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Abstract
Background: Pulmonary neuroendocrine tumors, including small cell lung cancer (SCLC) and non-small
cell neuroendocrine tumor (NSCLC-NET), have obvious heterogeneity. The comparison between SCLC and
NSCLC-NET, and prognostic nomogram of resected NSCLC-NET have not been performed.

Methods: We retrieved patients’ information with pulmonary neuroendocrine tumors from SEER database.
Age-adjusted incidence and prognostic impacts of histological subtypes, surgery strategies and smoking
were compared between SCLC and NSCLC-NET. Independent prognostic factors, screened by Cox
regression, were enrolled for prognostic nomogram of resected NSCLC-NET. The nomogram were
evaluated and compared to the 8th AJCC TNM staging system. A Chinese cohort was used for external
validation.

Results: Age-adjusted incidence of SCLC declined after 1991 but the incidence of NSCLC-NET
continuously rose. Patients with typical carcinoid had the best prognosis in both overall survival and lung
cancer speci�c survival after operation. Sleeve and segmental resection were more recommended in
NSCLC-NET and SCLC, respectively. High-smoking index was associated with worse prognosis in both
SCLC and NSCLC-NET. Histological subtype, age, surgery type, N, M stage and chemotherapy were
independent prognostic factors and used to construct prognostic nomogram of resected NSCLC-NET. The
nomogram performed well with good discrimination, calibration and clinical usefulness, which was
validated by Chinese cohort (1, 3, 5-year AUC: SEER cohort 0.873, 0.901, 0.875; Chinese cohort 0.867,
0.892, 0.874). Compared to 8th staging system, the nomogram had higher C-index (0.87 vs 0.728, P <
0.001), clinical usefulness, increasing AUC value over time and improved 68%. The online server can be
accessed at https://nsclc-net-prognostic-prediction.shinyapps.io/DynNomapp/.  

Conclusion: NSCLC-NET had increasing incidence over the past decades. The nomogram had high
discrimination, calibration and clinical usefulness and performed better than 8th staging system. It may
have certain value in risk strati�cation and survival prediction of patients with resected NSCLC-NET and
help clinicians to take measures for high-risk patients in advance.  

1. Introduction
Neuroendocrine tumor (NET), commonly arising from neuroendocrine cells of gastrointestinal tract,
pancreas and lung, is a rare and heterogeneous group of tumors comprising about 2% of all
malignancies (1). NET of lung consists of small-cell lung cancer (SCLC) and non small-cell
neuroendocrine tumor (NSCLC-NET), accounting for approximately 25% of primary lung neoplasms (2).
The latter can be further classi�ed into three histological subtypes, including typical carcinoid (TC), large
cell neuroendocrine tumor (LCNEC) and atypical carcinoid (AC) (3). De�ned by the histological
classi�cation based on cell features, mitosis count, and necrosis, SCLC and LCNEC are high-grade
malignant tumors with dismal prognosis, and TC and AC are low- and intermediate-grade tumors with
prolonged survival time, respectively (4). A substantial increase of incidence of pulmonary NET has been

https://nsclc-net-prognostic-prediction.shinyapps.io/DynNomapp/
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seen over the past 30 years, rising from 0.3 cases per 100,000 in 1973 to 1.35 cases per 100,000 in 2004,
which may be partially due to improvement of detecting technology (5). In diagnosis of NET, addition of
immunohistochemistry is helpful and often essential, especially in the classi�cation of large-cell
neuroendocrine carcinoma (6). Although the four tumors all belong to NET, there is signi�cant distinction
in therapy and prognoses. At present, surgical resection is the optimal choice for patients with localized
TC and AC (7, 8). Moreover, surgical resection is the only curative treatment for TC and AC. The 5- and 10-
year survival rates of resected TC are both higher than 90% and the 5- and 10-year survival rates of
resected AC are 70% and 50%, respectively (9–11). As for LCNEC and SCLC, comprehensive therapy
including surgery, radiation and chemotherapy is still the main treatment method (12, 13). Due to delayed
diagnosis, early metastasis, drug resistance and frequent relapse, patients with LCNEC or SCLC
commonly have a bad prognosis (14–16) .

Despite the increasing incidence, awareness of pulmonary NET is relatively low among thoracic surgeons,
who are responsible for diagnosing and treating the patients. Because of heterogeneity of NET and
patients themselves, patients of pulmonary NET display obviously different prognoses after operation. If
thoracic surgeons and oncologists can make risk strati�cation for patients of pulmonary NET and predict
their prognoses accurately, they will be able to pay more attentions to high-risk patients and take
tendentious measures in advance. At present, prognostic model of SCLC has been developed but
integrated prognostic model for NSCLC-NET has not been constructed. To predict and improve prognosis
of patients with resected NSCLC-NET, it is urgent to develop an integrated prognostic model for NSCLC-
NET.

