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Comparation between novel
online models and the AJCC
8th TNM staging system in
predicting cancer-specific
and overall survival of
small cell lung cancer
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and Yibin Guo4*

1Department of Anesthesiology, Shanghai Pulmonary Hospital, School of Medicine, Tongji University,
Shanghai, China, 2Department of Cardiothoracic Surgery, The 961st Hospital of Joint Logistics
Support Force of PLA, Qiqihar, China, 3Department of Thoracic Surgery, Shanghai Pulmonary
Hospital, School of Medicine, Tongji University, Shanghai, China, 4Department of Health Statistics,
Naval Medical University, Shanghai, China
Background: Most of previous studies on predictive models for patients with

small cell lung cancer (SCLC) were single institutional studies or showed

relatively low Harrell concordance index (C-index) values. To build an optimal

nomogram, we collected clinicopathological characteristics of SCLC patients

from Surveillance, Epidemiology, and End Results (SEER) database.

Methods: 24,055 samples with SCLC from 2010 to 2016 in the SEER database

were analyzed. The samples were grouped into derivation cohort (n=20,075) and

external validation cohort (n=3,980) based on America’s different geographic

regions. Cox regression analyses were used to construct nomograms predicting

cancer-specific survival (CSS) and overall survival (OS) using derivation cohort.

The nomograms were internally validated by bootstrapping technique and

externally validated by calibration plots. C-index was computed to compare

the accuracy and discrimination power of our nomograms with the 8th of

version AJCC TNM staging system and nomograms built in previous studies.

Decision curve analysis (DCA) was applied to explore whether the nomograms

had better clinical efficiency than the 8th version of AJCC TNM staging system.

Results: Age, sex, race, marital status, primary site, differentiation, T classification,

N classification, M classification, surgical type, lymph node ratio, radiotherapy,

and chemotherapy were chosen as predictors of CSS and OS for SCLC by

stepwise multivariable regression and were put into the nomograms. Internal and

external validations confirmed the nomograms were accurate in prediction. C-

indexes of the nomograms were relatively satisfactory in derivation cohort (CSS:

0.761, OS: 0.761) and external validation cohort (CSS: 0.764, OS: 0.764). The

accuracy of the nomograms was superior to that of nomograms built in previous

studies. DCA showed the nomograms conferred better clinical efficiency than

8th version of TNM staging system.
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fendo.2023.1132915/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1132915/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1132915/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1132915/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1132915/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1132915/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2023.1132915&domain=pdf&date_stamp=2023-07-25
mailto:guoyibin@smmu.edu.cn
mailto:1002681528@qq.com
https://doi.org/10.3389/fendo.2023.1132915
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2023.1132915
https://www.frontiersin.org/journals/endocrinology


Abbreviations: AJCC, American Joint Committee on

interval; C-index, Harrell concordance index; CSS, cancer

decision curve analysis; HR, hazard ratio; IQR, interqua

node; LNR, lymph node ratio; NOS, not otherwise specifi

PRCDA, purchased/referred care delivery areas; SCLC,

SEER, Surveillance, Epidemiology, and End Results; ste

Information Criterion; TNM, tumor, lymph node, metas

Liu et al. 10.3389/fendo.2023.1132915

Frontiers in Endocrinology
Conclusions: We developed practical nomograms for CSS (https://guowei2020.

shinyapps.io/DynNom-CSS-SCLC/) and OS (https://drboidedwater.shinyapps.io/

DynNom-OS-SCLC/) prediction of SCLC patients which may facilitate clinicians in

individualized therapeutics.
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Introduction

Lung cancer is a chief cause of death due to malignancy globally.

Small cell lung cancer (SCLC), originated from neuroendocrine

cells, is an aggressive cancer which accounts for approximately 15%

of all lung cancers, causing 30,000 deaths annually (1). Unlike non-

small cell lung cancer which showed excellent response to target

therapy or immunotherapy (2–4), the recent clinical trials showed

new drugs could only brought limited benefit for SCLC (5, 6). SCLC

is characterized with high malignant level, high doubling rate, and

early and extensive metastasis (7). The 5-year survival probability

for patients with SCLC receiving no active treatment is as poor as

less than 5% with an average overall survival (OS) time of merely 2-

4 months (8, 9). National Comprehensive Cancer Network Clinical

Practice Guidelines in Oncology (version 2.2018) suggest stage I

SCLC patients receive surgery and adjuvant chemotherapy (10).

However, more than 80% SCLC patients are identified at stage III/

IV, causing a high mortality of SCLC (11). Most early-stage SCLC

patients can benefit from platinum-based chemotherapy and

radiation, while advanced or metastatic stage patients receive

platinum-based chemotherapy alone (12). However, nearly all

SCLC will recur ultimately because of early dissemination and

acquired drug resistance.

Because of the heterogenous nature of SCLC, it needs to be

dealt with as an individual entity. Considering that, the latest 8th

version of American Joint Committee on Cancer (AJCC) tumor,

lymph node, metastasis (TNM) staging system can predict the

prognosis of SCLC more precisely than the 7th version (13).

However, unlike the TNM staging systems for gastric and rectal

cancer which take both anatomical regions and positive lymph

nodes count into consideration, the TNM staging system for SCLC

only include the anatomical regions of lymphatic metastasis (14,

15). Lymph node ratio (LNR) which is calculated by LNR =

number of positive lymph nodes/number of examined lymph

nodes, taking number of positive and examined lymph nodes
Cancer; CI, confidence

-specific survival; DCA,

rtile range; LN, lymph

ed; OS, overall survival;

small cell lung cancer;

pAIC, stepwise Akaike

tasis.
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into account, can solve this problem (16). What’s more, the TNM

staging system doesn’t include the demographic data (age, sex,

race, and marital status), histopathologic features (laterality, site,

differentiation, and histology), and treatment modalities (surgery,

radiotherapy, and chemotherapy) which may also be predictors

for SCLC patients. Then it’s clear that the TNM staging system

isn’t sufficient enough for the long-term survival prediction for

SCLC patients. Therefore, an optimal model with better predictive

performance is needed, and a nomogram is a satisfying tool to

settle all these problems.

