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Background: This study aimed to identify risk factors affecting cancer-specific survival (CSS) and over-

all survival (OS) in patients with lung squamous cell carcinoma (LSCC) and to develop nomograms for

prognostic prediction in these patients.

Methods: Patients who received an LSCC diagnosis between 2007 and 2013 were selected from the Sur-

veillance, Epidemiology, and End Results (SEER) database. The prognostic effect of each variable on

survival was evaluated with Cox regression and Kaplan-Meier analysis, and nomograms were devel-

oped to predict 3-, 5-, and 7-year CSS and OS rates.

Results: Data from 23,004 patients with LSCC were analyzed. Nomograms were first developed by us-

ing variables that were significantly associated with CSS and OS and then validated by using an inter-

nal bootstrap resampling approach, which showed that they had a sufficient level of discrimination, ac-

cording to the C-index.

Conclusions: The nomograms satisfactorily predicted 3-, 5-, and 7-year CSS and OS rates for patients

with LSCC. (J Nippon Med Sch 2019; 86: 336―344)
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Introduction

In recent decades, lung cancer, including squamous cell

carcinoma, adenocarcinoma, undifferentiated/large cell

carcinoma, and small cell lung cancer1―3, has received

close attention and become an important public health is-

sue worldwide4,5. Lung cancer, the most common cancer

in the world, affected 1.8 million patients and caused 1.6

million deaths in 20126. Lung squamous cell carcinoma

(LSCC) represents 30% to 50% of all lung cancers. It is

one of the most frequent histological subtypes and is

closely related to tumor mortality7. Accumulating evi-

dence indicates that LSCC is associated with many

chronic diseases and disorders, including diabetes, hyper-

tension, obesity, and metabolic syndrome8―10, thus dra-

matically increasing its clinical and economic burden11.

Because of the seriousness of LSCC, a technically feasible,

readily available grading system is needed in order to

stratify prognosis.

Nomograms have been used extensively to predict

prognoses12,13. By integrating important prognostic vari-

ables, a nomogram can accurately estimate survival of in-

dividual patients. However, few researchers have used

crowd data to develop a visual tool for LSCC prognosti-

cation. Therefore, we used data from the Surveillance,

Epidemiology, and End Results (SEER) database to iden-

tify risk factors for cancer-specific survival (CSS) and

overall survival (OS) and develop a nomogram to evalu-

ate LSCC prognosis.

Materials and Methods

Data for the present patients with LSCC were retrieved

from the SEER database registry of the National Cancer

Institute by using SEER*Stat software Version 8.3.514. The

SEER database is an aggregation of population-based

variables and information on primary tumor characteris-

tics, cancer prevalence, incidence, mortality, and treat-
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Table　1　Baseline characteristics of patients

Variables All patients (N = 23,004)

No. %

Sex

 Female 8,580 37.3

 Male 14,424 62.7

Marital status

 Single and Unmarried 3,019 13.1

 Married 12,299 53.5

 Divorced and Separated 3,277 14.3

 Widowed 4,409 19.2

Age, years

 <60 8,580 37.3

 ≥60 14,424 62.7

Race

 White 19,220 83.6

 Black 2,597 11.3

 Othera 1,187  5.2

Grade

 I 676  2.9

 II 9,772 42.5

 III 12,310 53.5

 IV 246  1.1

TNM stage

 I 7,753 33.7

 II 2,257  9.8

 III 7,090 30.8

 IV 5,904 25.7

Surgery

 No 13,745 59.8

 Yes 9,259 40.3

Radiotherapy

 No 20,646 89.7

 Yes 2,358 10.3

Chemotherapy

 No 13,071 56.8

 Yes 9,933 43.2

a Other includes American Indian/Alaska Native, Asian/

Pacific Islander, and unknown.

ment, excluding chemotherapy, from 17 geographical re-

gions in the United States15.

Data from patients with LSCC during the period from

January 2007 through December 2013 were analyzed.

AJCC Eighth Edition TNM staging was determined on

the basis of tumor extension, tumor size, and the criteria

for Sixth or Seventh Edition TNM staging16. Patients were

excluded (1) if information was missing or deficient on

survival, histological grade, duration of follow-up, or

cause of death, (2) if the diagnosis was based only on

autopsy findings or death certificate, (3) if a previous

LSCC or more than one primary carcinoma was noted in

the patient record, or (4) if age at diagnosis was less than

18 years.

