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Abstract

Objective: The current study aimed to explore the prognostic value of the lymph node ratio

(LNR) in patients with lung neuroendocrine carcinomas (LNECs).

Methods: Data for 1564 elderly patients with LNECs between 1998 and 2016 were obtained

from the Surveillance, Epidemiology, and End Results database. The cases were assigned randomly

to training (n¼ 1086) and internal validation (n¼ 478) sets. The association between LNR and

survival was investigated by Cox regression.

Results: Multivariate analyses identified age, tumor grade, summary stage, M stage, surgery, and

LNR as independent prognostic factors for both overall survival (OS) and lung cancer-specific

survival (LCSS). Tumor size was also a prognostic determinant for LCSS. Prognostic nomograms

combining LNR with other informative variables showed good discrimination and calibration

abilities in both the training and validation sets. In addition, the C-index of the nomograms

was statistically superior to the American Joint Committee on Cancer (AJCC) staging system

in both the training and validation cohorts.

Conclusions: These nomograms, based on LNR, showed superior prognostic predictive accu-

racy compared with the AJCC staging system for predicting OS and LCSS in patients with LNECs.
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Introduction

Lung neuroendocrine carcinomas
(LNECs), including small cell carcinoma
and large cell neuroendocrine carcinoma,
are among the most lethal malignant
tumors with aggressive clinical behavior
and a poor prognosis.1–5 However, neuro-
endocrine tumors of the lung can be diag-
nostically and prognostically challenging
due to their morphologic overlap with
other conditions and their complex and het-
erogeneous biological behaviors.6–8 The
identification of patients with LNECs who
are at high risk of a poor prognosis will thus
ensure the implementation of appropriate
treatments and have a substantial impact
on their prognosis.

Tumor nodal status is regarded as one of
the most important prognostic markers for
solid-organ malignant neoplasms and is an
important element affecting therapeutic
decision-making and the prognosis of vari-
ous cancers.9–11 The lymph node ratio
(LNR), defined as the ratio of the number
of positive lymph nodes (PLNs) to the total
number of resected lymph nodes (RLNs),
has become an important prognostic
factor for solid tumors, as well as neuroen-
docrine carcinomas in other sites.12–18

However, little information is available
regarding the prognostic role of LNR in
patients with LNECs. This study thus
aimed to explore the associations of LNR
with overall survival (OS) and lung cancer-
specific survival (LCSS) in patients with
LNECs, and to develop and validate new
prognostic models to predict 3-, 5-, and
10-year OS and LCSS based on the

Surveillance, Epidemiology, and End

Results (SEER) database.

Methods

Study population

This retrospective study included patients
with newly diagnosed LNECs according

to positive histology from 1998 to 2016,
based on the International Classification of

Diseases for Oncology, 3rd Edition ‘(ICD-

O-3)/WHO 2008’ (Lung and Bronchus)
and ‘ICD-O-3 Hist/bahav’ (8013/3, large-

cell neuroendocrine carcinoma, 8246/3:
Neuroendocrine carcinoma, NOS and

8574/3, adenocarcinoma with neuroendo-

crine differentiation). The methods of data
collection and patient follow-up are avail-

able on the SEER database. We excluded
patients with a history of other malignancies

and unknown variables, including race/

ethnicity, age at diagnosis, TNM stage,
American Joint Committee on Cancer

(AJCC stage), marital status, survival
months, number of PLNs, and number of

RLNs. The included patients were randomly

assigned to a training group or a validation
group.

Variables

The following variables were identified
from the dataset: year of diagnosis (1998–