Nomogram is a visualized model to predict survival probability

using multivariable Cox or other regression analyses of potential

prediction variables. Most of previous studies on nomograms for

SCLC patients were single center studies or showed relatively low

Harrell concordance index (C-index) values which were the

indicator for discrimination power and accuracy of prediction

(17–20). In order to construct and validate a superior prognostic

nomogram to help clinicians to choose treatment strategies, we

performed this study. TRIPOD reporting checklist was used to

guide the reporting of this research.
Methods

Data origin

The Surveillance, Epidemiology, and End Results (SEER)

database contains patient information of 18 malignancy registries

of the National Cancer Institute. As a national data bank, SEER

covers information of approximately 30% of the US population

(21). Clinicopathological information of SCLC patients was

extracted from the SEER database (version 8.3.9; https://

seer.cancer.gov/resources/). The 3rd edition of the International

Classification of Diseases for Oncology was used to determine the

primary site and histological type of the malignancy. The

requirement for informed consent by patients and ethical

approval by institutional review board were waived as all patient

information in SEER database was deidentified before publication

and included no information which could identify the patients. We

performed this study in line with the Harmonized Tripartite

Guideline for Good Clinical Practice from the International

Conference on Harmonization and the Declaration of Helsinki

(as revised in 2013).
frontiersin.org

https://guowei2020.shinyapps.io/DynNom-CSS-SCLC/
https://guowei2020.shinyapps.io/DynNom-CSS-SCLC/
https://drboidedwater.shinyapps.io/DynNom-OS-SCLC/
https://drboidedwater.shinyapps.io/DynNom-OS-SCLC/
https://seer.cancer.gov/resources/
https://seer.cancer.gov/resources/
https://doi.org/10.3389/fendo.2023.1132915
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Liu et al. 10.3389/fendo.2023.1132915
Patient screening

Altogether, 24,055 samples from SEER database were singled out

for further analysis. Patients meeting following conditions were

included: (I) primary lung cancer patients from 2010 to 2016 with

primary site codingofC34.0-C34.9; (II)diagnosedwith thehistological

type of small cell (ICD-O-3 codes: 8002, 8041-8045) with pathologic

verification; (III) recognized as only one primary tumor. Samples with

following criteria were excluded (I) were younger than 18 years; (II)

had only autopsy or death certificate for diagnosis; (III) had missing

information about race, marital status at diagnosis as well as laterality;

(IV) had missing information concerning TNM staging system,

examined lymph nodes number, positive lymph nodes number,

surgical type, radiotherapy, chemotherapy as well as overall survival.

The cancer stage of the study cohort was updated on the basis of the

AJCC 8th TNM staging system (22).

Purchased/referred care delivery areas (PRCDA) was used to

identify the geographic position of patients. Patients from East and

Pacific Coast region of America were put into derivation cohort,

while patients from PRCDA of Alaska, Northern Plains, and

Southwest region were defined as external validation cohort. The

nomogram was internally validated with bootstrapping technique

in derivation cohort and externally validated by calibration plots in

external validation cohort.
Research variables and outcomes

Demographic data of the samples concerning age at diagnosis, sex,

race, PRCDA region, and marital status at diagnosis was obtained.

What’s more, histopathologic characteristics of cancer involving

primary site, laterality, differentiation, histological type, T

classification, N classification, M classification and LNR were

extracted. The therapeutic regimens concerning surgical type,

radiotherapy, and chemotherapy were also obtained. Continuous

variables like age and LNR were changed into categorical variables.

Agewas categorized into<50, 50-59, 60-69,70-79, and≥80.Besides, for

patients who underwent lymph node examination, LNR was

dichotomized via the X-tile software (version 3.6.1; https://

medicine.yale.edu/lab/rimm/research/software/) according to the

cutoff value which could present the largest OS difference between

two groups (23, 24).

In this study, we chose cancer-specific survival (CSS) and OS as

the endpoints. CSS means the interval between diagnosis and

SCLC-specific death, and OS means the interval between

diagnosis and all-cause death with the unit of month. Follow-up

data and survival outcome information from the SEER database

updates every year and the latest ending date of follow-up

information was December 31, 2016.
Construction and evaluation of
predictive model

To make the Cox model more accurate, continuous variables

were changed into categorical variables and presented as count
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(percentage). Baseline features of samples in derivation and external

validation cohort were put into comparation using standardized

difference. Survival outcomes were presented with the Kaplan-

Meier curves, and a two-sided log-rank test was used to detect the

survival difference.

Moreover, univariable Cox analysis was applied to screen

variables which could potentially predict the CSS or OS. Variables

with P value for hazard ratio (HR) <0.1 selected by univariable Cox

analysis were analyzed with multivariable Cox regression using

stepwise Akaike Information Criterion (stepAIC) method to select

the optimal predictors for the final models (25). Then, the HR with

95% confidence interval (CI) was reported. The ability of prediction

of the model was evaluated according to discrimination, accuracy,

and clinical efficiency. C-indexes were calculated to test the

discrimination power of prediction, calibration and receiver

operating characteristic (ROC) curves were plotted to test the

accuracy, and decision curve analysis (DCA) was performed for

assessment of the clinical efficiency (26–28).
Establishment and validation of
the nomogram

Variables screened out by multivariable Cox regression analysis

using StepAIC method were put into the nomogram for CSS or OS

of SCLC patients. Bootstrap technique was used for internal

validation of the model with 1000 resamples of the derivation

cohort. Calibration plots of 1-, 3-, and 5-year OS were utilized to

compare the nomogram-predicted OS rate with the actual OS rate.

The accuracy was considered to be high when the predictions fell

closely to the diagonal line of the calibration plot.

We performed the statistical analyses by R software (version

4.1.0; http://www.r-project.org) and. The statistical tests were two-

sided and statistical significance was achieved with P value smaller

than 0.05.
Results

Baseline characteristics

From January 2010 to December 2016, 42,031 SCLC patients were

reported in SEER database. After applying the screening criteria, 24,055

samples were retained as the study cohort. All of these had information

relating to OS, and 23,883 of these had information relating to CSS.

20,075 patients (16,655 died before the last follow-up) from East and

Pacific Coast region were put into the derivation cohort, and 3,980

patients (3,299 died before the last follow-up) from Alaska, Northern

Plains, and Southwest region were defined as the external validation

cohort. Process of sample screening was demonstrated in Table 1.

Baseline characteristics of all samples grouped by derivation and

external validation cohort were presented in Table 2. The whole

study cohort’s median (interquartile range [IQR]) age at diagnosis

was 67 years (60-74 years). Themajority of the samples were diagnosed

at the age of ≥50 years (96.2%), were white people (86.3%), were

diagnosed at T3-4 classification (65.9%), N2-3 classification (77.8%),
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M1 classification (67.8%) and received chemotherapy (72.1%). Few

patients (2.5%) received surgery, and nearly half patients (49.5%)

received radiotherapy.
Variable selection and survival analysis

LNR was classified into 0≤LNR<0.6 and 0.6≤LNR ≤ 1 using X-

tile software (Supplementary Figure 1). The median (IQR) follow-up

months of derivation cohort was 41 months (20-62 months). The

cumulative 1-, 3-, and 5-year CSS of the derivation cohort were 32.4%

(95% CI, 31.7-33.1%), 10.2% (95% CI, 9.7-10.7%), and 7.2% (95% CI,

6.7-7.7%) respectively. And the cumulative 1-, 3-, and 5-yearOS of the

derivationcohortwere30.1% (95%CI, 29.5-30.8%), 8.8% (95%CI, 8.4-

9.3%), and 5.6% (95% CI, 5.2-6.1%) respectively. As displayed in

Figures 1, 2, patients with older age, male sex, white race, unmarried/

divorced/widowed status, unknown primary site, overlapping lesion,

higher grade of differentiation, histological type of non-combined

small cell, more progressive T classification, more progressive N

classification, more progressive M classification, higher LNR value,

no surgery, no radiotherapy, and no chemotherapy had significantly

worse CSS or OS probabilities (log-rank test P value <0.01).

