
O R I G I N A L  R E S E A R C H

A Clinical Nomogram for Predicting Cancer-Specific 
Survival in Pulmonary Large-Cell Neuroendocrine 
Carcinoma Patients: A Population-Based Study

Haochuan Ma 1,* 
Zhiyong Xu1,* 
Rui Zhou1,* 
Yihong Liu2 

Yanjuan Zhu1–4 

Xuesong Chang2 

Yadong Chen2 

Haibo Zhang1–5

1The Second Clinical Medical School, 
Guangzhou University of Chinese 
Medicine, Guangzhou, People’s Republic of 
China; 2Department of Oncology, The 
Second Affiliated Hospital of Guangzhou 
University of Chinese Medicine, 
Guangdong Provincial Hospital of 
Traditional Chinese Medicine, Guangzhou, 
People’s Republic of China; 3Guangdong- 
Hong Kong-Macau Joint Laboratory on 
Chinese Medicine and Immune Disease 
Research, Guangzhou University of 
Chinese Medicine, Guangzhou, People’s 
Republic of China; 4Guangdong Provincial 
Key Laboratory of Clinical Research on 
Traditional Chinese Medicine Syndrome, 
Guangzhou, People’s Republic of China; 
5State Key Laboratory of Dampness 
Syndrome of Chinese Medicine, The 
Second Affiliated Hospital of Guangzhou 
University of Chinese Medicine, 
Guangzhou, People’s Republic of China  

*These authors contributed equally to this 
work  

Purpose: This study was designed to construct and validate a nomogram that was available 
for predicting cancer-specific survival (CSS) in patients with pulmonary large-cell neuroen
docrine carcinoma (LCNEC).
Patients and Methods: Using the US Surveillance, Epidemiology, and End Results 
(SEER) database, we identified patients pathologically diagnosed as LCNEC from 1975 to 
2016. Univariate and multivariate Cox regression was conducted to assess prognostic factors 
of CSS. A novel nomogram model was constructed and validated by the concordance index 
(C-index), calibration curves and decision curve analysis (DCA).
Results: A total of 624 LCNEC patients were enrolled. Five prognostic factors for CSS were 
identified and merged to establish nomograms. In the training and validation cohorts, 
calibration curves displayed the nomogram predictions are in a good agreement with the 
actual survival. The C-Index of the training and validation cohorts were both higher than 0.8, 
and the DCA results showed that the nomogram has clinical validity and utility.
Conclusion: The proposed nomogram resulted in accurate CSS prognostic prediction for 
patients with LCNEC.
Keywords: pulmonary large-cell neuroendocrine carcinoma, prognosis, nomogram, SEER 
database, cancer-specific survival

Introduction
Lung cancer is the most ubiquitous tumors in adults, which ranks second in 
incidence and first in mortality rate according to estimation from the International 
Agency for Research on Cancer in 2020.1 Pulmonary large-cell neuroendocrine 
carcinoma (LCNEC) is a rare but highly aggressive neuroendocrine tumor subtype 
and comprises approximately 3% of lung cancers.2–4

Surgery, radiotherapy and chemotherapy are a common treatment for 
LCNEC;5,6 however, controversy still surrounds standard treatment. In addition, 
there are currently few large clinical studies available which specifically focus on 
the treatment, survival, and prognostic factors associated with LCNEC because of 
low incidence and difficult diagnosis. Therefore, constructing a new predictive 
model for cancer-specific survival (CSS) in LCNEC is of great significance. One 
of the most widely available prediction tools is nomogram, a visualizing survival 
prediction model.7–10 Recent studies have developed a nomogram to predict the 
overall survival (OS) for LCNEC.11 However, as far as we are aware, nomograms 
for predicting the CSS of patients with LCNEC have not been reported.
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Here, the purpose of our study was to formulate com
prehensive nomograms based on complete clinical data 
extracted from the Surveillance, Epidemiology, and End 
Results (SEER) database to assess CSS at 1 year, 3 years 
and 5 years in LCNEC patients meeting screening criteria.

