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Background: Combined small-cell lung cancer (CSCLC) refers to the simultaneous presence of small 
cell lung cancer (SCLC) and any subtype of the non-small cell lung cancer (NSCLC). This study aimed 
to explore the prognosis of CSCLC, NSCLC, and pure SCLC patients, and to develop a nomogram to 
estimate the overall survival (OS) for CSCLC patients.
Methods: Patients diagnosed with NSCLC, CSCLC, and pure SCLC between 2004 and 2015 were 
identified from the Surveillance Epidemiology and End Results (SEER) database. Survival analyses were 
performed by using the Kaplan Meier curves and Cox proportional hazards regression. All CSCLC patients 
were randomly split 7:3 into training and validation sets. A nomogram was developed by integrating all 
independent predictors for OS. The performance of the nomogram was determined by discrimination, 
calibration ability, clinical usefulness, and risk stratification ability.
Results: A total of 326,695 lung cancer patients, including 871 with CSCLC, 280,391 with NSCLC, and 
45,433 with pure SCLC were enrolled. CSCLC was associated with worse survival compared with NSCLC 
both in the unmatched and matched cohorts. However, compared to pure SCLC, CSCLC was associated 
with significantly better survival in the unmatched cohorts only, while showed marginally non-significantly 
better survival after propensity score matching (PSM). For CSCLC, a nomogram was constructed for the 
6-month, 1-year, and 3-year OS prediction by combining the independent risk factors, including age, gender, 
tumor, node, and metastasis stage, surgery, and chemotherapy. The nomogram showed good discrimination 
and calibration both in the training and validation sets, and better performance than the tumor–node–
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Introduction

Small cell lung cancer (SCLC) represents a well-defined 
class of lung tissue-derivative malignancies showing a 
neuroendocrine pattern associated to a rapid growth, 
disposition to early metastasization and mortality (1,2). The 
World Health Organization (WHO) histology classification 
divides SCLC into SCLC and combined SCLC (CSCLC), 
with the latter accounting for approximately 5–20% of 
total SCLC cases (3,4). As a relatively infrequent subtype 
of SCLC, CSCLC refers to the simultaneous presence 
of SCLC histology and any subtype of the non-small cell 
lung cancer (NSCLC) histology. Except for the minimum 
requirement of 10% for large-cell neuroendocrine 
carcinoma components, CSCLC presents no restrictions on 
the amount of any other NSCLC components (5).

In this context, the prognosis and treatment of patients 
with CSCLC subset has seldom been investigated (6-10). 
Previous studies have reported that CSCLC and SCLC do 
not present any significant differences in term of clinical 
and pathologic features (6,7). The latest European Society 
for Medical Oncology (ESMO) Clinical Practice Guideline 
does not significantly distinguish between the treatment 
of CSCLC and pure SCLC (5). For what concerns the 
prognosis of these patients, conflicting results have been 
reported by different studies. Some studies in fact detected 
a worse overall survival (OS) in patients with CSCLC 
compared with those diagnosed with a pure SCLC (8,9), 
while some studies have reported that CSCLC patients 
have better OS (11). A further population-based analysis 
reported better OS in CSCLC over pure SCLC patients 
only if diagnosed in the early stage of disease, while any 
difference in survival was lost for the advanced disease (7).

On the OS for patients with CSCLC, there is still a lack 
of prediction models for what concerns prognosis and risk 

stratification. Accurate estimation of prognosis at individual 
level is critical for either decision-making or engagement 
on an aggressive treatment guidance. We believe that 
the use of nomogram, a graphic depiction of model 
which integrate multiple variables, could provide reliable 
numerical predictions able to individualize the specific risk 
based on both patient and disease features (12). Therefore, 
we attempted to develop a nomogram based on prognostic 
model for CSCLC patients using the population-based 
Surveillance, Epidemiology, and End Results (SEER) 
database. We present the following article in accordance 
with the TRIPOD reporting checklist (available at https://
dx.doi.org/10.21037/tlcr-21-804).

Methods

Patient selection

SEER is an authoritative source for cancer statistics in the 
United States. The SEER program provides information 
on cancer statistics in an effort to reduce the cancer burden 
among the U.S. population. Information of patients 
histologically diagnosed with NSCLC, CSCLC, or pure 
SCLC between 2004 and 2015 were extracted from the 
SEER database. The exclusion criteria were as follows: (I) 
patients diagnosed only by autopsy or death certificate; 
(II) patients having at least one prior malignancy; and (III) 
patients with missing information concerning primary tumor 
(T), regional lymph node (N), or distant metastasis (M) stage. 
The study was conducted according to the criteria set by the 
declaration of Helsinki (as revised in 2013).