Univariable Cox analysis revealed that age at diagnosis, sex, race,

marital status, primary site, differentiation, histological type, T

classification, N classification, M classification, surgical type, lymph

node ratio, radiotherapy, and chemotherapy were significantly

correlated with OS (P value <0.1) in Tables 3, 4. Thereafter, above

variables were put into multivariable Cox analysis with the method of

StepAIC. The results exhibited that age at diagnosis, sex, race, marital

status, primary site, differentiation, T classification, N classification,M

classification, surgical type, lymph node ratio, radiotherapy, and

chemotherapy were chosen to construct the final models (Tables 3, 4).
Establishment and validation of nomogram

Variables screened by multivariable Cox analysis using StepAIC

method were incorporated into nomograms (Figures 3, 4). As shown in

the nomograms, chemotherapy and surgery exert the greatest impact

on the nomograms, followed by M classification, differentiation, age at

diagnosis, and other variables. Each factor of the variables in the
Frontiers in Endocrinology 04
nomograms could be translated into to a score on the point scale. And

the total points computed by adding the corresponding points of

variables and the estimated CSS or OS could be acquired through

plotting a straight line down from the total points.

The C-indexes of our nomograms were both 0.761 (95% CI:

0.757-0.765) for CSS andOS. The internal validation by bootstrapping

technique with 1000 replicated sampling of the derivation cohort

suggested the adjusted C-index for the nomograms were both 0.760,

suggesting a sound predictive ability. As for the external validation,

the C-indexes of the nomograms in the external validation cohort

were both 0.764 (95% CI: 0.755-0.774) for CSS and OS which were

even better than those of the derivation cohort. In addition, the

calibration curves exhibited the predictions fell close to the diagonal

line, demonstrating an ideal conformity between predicted and actual

CSS or OS rates (Figure 5). Based on all of the above, the prediction of

the nomogram is convincingly accurate.
Comparation on predictive power of the
8th version of AJCC TNM and Nomogram

The C-indexes of the 8th AJCC TNM staging system in

derivation cohort [0.622 (95% CI: 0.616-0.627) for CSS and 0.614

(95% CI: 0.609-0.619) for OS] and external validation cohort [0.617

(95% CI: 0.605-0.628) for CSS and 0.613 (95% CI: 0.602-0.625) for

OS] were inferior to those of the nomograms. In addition, the areas

under ROC curve of the nomograms were higher than the 8th AJCC

TNM staging system for predicting 1-, 3-, and 5-year CSS or OS in

both derivation and external validation cohorts, indicating a better

prediction accuracy (Figure 6). And DCA plots for CSS or OS

demonstrated that the nomogram had a good performance of

clinical efficiency, and patients might benefit more from the

nomogram than the TNM staging system for both the derivation

and validation cohorts (Figure 7).
Construction of a webserver of
the nomogram

Online dynamic nomograms based on our study were

constructed for CSS (https://guowei2020.shinyapps.io/DynNom-
TABLE 1 Selection procedure of study cohort.

Step Criteria Number
excluded

Number
remained

1 Patients with SCLC between 2010 and 2016 – 42,031

2 Include if patients with only one primary tumor 9,611 32,420

3 Include if aged 18 or larger than 18 years 0 32,420

4 Exclude if patients only had diagnosis based on autopsy/death certificate 105 32,315

5 Missing information about race, marital status at diagnosis as well as laterality 3,544 28,771

6 Missing information about TNM staging, number of examined lymph nodes, number of positive lymph nodes, type of
surgery, radiotherapy, chemotherapy as well as survival outcomes

4,716 24,055
SCLC, small cell lung cancer; TNM, tumor node metastasis.
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TABLE 2 Baseline characteristics of derivation cohort and external validation cohort.

al validation cohort
(n=3,980) Standardized difference

%

0.064

3.6

22

34.7

28.2

11.4

0.007

50.4

49.6

0.145

89.3

8.4

2.2

0.113

50.8

0.8

13.7

17.4

17.3

0.015

58.3

41.7

0.088
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Characteristic

Total
(n=24,055)

Derivation cohort
(n=20,075)

Exter

N % N % N

Age

<50 903 3.8 758 3.8 145

50-59 4,866 20.2 3,989 19.9 877

60-69 8,720 36.3 7,340 36.6 1,380

70-79 6,970 29 5,847 29.1 1,123

≥80 2,596 10.8 2,141 10.7 455

Sex

Male 12,043 50.1 10,039 50 2,004

Female 12,012 49.9 10,036 50 1,976

Race

White 20,771 86.3 17,215 85.8 3,556

Black 2,243 9.3 1,908 9.5 335

Other 1,041 4.3 952 4.7 89

Marital status

Married 11,987 49.8 9,967 49.6 2,020

Separated 354 1.5 323 1.6 31

Unmarried 3,790 15.8 3,243 16.2 547

Divorced 3,756 15.6 3,063 15.3 693

Widowed 4,168 17.3 3,479 17.3 689

Laterality

Right 13,876 57.7 11,556 57.6 2,320

Left 10,179 42.3 8,519 42.4 1,660

Site

Main bronchus 2,854 11.9 2,455 12.2 399

Upper lobe 12,289 51.1 10,189 50.8 2,100
n
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al validation cohort
(n=3,980) Standardized difference

%

3.9

22.1

1.9

9.3

0.14

0.2

0.1

6.4

12.1

81.2

0.116

0.4

0

0.1

2.1

97.4

0.064

11.9

23.2

19.2

45.6

0.085

13.7
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Characteristic

Total
(n=24,055)

Derivation cohort
(n=20,075)

Exter

N % N % N

Middle lobe 980 4.1 825 4.1 155

Lower lobe 5,128 21.3 4,248 21.2 880

Over lapping lesion of lung 366 1.5 291 1.4 75

Unknown 2,438 10.1 2,067 10.3 371

Differentiation

Grade I 33 0.1 27 0.1 6

Grade II 66 0.3 61 0.3 5

Grade III 2,141 8.9 1,885 9.4 256

Grade IV 3,336 13.9 2,855 14.2 481

Unknown 18,479 76.8 15,247 76 3,232

Histology

Oat cell 275 1.1 260 1.3 15

Fusiform cell 16 0.1 16 0.1 0

Intermediate cell 43 0.2 40 0.2 3

Combined small cell 439 1.8 355 1.8 84

Unknown 23,282 96.8 19,404 96.7 3,878

T classification

T1 3,117 13 2,643 13.2 474

T2 5,097 21.2 4,173 20.8 924

T3 4,706 19.6 3,940 19.6 766

T4 11,135 46.3 9,319 46.4 1,816

N classification

N0 3,550 14.8 3,006 15 544

N1 1,791 7.4 1,472 7.3 319

N2 13,373 55.6 11,244 56 2,129
n
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TABLE 2 Continued