In our study, we collected data of pulmonary NET from the Surveillance, Epidemiology, and End Results
(SEER) database. To investigate the difference between SCLC and NSCLC-NET, we compared incidences
of the two distinct histological subtypes. By Kaplan-Meier analysis, we compared the survival rates,
prognostic impacts of surgical type and smoking index between SCLC and NSCLC-NET after operation.
Then independent prognostic factors of NSCLC-NET were identi�ed by univariate and multivariate Cox
regression analyses and used to establish a prognostic nomogram, which was transformed into an online
tool for easy access. Receiver operating characteristic (ROC) curve, calibration plot and decision curve
analysis (DCA) were performed to evaluate the discrimination, calibration and clinical usefulness. By
calculating concordance index (C-index), net reclassi�cation index (NRI) and time-dependent ROC, we
compared advantages of the new model to the 8th edition American Joint Committee on Cancer (AJCC)
tumor-nodes-metastasis (TNM) staging system. The data from Shandong province hospital were used
for an external validation. To our knowledge, it is the �rst time that comparison of SCLC and NSCLC-NET,
and prognostic nomogram of resected NSCLC-NET have been performed. The study will deepen our
understanding for heterogeneity of pulmonary NET and help clinicians to evaluate and improve the
prognoses of patients with resected NSCLC-NET.

2. Methods

2.1. Data acquisition and preprocessing
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The data of patients with pulmonary NET diagnosed from 2004 to 2016 were retrieved from 18
population-based cancer registries of the Surveillance, Epidemiology, and End Results (SEER) database
via the SEER*Stat program (version 8.3.9). The SEER database is the national Cancer Institute’s
authoritative source for population-based cancer incidence and survival and encompasses approximately
30% of the US population (17).

Pulmonary NET includes 4 histological types, SCLC (ICD-O-3: 8041-8045), LCNEC (ICD-O-3: 8013), TC
(ICD-O-3: 8240) and AC (ICD-O-3: 8249) according to the 2015 World Health Organization (WHO)
Classi�cation of Lung Tumors. In total, 20892 records were collected from 2004 to 2016. Further, 1566
patients were conformed to our inclusion criteria: (i) only primary tumor, (ii) diagnosis con�rmed by
histology, (iii) surgery performed. The exclusion criteria included: age < 18, unknown survival time or
survival time equal to 0. Finally, 1527 patients enrolled for analyses. The �ltrating �owchart was show in
�gure 1.

The data included clinical information of patients, survival time, survival status and pathological
characteristics. The continuous variables such as age, tumor size were transformed into category
variables based on the optimal cutoff value determined by X-tile software. The clinical information
included sex (female, male), age at diagnosis, marital status (married, unmarried), primary site (lower
lobe, middle lobe, upper lobe, other), laterality (left, right), surgery types (lobectomy, extended lobectomy,
pneumonectomy, other), chemotherapy (none/unknown, yes), radiation (none/unknown, yes). The
pathological characteristics included laterality (left, right), site of tumor (upper lobe, lower lobe, middle
lobe, other), lymph node examination (not examined, examined, unknown), lymph node metastasis
(negative, positive) and T, N, M stages. To maintain the latest tumor staging system, the T, N, M stages
were updated to the 8th edition AJCC staging system.

2.2. Statistical analysis
The age-adjusted incidence information of SCLC and NSCLC-NET from 1975 to 2018 was extracted from
SEER database via the SEER*Stat program (version 8.3.9) and visualized by an online tool called
dycharts (https://dycharts.com/appv2/#/pages/home/index). The prognostic impacts of histology
subtypes, surgical type and smoking index for SCLC and NSCLC-NET were analyzed by Kaplan-Meier
curves. Sex, age at diagnosis, marital status, primary site, laterality, surgery type, chemotherapy, radiation,
marital status, T, N and M stage in 8th edition AJCC TNM staging system were enrolled into analysis.
Univariate and multivariate Cox regression analyses were performed to screen risk factors and construct
a prognostic nomogram. The discrimination of the nomogram was evaluated by ROC. The calibration of
the nomogram was assessed by 1, 3, 5-year calibration plots. The clinical usefulness of the nomogram
was evaluated by DCA. In addition, the study compared the new model with the 8th edition AJCC TNM
staging system by C-index and NRI and time-dependent ROC. A Chinese cohort consisting of 117 SCLC
and 81 NSCLC-NET from Shandong Province Hospital from 2004 to 2016 was collected as an external
validation cohort.
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SPSS (version 24) RStudio (version 1.3.1093) and R software (version 4.05) were used for statistical
analyses. Continuous variables for two groups were tested by t test when data met the normal
distribution and the homogeneity of variance. Otherwise, the Mann-Whitney U test was applied.
Categorical variables were compared by the chip-squared test. The cutoff values of continuous variables
were determined by the software X-tile. The difference of Kaplan-Meier survival curves was evaluated by
log-rank test. R packages including ‘survival’, ‘timeROC’, ‘rms’, ‘survminer’, ‘regplot’, ‘foreign’, ‘nricens’ and
‘shiny’ were applied. Two-sided P < 0.05 was considered as statistical signi�cance. We make sure that all
methods were performed according to relevant guidelines and regulations.