Materials and Methods
Data Source
The data of this study come from the SEER database and 
collected by using the software SEER*Stat version 8.3.9, 
SEER 18 Regs Custom Data [1975–2016] (with additional 
treatment fields) of the National Cancer Institute (NCI) 
(account ID: 13538-Nov 2020).

Selection Criteria
In detail, we collected information on LCNEC patients in 
1975–2016 from the SEER database. The inclusion site code 
was C34-Bronchus and lung, which including C34.0 – Main 
bronchus; C34.1 – Upper lobe, lung; C34.2 – Middle lobe, 
lung; C34.3 – Lower lobe, lung; C34.8 – Overlapping lesion 
of lung; and C34.9 – Lung, NOS. The histological code was 
8013/3 – Large cell neuroendocrine carcinoma, following 
a standard with the International Classification of Tumor 
Diseases, Third Edition (ICD-O-3).

Patients were included if they satisfied the inclusion 
criteria: (1) patients were diagnosed with non-small cell 
lung carcinoma(NSCLC); and (2) patients with pathologi
cally confirmed LCNEC.

The following criteria were used for data exclusion: (1) 
patients whose tumor characteristics were multi-source or 
non-primary; (2) patients with incomplete information about 
histopathologic grading and AJCC stage; and (3) the data on 
follow-up time and cancer-specific survival are incomplete.

Variables and Main Outcomes
Nineteen variables have been included in this study, includ
ing age (≤49, 50–59, 60–74, and ≥75), race (white, black, 
and other races), gender (male or female), primary site (main 
bronchus, upper lobe, middle lobe, lower lobe, overlapping 
lesion of the lung, and lung NOS), grade (highly differen
tiated, moderately differentiation, poorly differentiation, and 
undifferentiated), laterality (left or, right), the 7th edition 
AJCC staging system (IA, IB, IIA, IIB, IIIA, IIIB, and 
IV), T stage (T1, T2, T3, T4, and Tx), N stage (N0, N1, 
N2, N3, and Nx), M stage (M0, M1a, and M1b), surgery 
(none, laser ablation or cryosurgery, pulmonary lobectomy 
and pneumonectomy), radiation sequence with surgery 

(none, intraoperative radiation, radiation after surgery and 
radiation prior to surgery), radiation (yes or, no/unknown), 
chemotherapy (yes or, no/unknown), lymph nodes positive 
(negative/unknown or, positive), bone metastasis (yes or, 
no), brain metastasis (yes or, no), liver metastasis (yes or, 
no) and tumor size (≤30, 31–50, 51–70, and >70). The main 
outcome was CSS.

Statistical Analyses
For nomogram construction and validation, the included 
patients were randomly divided into training and validation 
cohorts at a 7:3 ratio in the “sample” function of R version 
4.1.0 (http://www.r-project.org/).12,13 In the training cohort, 
univariate analysis was performed using “survival” package 
for initial screening to select useful predictive features for 
predicting CSS.14 Additional R packages, including “rms”, 
“VIM”, “pec”, “randomForestSRC” and “foreign” were also 
used.15 The results with P < 0.05 in univariate analyses were 
then further merged into a Cox multivariate regression ana
lysis. We then constructed a nomogram for predicting 
1-year, 3-year, and 5-year CSS in LCNEC patients using 
these identified prognostic factors.

The nomogram model was validated in both training 
and validation cohorts by the concordance index 
(C-Index), the calibration curves and decision curve 
analysis (DCA). The C-Index values were used to assess 
the predictive accuracy and ranged from 0.5 to 1.0, with 
low accuracy (0.5–0.7), moderate accuracy (0.7–0.9), 
and high accuracy (>0.9).16 We drew calibration curve 
by bootstrap method (re-sample the data 1000 times) to 
describes how close predicted probabilities and actual 
outcomes are. Given its clinical accuracy, practicability 
and effectiveness, DCA was used to predictive the clin
ical usefulness and benefits of nomogram model.17 The 
flow chart of study procedures is illustrated in Figure 1. 
SPSS (Version 26.0 for Windows) and R software ver
sion 4.1.0 were used for statistical all analysis. P < 0.05 
was considered statistically significant (two-tailed).