2003, 2004–2010, 2011–2016), age at diag-

nosis (<60 or �60 years), race (White,
Black, or other), marital status (married

or unmarried), primary site (main bron-
chus, upper lobe, middle lobe, lower lobe,
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and overlapping lesion of lung), laterality
(left, right, or bilateral), grade (I/II or
II/IV), SEER summary stage (localized,
regional, or distant), tumor size (<3, 3–5,
or >5 cm), AJCC stage (I/II or III/IV), T
stage (T0/T1/T2 or T3/T4), N stage (N0/N1
or N2/N3), M stage (M0 or M1), surgery
for primary site (no/unknown, wedge
resection, lobectomy, or pneumonectomy),
chemotherapy (yes or no/unknown), and
radiotherapy (yes or no/unknown). The
LNR was stratified into three risk groups
by X-tile19 (0.0, 0.0–0.2, and >0.2). The pri-
mary outcome of this study was OS and the
secondary outcome was lung cancer-specific
survival (LCSS). All the information in the
SEER database has been de-identified and
is freely available to the public, and no
ethics committee approval for the analysis
was therefore required. The authors signed
a data-use agreement and obtained permis-
sion from the SEER program to use these
data. The study was conducted according
to the Declaration of Helsinki (as revised
in 2013).

Statistical analysis

Categorical variables were reported as
number and percentage and continuous
measurements were presented as mean and
range. Categorical variables were compared
using v2 tests and continuous variables were
compared using t-tests or Mann–Whitney
U tests. Survival differences among differ-
ent LNR groups were compared by
Kaplan–Meier survival analysis and log-
rank tests. Multivariate analyses were
conducted using Cox regression analysis.
A nomogram was formulated with poten-
tial risk factors (P< 0.05) based on results
of multivariate analysis. A time-dependent
receiver operating characteristic curve
(td-ROC), calibration curve, and decision
curve analysis (DCA) were calculated to
evaluate the predictive performance of the
prognostic nomograms. All statistical

analyses were performed using R (version

3.4.3; www.r-project.org). A two-sided

P value <0.05 was defined as statistically

significant.

Results

Patient characteristics

From 1998 to 2016, 1564 patients with

LNECs were included in the study and

assigned randomly to a training group and

a validation group at a ratio of 7:3 (training

cohort, n¼ 1086; validation cohort, n¼ 478).

There were no significant differences between

the two sets, according to analysis of variance

(Table 1). The median survival times were

38.0 (10.0, 82.0) months in the training set

and 41.0 (11.0, 92.5) months in the validation

set. Other clinical and pathological features

are listed in Table 1.

Independent prognostic factors for OS

Univariate and multivariate analyses were

performed to identify factors that were sig-

nificantly associated with OS (Table 2). In

the training cohort, year of diagnosis, age at

diagnosis, sex, primary site, laterality,

tumor grade, SEER summary stage,

AJCC stage, T stage, N stage, M stage,

tumor size, chemotherapy, surgery primary

site, radiation, and LNR were significantly

associated with OS in univariate analysis

(P< 0.05), while age at diagnosis, tumor

grade, summary stage, M stage, surgery

for primary site, and LNR were also auton-

omous prognostic determinants for OS in

multivariate analysis.
Kaplan–Meier survival curves demon-

strated a significant association between

poorer OS and an LNR >0.2, compared

with groups with a lower LNR, in both

the training and validation cohorts

(Figure 1a, 1b).
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Table 1. Clinicopathological characteristics of all patients.

Characteristic Training set (n¼ 1086) Validation set (n¼ 478) P-value

Year of diagnosis, n (%) 0.411

1998–2003 291 (26.8) 127 (26.6)

2004–2010 444 (40.9) 214 (44.8)

2011–2016 351 (32.3) 137 (28.7)

Age (years), n (%) 0.503

<60 374 (34.4) 173 (36.2)

�60 712 (65.6) 305 (63.8)

Sex, male, n (%) 474 (43.6) 208 (43.5) 0.961

Race, n (%) 0.301

White 945 (87.0) 405 (84.7)

Black 94 (8.7) 50 (10.5)

Other 47 (4.3) 23 (4.8)

Marital status, n (%) 0.517

Married 628 (57.8) 268 (56.1)

Unmarried 458 (42.2) 210 (43.9)

Primary site, n (%) 0.962

Main bronchus 40 (3.7) 19 (4.0)

Upper lobe 500 (46.0) 209 (43.7)

Middle lobe 94 (8.7) 48 (10.0)

Lower lobe 325 (29.9) 156 (32.6)

Overlapping lesion of lung 127 (11.7) 46 (9.7)