3. Results

3.1. Patient characteristics
Totally, 1527 eligible patients were enrolled for analyses, including 1220 patients with NSCLC-NET and
307 patients with SCLC. The demographics of patients were showed in Table 1. Compared both groups
together, patients with NSCLC-NET had longer survival time (median: 49 vs 18 months, P < 0.001).
NSCLC-NET was more likely to occur in lower lobes (40.2%), followed by upper lobes (32.8%). However,
SCLC was more likely occur in upper lobes (56.4%), followed by lower lobes (27.4%). Patients with SCLC
receiving chemotherapy and radiotherapy accounted for 75.2% and 48.9%, respectively. But only 8.6%
and 4.4% patients with NSCLC-NET received chemotherapy and radiotherapy. In terms of TNM staging
system, more patients with SCLC were in advanced stage than NSCLC-NET during diagnosis (P < 0.001).
There was no signi�cant difference in marital status (P = 0.849) and lymph nodes examination (P =
0.302). In the other characteristics, including sex, laterality of tumor, lymph node positive, tumor size,
surgery type, there was certain difference between NSCLC-NET and SCLC (P < 0.05).
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Table 1
The demographics of patients with pulmonary neuroendocrine tumors in SEER cohort.

Variables Non-small cell neuroendocrine tumor
(1220)

Small cell lung cancer
(307)

P
value

Age (Median (Q1-
Q3))

61 (50 - 69) 66 (58 - 72) <0.001

Sex   0.016

Female 782 (64.1%) 174 (56.7%)

Male 438 (35.9%) 133 (43.3%)

Cause   <0.001

Alive/Dead (other) 1092 (89.5%) 118 (38.4%)

Dead/Cancer 127 (10.4%) 188 (61.2%)

Dead/Unknown
cause

1 (0.1%) 1 (0.3%)

Primary_Site   <0.001

Lower 490 (40.2%) 84 (27.4%)

Middle 226 (18.5%) 15 (4.9%)

Upper 400 (32.8%) 173 (56.4%)

Other 69 (5.7%) 21 (6.8%)

Unknown 35 (2.9%) 14 (4.6%)

Laterality   0.002

Right 724 (59.3%) 165 (53.7%)

Left 492 (40.3%) 136 (44.3%)

Other 4 (0.3%) 6 (2.0%)

Chemotherapy   <0.001

None/Unknown 1115 (91.4%) 76 (24.8%)

Yes 105 (8.6%) 231 (75.2%)

Radiation   <0.001

None/Unknown 1166 (95.6%) 157 (51.1%)

Yes 54 (4.4%) 150 (48.9%)

T8th   <0.001
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Variables Non-small cell neuroendocrine tumor
(1220)

Small cell lung cancer
(307)

P
value

T1a 129 (10.6%) 15 (4.9%)

T1b 348 (28.5%) 53 (17.3%)

T1c 201 (16.5%) 29 (9.4%)

T2 106 (8.7%) 48 (15.6%)

T2a 100 (8.2%) 27 (8.8%)

T2b 54 (4.4%) 16 (5.2%)

T3 53 (4.3%) 19 (6.2%)

T4 31 (2.5%) 36 (11.7%)

T0+TX 13 (1.1%) 12 (3.9%)

Unknown 185 (15.2%) 52 (16.9%)

N8th   <0.001

N0 694 (56.9%) 155 (50.5%)

N1 68 (5.6%) 58 (18.9%)

N2/3 48 (3.9%) 87 (28.3%)

Unknown 410 (33.6%) 7 (2.3%)

M8th   <0.001

M0 775 (63.5%) 250 (81.4%)

M1 38 (3.1%) 52 (16.9%)

Unknown 407 (33.4%) 5 (1.6%)

Marital   0.849

Married 696 (57.0%) 171 (55.7%)

Unmarried 460 (37.7%) 121 (39.4%)

Unknown 64 (5.2%) 15 (4.9%)

LN examined   0.302

Not examined 219 (18.0%) 66 (21.5%)

Examined 999 (81.9%) 240 (78.2%)

Unknown 2 (0.2%) 1 (0.3%)
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Variables Non-small cell neuroendocrine tumor
(1220)

Small cell lung cancer
(307)

P
value

LN positive   <0.001

Negative 838 (68.7%) 124 (40.4%)

Positive 161 (13.2%) 116 (37.8%)

Unknown 221 (18.1%) 67 (21.8%)

Chemotherapy   <0.001

None/Unknown 1115(91.4%) 76(24.8%)

Yes 105(8.6%) 231(75.2%)

Radiation   <0.001

None/Unknown 1166(95.6%) 157(51.1%)

Yes 54(4.4%) 150(48.9%)

Size   <0.001

<30mm 872 (71.5%) 163 (67.8%)

>=30mm 307 (25.2%) 111 (27.4%)

unknown 41 (3.4%) 33 (4.8%)

Surgery type     <0.001

Lobectomy 346 (28.4%) 107 (34.9%)

Extended
lobectomy

818 (67.0%) 155 (50.5%)

Pneumonectomy 47 (3.9%) 11 (3.6%)

Other 9 (0.7%) 34 (2.8%)

3.2. Age-adjusted incidence of SCLC and NSCLC-NET
To compare incidence of SCLC and NSCLC-NET, we extracted the age-adjusted incidence information of
SCLC and NSCLC-NET from 1975 to 2018. The incidence of SCLC was greatly higher than that of NSCLC-
NET (Fig. 2A). The initial incidences of SCLC and NSCLC-NET, reported in 1975, were 6.6 and 0.3,
respectively. From 1975 to 1991, the incidence of SCLC had been seen a sharp rise from 6.6 to 11.3. After
1991, the incidence slid into decline. In 2018, the incidence declined to 5.1. As for NSCLC-NET, it has
shown a gradual uptrend in the past decades, from 0.3 in 1975 to 1.6 in 2018, which indicates NSCLC-
NET is bringing increasing burden.
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In addition, the study also analyzed the differences of incidence between female and male in SCLC and
NSCLC-NET, respectively. Whether in male or female, the trends of incidence of SCLC and NSCLC-NET
were consistent with the total incidence. Compared to female, male had higher incidence in SCLC but
lower incidence in NSCLC-NET (Fig. 2B, 2C).