Results
Patient Characteristics
For this study, we included 624 patients with LCNEC from 
the SEER database, comprising the training cohort (n = 
436) and the validation cohort (n = 188). LCNEC are more 
prevalent among older populations (52.6% of patients 
were aged between 60 years and 74 years). Most of the 
primary sites were upper lobe (60.9%), the majority of 
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patients with AJCC stage IV (34.9%), and the most histo
logical grade was G3 (73.2%). 52.4% of the patients 
received surgery, 36.5% of the patients received radiother
apy, and 53.8% of the patients received chemotherapy. 
Characteristics of the both cohorts are summarized in 
Table 1.

CSS Curves Stratified by Different 
Factors
Demonstrated in Figure 2A, females have a better prognosis 
than males (P < 0.01). The CSS curve also revealed that 
LCNEC patients with tumors originating in main bronchus 
had a worse CSS outcome compared with those primary 
tumors in the upper or lower lobes (Figure 2B). The survival 
outcomes of LCNEC patients are even worse when the dis
ease develops into more advanced AJCC stages, T stages, 
N stages, M stages and greater number of positive lymph 
nodes (Figures 2C–G). In addition, larger tumor size is 
proportional to the worse survival outcomes(Figure 2H).

Figure 1 Flow chart of study procedures.

Table 1 Patients’ Characteristics of Included Patients

Variables Total 
(n = 624)

Training 
Cohort 

(n = 436)

Validation 
Cohort 

(n = 188)

Age, n(%)
≤49 38(6.1) 28(6.4) 10(5.3)

50–59 144(23.1) 103(23.6) 41(21.8)

60–74 328(52.6) 229(52.5) 99(52.7)

≥75 114(18.3) 76(17.4) 38(20.2)

Race, n(%)
White 525(84.1) 368(84.4) 157(83.5)

Black 78(12.5) 53(12.2) 25(13.3)

Other races 21(3.4) 15(3.4) 6(3.2)

Gender, n(%)
Male 341(54.6) 233(53.4) 108(57.4)

Female 283(45.4) 203(46.6) 80(42.6)

Primary Site, n(%)
Main bronchus 26(4.2) 19(4.4) 7(3.7)

Upper lobe 380(60.9) 263(60.3) 117(62.2)

Middle lobe 23(3.7) 19(4.4) 4(2.1)

Lower lobe 167(26.8) 114(26.1) 53(28.2)

Overlapping lesion 

of lung

7(1.1) 6(1.4) 1(0.5)

Lung, NOS 21(3.4) 15(3.4) 6(3.2)

Grade, n(%)
I 6(1.0) 5(1.1) 1(0.5)

II 12(1.9) 9(2.1) 3(1.6)

III 457(73.2) 319(73.2) 138(73.4)

IV 149(23.9) 103(23.6) 46(24.5)

Laterality, n(%)
Left 265(42.5) 181(41.5) 84(44.7)

Right 359(57.5) 255(58.5) 104(55,3)

AJCC Stage, n(%)
IA 115(18.4) 82(18.8) 33(17.6)

IB 72(11.5) 54(12.4) 18(9.6)

IIA 60(9.6) 42(9.6) 18(9.6)

IIB 44(7.1) 28(6.4) 16(8.5)

IIIA 89(14.3) 62(14.2) 37(19.7)

IIIB 26(4.2) 18(4.1) 8(4,3)

IV 218(34.9) 150(34.4) 68(36.2)

T stage, n(%)
T1 173(27.7) 127(29.1) 46(24.5)

T2 203(32.5) 139(31.9) 64(34.0)

T3 130(20.8) 92(21.1) 38(20.2)

T4 110(17.6) 75(17.2) 35(18.6)

Tx 8(1.3) 3(0.7) 5(2.7)

N stage, n(%)
N0 329(52.7) 232(53.2) 97(51.6)

N1 84(13.5) 58(13.3) 26(13.8)

(Continued)
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Patients with radiotherapy or chemotherapy had 
obviously worse survival outcomes(Figure 3A and B). 
LCNEC patients without surgery achieved a significantly 
shorter CSS time than those with surgery (P < 0.01) 
(Figure 3C). LCNEC patients with bone metastasis, brain 
metastasis, and liver metastasis had a much worse prog
nosis (Figures 3D–F).