Laterality, n (%) 0.688

Left 444 (40.9) 189 (39.5)

Right 602 (55.4) 272 (56.9)

Bilateral 40 (3.7) 17 (3.6)

Histological grade, n (%) 0.503

Grade I/II 692 (63.7) 313 (65.5)

Grade III/IV 394 (36.3) 165 (34.5)

Summary stage, n (%) 0.499

Localized 435 (40.1) 197 (41.2)

Regional 396 (36.5) 177 (37.0)

Distant 255 (23.4) 104 (21.8)

Tumor size, n (%) 0.316

<3 cm 606 (55.8) 262 (54.8)

3–5 cm 222 (20.4) 85 (17.8)

�5 cm 258 (23.8) 131 (27.4)

AJCC stage, n (%) 0.151

I/II 635 (58.5) 298 (62.3)

III/IV 451 (41.5) 180 (37.7)

T stage, n (%) 0.503

T0/T1/T2 826 (76.1) 356 (74.5)

T3/T4 260 (23.9) 122 (25.5)

N stage, n (%) 0.741

N0/N1 736 (67.8) 328 (68.6)

N2/N3 350 (32.2) 150 (31.4)

(continued)

4 Journal of International Medical Research



Table 1. Continued.

Characteristic Training set (n¼ 1086) Validation set (n¼ 478) P-value

M stage, n (%) 0.323

M0 891 (82.0) 402 (84.1)

M1 195 (18.0) 76 (15.9)

Chemotherapy, n (%) 0.393

Yes 380 (35.0) 178 (37.2)

No/unknown 706 (65.0) 300 (62.8)

Surgery for primary site, n (%) 0.533

No/unknown 289 (26.6) 120 (25.1)

Wedge resection 111 (10.2) 45 (9.4)

Lobectomy 627 (57.7) 290 (60.7)

Pneumonectomy 59 (5.5) 23 (4.8)

Radiation, n (%) 0.635

Yes 256 (23.6) 118 (24.7)

No/unknown 830 (76.4) 360 (75.3)

RLN, mean (range) 6.8 (1–66) 6.8 (1–54) 0.965

PLN, mean (range) 0.8 (0–15) 0.7 (0–12) 0.199

LNR, n (%) 0.402

0 614 (56.5) 282 (59.0)

0–0.2 98 (9.0) 40 (8.4)

>0.2 374 (34.5) 156 (32.6)

Survival months, M (1/4, 3/4) 38.0 (10.0, 82.0) 41.0 (11.0, 92.5) 0.065

OS, n (%) 591 (54.4) 258 (54.0) 0.871

LCSS, n (%) 476 (43.8) 194 (40.6) 0.233

AJCC, American Joint Committee on Cancer; RLN, resected lymph node; PLN, positive lymph node; LNR, lymph node

ratio; OS, overall survival; LCSS, lung cancer-specific survival.

Table 2. Univariate and multivariate analyses of factors associated with overall survival.

Univariate analysis Multivariate analysis

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

Year of diagnosis

1998–2003 Ref. – Ref. –

2004–2010 0.59 (0.49–0.71) <0.001 0.84 (0.69–1.31) 0.164

2011–2016 0.52 (0.42–0.66) <0.001 0.69 (0.54–1.06) 0.068

Age, years

<60 Ref. – Ref. –

�60 1.85 (1.54–2.23) <0.001 1.53 (1.26–1.85) <0.001

Sex, male 1.61 (1.37–1.89) <0.001 1.58 (0.93–1.96) 0.096

Race

White 0.94 (0.63–1.41) 0.779

Black 1.22 (0.77–1.96) 0.400

Other Ref. –

Marital status

Married 0.90 (0.76–1.06) 0.192

Unmarried Ref. –

(continued)

Xiong et al. 5



Table 2. Continued.

