancer study G. log
odds of positive lymph nodes as a novel prognostic indicator in NSCLC
staging. Surg Oncol. 2017;26(1):80-5. https://doi.org/10.1016/j.suronc.2017.
01.004.

20.

22.

23.

24.

25.

26.

27.

0.

Page 14 of 15

Bagar AR, Wilkins S, Wang W, Oliva K, McMurrick P. Log odds of positive
lymph nodes is prognostically equivalent to lymph node ratio in non-
metastatic colon cancer. BMC Cancer. 2020;20(1):762. https;//doi.org/10.11
86/512885-020-07260-y.

Deng W, Xu T, Wang Y, Xu Y, Yang P, Gomez D, et al. Log odds of positive
lymph nodes may predict survival benefit in patients with node-positive
non-small cell lung cancer. Lung Cancer. 2018;122:60-6. https://doi.org/10.1
016/jlungcan.2018.05.016.

Jiang S, Zhao L, Xie C, Su H, Yan Y. Prognostic Performance of Different
Lymph Node Staging Systems in Patients With Small Bowel Neuroendocrine
Tumors. Front Endocrinol (Lausanne). 2020;11:402. https://doi.org/10.3389/
fendo.2020.00402.

Spolverato G, Ejaz A, Kim Y, Squires MH, Poultsides G, Fields RC, et al.
Prognostic performance of different lymph node staging systems after
curative intent resection for gastric adenocarcinoma. Ann Surg. 2015,262(6):
991-8. https://doi.org/10.1097/SLA.0000000000001040.

Cronin KA, Ries LA, Edwards BK. The surveillance, epidemiology, and end
results (SEER) program of the National Cancer Institute. Cancer. 2014;
120(Suppl 23):3755-7. https://doi.org/10.1002/cncr.29049.

Rami-Porta R, Asamura H, Travis WD, Rusch VW. Lung cancer - major
changes in the American joint committee on Cancer eighth edition cancer
staging manual. CA Cancer J Clin. 2017;67(2):138-55. https://doi.org/1
0.3322/caac.21390.

Wang Y, Wang H, Wang W, Liu W, Liu N, Liu S, et al. Prognostic value of
platelet recovery degree before and after achieving minimal residual
disease negative complete remission in acute myeloid leukemia patients.
BMC Cancer. 2020,20(1):732. https://doi.org/10.1186/512885-020-07222-4.

Yu Y, Zhang P, Yao R, Wang J, Wang P, Xue X, et al. Prognostic value
of log odds of positive lymph nodes in node-positive lung squamous
cell carcinoma patients after surgery: a SEER population-based study.
Transl Lung Cancer Res. 2020;9(4):1285-301. https://doi.org/10.21037/
tler-20-193.

Cook NR. Comments on 'Evaluating the added predictive ability of a new
marker: from area under the ROC curve to reclassification and beyond' by
M. J. Pencina et al,, statistics in medicine. Stat Med. 2008;27(2):191-5. https.//
doi.org/10.1002/sim.2987.

Lababede O, Meziane MA. The eighth edition of TNM staging of lung
Cancer. reference chart and diagrams. Oncologist. 2018;23(7):844-8. https://
doi.org/10.1634/theoncologist.2017-0659.

Taylor MD, LaPar DJ, Thomas CJ, Persinger M, Stelow EB, Kozower BD, et al.
Lymph node ratio predicts recurrence and survival after RO resection for
non-small cell lung cancer. Ann Thorac Surg. 2013;96(4):1163-70. https://doi.
0rg/10.1016/j.athoracsur.2013.04.031.

Yan'Y, Lin J, Zhang M, Liu H, Zhou Q, Chen R, et al. A novel staging system
to forecast the Cancer-specific survival of patients with resected gallbladder
Cancer. Front Oncol. 2020;10:1281. https;//doi.org/10.3389/fonc.2020.01281.
Zhou YY, Du XJ, Zhang CH, Aparicio T, Zaanan A, Afchain P, et al.
Comparison of three lymph node staging schemes for predicting the
outcome in patients with small bowel adenocarcinoma: a population-based
cohort and international multicentre cohort study. EBioMedicine. 2019;41:
276-85. https://doi.org/10.1016/j.ebiom.2019.02.043.

Nomori H, Horio H, Naruke T, Orikasa H, Yamazaki K, Suemasu K. Use of
technetium-99m tin colloid for sentinel lymph node identification in non-
small cell lung cancer. J Thorac Cardiovasc Surg. 2002;124(3):486-92. https.//
doi.org/10.1067/mtc.2002.124496.

Zhao Y, Li G, Zheng D, Jia M, Dai W, Sun Y, et al. The prognostic value of
lymph node ratio and log odds of positive lymph nodes in patients with
lung adenocarcinoma. J Thorac Cardiovasc Surg. 2017;153(3):702-9 e.
https://doi.org/10.1016/)jtcvs.2016.11.053.