External validation cohort
(n=3,980) Standardized difference

N %

988 24.8

0.086

1,149 28.9

2,831 71.1

0.045

3,891 97.8

38 1

51 1.3

0 0

0.19

2,833 71.2

126 3.2

95 2.4

926 23.3

0.052

1,925 48.4

2,055 51.6

0.072

1,005 25.3

2,975 74.7

h node ratio; NOS, not otherwise specified.
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Characteristic

Total
(n=24,055)

Derivation cohort
(n=20,075)

N % N %

N3 5,341 22.2 4,353 21.7

M classification

M0 7,738 32.2 6,589 32.8

M1 16,317 67.8 13,486 67.2

Surgery

Not performed 23,458 97.5 19,567 97.5

Sublobectomy 237 1 199 1

Lobectomy 342 1.4 291 1.4

Pneumonectomy 18 0.1 18 0.1

LN examination

No LN examined 18,304 76.1 15,471 77.1

0≤LNR<0.6 827 3.4 701 3.5

0.6≤LNR ≤ 1 786 3.3 691 3.4

LNR>0, NOS 4,138 17.2 3,212 16

Radiotherapy

No 12,155 50.5 10,230 51

Yes 11,900 49.5 9,845 49

Chemotherapy

No 6,710 27.9 5,705 28.4

Yes 17,345 72.1 14,370 71.6

Standardized difference was calculated by comparing the variables of derivation cohort and external validation cohort. LN, lymph node; LNR, lym
p
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CSS-SCLC/) and OS (https://drboidedwater.shinyapps.io/DynNom-

OS-SCLC/) prediction. By typing in the variables, predicted CSS or

OS rate with 95% CI and Kaplan-Meier curve can be output in the

webserver. Two quick response (QR) codes were provided in

Figures 3, 4 which could make the usage convenient.
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Discussion

In this multicenter study, SCLC patients’ data was extracted

from the SEER database according to the screening criteria, and

univariable and multivariable Cox regression analyses were
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FIGURE 1

Kaplan-Meier curves of CSS for SCLC patients grouped by all patients (A), age (B), sex (C), race (D), marital status (E), laterality (F), site (G),
differentiation (H), Histology (I), T classification (J), N classification (K), M classification (L), surgery (M), lymph node ratio (N), radiotherapy (O), and
chemotherapy (P).CSS, cancer-specific survival; SCLC, small cell lung cancer; LN, lymph node; LNR, lymph node ratio.
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employed to detect the independent predictors for SCLC. Two

nomograms were built up using the selected variables and validated

internally and externally. Comparing to the 8th TNM staging

system, the nomograms demonstrated higher accuracy and

superior clinical efficiency. Besides, we developed two webservers
Frontiers in Endocrinology 09
for clinicians to conveniently perform individual survival

prediction. Visualization of Cox regression analyses proved these

13 variables are of significant influence on prognosis: age, sex, race,

marital status, primary site, differentiation, T classification, N

classification, M classification, surgical type, lymph node ratio,
A B D

E F G

I

H

J K L

M N

C

O P

FIGURE 2

Kaplan-Meier curves of OS for SCLC patients grouped by all patients (A), age (B), sex (C), race (D), marital status (E), laterality (F), site (G),
differentiation (H), Histology (I), T classification (J), N classification (K), M classification (L), surgery (M), lymph node ratio (N), radiotherapy (O), and
chemotherapy (P). OS, overall survival; SCLC, small cell lung cancer; LN, lymph node; LNR, lymph node ratio.
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TABLE 3 Univariable and StepAIC multivariable Cox regression analysis for CSS.

Characteristic
Univariable analysis Multivariable analysis

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

Age

<50 1 1

50-59 1.081 (0.989-1.183) 0.087 1.039 (0.949-1.136) 0.408

60-69 1.247 (1.144-1.359) <0.001 1.152 (1.057-1.257) 0.001

70-79 1.528 (1.401-1.668) <0.001 1.305 (1.194-1.426) <0.001

≥80 2.275 (2.070-2.500) <0.001 1.565 (1.418-1.727) <0.001

Sex

Male 1 1

Female 0.855 (0.829-0.883) <0.001 0.867 (0.839-0.896) <0.001

Race

White 1 1

Black 0.873 (0.827-0.922) <0.001 0.842 (0.796-0.890) <0.001

Other 0.950 (0.879-1.026) 0.189 0.915 (0.847-0.988) 0.024

Marital status

Married 1 1

Separated 1.048 (0.922-1.191) 0.471 1.197 (1.052-1.361) 0.006

Unmarried 1.072 (1.024-1.122) 0.003 1.109 (1.058-1.162) <0.001

Divorced 1.062 (1.014-1.112) 0.011 1.124 (1.072-1.177) <0.001

Widowed 1.237 (1.184-1.292) <0.001 1.116 (1.064-1.170) <0.001

Laterality

Right 1

Left 1.008 (0.976-1.041) 0.621

Site

Main bronchus 1 1

Upper lobe 0.873 (0.831-0.918) <0.001 0.956 (0.909-1.006) 0.082

Middle lobe 0.862 (0.787-0.944) 0.001 0.941 (0.859-1.031) 0.191

Lower lobe 0.971 (0.919-1.028) 0.312 1.000 (0.944-1.058) 0.988

Over lapping lesion of lung 1.170 (1.022-1.338) 0.022 0.999 (0.874-1.143) 0.993

Unknown 1.162 (1.088-1.240) <0.001 1.061 (0.993-1.133) 0.079

Differentiation

Grade I 1 1

Grade II 1.491 (0.824-2.700) 0.187 1.456 (0.803-2.638) 0.216

Grade III 2.113 (1.270-3.514) 0.004 2.003 (1.203-3.336) 0.008

Grade IV 2.309 (1.390-3.837) 0.001 2.058 (1.237-3.424) 0.005

Unknown 2.508 (1.512-4.162) <0.001 2.084 (1.254-3.463) 0.005

Histology

Oat cell 1

(Continued)
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radiotherapy, and chemotherapy. Older age means more

degenerative changes in organs function and prevalence of more

comorbidities which cause worse outcome (29). Male patients

showed worse survival than female ones, which could be seen in

three other studies (16, 19, 20). White patients exhibited worse
Frontiers in Endocrinology 11
survival outcome compared with Black, which was similar with