In this study, the following information was obtained

for each patient: marital status, race, sex, age, year of di-

agnosis, TNM stage, histological grade, surgery, chemo-

therapy, radiotherapy, cause of death, and follow-up in-

formation. Then, patients were classified into two groups

based on diagnostic age, specifically those younger than

60 years and those older than 60 years. Patients were

classified by race as white, black, and other, which in-

cluded American Indian/Alaska Native, Asian/Pacific Is-

lander, and unknown. The marital status of patients was

categorized as single and unmarried, married, divorced

and separated, and widowed. TNM staging was catego-

rized on the basis of the system outlined in the AJCC

Eighth Edition. The primary endpoints were CSS (inter-

val from an LSCC diagnosis to its censor) and OS (inter-

val from an LSCC diagnosis to death or last follow-up),

with no restrictions on cause of death.

Categorical data were displayed in relation to fre-

quency and scale. Univariate and multivariate analyses

were performed by using the Cox proportional hazards

regression model. All statistical analyses were carried out

by using SPSS (Version 17.0, SPSS software, Chicago, IL,

USA) and R Version 3.5.1 (http://www.r-project.org/)17.

In addition, the R packages rms and mstate were used to

frame the model and nomogram. The concordance index

(C-index), which measures differences in predictive

power between observed and predicted results, was used

to evaluate the discrimination of the nomograms18. A

higher C-index value indicates a better ability to dis-

criminate between patients with different survival out-

comes19. Then, the C-index and calibration curve were ob-

tained by using regression analysis. A calibration plot

along a 45-degree line indicates a perfectly calibrated

model, in which the predicted probabilities are the same

as the actual results. A P value of <0.05 was considered

to indicate statistical significance.

The study was performed in accordance with the

guidelines of the Declaration of Helsinki. The study pro-

tocol and consent form were approved by the Ethics

Committee of the Institutional Review Board of Ningbo

Yinzhou Second Hospital, Ningbo 315192, China.

Results

Patient Demographic and Pathological Characteristics

Data from 23,004 eligible patients with LSCC diagnoses

between 2007 and 2013 were analyzed. Clinical and tu-

mor features are shown in Table 1. In this study, 62.7%

of patients were male, and most were white (83.6%),

married (53.5%), and older than 60 years (62.7%). The
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Fig.　1　Overall Kaplan-Meier survival curves for patients in relation to (a) age, (b) sex, (c) race, (d) marital status, (e) tumor differ-

entiation, (f) TNM stage, (g) surgery, (h) radiotherapy, and (i) chemotherapy.
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Table　2　Univariate Cox proportional hazards models of overall survival (OS) and cancer-specific survival (CSS)

Variables OS CSS

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

Sex < 0.001 < 0.001

 Female vs. Male 1.18 (1.14-1.21) 1.17 (1.13-1.21) 

Marital status < 0.001 < 0.001

 Single and Unmarried 1.00 1.00

 Married 0.86 (0.82-0.90) 0.83 (0.79-0.87) 

 Divorced and Separated 0.93 (0.88-0.99) 0.91 (0.85-0.97) 

 Widowed 1.02 (0.97-1.08) 0.95 (0.90-1.01) 

Age, years < 0.001    0.049

 <60 vs. ≥60 1.15 (1.10-1.20) 1.05 (1.00-1.10) 

Race < 0.001 < 0.001

 White 1.00 1.00

 Black 1.16 (1.10-1.21) 1.19 (1.13-1.26) 

 Othera 1.02 (0.95-1.09) 1.07 (0.99-1.15) 

Grade < 0.001 < 0.001

 I 1.00 1.00

 II 0.93 (0.85-1.02) 0.92 (0.83-1.02) 

 III 1.09 (0.99-1.19) 1.12 (1.01-1.24) 

 IV 1.34 (1.13-1.58) 1.37 (1.15-1.64) 

TNM stage < 0.001 < 0.001

 I 1.00 1.00

 II 1.51 (1.42-1.60) 1.87 (1.75-2.01) 

 III 2.55 (2.45-2.66) 3.38 (3.22-3.55) 

 IV 4.94 (4.73-5.15) 6.89 (6.55-7.24) 

Surgery < 0.001 < 0.001

 No vs. Yes 0.26 (0.25-0.27) 0.21 (0.20-0.22) 

Radiotherapy < 0.001 = 0.001

 No vs. Yes 0.87 (0.83-0.92) 0.91 (0.86-0.96) 

Chemotherapy < 0.001 < 0.001

 No vs. Yes 1.18 (1.14-1.21) 1.34 (1.29-1.38) 

a Other includes American Indian/Alaska Native, Asian/Pacific Islander, and unknown.

most common tumor grade was poorly differentiated

(53.5%), followed by moderately differentiated (42.5%).

TNM stage I (33.7%) was the most common stage, fol-

lowed by stage III (30.8%) and stage IV (25.7%). At the

end of follow-up, 16,425 (71.4%) patients had died, in-

cluding 13,662 (59.4%) who died of LSCC and 2,763

(12.0%) who died of other causes.