Study variables

The extracted clinical information included age, gender, 

metastasis staging system. Risk stratification analysis indicated that the nomogram scores efficiently divided 
CSCLC patients into low-, intermediate-, and high-risk groups (P<0.001).
Conclusions: CSCLC patients presented a significantly worse prognosis than patients with NSCLC, but 
comparable prognosis when compared with pure SCLC patients in the matched cohorts. In addition, we 
developed and validated a nomogram for predicting the 6-month, 1-year, and 3-year OS in CSCLC patients.
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race, primary site (left upper lobe, left lower lobe, right 
upper lobe, right middle lobe, right lower lobe, main 
bronchus, or unspecific), tumor staging according to the 
Sixth American Joint Committee on Cancer (AJCC) TNM 
stage, surgery, radiation, and classic chemotherapy. OS was 
defined as the interval between cancer diagnosis and death 
resulting from any cause or the last follow-up for patients 
still alive. Lung cancer-specific survival (LCSS) was defined 
as the interval between cancer diagnosis and death from 
lung cancer.

Statistical analysis

We used descriptive statistics to summarize the baseline 
characteristics of the patients. Chi-squared tests were used 
to analyze the categorical variables. We used random 1:4 
nearest-neighbor propensity score matching (PSM) without 
replacement to balance all baseline covariates between 
CSCLC and NSCLC, and between CSCLC and pure 
SCLC, respectively. OS and LCSS survival analyses were 
performed using the Kaplan-Meier method.

All enrolled CSCLC patients were further randomly 
split into the training and validation sets at a ratio of 7:3. 
For the training set, the independent prognostic factors 
of OS were determined using univariate and multivariate 
Cox proportional hazards regression models. Variables with 
P<0.05 in the multivariable analyses were selected for the 
final nomogram development of predicting 6-month, 1-year, 
and 3-year OS for CSCLC patients.

The concordance index (C-index) and area under the 
receiver operator characteristic curve (AUC) were used 
to quantify discrimination. A calibration curve was drawn 
to assess the consistency between actual prognosis and 
predicted survival. Decision curve analysis (DCA) (13) 
was conducted to compare the benefits and improved 
performance of the nomogram and TNM staging 
system. According to the risk probability obtained from 
the nomogram, we determined the best cutoff points 
of survival probability using X-tile software (version 
3.6.1) and classified patients into three groups (low-
, intermediate-, and high-risk). The median OS of 
different risk groups was calculated by the Kaplan-Meier 
method.

A two-sided P value <0.05 was considered statistically 
significant. Data analyses were performed by the SPSS 
Statistics version 25 (IBM Corporation, Armonk, NY, 
USA) and RStudio version 1.4.1106 (RStudio, Boston, 
MA, USA).

Results

Patient characteristics

The patients’ screening flowchart is summarized in Figure 1.  
A total of 326,695 lung cancer patients were included in 
the analysis. Of these, CSCLC, NSCLC and pure SCLC 
histology were respectively detected in 871, 280,391, 
and 45,433 patients (Table 1). There were statistically 
significantly more males than females in the CSCLC and 
NSCLC groups, while no statistically significant difference 
was detected in pure SCLC patients’ group. We recorded 
a more advanced T, N, and M stages in patients with pure 
SCLC histology compared in sequence with patients with 
CSCLC and NSCLC.

Additionally, we recorded lower proportion of patients 
who did not receive surgery in pure SCLC compared 
with CSCLC and NSCLC histology. On the other hand, 
patients with CSCLC and pure SCLC tended to receive 
more frequently radiation than patients with NSCLC. The 
proportion of patients who underwent chemotherapy in 
pure SCLC, CSCLC, and NSCLC patients was 71.9%, 
64.9%, and 45.7%, respectively.

Throughout PSM analysis, these patients were matched 
1:4 by age, gender, race, primary site, TNM stage, and 
treatment. All covariates were subsequently well balanced 
(Table S1) both in the 1:4 matched cohort of CSCLC 
(n=871) and NSCLC (n=3,484), and the 1:4 matched cohort 
of CSCLC (n=871) and pure SCLC (n=3,366).

Survival analysis of CSCLC and NSCLC

For the cohorts before PSM, CSCLC patients presented 
a median OS of 10.00 months and a median LCSS of  
11.00 months, whereas the median OS and LCSS of 
NSCLC patients were 12.00 and 14.00 months, respectively 
(P<0.001; Figure 2A,2B).