3.3. Comparison of overall survival (OS) and lung cancer
speci�c survival (LCSS) between SCLC and NSCLC-NET
To explore the survival of patients with resected SCLC and NSCLC-NET, we analyzed the differences of OS
and LCSS between SCLC and NSCLC-NET using Kaplan-Meier curve analysis. OS and LCSS of NSCLC-
NET were both obviously higher than that of SCLC (P < 0.001) (5 year survival rate of OS: NSCLC-NET
82.5%, 95%CI 0.80-0.85; SCLC: 26.7%, 95%CI: 0.216-0.329; 5 year survival rate of LCSS: NSCLC-NET: 88%,
95%CI 0.86-0.90; SCLC: 30.4%, 95%CI 0.251-0.369) (Fig. 3A, 3B). Further, the histology subtypes of
NSCLC-NET were classi�ed into three subtypes, including LCNEC, TC and AC. The distinction of OS and
LSCC was compared among the four different tumors, respectively (Fig. 3C, 3D). Patients with TC had the
best prognosis followed by patients with AC (5 year survival rate of OS: TC: 92.6%, 95%CI 0.906-0.946;
AC: 82.1%, 95%CI 0.731-0.922; 5 year survival rate of LCSS: TC: 97.4%, 95%CI 0.961-0.986; AC: 86% 0.776-
0.952). The prognosis of LCNEC was mildly better than that of SCLC (5year survival rate of OS: LCNEC:
31.0%, 95%CI 0.239-0.400; 5 year survival rate of LCSS: 39.7%, 95%CI 0.321-0.491).

3.4. The impacts of surgical type and smoking index on
prognosis of SCLC and NSCLC-NET
To investigate the impacts of surgical type on prognosis of SCLC and NSCLC-NET, we compared the
prognostic difference of SCLC and NSCLC-NET after several common surgery types including local
destruction, laser resection, wedge resection, segmental resection, sleeve resection, extended lobectomy,
pneumonectomy. In NSCLC-NET, patients receiving sleeve resection had the best prognosis, followed by
lobectomy, wedge resection, segmental resection, pneumonectomy (OS P < 0.001, LCSS P < 0.01) (Fig. 4A,
4B). Nevertheless, patients of SCLC receiving segmental resection had the highest survival rate, followed
by lobectomy, local destruction, wedge resection, pneumonectomy, laser resection (OS P < 0.001, LCSS P
< 0.001) (Fig. 4C, 4D). In external validation cohort, the surgical type included lobectomy, extended
lobectomy and pneumonectomy. In terms of OS and LCSS, there was no signi�cant difference of
prognosis between lobectomy and extended lobectomy but the survival rates of patients receiving the two
surgery types were higher than that of patients receiving pneumonectomy (OS P < 0.05, LCSS P < 0.01)
(Fig. 4E, 4F).

Smoking was a recognized hazard factor for lung cancer. To ascertain the effects of smoking amount
and time on prognosis of SCLC and NSCLC-NET, we calculated smoking index of each patient in the
external validation cohort. Smoking index = smoking amount (cigarette/day) * smoking time (year). The
optimal cutoff value of smoking index was determined by X-tile software. The cutoff values of smoking
index in NSCLC-NET and SCLC were 600 and 60, respectively. High-smoking index group had worse
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prognosis than low-smoking index group no matter in NSCLC-NET or SCLC (5 year survival rate: NSCLC-
NET: P < 0.001, smoking index <= 600 61.9%, 95%CI 0.481-0.798, smoking index > 600 44.4%, 95%CI
0.345-0.570; SCLC: P < 0.05, smoking index < 60 74.5%, 95%CI 0.642-0.865, smoking index >= 60 43.3%
95%CI 0.265-0.707) (Fig. 5A, 5B).