Screening for Prognostic Factors for 
LCNEC
Table 2 shows the results of the univariate and multivariate 
Cox regression analysis. In univariate Cox analysis, gen
der, primary site, AJCC stage, T stage, N stage, M stage, 
surgery, radiation, chemotherapy, lymph nodes positive, 
bone metastasis, brain metastasis, liver metastasis, and 
tumor size were significantly associated with CSS (all 
P < 0.001 except for primary site and chemotherapy, 
with P = 0.016 and P = 0.003, respectively). These vari
ables were integrated into multivariate Cox analysis except 
for T stage, N stage, and M stage, which have mutual 
influence with AJCC stage into the multivariate analysis. 
Based on the results, gender, AJCC stage, surgery, che
motherapy, and brain metastasis were identified as inde
pendent risk factors for CSS.

Nomogram Construction
Based on the above prognostic factors, a nomogram to 
predict 1 year, 3 years and 5 years CSS was created 
(Figure 4). The nomogram demonstrated that surgery has 
held the largest contribution to CSS outcomes, followed 
by AJCC stage, chemotherapy, brain metastasis and gen
der. Each independent prognostic variables were assigned 
a score scale; the total score is obtained by adding the 
scores of each selected variable. In accordance with the 
patient information, this nomogram can help in estimating 

Table 1 (Continued). 

Variables Total 
(n = 624)

Training 
Cohort 

(n = 436)

Validation 
Cohort 

(n = 188)

N2 161(25.8) 111(25.5) 50(26.6)

N3 46(7.4) 31(7.1) 15(8.0)

Nx 4(0.6) 4(0.9) 0(0)

M stage, n(%)
M0 406(65.1) 286(65.6) 120(63.8)

M1a 37(5.9) 21(4.8) 16(8.5)

M1b 181(29.0) 129(29.6) 52(27.7)

Surgery, n(%)
None 297(47.6) 207(47.5) 90(47.9)

Laser ablation/ 

cryosurgery

1(0.2) 1(0.2) 0(0)

Pulmonary 

lobectomy

310(49.8) 215(43.1) 95(50.5)

Pneumonectomy 16(2.6) 13(3.0) 3(1.6)

Radiation sequence 
with surgery, n(%)

None 530(85.0) 376(86.2) 154(81.9)

Intraoperative 

radiation

2(0.3) 0(0) 2(1.1)

Radiation after 

surgery

81(13.0) 52(11.9) 29(15.4)

Radiation prior to 

surgery

11(1.8) 8(1.8) 3(1.6)

Radiation, n(%)
Yes 228(36.5) 162(37.2) 66(35.1)

No/unknown 396(63.5) 274(62.8) 122(64.9)

Chemotherapy, n(%)
Yes 336(53.8) 234(53.7) 102(54.3)

No/unknown 288(46.2) 202(46.3) 86(45.7)

LN Positive, n(%)
Negative/unknown 519(83.2) 363(83.3) 156(83)

Positive 105(16.8) 73(16.8) 33(17.1)

Bone metastasis, 
n(%)

Yes 70(11.2) 48(11.0) 22(11.7)

No 554(88.8) 388(89.0) 166(88.3)

Brain metastasis, 
n(%)

Yes 82(13.1) 61(14.0) 21(11.2)

No 542(86.9) 375(86.0) 167(88.8)

Liver metastasis, 
n(%)

Yes 58(9.3) 43(9.9) 15(8.0)

No 566(90.7) 393(90.1) 170(92.0)

(Continued)

Table 1 (Continued). 

Variables Total 
(n = 624)

Training 
Cohort 

(n = 436)

Validation 
Cohort 

(n = 188)

Tumor size, n(%)
≤30 249(40.0) 177(40.6) 72(38.3)

31–50 170(27.2) 117(26.8) 53(28.2)

51–70 90(14.4) 62(14.2) 28(14.9)

>70 115(18.4) 80(18.3) 35(18.6)

Abbreviations: AJCC, American Joint Commission on Cancer; LN, lymph node.
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the 1 year, 3 years and 5 years CSS for each individual 
patient.