Becker DJ, Levy BP, Gold HT, Sherman SE, Makarov DV, Schreiber D, et al.
Influence of extent of lymph node evaluation on survival for pathologically
lymph node negative non-small cell lung Cancer. Am J Clin Oncol. 2018;
41(8):820-5. https://doi.org/10.1097/COC.0000000000000379.

Liang W, He J, Shen Y, Shen J, He Q, Zhang J, et al. Impact of examined
lymph node count on precise staging and long-term survival of resected
non-small-cell lung Cancer: a population study of the US SEER database and
a Chinese multi-institutional registry. J Clin Oncol. 2017;35(11):1162-70.
https.//doi.org/10.1200/JC0O.2016.67.5140.

Yendamuri S, Dhillon SS, Groman A, Dy G, Dexter E, Picone A, et al. Effect of
the number of lymph nodes examined on the survival of patients with
stage | non-small cell lung cancer who undergo sublobar resection. J


https://seer.cancer.gov/resources/
https://seer.cancer.gov/resources/
https://seer.cancer.gov/statfacts/html/lungb.html
https://seer.cancer.gov/statfacts/html/lungb.html
https://doi.org/10.1001/jama.2019.11058
https://doi.org/10.1001/jama.2019.11058
https://doi.org/10.1186/s12943-019-1061-8
https://doi.org/10.1007/s00432-019-03079-8
https://doi.org/10.1007/s00432-019-03079-8
https://doi.org/10.3389/fonc.2020.01322
https://doi.org/10.3389/fonc.2020.01322
https://doi.org/10.1007/s00268-018-4848-7
https://doi.org/10.1002/jcp.27917
https://doi.org/10.1016/j.molmed.2019.04.012
https://doi.org/10.1016/j.molmed.2019.04.012
https://doi.org/10.1016/j.suronc.2017.01.004
https://doi.org/10.1016/j.suronc.2017.01.004
https://doi.org/10.1186/s12885-020-07260-y
https://doi.org/10.1186/s12885-020-07260-y
https://doi.org/10.1016/j.lungcan.2018.05.016
https://doi.org/10.1016/j.lungcan.2018.05.016
https://doi.org/10.3389/fendo.2020.00402
https://doi.org/10.3389/fendo.2020.00402
https://doi.org/10.1097/SLA.0000000000001040
https://doi.org/10.1002/cncr.29049
https://doi.org/10.3322/caac.21390
https://doi.org/10.3322/caac.21390
https://doi.org/10.1186/s12885-020-07222-4
https://doi.org/10.21037/tlcr-20-193
https://doi.org/10.21037/tlcr-20-193
https://doi.org/10.1002/sim.2987
https://doi.org/10.1002/sim.2987
https://doi.org/10.1634/theoncologist.2017-0659
https://doi.org/10.1634/theoncologist.2017-0659
https://doi.org/10.1016/j.athoracsur.2013.04.031
https://doi.org/10.1016/j.athoracsur.2013.04.031
https://doi.org/10.3389/fonc.2020.01281
https://doi.org/10.1016/j.ebiom.2019.02.043
https://doi.org/10.1067/mtc.2002.124496
https://doi.org/10.1067/mtc.2002.124496
https://doi.org/10.1016/j.jtcvs.2016.11.053
https://doi.org/10.1097/COC.0000000000000379
https://doi.org/10.1200/JCO.2016.67.5140

Wang et al. BMC Cancer

28.

29.

30.

(2021) 21:653

Thorac Cardiovasc Surg. 2018;156(1):394-402. https://doi.org/10.1016/j jtcvs.2
018.03.113.

Dai J, Liu M, Yang Y, Li Q, Song N, Rocco G, et al. Optimal lymph node
examination and adjuvant chemotherapy for stage | lung Cancer. J Thorac
Oncol. 2019;14(7):1277-85. https://doi.org/10.1016/}jth.2019.03.027.

Zhang SL, Wang WR, Liu ZJ, Wang ZM. Marital status and survival in
patients with soft tissue sarcoma: a population-based, propensity-matched
study. Cancer Med. 2019;8(2):465-79. https;//doi.org/10.1002/cam4.1802.
Chen Z, Yin K, Zheng D, Gu J, Luo J, Wang S, et al. Marital status
independently predicts non-small cell lung cancer survival: a propensity-
adjusted SEER database analysis. J Cancer Res Clin Oncol. 2020;146(1):67-74.
https://doi.org/10.1007/500432-019-03084-x.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 15 of 15

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.jtcvs.2018.03.113
https://doi.org/10.1016/j.jtcvs.2018.03.113
https://doi.org/10.1016/j.jtho.2019.03.027
https://doi.org/10.1002/cam4.1802
https://doi.org/10.1007/s00432-019-03084-x

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source and ethics statement
	Cohort selection
	Study covariates and outcomes
	Selection of prognostic model
	Construction and validation of the nomograms

	Results
	Patients characteristics
	Survival analysis
	Comparison of predictive performance between NPLN, LODDS, and LNR
	Construction and validation of nomograms
	Development of webservers for convenient clinical use

	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