Survival Analysis

To identify predictors of survival, data from all 23,004

patients were included in univariate and multivariate

Cox regression analyses. As shown in Figure 1, survival

outcomes differed in relation to age, sex, race, and mari-

tal status. In addition, as shown in Figure 1e, f, certain

clinicopathological factors, such as TNM stage and differ-

entiation, were risk factors affecting survival. As shown

in Figure 1g～i, surgery, radiotherapy, and chemotherapy

were strongly associated with prognosis.

Cox regression analysis was used to further investigate

the effects of race, age, sex, marital status, tumor grade,

surgery radiotherapy, chemotherapy, and TNM stage (Ta-

ble 2, 3). In univariate analyses, all variables were associ-

ated with OS. The independent prognostic variables were

race, age, sex, marital status, tumor grade, TNM stage,

surgery, radiotherapy, and chemotherapy (P < 0.05). After

adjusting for other risk factors, the variables identified as

independent predictors by a multivariate Cox regression

model using stepwise selection were identical to those

identified in univariate analyses. In addition, nine vari-

ables were independent predictors of CSS (P < 0.05).

The developed nomograms, shown in Figure 2, are

based on important risk factors identified by multivariate

analysis of CSS and OS at 3, 5, and 7 years. To calculate

3-, 5-, and 7-year CSS and OS rates, each factor is as-

signed a point value based on the scales at the top of the

nomogram, and the total points are summed. Then, the

3-, 5-, and 7-year CSS and OS rates are obtained by using
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Table　3　Multivariate Cox proportional hazards models of overall survival (OS) and cancer-specific survival (CSS)

Variables OS CSS

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

Sex < 0.001 < 0.001

 Female vs. Male 1.21 (1.17-1.25) 1.17 (1.12-1.21) 

Marital status < 0.001 < 0.001

 Single and Unmarried 1.00 1.00

 Married 0.93 (0.88-0.97) 0.92 (0.87-0.97) 

 Divorced and Separated 1.03 (0.98-1.10) 1.02 (0.96-1.09) 

 Widowed 1.07 (1.01-1.13) 1.02 (0.96-1.09) 

Age, years < 0.001 < 0.001

 <60 vs. ≥60 1.18 (1.13-1.24) 1.12 (1.07-1.17) 

Race = 0.001    0.005

 White 1.00 1.00

 Black 0.92 (0.88-0.97) 0.92 (0.87-0.97) 

 Othera 0.93 (0.86-1.00) 0.95 (0.88-1.03) 

Grade < 0.001 < 0.001

 I 1.00 1.00

 II 1.01 (0.92-1.10) 0.99 (0.90-1.10) 

 III 1.06 (0.96-1.16) 1.07 (0.96-1.18) 

 IV 1.32 (1.12-1.56) 1.32 (1.10-1.58) 

TNM stage < 0.001 < 0.001

 I 1.00 1.00

 II 1.77 (1.66-1.88) 2.14 (1.99-2.29) 

 III 2.05 (1.95-2.15) 2.53 (2.40-2.68) 

 IV 3.43 (3.26-3.61) 4.44 (4.19-4.70) 

Surgery < 0.001

 No vs. Yes 0.36 (0.34-0.37) 0.32 (0.31-0.34) < 0.001

Radiotherapy

 No vs. Yes 1.08 (1.03-1.14) = 0.003 1.11 (1.05-1.18) < 0.001

Chemotherapy

 No vs. Yes 0.63 (0.61-0.65) < 0.001 0.66 (0.63-0.68) < 0.001

a Other includes American Indian/Alaska Native, Asian/Pacific Islander, and unknown.

the point scale at the bottom of the nomogram. The mod-

els showed good accuracy: the C-index values were 0.732

(95% CI = 0.728-0.736) for the OS model and 0.754 (95%

CI = 0.750-0.758) for the CSS model, which indicate rela-

tively good model discrimination in predicting 3-, 5-, and

7-year CSS and OS rates for LSCC patients. The calibra-

tion curve based on bootstrap resampling validation is

shown in Figure 3, 4. The points are close to the 45-

degree line; therefore, the nomograms are well standard-

ized.

Discussion

In this study, we analyzed data from 23,004 cases in the

SEER database to establish and validate a prognostic

nomograms for predicting CSS and OS incidence at 3, 5,

and 7 years for LSCC. The results of internal bootstrap

resampling to evaluate discriminant performance of the

nomograms showed that they fit well with actual obser-

vations in predicting 3-, 5-, and 7-year CSS and OS rates,

according to the C-index.