After PSM, the median OS of CSCLC patients was 
10.00 months, which was still poorer than the OS of the 
NSCLC patients (12.00 months; P<0.001; Figure 2C). The 
same trends were observed in the LCSS of the two groups, 
with the median LCSS for CSCLC and NSCLC patients 
being 11.00 and 14.00 months, respectively (P<0.001; 
Figure 2D). In the Cox proportional hazards regression of 
matched CSCLC and NSCLC patients, NSCLC histology 
was correlated with better OS, with the hazard ratio (HR) 
for OS being 0.77 [95% confidence interval (CI): 0.71–0.83; 
P<0.001; Table 2] and that for LCSS being 0.73 (95% CI 
0.67–0.79; P<0.001; Table S2).

https://cdn.amegroups.cn/static/public/TLCR-21-804-Supplementary.pdf
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Figure 1 Patient selection scheme for the study. SEER, Surveillance Epidemiology and End Results; NSCLC, non-small cell lung cancer; 
CSCLC, combined small cell lung cancer; SCLC, small cell lung cancer.

Patients diagnosed with lung cancer between 2010 and 2015 in 
SEER database 

(n=525,305) 

Patients meeting study criteria
(n=326,695) 

NSCLC
(n=280,391)

1:4 match of CSCLC (n=871) 
and NSCLC (n=3,484)

1:4 match of CSCLC (n=871) 
and pure SCLC (n=3,366)

Training set
(n=602)

Validation set
(n=269)

CSCLC
(n=871)

Pure SCLC
(n=45,433)

Excluded:
1. Not first primary malignancy (n=129,458);
2. Patients diagnosed at autopsy or death certificate only (n=580);
3. TNM stage was not available (n=68,572).

Table 1 Demographics and clinicopathologic characteristics of patients with CSCLC, NSCLC, and pure SCLC

Characteristics
CSCLC (n=871) NSCLC (n=280,391)

P1 value
Pure SCLC (n=45,433)

P2 value
Number % Number % Number %

Age (years) 0.066 0.298

≤60 229 26.3 71,494 25.5 12,775 28.1

60–70 305 35.0 89,909 32.1 16,162 35.6

>70 337 38.7 118,988 42.4 16,496 36.3

Gender 0.099 <0.001

Female 378 43.4 129,512 46.2 22,700 50.0

Male 493 56.6 150,879 53.8 22,733 50.0

Race <0.001 0.003

White 727 83.5 224,921 80.2 39,384 86.7

Black 109 12.5 34,226 12.2 4,157 9.1

Other 35 4.0 21,244 7.6 1,892 4.2

Table 1 (continued)
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Table 1 (continued)

Characteristics
CSCLC (n=871) NSCLC (n=280,391)

P1 value
Pure SCLC (n=45,433)

P2 value
Number % Number % Number %

Primary site <0.001 <0.001

Left upper lobe 217 24.9 66,680 23.8 9,921 21.8

Left lower lobe 100 11.5 33,018 11.8 4,159 9.2

Right upper lobe 270 31.0 86,587 30.9 11,949 26.3

Right middle lobe 32 3.7 12,179 4.3 1,860 4.1

Right lower lobe 100 11.5 42,316 15.1 4,952 10.9

Main bronchus 66 7.6 11,450 4.1 5,539 12.2

Unspecific 86 9.9 28,161 10.0 7,053 15.5

T 0.014 <0.001

T1 184 21.1 61,292 21.9 5,276 11.6

T2 291 33.4 92,440 33.0 11,830 26.0

T3 36 4.1 18,775 6.7 2,098 4.6

T4 360 41.3 107,884 38.5 26,229 57.7

N <0.001 <0.001

N0 285 32.7 119,329 42.6 7,029 15.5

N1 83 9.5 26,116 9.3 3,325 7.3

N2 375 43.1 100,578 35.9 26,110 57.5

N3 128 14.7 34,368 12.3 8,969 19.7

M 0.006 <0.001

M0 460 52.8 161,104 57.5 17,051 37.5

M1 411 47.2 119,287 42.5 28,382 62.5

Surgery 0.537 <0.001

None 626 71.9 198,855 70.9 44,275 97.5

Yes 245 28.1 81,536 29.1 1,158 2.5

Radiation 0.009 0.196

None 473 54.3 164,501 58.7 23,669 52.1

Yes 398 45.7 115,890 41.3 21,764 47.9

Chemotherapy <0.001 <0.001

None 306 35.1 152,260 54.3 12,780 28.1

Yes 565 64.9 128,131 45.7 32,653 71.9

CSCLC, combined small cell lung cancer; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.
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Figure 2 Kaplan-Meier curves of patients with CSCLC, NSCLC, and pure SCLC in unmatched and matched cohorts. (A,B) Before PSM, 
OS, and LCSS in patients with CSCLC, NSCLC, and pure SCLC. (C,D). After PSM, OS, and LCSS in CSCLC 1:4 matched with NSCLC 
cohorts. (E,F). After PSM, OS, and LCSS in CSCLC 1:4 matched with pure SCLC cohorts. NSCLC, non-small cell lung cancer; CSCLC, 
combined small cell lung cancer; SCLC, small cell lung cancer; PSM, propensity score matching; OS, overall survival; LCSS, lung cancer-
specific survival.
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Table 2 Univariate and multivariate Cox analyses of OS for NSCLC and CSCLC patients in unmatched and matched cohorts