3.5. Univariate and multivariate Cox regression analyses
To predict the prognosis for patients with resected NSCLC-NET, we constructed a prognostic nomogram.
The risk factors were screened by univariate and multivariate Cox regression analyses. The result of
univariate Cox regression showed that age, sex, primary site of tumor, histological subtype, radiation,
chemotherapy, T, N, M stage, size, lymph node positive and surgery type were statistically signi�cant in
OS (P < 0.05 for all) (Table 2). The result of multivariate Cox regression further suggested that age,
histological subtype, N stage, M stage, surgery type and chemotherapy were independent prognostic
factors in OS (P < 0.05 for all) (Table 3). Age > 75 (HR 1.67, 95%CI 1.064-2.619, P = 0.026), LCNEC (HR
17.159, 95%CI 9.762-30.161, P < 0.001), AC (HR 2.964, 95%CI 1.433-6.131, P = 0.003), N1 (HR 2.665,
95%CI 1.657-4.289, P < 0.001), N2/3 (HR 2.695, 95%CI 1.489-4.879, P = 0.001) and M1 (HR 3.525, 95%CI
2.070-6.004, P < 0.001) were associated with prolonged OS. Extended lobectomy (HR 0.662, 95%CI 0.447-
0.979, P = 0.039), pneumonectomy (HR 0.686, 95%CI 0.273-1.726, P = 0.423) and chemotherapy (HR
0.585, 95%CI 0.352-0.972, P = 0.038) were associated with poor prognosis. Similar results of univariate
and multivariate Cox regression analyses of LCSS could also be seen in Table 2, 3.
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Table 2
Univariate Cox regression analysis of overall survival and lung cancer speci�c survival.

Variables n Overall Survival (OS) Lung Cancer Speci�c
Survival(LCSS)

HR (95%CI) P
Value

HR (95%CI) P Value

Age 1220   <0.001   <0.001

<=75 1061 1 1

>75 119 3.51 (2.536-4.858) 2.154 (1.356-3.419)

Sex 1220   <0.001   <0.001

Female 782 1 1

Male 438 1.792 (1.365-2.353) 2.042 (1.442-2.892)

Primary site 1185   <0.001   <0.001

Lower 490 1 - 1 -

Middle 226 0.646 (0.396-1.054) 0.08 0.538 (0.27-1.074) 0.079

Upper 400 1.945 (1.43-2.645) <0.001 2.111 (1.428-3.121) <0.001

Other 69 0.996 (0.513-1.934) 0.99 1.393 (0.653-2.972) 0.391

Laterality 1216   0.618   0.86

Right 724 1 1

Left 492 1.073 (0.814-1.414) 1.032 (0.724-1.472)

Histology 1220   <0.001   <0.001

Typical carcinoid 933 1 - 1 -

LCNEC 183 13.352 (9.946-
17.924)

<0.001 31.72 (20.211-49.784) <0.001

Atypical carcinoid 104 2.299 (1.343-3.935) 0.002 5.645 (2.882-11.057) <0.001

Radiation 1220   <0.001   <0.001

None/Unknown 1166 1 1

Yes 54 6.271 (4.328-9.087) 8.889 (5.886-13.424)

Chemotherapy 1220   <0.001   <0.001

None/Unknown 1115 1  

Yes 105 5.401 (3.94-7.405) 7.899 (5.471-11.406)
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Variables n Overall Survival (OS) Lung Cancer Speci�c
Survival(LCSS)

HR (95%CI) P
Value

HR (95%CI) P Value

T 1027   <0.001   <0.001

T1 663 1 - 1 -

T2 251 1.484 (1.066-2.065) 0.019 2.045 (1.334-3.134) 0.001

T3 49 2.748 (1.641-4.602) <0.001 4.741 (2.658-8.458) <0.001

T4 28 2.672 (1.298-5.499) 0.008 4.980 (2.356-10.526) <0.001

N 810   <0.001   <0.001

N0 694 1 - 1 -

N1 68 3.324 (2.181-5.065) <0.001 3.696 (2.287-5.973) <0.001

N2/3 48 4.574 (2.962-7.063) <0.001 5.605 (3.463-9.074) <0.001

M 813   <0.001   <0.001

M0 775 1 1

M1 38 6.078 (3.965-9.319) 7.899 (5.04-12.382)

Marital 1156   0.094   0.736

Married 696 1 1

unmarried 460 1.269 (0.96-1.677) 1.064 (0.742-1.527)

Size 1179   <0.001   <0.001

<30mm 872    

>=30mm 307 1.904 (1.433-2.531) 2.729 (1.915-3.888)

LN examined 1162   0.822   0.152

Not examined 219 1.04 (0.741-1.459) 0.692 (0.419-1.145)

Examined 943 1 1

LN positive 993   <0.001   <0.001

Negative 838 1 1

Positive 155 4.131 (2.995-5.699) 5.125 (3.469-7.571)

Surgery type     0.02   0.087

Lobectomy 331 1 - 1 -
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Variables n Overall Survival (OS) Lung Cancer Speci�c
Survival(LCSS)

HR (95%CI) P
Value

HR (95%CI) P Value

Extended
lobectomy

799 0.736 0.048 0.947 0.947

Pneumonectomy 45 1.42 0.234 1.987 1.987
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Table 3
Multivariate Cox regression analysis of overall survival and lung cancer speci�c survival.
Variables Overall Survival (OS) Lung Cancer Speci�c Survival(LCSS)