Because of the high incidence, poor prognosis, recur-

rence, and metastasis of LSCC, it remains a substantial

public health burden worldwide; however, no unified, ef-

ficient model to predict survival has been developed for

international use. There is thus an urgent need for better

strategies to identify patients at high risk for poor sur-

vival. Here, we developed two nomograms that utilize

meaningful prognostic factors that are readily available

in daily clinical practice.

The nomograms provide a simple graph to represent

complex statistical models that quantify personal risk fac-

tors, and are potentially useful for broad application in

clinical practice and research20. Liang et al.21 developed a

nomogram based on the results of an analysis of 6,111

patients with resected non-small-cell lung cancer in

China. Variables used in the nomogram included sex,
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Fig.　2　Nomograms for predicting 3-, 5-, and 7-year (a) overall survival (OS) and (b) cancer-specific survival (CSS) of patients with 

squamous cell lung cancer.

age, histological status, sampled lymph nodes, T stage,

and N stage; the C-index, 0.71, was similar to those for

our nomograms. Although several nomograms have been

constructed in order to predict the survival rate of pa-

tients with lung cancer, prediction accuracy is not en-

tirely satisfactory. Wang et al.22 established a predictive

nomogram for OS in patients with locally advanced lung

squamous cell carcinoma, including serum tumor mark-

ers such as CEA, CYFRA 21-1, overall stage, and KPS

(Karnofsky performance status); however, the accuracy of

OS prediction for the nomogram was low, and the C-

index was only 0.62. In the present study, nomograms

were established for patients with LSCC and showed

high compatibility, with C-index values of 0.754 for CSS

and 0.732 for OS. In addition, the good prediction quality

of the calibration plots ensured the reliability and repeat-

ability of the nomograms. The present nomograms will

help in clinical pre-treatment identification of patients
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Fig.　3　Calibration plots of nomogram for predicting 3-, 5-, and 7-year overall survival (a, b, c). The X-axis represents the nomo-

gram-predicted probability of survival; the Y-axis represents the actual OS probability.

with a low chance of survival, thus ensuring better clini-

cal decisions and personalized patient follow-up.

The nomogram is a simple graph that represents com-

plex statistical models that quantify personal risk factors,

and is potentially broadly applicable in clinical practice

and research23. Use of nomograms to predict survival is

simple. First, a vertical line is drawn from each clinical

variable to the “points” line in the nomogram. Then, all

the “points” are summed to calculate the “total points”,

and a vertical line is drawn from “total points” to the

“CSS” and “OS” lines to obtain the corresponding sur-

vival values. For example, for a 60-year-old (1.3 points)

female patient (0 points) with grade IV disease (2.3

points), the nomograms yield 3-, 5-, and 7-year OS values

of 74%, 67%, and 61%, respectively. The present nomo-

grams will enable pre-treatment identification of patients

with a potentially low survival rate, thereby improving

clinical decision-making and follow-up.
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Fig.　4　Calibration plots of nomogram for predicting 3-, 5-, and 7-year cancer-specific survival (CSS) (a, b, c). The X-axis represents 

the nomogram-predicted probability of survival; the Y-axis represents the actual CSS probability.

The main advantages of this study are its large scale

and the simplicity of the models. The SEER database pro-

vides rich, detailed samples with which to explore risk

factors, ensuring the development of an accurate predic-

tive model. A total of 23,004 eligible patients were in-

cluded in this study, and statistics for large samples from

population-based cancer registries are broader and more

reliable than those from single-center studies. In addition,

the model variables are easily obtained, and the predic-

tive hazard assessment of patients with LSCC was more

complete. Furthermore, our nomograms have good

power in predicting CSS and OS, and the presentation of

the nomograms was confirmed by calibration. Using the

scoring system, we were able to monitor LSCC prognosis

more effectively and select treatment strategies to im-

prove survival time.

Limitations

Like all previously published studies that use the various

SEER databases, this study shares the known limitations
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of using large population-based datasets. First, some mis-

classification of patient information, such as tumor size

and subtype, is inevitable, although regular audits were

conducted. Second, because of the retrospective nature of

the SEER database, selection bias is possible. Third, the

SEER dataset does not provide data for some important

clinicopathological variables related to prognosis, such as

vascular invasion, smoking, and performance status; fu-

ture studies should include these factors. Finally, because

nomograms do not include all prognostic factors and

cannot always provide accurate prognoses in clinical

practice, predictive values from nomograms are only for

clinician reference.

Conclusions

In summary, using data from an enormous population,

we developed and evaluated nomograms for forecasting

3-, 5-, and 7-year CSS and OS that exhibited good prog-

nostic performance in a cohort of patients with LSCC.
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