Characteristics

CSCLC (n=871) and NSCLC (n=280,391) 1:4 match of CSCLC (n=871) and NSCLC (n=3,484)

Univariable Multivariable Univariable Multivariable

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Age (years)

≤60 1 1 1 1

60–70 1.02 1.01–1.03 <0.001 1.11 1.10–1.12 <0.0.001 1.14 1.04–1.24 0.003 1.16 1.06–1.27 0.001

>70 1.28 1.27–1.30 <0.001 1.30 1.28–1.31 <0.001 1.34 1.23–1.45 <0.001 1.32 1.21–1.44 <0.001

Gender

Female 1 1 1 1

Male 1.29 1.27–1.30 <0.001 1.24 1.23–1.25 <0.001 1.30 1.22–1.39 <0.001 1.30 1.21–1.39 <0.001

Race

White 1 1 1 1

Black 1.13 1.11–1.14 <0.001 0.99 0.98–1.00 0.144 1.13 1.02–1.24 0.016 0.97 0.88–1.07 0.516

Other 0.89 0.87–0.90 <0.001 0.75 0.74–0.76 <0.001 0.94 0.79–1.11 0.444 0.69 0.58–0.81 <0.001

Primary site

Left upper lobe 1 1 1 1

Left lower lobe 1.00 0.98–1.01 0.598 1.03 1.02–1.05 <0.001 1.00 0.89–1.12 0.983 1.00 0.89–1.13 0.945

Right upper lobe 0.99 0.99–1.00 0.059 0.98 0.97–0.99 0.001 0.99 0.90–1.08 0.989 0.92 0.84–1.00 0.055

Right middle lobe 0.96 0.94–0.98 <0.001 0.98 0.96–1.01 0.144 1.14 0.95–1.35 0.150 1.14 0.96–1.36 0.128

Right lower lobe 1.04 1.02–1.05 <0.001 1.05 1.04–1.07 <0.001 1.13 1.00–1.27 0.053 1.13 1.00–1.27 0.051

Main bronchus 1.77 1.74–1.81 <0.001 1.21 1.18–1.23 <0.001 1.61 1.41–1.84 <0.001 1.21 1.05–1.38 0.007

Unspecific 1.90 1.87–1.93 <0.001 1.20 1.18–1.22 <0.001 1.84 1.63–2.08 <0.001 1.26 1.11–1.42 <0.001

T

T1 1 1 1 1

T2 1.69 1.67–1.72 <0.001 1.47 1.45–1.49 <0.001 1.50 1.36–1.65 <0.001 1.45 1.31–1.60 <0.001

T3 2.37 2.33–2.42 <0.001 1.88 1.84–1.92 <0.001 1.99 1.68–2.37 <0.001 1.70 1.42–2.02 <0.001

T4 3.39 3.35–3.43 <0.001 1.90 1.87–1.93 <0.001 2.61 2.37–2.86 <0.001 1.77 1.60–1.97 <0.001

N

N0 1 1 1 1

N1 1.46 1.44–1.48 <0.001 1.41 1.39–1.43 <0.001 1.24 1.09–1.40 0.001 1.33 1.17–1.51 <0.001

N2 2.35 2.33–2.38 <0.001 1.54 1.52–1.56 <0.001 2.18 2.01–2.36 <0.001 1.62 1.48–1.77 <0.001

N3 2.71 2.68–2.75 <0.001 1.55 1.52–1.57 <0.001 2.46 2.22–2.73 <0.001 1.53 1.36–1.72 <0.001

M

M0 1 1 1 1

M1 2.97 2.94–2.99 <0.001 1.80 1.78–1.82 <0.001 2.78 2.59–2.97 <0.001 1.86 1.72–2.01 <0.001

Table 2 (continued)
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Table 2 (continued)

Characteristics

CSCLC (n=871) and NSCLC (n=280,391) 1:4 match of CSCLC (n=871) and NSCLC (n=3,484)

Univariable Multivariable Univariable Multivariable

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Histology

CSCLC 1 1 1 1

NSCLC 0.82 0.77–0.88 <0.001 0.77 0.72–0.83 <0.001 0.84 0.77–0.91 <0.001 0.77 0.71–0.83 <0.001

Surgery

None 1 1 1 1

Yes 0.22 0.22–0.23 <0.001 0.31 0.30–.0.31 <0.001 0.26 0.24–0.29 <0.001 0.36 0.33–0.40 <0.001

Radiation

None 1 1 1 1

Yes 1.34 1.33–1.35 <0.001 0.90 0.89–0.91 <0.001 1.189 1.11–1.27 <0.001 0.92 0.85–0.98 0.015

Chemotherapy

None 1 1 1 1

Yes 1.02 1.01–1.03 <0.001 0.51 0.51–0.52 <0.001 0.97 0.90–1.04 0.335 0.48 0.45–0.52 <0.001

OS, overall survival; CSCLC, combined small cell lung cancer; NSCLC, non-small cell lung cancer; HR, hazard ratio; CI, confidence 
interval.