results of two previous studies (20, 30). As for marital status, our

study revealed that married SCLC patients had better survival than

other marital statuses, which wasn’t found in other studies on

SCLC. While, studies on non-small cell lung cancer suggested
TABLE 3 Continued

Characteristic
Univariable analysis Multivariable analysis

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

Fusiform cell 1.087 (0.608-1.944) 0.778

Intermediate cell 1.036 (0.722-1.488) 0.847

Combined small cell 0.683 (0.569-0.820) <0.001

Unknown 0.991 (0.866-1.133) 0.89

T classification

T1 1 1

T2 1.438 (1.356-1.525) <0.001 1.261 (1.188-1.338) <0.001

T3 1.530 (1.442-1.623) <0.001 1.307 (1.230-1.388) <0.001

T4 1.668 (1.583-1.758) <0.001 1.307 (1.237-1.381) <0.001

N classification

N0 1 1

N1 1.095 (1.017-1.179) 0.016 1.201 (1.115-1.294) <0.001

N2 1.445 (1.377-1.516) <0.001 1.476 (1.404-1.553) <0.001

N3 1.502 (1.422-1.587) <0.001 1.493 (1.408-1.584) <0.001

M classification

M0 1 1

M1 2.568 (2.476-2.664) <0.001 2.170 (2.087-2.256) <0.001

Surgery

Not performed 1 1

Sublobectomy 0.439 (0.363-0.530) <0.001 0.619 (0.509-0.753) <0.001

Lobectomy 0.214 (0.176-0.260) <0.001 0.383 (0.305-0.481) <0.001

Pneumonectomy 0.438 (0.249-0.772) 0.004 0.649 (0.363-1.160) 0.145

LN examination

No LN examined 1 1

0≤LNR<0.6 0.360 (0.324-0.401) <0.001 0.725 (0.639-0.823) <0.001

0.6≤LNR ≤ 1 0.775 (0.711-0.846) <0.001 0.905 (0.829-0.988) 0.025

LNR>0, NOS 0.768 (0.734-0.803) <0.001 0.883 (0.843-0.925) <0.001

Radiotherapy

No 1 1

Yes 0.425 (0.411-0.439) <0.001 0.642 (0.619-0.664) <0.001

Chemotherapy

No 1 1

Yes 0.292 (0.282-0.303) <0.001 0.307 (0.295-0.319) <0.001
stepAIC, stepwise Akaike information criterion; CSS, cancer-specific survival; HR, hazard ratio; CI, confidence interval; LN, lymph node; LNR, lymph node ratio; NOS, not otherwise specified.
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TABLE 4 Univariable and StepAIC multivariable Cox regression analysis for OS.

Characteristic
Univariable analysis Multivariable analysis

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

Age

<50 1 1

50-59 1.110 (1.017-1.212) 0.019 1.073 (0.983-1.172) 0.116

60-69 1.289 (1.185-1.403) <0.001 1.201 (1.103-1.307) <0.001

70-79 1.606 (1.475-1.749) <0.001 1.376 (1.262-1.501) <0.001

≥80 2.391 (2.180-2.621) <0.001 1.638 (1.488-1.802) <0.001

Sex

Male 1 1

Female 0.850 (0.824-0.876) <0.001 0.856 (0.829-0.883) <0.001

Race

White 1 1

Black 0.886 (0.841-0.934) <0.001 0.855 (0.810-0.902) <0.001

Other 0.962 (0.895-1.035) 0.297 0.916 (0.851-0.986) 0.019

Marital status

Married 1 1

Separated 1.073 (0.950-1.212) 0.258 1.233 (1.090-1.394) <0.001

Unmarried 1.099 (1.052-1.148) <0.001 1.141 (1.090-1.194) <0.001

Divorced 1.071 (1.024-1.119) 0.003 1.136 (1.086-1.188) <0.001

Widowed 1.264 (1.212-1.319) <0.001 1.128 (1.078-1.181) <0.001

Laterality

Right 1

Left 1.000 (0.969-1.031) 0.977

Site

Main bronchus 1 1

Upper lobe 0.886 (0.844-0.930) <0.001 0.964 (0.918-1.012) 0.141

Middle lobe 0.886 (0.812-0.967) 0.007 0.958 (0.877-1.046) 0.336

Lower lobe 0.985 (0.933-1.040) 0.597 1.008 (0.954-1.065) 0.775

Over lapping lesion of lung 1.192 (1.048-1.357) 0.008 1.030 (0.905-1.172) 0.658

Unknown 1.174 (1.102-1.251) <0.001 1.076 (1.010-1.147) 0.023

Differentiation

Grade I 1 1

Grade II 1.307 (0.741-2.306) 0.355 1.247 (0.706-2.202) 0.446

Grade III 2.001 (1.241-3.228) 0.004 1.902 (1.178-3.072) 0.009

Grade IV 2.177 (1.351-3.507) 0.001 1.961 (1.215-3.164) 0.006

Unknown 2.360 (1.467-3.798) <0.001 1.984 (1.231-3.198) 0.005

Histology

Oat cell 1

(Continued)
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marital status was correlated with survival outcome (27, 31). The

survival benefit might be brought by financial and emotional

support from the spouses.

80-90% SCLC patients are diagnosed at stage III-IV disease, and

the Staging and Prognostic Factors Committee Advisory Boards
Frontiers in Endocrinology 13
and Participating Institutions have certified the predictive ability of

clinical and pathological TNM staging for SCLC patients and

suggested continuous application of the 8th version of AJCC

TNM staging system for lung cancer in SCLC (32, 33). However,

using only TNM staging system is not enough for individual
TABLE 4 Continued

Characteristic
Univariable analysis Multivariable analysis

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

Fusiform cell 1.009 (0.565-1.802) 0.976

Intermediate cell 0.958 (0.668-1.372) 0.813

Combined small cell 0.690 (0.579-0.822) <0.001

Unknown 0.983 (0.865-1.118) 0.797

T classification

T1 1 1

T2 1.394 (1.318-1.474) <0.001 1.239 (1.170-1.311) <0.001

T3 1.465 (1.384-1.550) <0.001 1.271 (1.200-1.347) <0.001

T4 1.581 (1.504-1.663) <0.001 1.262 (1.198-1.330) <0.001

N classification

N0 1 1

N1 1.059 (0.987-1.137) 0.113 1.161 (1.081-1.247) <0.001

N2 1.386 (1.324-1.451) <0.001 1.442 (1.374-1.513) <0.001

N3 1.440 (1.367-1.517) <0.001 1.469 (1.389-1.554) <0.001

M classification

M0 1 1

M1 2.406 (2.324-2.491) <0.001 2.042 (1.967-2.119) <0.001

Surgery

Not performed 1 1

Sublobectomy 0.471 (0.395-0.563) <0.001 0.636 (0.529-0.764) <0.001

Lobectomy 0.246 (0.206-0.293) <0.001 0.410 (0.333-0.506) <0.001

Pneumonectomy 0.445 (0.258-0.767) 0.004 0.653 (0.374-1.141) 0.135

LN examination

No LN examined 1 1

0≤LNR<0.6 0.384 (0.347-0.424) <0.001 0.732 (0.649-0.826) <0.001

0.6≤LNR ≤ 1 0.772 (0.710-0.839) <0.001 0.901 (0.828-0.981) 0.016

LNR>0, NOS 0.768 (0.736-0.802) <0.001 0.883 (0.845-0.924) <0.001

Radiotherapy

No 1 1

Yes 0.420 (0.407-0.433) <0.001 0.629 (0.608-0.651) <0.001

Chemotherapy

No 1 1

Yes 0.286 (0.277-0.296) <0.001 0.307 (0.296-0.319) <0.001
stepAIC, stepwise Akaike information criterion; OS, overall survival; HR, hazard ratio; CI, confidence interval; LN, lymph node; LNR, lymph node ratio; NOS, not otherwise specified.
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prognosis prediction. The nodal staging of 8th AJCC TNM staging