Univariate analysis Multivariate analysis

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

Primary site

Main bronchus 0.45 (0.28–0.73) 0.001 0.90 (0.54–1.50) 0.693

Upper lobe 0.50 (0.40–0.63) <0.001 1.14 (0.86–1.51) 0.376

Middle lobe 0.28 (0.19–0.41) <0.001 1.11 (0.71–1.74) 0.642

Lower lobe 0.33 (0.25–0.42) <0.001 1.15 (0.83–1.58) 0.401

Overlapping lesion of lung Ref. – Ref. –

Laterality

Left 0.33 (0.23–0.48) <0.001 1.03 (0.66–1.59) 0.910

Right 0.40 (0.28–0.57) <0.001 1.30 (0.84–2.00) 0.241

Bilateral Ref. – Ref. –

Histological grade

Grade I/II Ref. – Ref. –

Grade III/IV 2.05 (1.74–2.41) <0.001 1.76 (1.48–2.10) <0.001

Summary stage

Localized Ref. – Ref. –

Regional 2.43 (1.97–3.00) <0.001 1.38 (1.01–1.91) 0.048

Distant 7.58 (6.10–9.43) <0.001 1.67 (1.03–2.71) 0.039

Tumor size

<3 cm Ref. – Ref. –

3–5 cm 1.29 (1.04–1.60) 0.021 0.88 (0.70–1.10) 0.267

�5 cm 3.09 (2.57–3.71) <0.001 1.42 (0.92–1.75) 0.059

AJCC stage

I/II Ref. – Ref. –

III/IV 4.04 (3.42–4.78) <0.001 1.27 (0.90–1.81) 0.179

T stage

T0/T1/T2 Ref. – Ref. –

T3/T4 2.79 (2.35–3.31) <0.001 1.08 (0.86–1.37) 0.505

N stage

N0/N1 Ref. – Ref. –

N2/N3 4.22 (3.57–4.98) <0.001 1.04 (0.73–1.47) 0.846

M stage

M0 Ref. – Ref. –

M1 4.88 (4.05–5.87) <0.001 1.57 (1.13–2.18) 0.007

Chemotherapy

Yes 0.44 (0.37–0.51) <0.001 0.89 (0.73–1.09) 0.259

No/unknown Ref. – Ref. –

Surgery for primary site

No/unknown Ref. – Ref. –

Wedge resection 0.33 (0.26–0.44) <0.001 0.57 (0.41–0.78) <0.001

Lobectomy 0.17 (0.14–0.20) <0.001 0.39 (0.29–0.52) <0.001

Pneumonectomy 0.30 (0.21–0.43) <0.001 0.60 (0.39–0.91) 0.015

Radiation

Yes 2.39 (2.01–2.83) <0.001 0.78 (0.63–1.07) 0.127

No/unknown Ref. – Ref. –

(continued)
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Development and validation of prognostic

nomogram for OS

Based on the results of multivariate analy-

sis, we formulated a prognostic nomogram

to predict 3-, 5-, and 10-year OS in the

training cohort (Figure 1c). td-ROC analy-

ses (Figure 1d, 1e) revealed that the prog-

nostic nomogram could accurately predict

3-year (area under the curve [AUC]¼
0.821), 5-year (AUC¼ 0.857), and 10-year

(AUC¼0.870) OS in the training set, and 3-

year (AUC¼ 0.876), 5-year (AUC¼ 0.874),

and 10-year (AUC¼ 0.876) OS in the vali-

dation set in patients with LNECs. The cal-

ibration curves of the survival nomogram

are shown in Figure 2a–2f. The plots were

close to the 45� line, indicating that the sur-

vival nomogram was well-calibrated in the

training and validation sets.

Development and validation of prognostic

nomogram for LCSS

Multivariate analysis identified age at diag-

nosis, tumor grade, summary stage, M

stage, surgery for primary site, tumor size,

and LNR as autonomous prognostic deter-

minants for LCSS in the training cohort

(Table 3). Moreover, Kaplan–Meier curves

also demonstrated a significant association

between poorer LCSS and an LNR >0.2

compared with groups with a lower LNR,

in both the training and validation cohorts

(Figure 3a, 3b).