Survival analysis of CSCLC and pure SCLC

Before PSM, the median OS and LCSS observed in 
CSCLC patients were longer than those recorded in pure 
SCLC patients (OS: 10.00 vs. 7.00 months; P<0.001; LCSS: 
11.00 vs. 8.00 months; P<0.001; Figure 2A,2B).

However, in matched CSCLC and pure SCLC patients, 
there were marginally non-significant differences in OS 
(median: CSCLC, 10.00 vs. pure SCLC, 9.00 months; 
P=0.17; Figure 2E) and LCSS (median: CSCLC, 11.00 
vs. pure SCLC, 10.00 months; P=0.66; Figure 2F). In Cox 
regression analyses, pure SCLC was not associated with 
statistically worse OS [hazard ratio (HR) 1.06; 95% CI: 
0.97–1.14; P=0.185; Table 3] and LCSS (HR 1.02; 95% CI: 
0.94–1.11; P=0.669; Table S3).

Independent prognostic factors for OS of CSCLC patients

A total of 871 CSCLC patients were randomly assigned 
to the training set (n=602) and the validation set (n=269) 
in a 7:3 ratio. Table S4 shows the clinicopathologic 
characteristics of CSCLC patients in the training and 
validation data sets. Except for more younger patients, more 
T4 stage patients in the training set (aged ≤60 years: 28.9% 

vs. 20.4%; T4: 43.5% vs. 36.4%), there was no significant 
difference observed between the two data sets.

Univariate and multivariate Cox regression analyses were 
performed on the training data set (Table 4) and revealed 
that age, gender, primary site, TNM stage, surgery, and 
chemotherapy were all significantly correlated to OS. These 
meaningful factors were selected for further multivariate 
analyses. Although significant in univariate analysis, primary 
site did not remain significant in the multivariate analysis. 
Therefore, seven independent prognostic factors were 
included in the final nomogram, including age, gender, T, 
N, and M stage, surgery, and chemotherapy. It was recorded 
that age older than 70 years at diagnosis (HR 1.59; 95% 
CI: 1.27–1.99; P<0.001), N3 (HR 1.95; 95% CI: 1.42–2.67; 
P<0.001), and M1 (HR 1.82; 95% CI: 1.49–2.23; P<0.001) had 
the largest negative impact on the OS. Surgery (HR 0.46, 95% 
CI: 0.36–0.58; P<0.001) and chemotherapy (HR 0.41, 95% CI: 
0.33–0.50; P<0.001) were associated with favorable OS.

Development of the nomogram

The nomogram incorporating these seven predictors was 
constructed to predict the 6-month, 1-year, and 3-year 
survival probability in CSCLC patients (Figure 3). The 

https://cdn.amegroups.cn/static/public/TLCR-21-804-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-21-804-Supplementary.pdf


4258 Yang et al. Clinical features and prognostic factors of CSCLC

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2021;10(11):4250-4265 | https://dx.doi.org/10.21037/tlcr-21-804

Table 3 Univariate and multivariate Cox analyses of OS for NSCLC and pure SCLC patients in unmatched and matched cohorts

Characteristics

CSCLC (n=871) and pure SCLC (n=45,433) 1:4 match of CSCLC (n=871) and pure SCLC (n=3,366)

Univariable Multivariable Univariable Multivariable

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Age (years)

≤60 1 1 1 1

60–70 1.17 1.14–1.20 <0.001 1.14 1.11–1.17 <0.001 1.17 1.08–1.27 <0.001 1.19 1.10–1.30 <0.001

>70 1.60 1.56–1.64 <0.001 1.41 1.37–1.44 <0.001 1.55 1.43–1.68 <0.001 1.52 1.40–1.66 <0.001

Gender

Female 1 1 1 1

Male 1.18 1.16–1.20 <0.001 1.16 1.14–1.18 <0.001 1.38 1.29–1.47 <0.001 1.31 1.23–1.40 <0.001

Race

White 1 1 1 1

Black 0.93 0.90–0.97 <0.001 0.94 0.91–0.97 <0.001 1.11 1.01–1.23 0.032 1.02 0.93–1.13 0.646