HR (95%CI) P Value HR (95%CI) P Value

Age        

<=75 1 - 1 -

>75 1.670 0.026 1.651 0.06

Histology        

Typical carcinoid 1 - 1 -

LCNEC 17.159 <0.001 44.677 <0.001

Atypical carcinoid 2.964 0.003 7.288 <0.001

N        

N0 1 - 1 -

N1 2.665 <0.001 3.067 <0.001

N2/3 2.695 0.001 2.887 0.002

M        

M0 1 - 1 -

M1 3.525 <0.001 4.062 <0.001

Surgery        

Lobectomy 1   1 -

Extended lobectomy 0.662 0.039 0.591 0.029

Pneumonectomy 0.686 0.423 0.340 0.092

Chemotherapy        

None/Unknown 1 - 1 -

Yes 0.585 0.038 0.675 0.136

3.6. Development and evaluation of the prognostic
nomogram
The independent prognostic factors in OS including age, histological subtype, N, M, surgery type and
chemotherapy were used to establish a nomogram for predicting OS of NSCLC-NET (Fig. 6A). The
nomogram showed that histological subtype contributed the most to the prognosis, followed by M stage,
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N stage, age, surgery type and chemotherapy. Each variable was assigned a score and the total points
were calculated by summing up scores of the six variables. The survival probability of patients was
estimated by drawing a straight line down to 1-, 3-, 5-year survival probability scale from the total points
scale.

To evaluate the discrimination, calibration, clinical usefulness, we draw ROC curves, calibration plot and
DCA curves of the nomogram, respectively. The ROC curves manifested that the nomogram had good
discrimination (1-, 3-, 5-year area under curve (AUC): 0.873, 0.901, 0.875) (Fig. 6B). The calibration plot
also performed well (Fig. 6C). Compared to the 8th edition AJCC TNM staging system, the nomogram
had obvious advantages in clinical usefulness due to good net bene�t with wide and practical ranges of
threshold probabilities (Fig. 6D-6F). In addition, the nomogram had higher C-index (0.87) than the 8th
edition AJCC TNM staging system (0.728) (P < 0.001). By calculating NRI, the nomogram improved 68%
in contrast to the 8th edition AJCC TNM staging system. By ‘timeROC’ package, we drew the time-
dependent ROC curves. It suggested that the nomogram had higher discrimination than the 8th edition
AJCC TNM staging system and the difference was statistically signi�cant after 20 months (Fig. 6G, 6H).

3.7. External validation of the nomogram by the Chinese
cohort
In order to validate the accuracy of the nomogram, we collected a Chinese cohort to validate the
nomogram. The demographics of the validation cohort were showed in Table 4. We drew the ROC curves,
calibration plot and DCA curves in the validation cohort, which was similar to the SEER cohort. ROC
curves and calibration plot showed that the nomogram was appropriate for Chinese patients (1-, 3-, 5-year
AUC: 0.867, 0.892, 0.874) (Fig. 7A, 7B). The 1, 3, 5 year DCA curves displayed the nomogram indeed
surpassed the 8th edition AJCC TNM staging system (Fig. 7C-7E).
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Table 4
The demographics of patients with pulmonary neuroendocrine tumors in Chinese cohort.

Variables Non-small cell neuroendocrine
tumor (81)

Small cell lung
cancer (117)

P
value

Survival (Median (Interquartile
range) (months)

58 (70.25) 50 (72) 0.292

Age (Median (Interquartile range)) 55 (14) 58 (13) 0.218

Sex   0.843

Female 26 (32.1%) 36 (30.8%)

Male 55 (67.9%) 81 (69.2%)

Status   0.023

Alive 52 (64.2%) 56 (47.9%)

Dead 29 (35.8%) 61 (52.1%)

Laterality   0.01

right 51 (63.0%) 52 (44.4%)

left 30 (37.0%) 65 (55.6%)

Primary Site   0.031

Lower 22 (27.2%) 43 (36.8%)

Middle 10 (12.3%) 3 (2.6%)

Upper 35 (43.2%) 55 (47.0%)

Other 14 (17.3%) 16 (13.7%)

Surgery type   0.072

Lobectomy 62 (76.5%) 87 (74.4%)

Extended lobectomy 12 (14.8%) 9 (7.7%)

Pneumonectomy 7 (8.6%) 21 (17.9%)

T stage   0.19

T1 46 (56.8%) 50 (42.7%)

T2 24 (29.6%) 43 (36.8%)

T3 5 (6.2%) 15 (12.8%)

T4 6 (7.4%) 9 (7.7%)

N stage   <0.001



Page 17/29

Variables Non-small cell neuroendocrine
tumor (81)

Small cell lung
cancer (117)

P
value

N0 51 (63.0%) 35 (29.9%)

N1 12 (14.8%) 40 (34.2%)

N2/3 18 (22.2%) 42 (35.9%)

M stage   -

M0 81 (100.0%) 117 (100.0%)

Chemotherapy   <0.001

No 55 (67.9%) 37 (31.6%)

Yes 16 (19.8%) 66 (56.4%)

Unknown 10 (12.3%) 14 (12.0%)

Radiation   0.165

No 62 (76.5%) 71 (66.4%)

Yes 9 (11.1%) 23 (21.5%)

Unknown 10 (12.3%) 13 (12.1%)

Size   0.049

<30mm 36 (44.4%) 36 (30.8%)

>=30mm 45 (55.6%) 81 (69.2%)

3.8. Construction of webserver for easy access of the
predicting nomogram
For convenient use for clinicians, we constructed an online tool via ‘shiny’ package (Fig. S1). The
webserver could be accessed at https://nsclc-net-prognostic-prediction.shinyapps.io/DynNomapp/. When
essential clinical information was input, the matched survival time or probability would be displayed in
the form of �gures or tables.