Based on the results of multivariate anal-

ysis, we formulated a prognostic nomogram

to predict 3-, 5-, and 10-year LCSS in the

training cohort (Figure 3c). td-ROC analy-

ses (Figure 3d, 3e) revealed that the prog-

nostic nomogram could accurately predict

3-year (AUC¼ 0.855), 5-year (AUC¼
0.866), and 10-year (AUC¼ 0.876) LCSS

in the training set, and 3-year (AUC¼
0.895), 5-year (AUC¼ 0.905), and 10-year

(AUC¼ 0.884) LCSS in the validation set

in patients with LNECs. The calibration

curves of the survival nomogram are

shown in Figure 4a–4f. The plots were very

close to the 45� line, indicating that the sur-

vival nomogram was well-calibrated in the

training and validation sets.

Comparison with AJCC TNM staging

system

The C-index of the nomogram for OS in the

training cohort was 0.834 (95% confidence

interval [CI]: 0.810–0.858), which was signif-

icantly higher than that of the AJCC TNM

staging system (0.702, 95% CI: 0.670–0.733).

The C-index of the current nomogram for

OS (0.874, 95% CI: 0.843–0.905) remained

superior to that of the AJCC staging system

(0.723, 95% CI: 0.677–0.768) in the valida-

tion cohort. Moreover, the nomogram for

LCSS performed better than the AJCC stag-

ing system in the training set (0.844 vs.

0.725) as well as in the validation set (0.861

vs. 0.756).

Table 2. Continued.

Univariate analysis Multivariate analysis

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

LNR

0 Ref. – Ref. –

0–0.2 1.64 (1.21–2.21) 0.001 1.17 (0.81–1.69) 0.403

>0.2 4.09 (3.44–4.87) <0.001 1.57 (1.14–2.17) 0.006

HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; LNR, lymph node ratio.
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In DCA, the current nomograms pre-
sented greater net benefits and a wider
field of threshold probability compared

with the AJCC staging system for
both OS and LCSS in the training
(Figure 5a, 5c) and validation cohorts

Figure 1. Prognostic importance of lymph node ratio (LNR) in patients with lung neuroendocrine carci-
nomas. Kaplan–Meier curves for overall survival (OS) for all patients stratified by LNR in the (a) training and
(b) validation cohorts. Prediction of 3-year, 5-year, and 10-year OS (c) in patients with LNECs using a
survival nomogram. Predictive ability of survival nomograms measured by time-dependent receiver oper-
ating characteristic (td-ROC) curves. td-ROC curves for 3-year, 5-year, and 10-year OS in patients in the (d)
training and (e) validation cohorts.
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(Figure 5b, 5d), indicating that these
nomograms had superior predictive
abilities for the prognosis of patients with
LNECs. A higher threshold probability

resulted in a more robust estimation of deci-
sion results. The results indicated that the
formulated nomograms provided better pre-
dictions of survival in patients with LNECs.

Figure 3. Prognostic importance of lymph node ratio (LNR) in patients with lung neuroendocrine carci-
nomas. Kaplan–Meier curves for LCSS for all patients stratified by LNR in the (a) training and (b) validation
cohorts. Prediction of 3-year, 5-year, and 10-year LCSS (c) in patients with LNECs using a survival nomo-
gram. Predictive ability of survival nomograms measured by time-dependent receiver operating character-
istic (td-ROC) curves. td-ROC curves for 3-year, 5-year, and 10-year LCSS in patients in the (d) training and
(e) validation cohorts.
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Table 3. Univariate and multivariate analyses of factors associated with lung cancer-specific survival.