Other 0.96 0.91–1.00 0.061 0.91 0.87–0.95 <0.001 1.00 0.85–1.18 0.985 0.73 0.62–0.86 <0.001

Primary site

Left upper lobe 1 1 1 1

Left lower lobe 1.06 1.02–1.10 0.004 1.03 0.99–1.07 0.112 0.95 0.85–1.07 0.411 1.03 0.92–1.16 0.590

Right upper lobe 0.98 0.96–1.01 0.231 1.00 0.97–1.03 0.881 0.94 0.86–1.03 0.183 0.93 0.85–1.02 0.130

Right middle lobe 0.99 0.94–1.04 0.638 0.99 0.94–1.04 0.639 0.87 0.73–1.04 0.137 0.82 0.69–0.98 0.031

Right lower lobe 1.08 1.04–1.12 <0.001 1.04 1.01–1.08 0.026 1.00 0.89–1.12 0.983 1.07 0.95–1.21 0.241

Main bronchus 1.12 1.08–1.16 <0.001 1.05 1.01–1.09 0.006 1.38 1.21–1.57 <0.001 1.11 0.97–1.26 0.144

Unspecific 1.32 1.28–1.36 <0.001 1.08 1.05–1.11 <0.001 1.63 1.46–1.83 <0.001 1.10 0.98–1.23 0.122

T

T1 1 1 1 1

T2 1.31 1.26–1.35 <0.001 1.23 1.19–1.27 <0.001 1.62 1.47–1.78 <0.001 1.27 1.15–1.40 <0.001

T3 1.47 1.40–1.55 <0.001 1.36 1.29–1.43 <0.001 2.15 1.82–2.54 <0.001 1.54 1.29–1.83 <0.001

T4 1.70 1.65–1.76 <0.001 1.43 1.39–1.48 <0.001 2.64 2.41–2.90 <0.001 1.62 1.46–1.79 <0.001

N

N0 1 1 1 1

N1 1.10 1.05–1.14 <0.001 1.14 1.09–1.19 <0.001 1.33 1.17–1.51 <0.001 1.38 1.22–1.57 <0.001

N2 1.39 1.35–1.43 <0.001 1.31 1.27–1.35 <0.001 2.07 1.91–2.24 <0.001 1.52 1.39–1.66 <0.001

N3 1.47 1.42–1.52 <0.001 1.34 1.29–1.38 <0.001 2.20 1.99–2.44 <0.001 1.36 1.22–1.53 <0.001

M

M0 1 1 1 1

M1 2.13 2.08–2.17 <0.001 1.78 1.74–1.82 <0.001 2.94 2.74–3.15 <0.001 2.02 1.88–2.18 <0.001

Table 3 (continued)
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Table 3 (continued)

Characteristics

CSCLC (n=871) and pure SCLC (n=45,433) 1:4 match of CSCLC (n=871) and pure SCLC (n=3,366)

Univariable Multivariable Univariable Multivariable

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Histology

CSCLC 1 1 1

Pure SCLC 1.40 1.30–1.50 <0.001 1.10 1.02–1.19 0.012 1.06 0.97–1.14 0.185

Surgery

None 1 1 1 1

Yes 0.38 0.36–0.41 <0.001 0.44 0.42–0.48 <0.001 0.36 0.33–0.39 <0.001 0.51 0.46–0.56 <0.001

Radiation

None 1 1 1 1

Yes 0.49 0.48–0.50 <0.001 0.67 0.42–0.69 <0.001 0.72 0.67–0.76 <0.001 0.77 0.71–0.82 <0.001

Chemotherapy

None 1 1 1 1

Yes 0.36 0.36–0.37 <0.001 0.39 0.38–0.40 <0.001 0.58 0.54–0.62 <0.001 0.51 0.47–0.55 <0.001

OS, overall survival; CSCLC, combined small cell lung cancer; SCLC, small cell lung cancer; HR, hazard ratio; CI, confidence interval.

Table 4 Univariate and multivariate Cox analyses in CSCLC patients

Characteristics
Univariable Multivariable

HR 95% CI P HR 95% CI P

Age (years)

≤60 1 1

60–70 1.22 0.98–1.52 0.083 1.30 1.04–1.64 0.023

>70 1.55 1.25–1.92 <0.001 1.59 1.27–1.99 <0.001

Gender

Female 1 1

Male 1.33 1.12–1.58 0.001 1.24 1.03–1.48 0.022

Race

White 1

Black 1.01 0.78–1.31 0.935

Other 1.23 0.75–2.03 0.411

Table 4 (continued)
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Table 4 (continued)