4. Discussion
Lung cancer is one of the most common malignancies and remains the leading cause of cancer-related
death worldwide (18). Pulmonary NET approximately accounts for 25% lung primary tumors, including
TC (<1%), LCNEC (3%), AC (2%) and SCLC (20%) (2, 19). With the changes of environment, life habits, the
pro�les of lung cancer have changed gradually over the past decades (20). The incidence of SCLC is
decreased but the incidence of NSCLC-NET is on the contrary, which gradually comes into view and
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brings more and more medical burden. Due to heterogeneity of NET, there is great difference of diagnosis,
treatment and prognosis in SCLC and NSCLC-NET. Thus it is necessary to explore the difference between
the two histological subtypes. Despite the prognostic model of SCLC has been reported, the prognostic
nomogram for NSCLC-NET is still absent (20). Currently, predicting prognosis of NSCLC-NET mainly
depends on TNM staging system. It has been well recognized that NSCLC-NET has obviously distinct
prognosis with the other cancers. Therefore, the TNM staging system is not accurate enough to predict
the prognosis of NSCLC-NET. To our knowledge, it is the �rst time that a prognostic nomogram has been
constructed for guidance on prognosis of NSCLC-NET after operation.

In our study, we found that the incidence of NSCLC-NET had gradually increased but the incidence of
SCLC had decreased since 1991. Moreover, female had higher incidence than male in NSCLC-NET, which
meant NSCLC-NET may become the major subtype of pulmonary NET and bring bigger threat to female
in the future. As for survival rate, patients with resected NSCLC-NET have signi�cant better prognosis
than SCLC. Further analysis demonstrated that TC had the highest 5 year survival rate, followed by AC,
LCNEC and SCLC. The prognosis of LCNEC was similar to SCLC. It is worth noting, LCNEC is so similar to
SCLC in its biological, clinical, and prognostic characteristics that LCNEC is excluded in some studies of
large cell lung cancer (21, 22). According to WHO Classi�cation Lung Tumors Classi�cation [2015],
LCNEC had been grouped with other neuroendocrine tumors (3).

In NSCLC-NET, patients receiving sleeve resection had the best prognosis but in SCLC, patients receiving
segmental resection had the best prognosis. To some extent, sleeve and segmental resections conserve
more lung function and is helpful for patients to recover as soon as possible, which may explain that
patients with sleeve and segmental resection has better prognosis. The security and e�ciency of sleeve
resection has been validated in some studies (23). It is well recognized that smoking plays an important
role in initiation and progression of lung cancer. Cigarette contains multiple carcinogenic substances
(24). Smoking is also considered as a most common risk factor in development of chronic obstructed
pulmonary disease(25). By analyzing smoking index, we found the higher the smoking index, the worse
the prognosis in both SCLC and NSCLC-NET. It has been reported that SCLC has a strong association with
cigarette smoking. About 95% SCLC patients have a history of heavy tobacco exposure (26).

The nomogram comprised six key factors, age, histological type, N stage, M stage, chemotherapy and
surgery procedure. Age, N stage, and M stage are common prognostic factors in many cancers.
Nomograms of many other cancers also include the three factors (27, 28). As for histological type,
NSCLC-NET is an integrated cancer containing TA, AC, LCNEC. In fact, although the three cancers all
derive from neuroendocrine cells and belong to non-small cells morphologically, they have distinct
differentiation. TA, AC, and LCNEC are low-, intermediate- and high-grade tumors, respectively, which
suggests that they have different malignant degrees (4). High-grade tumors commonly have stronger
proliferation, invasion and metastasis, thus worse prognosis (29, 30). Many molecular makers associated
with proliferation and epithelial-mesenchymal transformation have been developed to predict prognoses
of cancer patients (31, 32). For advanced TA and AC, cytotoxic chemotherapeutic regimens are
recommended. However, a standard chemotherapeutic regimen has not been established (8). Extended
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lobectomy has more chance to eliminate residues of tumor cells than lobectomy and reduces relapse and
metastasis. Compared to pneumonectomy, extended lobectomy conserves more pulmonary function so
that patients can recover faster and obtain higher quality of life (33). 1, 3, 5-year AUC of the nomogram
were 0.873, 0.901, 0.875 and the C-index was higher than the conventionally used 8th edition AJCC
staging system (0.87 vs 0.728, P < 0.001), indicating that the new nomogram had a strong
discrimination. The calibration plot suggested that the predicting OS was highly consistent with the
observed OS. In addition, compared to the 8th edition AJCC staging system, DCA demonstrated that the
new nomogram had higher clinical usefulness. In 2020, Dong et al. constructed a predicting nomogram
for OS of TC with 3, 5-year ROC of 0.824 and 0.812 (34). The nomogram for OS of AC developed by Chen
et al. had 3-, 5-year AUC of 0.722, 0.737 (35). He et al. reported a predicting nomogram for OS of LCNEC
with C-index of 0.75 (36). Thus, compared to the published nomograms, our nomogram not only
integrated prediction for three subtypes of pulmonary NET but also had stronger predicting ability.