Univariate analysis Multivariate analysis

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

Year of diagnosis

1998–2003 Ref. – Ref. –

2004–2010 0.55 (0.45–0.67) <0.001 0.79 (0.64–1.28) 0.133

2011–2016 0.53 (0.41–0.67) <0.001 0.63 (0.46–1.04) 0.054

Age, years

<60 Ref. – Ref. –

�60 1.79 (1.46–2.20) <0.001 1.49 (1.21–1.85) <0.001

Sex, male 1.59 (1.33–1.91) <0.001 1.53 (0.75–2.84) 0.167

Race

White 0.87 (0.56–1.33) 0.514

Black 1.17 (0.71–1.94) 0.536

Other Ref. –

Marital status

Married 0.94 (0.78–1.13) 0.515

Unmarried Ref. –

Primary site

Main bronchus 0.51 (0.31–0.83) 0.007 0.96 (0.57–1.63) 0.878

Upper lobe 0.47 (0.37–0.60) <0.001 1.10 (0.81–1.48) 0.548

Middle lobe 0.22 (0.14–0.34) <0.001 0.93 (0.56–1.55) 0.784

Lower lobe 0.29 (0.22–0.39) <0.001 1.11 (0.79–1.56) 0.561

Overlapping lesion of lung Ref. – Ref. –

Laterality

Left 0.34 (0.23–0.51) <0.001 1.16 (0.72–1.85) 0.545

Right 0.40 (0.27–0.59) <0.001 1.48 (0.93–2.36) 0.097

Bilateral Ref. – Ref. –

Histological grade

Grade I/II Ref. – Ref. –

Grade III/IV 2.10 (1.75–2.51) <0.001 1.75 (1.44–2.12) <0.001

Summary stage

Localized Ref. – Ref. –

Regional 3.35 (2.58–4.34) <0.001 1.72 (1.18–2.51) 0.005

Distant 11.02 (8.47–14.33) <0.001 1.96 (1.14–3.38) 0.015

Tumor size

<3 cm Ref. – Ref. –

3–5 cm 1.51 (1.18–1.92) 0.001 0.99 (0.77–1.27) 0.945

>5 cm 3.67 (2.99–4.51) <0.001 1.50 (1.19–1.89) <0.001

AJCC stage

I/II Ref. – Ref. –

III/IV 5.15 (4.24–6.25) <0.001 1.23 (0.84–1.81) 0.293

T stage

T0/T1/T2 Ref. – Ref. –

T3/T4 3.24 (2.69–3.90) <0.001 1.12 (0.87–1.43) 0.382

N stage

N0/N1 Ref. – Ref. –

N2/N3 5.22 (4.34–6.28) <0.001 1.13 (0.77–1.66) 0.524

(continued)

12 Journal of International Medical Research



Discussion

The current study aimed to evaluate the

association between LNR and survival

status in patients with LNECs. To the

best of our knowledge, this is the first

study to demonstrate that elevated LNR

may be an independent prognostic factor

for OS, as well as LCSS, in patients with

LNECs. Notably, survival nomograms

incorporating LNR and other significant

clinical variables showed good ability for

predicting OS and LCSS in patients with

LNECs.
Lymph node involvement is regarded as

one of the most important indicators

informing therapeutic decision-making and

the prognosis of patients with malignant

tumors. Norifumi et al. demonstrated that

lymph node metastasis was significantly

associated with disease-free survival in

a retrospective study of 95 consecutive

patients with pancreatic neuroendocrine

tumors undergoing pancreatic resection,
and patients required lymph node dissec-
tion to improve prognosis.20 Using data
from the National Cancer Database and
SEER database, Adam et al. concluded
that the number of positive locoregional
lymph nodes was an independent prognos-
tic factor in patients with colon neuroendo-
crine tumors, and they developed a new
nodal staging system that could predict sur-
vival more accurately than current staging
systems.21 In the current study, LNR was
considered an independent predictive factor
for OS and LCSS in 1564 patients with
LNECs, based on univariate and multivar-
iate analyses. We then generated two prog-
nostic nomograms by combining LNR with
other informative clinical features, which
showed good predictive values for OS
and LCSS, respectively, in patients with
LNECs.

The AJCC staging system has been
widely used for prognostic prediction in

Table 3. Continued.