Nomogram Validation
On the basis of nomogram, the C-indices for predicting 
1-year CSS were 0.82 and 0.83 in the training and 
validation cohorts, respectively (Figure 5). 
Furthermore, the C-indices of the 3-year CSS and 
5-year CSS exceeded 0.77 in both cohorts, demonstrat
ing that the model was reliable. The calibration plots of 
the nomogram displayed the nomogram predictions are 
in a good agreement with the actual survival both in the 
training (Figure 6A) and validation cohorts (Figure 6B) 
for 1 year, 3 years and 5 years CSS. Moreover, the DCA 
results showed that the nomogram has clinical validity 
and utility (Figure 7).

Discussion
LCNEC is rare form of lung cancer that is not often 
observed in clinical practice, and there is a dearth of large- 
sample studies regarding the epidemiological and clinical 
characteristics, and prognosis of LCNEC. Although there 
are a few of studies focused on the clinicopathological 
characteristics and survival of LCNEC, many of them 
still have drawbacks in the selection of the selection cri
teria and variables.18–22 Therefore, the reliable prediction 
of CSS for LCNEC patients is still a difficult problem. 
Nomogram, an effective prognosis prediction model, 
inherit an advantage over traditional AJCC stage. 
Moreover, there is still a lack of validation in large sam
ple-based using real world data, which are more for eval
uating CSS prognosis among patients with LCNEC. 
Therefore, based on the data of SEER database, with the 

Figure 2 Cancer-specific survival of LCNEC patients stratified by (A) gender; (B) primary site; (C) AJCC stage; (D) LN positive; (E) T stage; (F) N stage; (G) M stage; (H) 
tumor size. 
Abbreviations: LCNEC, pulmonary large-cell neuroendocrine carcinoma; LN, lymph node.
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rigorous inclusion criteria, exclusion criteria, and compre
hensive variables, the purpose of this study was to assess 
prognostic factors for 1-, 3-, and 5-year CSS and construct 
an accurate nomogram for predicting prognosis in patients 
with LCNEC.

Fourteen independent prognostic factors have been 
identified for CSS in univariate Cox regression analysis, 
including gender, primary site, AJCC stage, T stage, 
N stage, M stage, surgery, radiation, chemotherapy, 
lymph nodes positive, bone metastasis, brain metastasis, 
liver metastasis and tumor size. In light of prior reports, 
our study manifested that LCNEC patients in 
a predominantly male population, and the mean age at 
diagnosis was 60–74, only nearly 6% of patients were 
below 50 years old. Most of the primary lesion takes 
place in upper lobe (60.9%) and lower lobe (26.8%), this 

result was identical to previous SEER database based 
LCNEC studies and unraveled the characteristics of 
LCNEC.21–23

In the present study, the 3-year cumulative CSS prob
ability were 72%, 71%, 40%, 39%, 25%, 15% and 3% for 
AJCC stages IA, IB, IIA, IIB, IIIA, IIIB and IV, Stage III 
and IV LCNEC have a markedly poorer prognosis com
pared with stage I and II tumors. Previous studies also 
showed that AJCC stage was the important factor for 
survival prognosis, but AJCC lung cancer staging system 
is not able to accurately predict clinical prognosis.11 

Notably, T stage, N stage, and M stage were not included 
in the multivariate Cox analysis due to the mutual influ
ence with AJCC stage. Remarkably, the degree of tumor 
histology and histological grade did not affect the patient 
survival, which was a departure from our expectation.24

Figure 3 Cancer-specific survival of LCNEC patients stratified by (A) radiation; (B) chemotherapy; (C) surgery; (D) bone metastasis; (E) brain metastasis; (F) liver 
metastasis. 
Abbreviation: LCNEC, pulmonary large-cell neuroendocrine carcinoma.
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Table 2 Univariate and Multivariate Analyses of CSS in the 
Training Cohort

Training Cohort

Univariate 
P value

Multivariate HR 
(95% CI)