system rests on the concept that lymphatic metastasis starts in the

nodes nearest to the primary malignancy and metastasize to nodes

far from the tumor afterwards (34). N classification defines N1 as

metastasis to ipsilateral peribronchial and/or hilar nodes and

intrapulmonary nodes, N2 as metastasis to ipsilateral mediastinal

and/or subcarinal nodes, and N3 as metastasis to contralateral

mediastinum, contralateral hilar, ipsilateral or contralateral

anterior scalene and supraclavicular nodes, without taking

number of examined or positive lymph nodes into account (35).

In order to solve this problem, we added the dichotomized LNR

value into the models, and the optimal cut-off value was 0.6

calculated by the X-tile software, while in Wang’s study, the cut-
Frontiers in Endocrinology 14
off value was 0.01 (16). This may because Wang’s study cohort was

with early stage and resected SCLC, and our study cohort included

unresectable SCLC patients who underwent lymph node biopsy. In

fact, our nomogram is fit for all T1-4N0-3M0-1 SCLC patients.

We searched previous studies on nomogram for SCLC on

PubMed. Xie’s group introduced two nomograms predicting OS

for SCLC patients incorporating pretreatment peripheral blood

markers including ratios of inflammatory cell counts and red cell

distribution width. Xie’s nomograms were based on a single

institutional study with 938 patients and had lower C-index than

ours (0.73 vs. 0.761), what’s more, Xie’s group built two nomograms

for patients with extensive stage and limited stage SCLC while our

one nomogram for OS can be used in all SCLC patients (18). Pan’s
FIGURE 3

Nomogram for 1-, 3- and 5-year CSS prediction of SCLC patients. CSS, cancer-specific survival; SCLC, small cell lung cancer; LN, lymph node; LNR,
lymph node ratio; NOS, not otherwise specified.
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and Xiao’s nomograms for OS of SCLC were also developed from

single center with lower C-indexes than ours (0.68 vs. 0.761, 0.60 vs.

0.761) (17, 19). The recent study of nomogram for SCLC conducted

by Wang used clinical data of 24,680 patients from National Cancer

Database (20). However, comparing to Wang’s nomogram, ours

presented a better discrimination power (C-index: 0.761 vs. 0.722),

maybe because of deficiency of information of site, differentiation,

and detailed T, N, and M classification data of Wang’s nomogram.

As for the treatment modality, the surgery group exhibited

survival benefit, and patients underwent lobectomy benefited from

surgery most. However, only 2.6% of the overall study cohort

received surgery. The poor effectiveness of therapeutic strategies
Frontiers in Endocrinology 15
for SCLC progression nowadays is connected with the lack of early

diagnosis, and these patients usually have no chance of receiving

surgery, because distant metastasis or paraneoplastic syndrome

detracts the therapeutic potential of surgery (36). Patients with

early-stage SCLC after surgery had improved survival was

manifested by some previous studies (10, 12, 30). First-line

standard chemotherapy for SCLC is combining etoposide or

irinotecan with platinum. Concurrent or sequential radiotherapy

is needed for limited stage disease, while chemotherapy serves as the

mainstream strategy in the first-line setting (37). As we can see in

Figures 3, 4, chemotherapy made the largest contribution to our

nomogram, indicating the great importance of chemotherapy for
FIGURE 4

Nomogram for 1-, 3- and 5-year OS prediction of SCLC patients. OS, overall survival; SCLC, small cell lung cancer; LN, lymph node; LNR, lymph
node ratio; NOS, not otherwise specified.
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SCLC. Moreover, our study revealed most SCLC patients (72.1%)

received chemotherapy and nearly half (49.5%) received

radiotherapy, which is consistent with Wang’s large cohort study

(20). Targeted therapy and immunotherapy have also been deeply
Frontiers in Endocrinology 16
researched and showed some encouraging results in recent years,

however, the treatment modalities information screened from SEER

database didn’t include targeted therapy and immunotherapy (5, 6,

37, 38).
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FIGURE 5

Calibration plots of the nomograms predicting 1-, 3-, and 5-year CSS in the derivation cohort (A-C) and validation cohort (D-F) and 1-, 3-, and 5-
year OS in the derivation cohort (G-I) and external validation cohort (J-L). CSS, cancer-specific survival; OS, overall survival.
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FIGURE 6

ROC curves of the 8th version of TNM staging system and nomogram for predicting 1-, 3-, and 5-year CSS in the derivation cohort (A-C) and
validation cohort (D-F) and 1-, 3-, and 5-year OS in the derivation cohort (G-I) and validation cohort (J-L). ROC, receiver operating characteristic;
AJCC, American Joint Committee on Cancer; TNM, tumor, node, metastasis; CSS, cancer-specific survival; OS, overall survival.
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As far as we know, our study, as a multicenter research with a

large study cohort, introduces nomograms with the highest C-index

indicating highest discrimination power and accuracy for prediction

of prognosis for all-stage SCLC. Several limitations have to be

admitted in this research. First, it’s a retrospective study, making it

susceptible to the inherent weakness of retrospective data collection.

Second, SEER database is short of some variables potentially

influencing CSS or OS, such as smoking history, laboratory test

results such as neutrophil or lymphocyte count, platelet count, red
Frontiers in Endocrinology 18
cell distribution width, and tumor markers associated with SCLC, etc.