Characteristics
Univariable Multivariable

HR 95% CI P HR 95% CI P

Primary site

Left upper lobe 1 1

Left lower lobe 1.21 0.89–1.64 0.216 1.19 0.87–1.62 0.274

Right upper lobe 0.92 0.73–1.16 0.463 0.87 0.68–1.10 0.230

Right middle lobe 1.12 0.69–1.81 0.642 1.36 0.83–2.22 0.222

Right lower lobe 1.08 0.80–1.46 0.613 1.16 0.85–1.57 0.361

Main bronchus 1.75 1.23–2.50 0.002 1.25 0.86–1.81 0.249

Unspecific 1.63 1.19–2.23 0.002 1.03 0.74–1.43 0.871

T

T1 1 1

T2 1.27 0.99–1.64 0.057 1.22 0.94–1.58 0.129

T3 1.98 1.17–3.17 0.012 1.44 0.82–2.51 0.204

T4 2.36 1.86–2.99 <0.001 1.46 1.12–1.91 0.006

N

N0 1 1

N1 1.17 0.85–1.61 0.333 1.26 0.90–1.75 0.180

N2 2.40 1.95–2.96 <0.001 1.76 1.39–2.25 <0.001

N3 2.94 2.22–3.89 <0.001 1.95 1.42–2.67 <0.001

M

M0 1 1

M1 2.68 2.24–3.21 <0.001 1.82 1.49–2.23 <0.001

Surgery

None 1 1

Yes 0.35 0.28–0.43 <0.001 0.46 0.36–0.58 <0.001

Radiation

None 1

Yes 0.85 0.72–1.01 0.068

Chemotherapy

None 1 1

Yes 0.64 0.54–0.77 <0.001 0.41 0.33–0.50 <0.001

CSCLC, combined small cell lung cancer; HR, hazard ratio; CI, confidence interval.

online calculator based on our nomogram can be found 

at https://combined-small-cell-lung-cancer.shinyapps.io/

DynNomapp/.

Calibration and validation of the nomogram

The predictive accuracy as measured by the C-index was 
0.76 in the validation cohort, which was similar to that 

https://combined-small-cell-lung-cancer.shinyapps.io/DynNomapp/
https://combined-small-cell-lung-cancer.shinyapps.io/DynNomapp/
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≤60 >70

Figure 3 The nomogram model to predict the 6-month, 1-year, 3-year survival probability in CSCLC patients. CSCLC, combined small 
cell lung cancer.

observed in the training cohort of 0.76. The favorable 
calibration of the nomogram was observed both in the 
training and validation sets, with good correlations between 
predicted and observed survival proportion at three 
different time points (Figure 4).

Compared to the TNM stage, the nomogram presented 
an improved AUC at 6 months, 1 year, and 3 years (6 
months: 84.6% vs. 71.6%; 1 year: 82.1% vs. 74.1%; 3 years: 
81.1% vs. 78.7%; Figure S1A-S1C).

The DCA analyses comparing the clinical utility of the 
nomogram and the TNM staging system at 6 months, 1 
year, and 3 years are displayed in Figure S1D-S1F). The 
nomogram yielded more clinical net benefit than the TNM 
stage at each time point.

Risk stratification system

Based on the total points calculated by the nomogram, we 

divided all patients into three risk groups with the optimal 
cutoff values being determined by X-tile software: low risk 
(less than or equal to 268), intermediate risk (268–340), and 
high risk (more than 340; Figure S2). The median OS of the 
three risk groups were 16.00, 6.00, and 1.00 months with 
the 3-year OS rates of 27.8%, 7%, and 0.7%, respectively 
(P<0.001; Figure S3).

Discussion

Considering the infrequent detection of CSCLC histology 
among lung cancer diagnoses, this particular subtype has 
attracted limited attention by the scientific community, 
with few controversial results for what concerns the 
prognosis of these patients (8-11). Furthermore, most 
of the relevant studies relied on small and unbalanced 
statistical sample sizes, which limited the reliability of 
the findings to some extent. In the latest published study 

https://cdn.amegroups.cn/static/public/TLCR-21-804-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-21-804-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-21-804-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-21-804-Supplementary.pdf
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Figure 4 Nomogram calibration curves for predicting OS at (A) 6 months, (B) 1 year, and (C) 3 years in the training data set; and  
(D) 6 months, (E) 1 year, and (F) 3 years in the validation data set. OS, overall survival.
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by Zhang et al. (8) with 52 CSCLC patients and 272 
pure SCLC patients, they found patients with CSCLC 
had comparable clinicopathologic characteristics, but 
greater prognosis than those with SCLC. Our study is the 
largest PSM retrospective study to date on the prognosis 
between CSCLC, NSCLC, and pure SCLC patients. We 
demonstrated that CSCLC patients exhibited significantly 
worse OS and LCSS than NSCLC patients, but comparable 
prognosis to that of pure SCLC patients.