P value

Age 0.839

≤49

50–59

60–74

≥75

Race 0.678

White

Black

Other races

Gender <0.001
Male Ref. –
Female 0.68 (0.51–0.91) 0.008

Primary Site 0.016
Main bronchus Ref. –
Upper lobe 0.78(0.45–1.38) 0.398

Middle lobe 1.19(0.55–2.55) 0.658

Lower lobe 0.81(0.45–1.46) 0.491

Overlapping 

lesion of lung

1.35(0.42–4.32) 0.617

Lung, NOS 0.82(0.37–1.82) 0.619

Grade 0.676

I

II

III

IV

Laterality 0.901

Left

Right

AJCC Stage <0.001
IA Ref. –
IB 1.31(0.60–2.83) 0.495

IIA 3.87(1.96–7.65) <0.001
IIB 4.40(2.15–9.00) <0.001
IIIA 5.92(3.03–11.54) <0.001
IIIB 7.38(3.25–16.75) <0.001
IV 10.29(5.30–19.99) <0.001

T stage <0.001 NA NA

T1

T2

T3

T4

Tx

N stage <0.001 NA NA

N1

N2

(Continued)

Table 2 (Continued). 

Training Cohort

Univariate 
P value

Multivariate HR 
(95% CI)

P value

N3

N4

Nx

M stage <0.001 NA NA

M0

M1a

M1b

Surgery <0.001
None Ref. –
Laser ablation/ 

cryosurgery

6.23(0.77–50.69) 0.087

Pulmonary 

lobectomy

0.46(0.25–0.82) <0.001

Pneumonectomy 0.36(0.14–0.91) 0.030

Radiation 
sequence with 
surgery

0.252

None

Intraoperative 

radiation

Radiation after 

surgery

Radiation prior 

to surgery

Radiation <0.001
Yes Ref. –
No/unknown 1.26(0.89–1.80) 0.183

Chemotherapy 0.003
Yes Ref. –
No/unknown 2.39(1.76–3.26) <0.001

LN Positive <0.001
Negative/ 

unknown

Ref. –

Positive 1.09(0.74–1.62) 0.652

Bone metastasis <0.001
Yes Ref. –
No 0.78(0.53–1.17) 0.229

Brain metastasis <0.001
Yes Ref. –
No 0.56(0.37–0.85) 0.006

Liver metastasis <0.001
Yes Ref. –
No 1.36(0.87–2.08) 0.160

(Continued)
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Our study confirms the predictive value of surgery and 
chemotherapy for prognosis in patients with LCNEC. 
Surgical management is recommended in early-stage 
patients, postoperative adjuvant chemotherapy can 
improve overall survival,25 however, comparative data 
between the different type of surgical procedures remain 
scant. Chemotherapy is the main treatment for advanced 
patients, including NSCLC chemotherapy regimens (plati
num-based combined gemcitabine, docetaxel, paclitaxel, 
vinorelbine or pemetrexed) and small cell lung carcinoma 
(SCLC) chemotherapy regimens (etoposide-based 
chemotherapy).26–29 While radiotherapy has no obvious 

effect on prognosis and the data of immunotherapy is 
lacking in SEER database. Of note, the CSS curves 
showed that patients with radiotherapy or chemotherapy 
had obviously worse survival outcomes, which were dif
ferent from most other studies. For instance, a recent study 
by Michael May et al indicate that radiation therapy offers 
significant benefit in stage I disease and possibly in stage 
II disease in patients who are not candidates for surgery or 
prefer nonoperative management.30 This is probably 
because this analysis based on treatment is highly biased 
due to the patient selection and confounders, patients with 
better prognostic expectations will often receive more 
active antitumor treatment, and have better survival.

Different metastatic sites can have keystone effects on 
survival and prognosis. Bone, brain and liver are the pre
dominant metastatic site for LCNEC, and the incidence of 
brain metastases constitute the highest proportion.31,32 In 
the present study, the 1 year and 3 years cumulative CSS 
probability were 19% and 2%. Therefore, we should give 
more focus to management of brain metastases, prophy
lactic cerebral irradiation (PCI) may decrease the risk of 
relapse and prolong overall survival.

Previous researchers have constructed nomograms for 
predicting OS in patients with LCNEC. However, this is the 
first time that CSS-prediction nomogram was established. 

Table 2 (Continued). 