Our study has some advantages as follows. Firstly, our study was based on a large-scale population from
the United States and validated by a Chinese cohort, which ensures reliability of our conclusion. Secondly,
the study comprehensively compared SCLC and NSCLC-NET, including age-adjusted incidence, OS, LCSS,
impacts of treatment strategies and smoking index on prognosis. Thirdly, it is �rst time that prognostic
nomogram of NSCLC-NET has been established and evaluated by multiple methods such as C-index,
ROC, calibration plot, DCA. Moreover, comparison with the 8th edition AJCC TNM staging system also
demonstrated that the nomogram had better performance and certain clinical value. Last but not least,
for convenient use for clinicians, we drew an online tool via ‘shiny’ package, which could easily show the
predicting survival rate across time by inputting corresponding clinical features.

However, there are still some limitations in the study. First, it is a retrospective study so selection bias is
di�cult to avoid. Second, due to limitation of dataset, there are still some recognized factors affecting
prognosis such as chronic obstructive pulmonary disease (COPD), drinking, speci�c chemotherapy
regimen not included in the study. Last, the validation cohort from Shandong province hospital is not a
multicenter data.

5. Conclusion
In conclusion, NSCLC-NET had increasing incidence over the past decades. Sleeve and segmental
resection were more recommended in NSCLC-NET and SCLC, respectively. Smoking was associated with
poor prognosis in both NSCLC-NET and SCLC. Moreover, prognostic nomogram of resected NSCLC-NET
consisting of histological subtype, age, surgery type, N, M stage and chemotherapy performed better than
the 8th TNM staging system. Thus, it may have potential value in risk strati�cation and survival
prediction of patients with resected NSCLC-NET and help clinicians to take measures for high-risk
patients in advance.
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Figures

Figure 1

The �owchart of patients with pulmonary neuroendocrine tumor selected from the SEER database.
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Figure 2

The age-adjusted incidence of small cell lung cancer (SCLC) and non-small cell neuroendocrine tumor
(NSCLC-NET) from 1975 to 2018. (A) Comparison of total age-adjusted incidence between SCLC and
NSCLC-NET. Comparison of age-adjusted incidences of female and male in NSCLC-NET (B) and SCLC (C).
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Figure 3

Kaplan-Meier survival analyses of different histological subtypes of pulmonary neuroendocrine tumors.
Analyses of overall survival (OS) (A) and lung cancer speci�c survival (LCSS) (B) in SCLC and NSCLC-
NET. Analyses of OS and LCSS in four histological subtypes including typical carcinoid, atypical
carcinoid, large cell neuroendocrine tumor and SCLC. Log-rank test was used to detect the statistical
difference of survival curves and P < 0.05 was considered to be statistically signi�cant. 
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Figure 4

The prognostic impacts of surgery types on NSCLC-NET and SCLC. The Kaplan-Meier analyses of OS (A)
and LCSS (B) in patients with NSCLC-NET after receiving different surgery types, including lobectomy,
wedge resection, segmental resection, sleeve resection and pneumonectomy in SEER cohort. The Kaplan-
Meier analyses of OS (C) and LCSS (D) in patients with SCLC after receiving different surgery types,
including lobectomy, wedge resection, segmental resection, sleeve resection and pneumonectomy in
SEER cohort. The Kaplan-Meier analyses of OS in patients with NSCLC-NET (E) or SCLC (F) after receiving
different surgery types, including lobectomy, extended lobectomy and pneumonectomy in Chinese cohort.
Log-rank test was used to detect the statistical difference of survival curves and P < 0.05 was considered
to be statistically signi�cant.  
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Figure 5

The prognostic impacts of smoking index on NSCLC and SCLC. The survival difference between high-
and low-smoking index groups in NSCLC (A) and SCLC (B). Log-rank test was used to detect the
statistical difference of survival curves and P < 0.05 was considered to be statistically signi�cant.
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Figure 6

Development and validation of prognostic nomogram of resected NSCLC-NET. (A) The prognostic
nomogram of resected NSCLC-NET consisting of histological subtype, N stage, M stage, surgery type,
chemotherapy and age. (B) 1-, 3-, 5-year receiver operating characteristic (ROC) of the nomogram (1-, 3-, 5-
year area under curve (AUC): 0.873, 0.901, 0.875). (C) 1-, 3-, 5-year calibration plots of the nomogram. The
horizontal axis represents predicted OS by the nomogram and the vertical axis represents actual OS of
patients. The decision curve analysis (DCA) of the nomogram. (D) 1-year DCA; (E) 3-year DCA; (F) 5-year
DCA. (G) Time-dependent ROC curves of nomogram and 8th edition AJCC TNM staging system. (H) The
ΔAUC of the both models = time-dependent AUC value of nomogram – time-dependent AUC value of 8th

edition AJCC TNM staging system. The dotted lines represent 95% con�dence interval (CI). 
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Figure 7

External validation of the nomogram via a Chinese cohort. (A) 1-, 3-, 5-year ROC of the nomogram (1-, 3-,
5-year AUC: 0.867, 0.892, 0.874). (B) 1-, 3-, 5-year calibration plots of the nomogram. The decision curve
analysis (DCA) of the nomogram. (C) 1-year DCA; (D) 3-year DCA; (E) 5-year DCA.  
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