Third, detailed treatment modalities can’t be found in SEER database

such as sequence between chemotherapy and surgery/radiotherapy,

specific radiotherapy, chemotherapy, target therapy or

immunotherapy regimens, thus making the risk scores of different

therapeutic strategies can’t be presently applied as a guideline for

regimen choice, because clinical therapeutic modalities need to be

chosen according to all the covariables which influence the

survival outcome.
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FIGURE 7

DCA of the 8th version of TNM staging system and nomogram for predicting 1-, 3-, and 5-year CSS in the derivation cohort (A-C) and validation
cohort (D-F) and 1-, 3-, and 5-year OS in the derivation cohort (G-I) and validation cohort (J-L). DCA, decision curve analysis; AJCC, American Joint
Committee on Cancer; TNM, tumor, node, metastasis; CSS, cancer-specific survival; OS, overall survival.
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Conclusions

We constructed and validated nomograms for CSS and OS of

SCLC, which demonstrated superior prediction performance to

AJCC 8th TNM staging system or nomograms built in previous

studies. Webservers was built based on the nomogram which may

help clinicians in decision-making.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

Ethical review and approval was not required for the study on

human participants in accordance with the local legislation and

institutional requirements. Written informed consent for

participation was not required for this study in accordance with

the national legislation and the institutional requirements.
Author contributions

Conception/design: ML, PZ, and YG. Collection and/or

assembly of data: ML, PZ, SW, and WG. Data analysis and

interpretation: PZ and SW. Manuscript writing: SW, WG, and

YG. Funding support: YG. All authors contributed to the article and

approved the submitted version.
Frontiers in Endocrinology 19
Funding

This study was funded by Naval Medical University research

project (2021QN15).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1132915/

full#supplementary-material

SUPPLEMENTARY FIGURE 1

The interface of X-tile categorizing LNR to achieve the optimal cut-off value.
LNR, lymph node ratio.
References
1. Bernhardt EB, Jalal SI. Small cell lung cancer. Cancer Treat Res (2016) 170:301–
22. doi: 10.1007/978-3-319-40389-2_14

2. Sibille A, Wauters I, Vansteenkiste J. Maintenance therapy for advanced non-
small-cell lung cancer: ready for clinical practice? Expert Rev Anticancer Ther (2012) 12
(4):529–39. doi: 10.1586/era.12.22

3. Reck M, Remon J, Hellmann MD. First-line immunotherapy for non-Small-Cell
lung cancer. J Clin Oncol (2022) 40(6):586–97. doi: 10.1200/JCO.21.01497

4. Tan AC, Tan DSW. Targeted therapies for lung cancer patients with oncogenic driver
molecular alterations. J Clin Oncol (2022) 40(6):611–25. doi: 10.1200/JCO.21.01626

5. Barrows ED, Blackburn MJ, Liu SV. Evolving role of immunotherapy in small cell
lung cancer. Semin Cancer Biol (2022). 86:868-74. doi: 10.1016/j.semcancer.2022.02.021

6. Mamdani H, Matosevic S, Khalid AB, Durm G, Jalal SI. Immunotherapy in lung
cancer: current landscape and future directions. Front Immunol (2022) 13:823618. doi:
10.3389/fimmu.2022.823618

7. Socha J, Kepka L. Prophylactic cranial irradiation for small-cell lung cancer: how, when
and for whom? Expert Rev Anticancer Ther (2012) 12(4):505–17. doi: 10.1586/era.12.19

8. Stinchcombe TE, Gore EM. Limited-stage small cell lung cancer: current
chemoradiotherapy treatment paradigms. Oncologist (2010) 15(2):187–95. doi:
10.1634/theoncologist.2009-0298

9. Demedts IK, Vermaelen KY, van Meerbeeck JP. Treatment of extensive-stage
small cell lung carcinoma: current status and future prospects. Eur Respir J (2010) 35
(1):202–15. doi: 10.1183/09031936.00105009

10. Li J, Zheng Q, Zhao X, Zhao J, An T,WuM, et al. Nomogrammodel for predicting
cause-specific mortality in patients with stage I small-cell lung cancer: a competing risk
analysis. BMC Cancer (2020) 20(1):793. doi: 10.1186/s12885-020-07271-9
11. Walters S, Maringe C, Coleman MP, Peake MD, Butler J, Young N, et al. Lung
cancer survival and stage at diagnosis in Australia, Canada, Denmark, Norway, Sweden
and the UK: a population-based study, 2004-2007. Thorax (2013) 68(6):551–64. doi:
10.1136/thoraxjnl-2012-202297

12. Wang Y, Zheng Q, Jia B, An T, Zhao J, WuM, et al. Effects of surgery on survival
of early-stage patients with SCLC: propensity score analysis and nomogram
construction in SEER database. Front Oncol (2020) 10:626. doi: 10.3389/
fonc.2020.00626

13. Tendler S, Grozman V, Lewensohn R, Tsakonas G, Viktorsson K, De Petris L.
Validation of the 8th TNM classification for small-cell lung cancer in a retrospective material
from Sweden. Lung Cancer (2018) 120:75–81. doi: 10.1016/j.lungcan.2018.03.026

14. Zhao B, Zhang J, Zhang J, Luo R, Wang Z, Xu H, et al. Assessment of the 8th
edition of TNM staging system for gastric cancer: the results from the SEER and a
single-institution database. Future Oncol (2018) 14(29):3023–35. doi: 10.2217/fon-
2018-0299

15. Cui J, Zhang L, Yang L, Zhu YL, Fang H, Chen B, et al. The prognostic
significance of the treatment response of regional lymph nodes and the refinement of
the current TNM staging system in locally advanced rectal cancer after neoadjuvant
chemoradiotherapy. Cancer Med (2020) 9(24):9373–84. doi: 10.1002/cam4.3553

16. Wang Y, Pang Z, Chen X, Yan T, Liu J, Du J. Development and validation of a
prognostic model of resectable small-cell lung cancer: a large population-based cohort
study and external validation. J Transl Med (2020) 18(1):237. doi: 10.1186/s12967-019-
02206-w

17. Pan H, Shi X, Xiao D, He J, Zhang Y, Liang W, et al. Nomogram prediction for
the survival of the patients with small cell lung cancer. J Thorac Dis (2017) 9(3):507–18.
doi: 10.21037/jtd.2017.03.121
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2023.1132915/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1132915/full#supplementary-material
https://doi.org/10.1007/978-3-319-40389-2_14
https://doi.org/10.1586/era.12.22
https://doi.org/10.1200/JCO.21.01497
https://doi.org/10.1200/JCO.21.01626
https://doi.org/10.1016/j.semcancer.2022.02.021
https://doi.org/10.3389/fimmu.2022.823618
https://doi.org/10.1586/era.12.19
https://doi.org/10.1634/theoncologist.2009-0298
https://doi.org/10.1183/09031936.00105009
https://doi.org/10.1186/s12885-020-07271-9
https://doi.org/10.1136/thoraxjnl-2012-202297
https://doi.org/10.3389/fonc.2020.00626
https://doi.org/10.3389/fonc.2020.00626
https://doi.org/10.1016/j.lungcan.2018.03.026
https://doi.org/10.2217/fon-2018-0299
https://doi.org/10.2217/fon-2018-0299
https://doi.org/10.1002/cam4.3553
https://doi.org/10.1186/s12967-019-02206-w
https://doi.org/10.1186/s12967-019-02206-w
https://doi.org/10.21037/jtd.2017.03.121
https://doi.org/10.3389/fendo.2023.1132915
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Liu et al. 10.3389/fendo.2023.1132915
18. Xie D, Marks R, Zhang M, Jiang G, Jatoi A, Garces YI, et al. Nomograms predict
overall survival for patients with small-cell lung cancer incorporating pretreatment peripheral
blood markers. J Thorac Oncol (2015) 10(8):1213–20. doi: 10.1097/JTO.0000000000000585