Training Cohort

Univariate 
P value

Multivariate HR 
(95% CI)

P value

Tumor size <0.001
≤30 Ref. –
31–50 0.96(0.67–1.39) 0.848

51–70 1.05(0.69–1.59) 0.819

>70 1.10(0.73–1.65) 0.641

Note: The bold values represent statistical significance. 
Abbreviations: AJCC, American Joint Commission on Cancer; LN, lymph node; 
CSS, cancer-specific survival; NA, not applicable.

Figure 4 Nomogram for predicting 1-, 3-, and 5-year CSS in LCNEC patients. 
Abbreviations: AJCC, American Joint Commission on Cancer; CSS, cancer-specific survival; LCNEC, pulmonary large-cell neuroendocrine carcinoma.
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Besides, In the present study, we followed a more compre
hensive and rigorous approach. We have established a strict 
and reasonable inclusion criteria and exclusion criteria that 

aims to ensure the data are complete and accurate. After 
setting up the nomogram, we have used a variety of 
approaches to validate this model. In our study, the C-Index 

Figure 5 The concordance index of training cohorts (A) and validation cohorts (B).

Figure 6 Calibration curves for the nomogram in the training and validation cohorts. 1-, 3-, and 5-year calibration curves (A) for the CSS nomogram in the training cohort 
of patients with LCNEC (bootstrap = 1000 repetitions). 1-, 3-, and 5-year calibration curves (B) for the CSS nomogram in the validation cohort of patients with LCNEC 
(bootstrap = 1000 repetitions). 
Abbreviations: LCNEC, pulmonary large-cell neuroendocrine carcinoma; CSS, cancer-specific survival.
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of the training and validation cohorts were both higher than 
0.8, achieving a better prediction performance. The calibra
tion curve showed that the nomogram predictions are in 
a good agreement with the actual survival. The clinical utility 
of the nomogram was further confirmed by DCA curve. Thus, 
it is our belief that, our nomogram can provide clinicians with 
good CSS predictions for individual LCNEC patients.

However, our study also presented some limitations. 
First, this study was a retrospective study which was 
flawed due to the selection bias. For example, patients 
who received surgery had better survival because meta
static patients are not taken to surgery. Similarly, the 
selection bias also exists for immunotherapy, which was 
used in further lines for patients that have poor response 
history. Besides, In the design of the study, patients with 
history of more lines of treatment history. Second, this 
model was based on the data that were extracted from 
SEER database, thus the data in Asians are lacking. 
Third, a paucity of relevant data about some important 
factors exists in the SEER. For example, details on the 
treatment options are not mentioned. Therefore, further 
high-quality clinical research into the assessment of survi
val outcomes for LCNEC patients is still needed.

Conclusion
The nomogram proposed in this study may objectively and 
accurately predict 1-, 3-, and 5-year CSS of patients with 
LCNEC. The nomograms performed well in both training 

and validation cohorts. It might help clinicians to predict 
the prognosis of these patients and guide personalized 
treatment. However, since the present study faces some 
limitations, further clinical studies with larger sample sizes 
are needed to fully determine the best treatment options 
and more accurately predict the prognosis.

Abbreviations
LCNEC, large-cell neuroendocrine carcinoma; CSS, can
cer-specific survival; OS, overall survival; SEER, 
Surveillance, Epidemiology, and End Results; NCI, 
National Cancer Institute; NSCLC, non-small cell lung 
carcinoma; C-Index, concordance index; DCA, decision 
curve analysis; SCLC, small cell lung carcinoma.

Data Sharing Statement
Publicly available datasets were analyzed in this study. 
This data can be found here: https://seer.cancer.gov/.

Ethics Approval and Informed 
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Our data from SEER database. This is a public research 
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database is not requires, it considered that ethical approval 
is not needed. Considering that all data used in the study 
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of Guangdong Provincial Hospital of Chinese Medicine 
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Figure 7 DCA curves of the nomogram for CSS in the training and validation cohorts. DCA curves of the nomogram for CSS in both the training cohort (A) and validation 
cohort (B). 
Abbreviations: DCA, decision curve analysis; CSS, cancer-specific survival.
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