In addition, we identified the key prognostic factors of 
CSCLC patients and constructed the first comprehensive 
nomogram to provide the personalized, reasonably accurate 
prediction of the OS at 6 months, 1 year, and 3 years. 
The nomogram demonstrated good discrimination and 
calibration both in the training and validation cohorts.

For SCLC patients, the TNM staging system was 
widely used for the risk stratification, which was superior 
to the classic dichotomous staging system of the Veterans 
Administration Lung Study Group (VALSG) (14). Relative 
to the AJCC TNM staging system, our nomogram 

performed better at 6 months, 1 year, and 3 years. Future 
studies are needed to validate our results. In addition, we 
developed an online calculator of our nomogram, which 
could serve as a rapid and user-friendly adjunct tool for 
clinicians in the clinic.

SCLC predominantly occurred in elderly patients. Given 
the aging population in the USA, the proportion of patients 
older than 70 years among all SCLC cases increased from 
23% in 1975 to 44% in 2010 (15). A similar trend was 
also observed for the SCLC patients in China (16). With 
the rising incidence in CSCLC (4), elderly patients with 
CSCLC will require more attention in the future. Risk 
stratification plays an essential role in the treatment of 
CSCLC patients. In our nomogram, we included age in the 
risk-stratification model, which may help clinicians better 
weigh the risks and benefits of more aggressive or more 
conservative anticancer therapies, especially for elderly 
patients.

Previous studies have suggested laterality to not be an 
independent predictor of OS in CSCLC patients (6,7,10). 
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In our study, although the detailed location of tumor was 
further refined based on lobes, the associations between 
prognosis and location of the tumor remained non-
significant.

The current guidelines for managing SCLC do not 
classify the standard treatment of CSCLC in detail (5,17). 
Surgical resection plays a significant role in the treatment 
of NSCLC patients (18), while its indications and precise 
roles in SCLC patients remains controversial. Although a 
Cochrane review of randomized controlled trials (RCTs) 
in 2017 did not provide support for surgical intervention 
in limited-stage SCLC, the conclusions were inherently 
limited in view of very low-certainty evidence and the 
absence of contemporary data (19). Recently, a growing 
number of studies have indicated that surgery can improve 
the OS of patients with limited stage SCLC (20-22). In 
addition, compared to patients with pure SCLC, CSCLC 
patients tended to more frequently undergo surgery (45% 
vs. 3%; P<0.001) (11). The latest ESMO Clinical Practice 
Guidelines states that in the context of a multimodal 
treatment approach, surgery may be considered in patients 
suspected of CSCLC (5). In our study, the multivariate Cox 
analyses showed that CSCLC patients receiving surgery had 
better prognosis (HR 0.46, 95% CI: 0.36–0.58, P<0.001). 
For chemotherapy, CSCLC patients had relatively lower 
sensitivity to chemotherapies than SCLC patients due 
to the presence of NSCLC histology (10). The role of 
adjuvant radiotherapy has been demonstrated in stage 
IIA–IIIA CSCLC patients, with the median OS being 9 
and 21 months, respectively, in patients who underwent 
surgery alone versus those who also underwent adjuvant 
radiotherapy (P=0.03) (7). However, the effect of radiation 
therapy on CSCLC patients remains unknown (4). In the 
recent years, new treatment strategies, including targeted 
therapies, checkpoint blockade immunotherapies, and 
combined treatments have largely improved the outcome 
of both SCLC and NSCLC (23,24). Gene mutation and 
transcriptional regulators in CSCLC has been gained in 
recent years (8,25-27). It remains to be evaluated if CSCLC 
compared with SCLC may still present a better response to 
these treatments in term of clinical benefit and survival.

Several limitations of our study should be noted. First, as 
a retrospective study with the risk of potential selection bias, 
our findings need to be confirmed in prospective multi-
center clinical trials. Second, CSCLC is a heterogeneous 
cancer, and thus the type of NSCLC component and 
genetic mutations might affect prognosis and response 
to treatment. However, no detailed information on these 

issues is available in SEER database and were thus not 
examined. Moreover, the data on targeted therapies and 
immunotherapies were lacking due to the constraints of the 
SEER database.

Conclusions

In summary, we found that the prognosis of CSCLC 
patients was significantly worse than that of NSCLC 
patients, but comparable to that of pure SCLC patients. 
Additionally, we developed and validated a prognostic 
nomogram for predicting the 6-month, 1-year, and 3-year 
OS in CSCLC patients with good discrimination and 
calibration, which has not been undertaken in previous 
studies. The online calculator for our nomogram provided 
opportunities for fast individualized risk stratification and 
prognosis prediction in clinic.
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