19. Xiao HF, Zhang BH, Liao XZ, Yan SP, Zhu SL, Zhou F, et al. Development and
validation of two prognostic nomograms for predicting survival in patients with non-
small cell and small cell lung cancer. Oncotarget (2017) 8(38):64303–16. doi: 10.18632/
oncotarget.19791

20. Wang S, Yang L, Ci B, Maclean M, Gerber DE, Xiao G, et al. Development and
validation of a nomogram prognostic model for SCLC patients. J Thorac Oncol (2018)
13(9):1338–48. doi: 10.1016/j.jtho.2018.05.037

21. Chen X, Pang Z, Wang Y, Bie F, Zeng Y, Wang G, et al. The role of surgery for
atypical bronchopulmonary carcinoid tumor: development and validation of a model
based on surveillance, epidemiology, and end results (SEER) database. Lung Cancer
(2020) 139:94–102. doi: 10.1016/j.lungcan.2019.11.006

22. 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. doi: 10.3322/caac.21390

23. 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. doi: 10.21037/tlcr-20-193

24. Camp RL, Dolled-Filhart M, Rimm DL. X-Tile: a new bio-informatics tool for
biomarker assessment and outcome-based cut-point optimization. Clin Cancer Res
(2004) 10(21):7252–9. doi: 10.1158/1078-0432.CCR-04-0713

25. Zhu L, Li T, Yang Y, Tang N, Fu X, Qiu Y. Development and validation of a
nomogram for predicting post-operative abdominal infection in patients undergoing
pancreaticoduodenectomy. Clin Chim Acta (2022) 534:57–64. doi: 10.1016/j.cca.2022.07.003

26. Alvarado-Tapias E, Ardevol A, Garcia-Guix M, Montanes R, Pavel O, Cuyas B,
et al. Short-term hemodynamic effects of beta-blockers influence survival of patients
with decompensated cirrhosis. J Hepatol (2020) 73(4):829–41. doi: 10.1016/
j.jhep.2020.03.048

27. Liao Y, Yin G, Fan X. The positive lymph node ratio predicts survival in T1-
4N1-3M0 non-small cell lung cancer: a nomogram using the SEER database. Front
Oncol (2020) 10:1356. doi: 10.3389/fonc.2020.01356
Frontiers in Endocrinology 20
28. Zhang Z, Rousson V, Lee WC, Ferdynus C, Chen M, Qian X, et al. Decision
curve analysis: a technical note. Ann Transl Med (2018) 6(15):308. doi: 10.21037/
atm.2018.07.02

29. Aarts MJ, Aerts JG, van den Borne BE, Biesma B, Lemmens VE, Kloover JS.
Comorbidity in patients with small-cell lung cancer: trends and prognostic impact. Clin
Lung Cancer (2015) 16(4):282–91. doi: 10.1016/j.cllc.2014.12.003

30. He J, Xu S, Pan H, Li S, He J. Treatments for combined small cell lung cancer
patients. Transl Lung Cancer Res (2020) 9(5):1785–94. doi: 10.21037/tlcr-20-437

31. 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. doi: 10.1007/s00432-019-03084-x

32. National Lung Screening Trial Research T, Aberle DR, Berg CD, Black WC,
Church TR, Fagerstrom RM, et al. The national lung screening trial: overview and study
design. Radiology (2011) 258(1):243–53. doi: 10.1148/radiol.10091808

33. Nicholson AG, Chansky K, Crowley J, Beyruti R, Kubota K, Turrisi A, et al. The
international association for the study of lung cancer lung cancer staging project:
proposals for the revision of the clinical and pathologic staging of small cell lung cancer
in the forthcoming eighth edition of the TNM classification for lung cancer. J Thorac
Oncol (2016) 11(3):300–11. doi: 10.1016/j.jtho.2015.10.008

34. 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. doi: 10.1067/mtc.2002.124496

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

36. Van Hoef ME. Limited small cell lung cancer, an early stage cancer that should
receive the attention of experts. Tumori (2015) 101(1):e34. doi: 10.5301/tj.5000262

37. Yang S, Zhang Z, Wang Q. Emerging therapies for small cell lung cancer. J
Hematol Oncol (2019) 12(1):47. doi: 10.1186/s13045-019-0736-3

38. Wang J, Zhou C, YaoW,Wang Q, Min X, Chen G, et al. Adebrelimab or placebo
plus carboplatin and etoposide as first-line treatment for extensive-stage small-cell lung
cancer (CAPSTONE-1): a multicentre, randomised, double-blind, placebo-controlled,
phase 3 trial. Lancet Oncol (2022) 23(6):739–47. doi: 10.1016/S1470-2045(22)00224-8
frontiersin.org

https://doi.org/10.1097/JTO.0000000000000585
https://doi.org/10.18632/oncotarget.19791
https://doi.org/10.18632/oncotarget.19791
https://doi.org/10.1016/j.jtho.2018.05.037
https://doi.org/10.1016/j.lungcan.2019.11.006
https://doi.org/10.3322/caac.21390
https://doi.org/10.21037/tlcr-20-193
https://doi.org/10.1158/1078-0432.CCR-04-0713
https://doi.org/10.1016/j.cca.2022.07.003
https://doi.org/10.1016/j.jhep.2020.03.048
https://doi.org/10.1016/j.jhep.2020.03.048
https://doi.org/10.3389/fonc.2020.01356
https://doi.org/10.21037/atm.2018.07.02
https://doi.org/10.21037/atm.2018.07.02
https://doi.org/10.1016/j.cllc.2014.12.003
https://doi.org/10.21037/tlcr-20-437
https://doi.org/10.1007/s00432-019-03084-x
https://doi.org/10.1148/radiol.10091808
https://doi.org/10.1016/j.jtho.2015.10.008
https://doi.org/10.1067/mtc.2002.124496
https://doi.org/10.1634/theoncologist.2017-0659
https://doi.org/10.1634/theoncologist.2017-0659
https://doi.org/10.5301/tj.5000262
https://doi.org/10.1186/s13045-019-0736-3
https://doi.org/10.1016/S1470-2045(22)00224-8
https://doi.org/10.3389/fendo.2023.1132915
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Comparation between novel online models and the AJCC 8th TNM staging system in predicting cancer-specific and overall survival of small cell lung cancer
	Introduction
	Methods
	Data origin
	Patient screening
	Research variables and outcomes
	Construction and evaluation of predictive model
	Establishment and validation of the nomogram

	Results
	Baseline characteristics
	Variable selection and survival analysis
	Establishment and validation of nomogram
	Comparation on predictive power of the 8th version of AJCC TNM and Nomogram
	Construction of a webserver of the nomogram

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References