Univariate analysis Multivariate analysis

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

M stage

M0 Ref. – Ref. –

M1 5.62 (4.61–6.85) <0.001 1.70 (1.20–2.40) 0.003

Chemotherapy

Yes 0.36 (0.30–0.43) <0.001 0.94 (0.75–1.17) 0.577

No/unknown Ref. – Ref. –

Surgery for primary site

No/unknown Ref. – Ref. –

Wedge resection 0.26 (0.19–0.36) <0.001 0.51 (0.36–0.73) <0.001

Lobectomy 0.14 (0.11–0.17) <0.001 0.43 (0.31–0.59) <0.001

Pneumonectomy 0.28 (0.19–0.42) <0.001 0.64 (0.40–0.91) 0.036

Radiation

Yes 2.76 (2.29–3.32) <0.001 0.85 (0.68–1.07) 0.167

No/unknown Ref. – Ref. –

LNR

0 Ref. – Ref. –

0–0.2 1.91 (1.36–2.69) <0.001 1.13 (0.75–1.71) 0.557

>0.2 5.20 (4.26–6.34) <0.001 1.61 (1.13–2.29) 0.008

HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; LNR, lymph node ratio.
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patients with lung cancer and other malig-

nant tumors.22–25 However, previous stud-

ies have shown that lymph node status in

the AJCC staging system might not ade-

quately reflect the extent of disease, due to

the influence of surgery.26 LNR, which

reflects not only nodal disease but also the

quality and extent of lymphadenectomy,

has recently been demonstrated to be a

good prognostic factor for malignant

tumors.26–29 Li et al. reported that patients

with gastric neuroendocrine tumors with an

LNR >0.132 had an increased likelihood of

all-cause mortality and cancer-specific

death compared with patients with an

LNR value �0.132.30 The prognostic signif-

icance of LNR was also verified in a retro-

spective study of 1778 patients with resected

N2 stage lung squamous cell carcinoma.31

Consistent with those results, our study also

suggested that a higher LNR value was

associated with poorer OS and LCSS in

patients with LNECs. In addition, we com-

bined LNR with other significant variables

to create survival nomograms, which

showed better predictive abilities for OS

and LCSS compared with the AJCC staging

system, implying that these combined

indexes might be useful for accurately pre-

dicting the prognosis in patients with

LNECs.
As an easy-to-use statistical predictive

instrument, nomograms can digitize risk

by creating an intuitive graph and have

been widely used in clinical practice.32–35

A nomogram merging some conducive var-

iables is a readily accessible tool to help

clinicians clarify a diagnosis,32 predict sur-

vival,36 and decide the follow-up interval

for their patients.37 In the current study,

we successfully created two survival nomo-

grams based on the LNR and other

Figure 5. Decision curve analysis (DCA) of survival nomograms to determine their clinical use. DCA of
survival nomogram for overall survival in the (a) training and (b) validation sets. DCA of lung cancer-specific
survival nomogram in the (c) training and (d) validation sets.
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informative factors to predict OS and LCSS
in patients with LNECs. These survival
nomograms achieved better predictive per-
formances than the AJCC staging system,
as reflected by the C-index and DCA curves
for both the training and validation sets.
These survival nomograms might thus be
applied in a clinical setting to reliably pre-
dict OS and LCSS in patients with LNECs.

This study had some limitations. First, it
was a retrospective study using data from
the SEER database and may have selection
bias due to the ethnic homogeneity of the
patient population. Second, some prognos-
tic factors, including serum tumor markers,
vascular infiltration, laboratory results, and
detailed treatment strategies, which may
have had an impact on patient prognosis,
were not accessible in the SEER database.
Moreover, the limitations of the SEER
database meant that we could not obtain
information on the exact chemotherapeutic
drugs used for LNEC patients. In addition,
patients were first diagnosed with LNECs
over a considerable period of time and che-
motherapy drugs may change over time.
We therefore classified chemotherapy as
performed or not to investigate its prognos-
tic role for LNECs, but this might not be an
accurate reflection of the role of chemother-
apy. This might also explain why chemo-
therapy and radiotherapy were not
included in the final nomogram for the
prognosis of LNEC patients. Finally,
although the prognostic nomograms per-
formed better than the AJCC staging
system in the current study, further studies
are needed to validate our survival nomo-
grams in patients with LNECs.

Conclusions

The novel survival nomograms provide an
applicable tool with good discrimination
and calibration abilities for predicting the
prognosis of LNECs. These nomograms
may have superior prognostic capabilities

for patients with LNECs compared with

the current AJCC staging system. Further

studies are needed to validate and improve

this model.
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