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Background: To establish and validate a nomogram to predict liver metastasis in patients with small-cell 
lung cancer (SCLC).
Methods: Information on patients diagnosed with SCLC between 2010 and 2015 was retrospectively 
retrieved from the Surveillance, Epidemiology, and End Results (SEER) database. Risk factors for liver 
metastasis were identified by logistic regression analyses to construct a nomogram. The predictive accuracy 
was evaluated by concordance indexes (c-index) and calibration plots, and the comparison of discrimination 
between the nomogram and other routine staging systems was achieved with the area under receiver 
operating characteristic curve (AUC) analysis. Decision curve analysis (DCA) was performed to measure the 
clinical performance of the nomogram.
Results: A total of 12,957 patients met our inclusion criteria and were randomly assigned to training (n=6,479) 
and validation (n=6,478) sets. The nomogram which was established based on independent clinicopathological 
factors had poor accuracy, and after other distant metastatic sites were added into the predictive model, the new 
nomogram displayed better discrimination power, with c-indexes of 0.703 in the training set and 0.712 in the 
validation set. Both internal and external calibration plots approached 45 degrees. The AUCs and net benefit 
of the predictive model were both higher than those of routine staging systems. 
Conclusions: The validated nomogram might be a practical tool for clinicians to quantify the risk of liver 
metastasis in patients with SCLC and improve cancer management.
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Introduction

Small-cell lung cancer (SCLC) accounts for approximately 
15% of all lung cancer which is ranked as the first leading 
cause of cancer-related mortality (1), with an estimated 
228,150 new cases and 142,670 mortalities in the USA in 
2019 (2). As an aggressive cancer of neuroendocrine origin, 
SCLC is strongly associated with cigarette smoking (3).  
Because of lacking early symptoms and highly invasive 
biological properties, SCLC may spread to the other organs 
rapidly which may lead to the difficulty of surgical operation 
compared to non-small cell lung cancer (4). SCLC could 
be generally divided into two stages, limited and extensive 
which largely determines the treatment strategies and 
prognoses (5). Although it is commonly very chemosensitive 
initially, it almost always recurs after a period of response 
because of metastasis (6). Thus, as one of the most common 
metastases of SCLC, liver metastasis is an essential basis 
when doctors developing various treatment approaches 
including chemoradiotherapy or immunotherapy, which 
could bring patients better survival, compared with the 
standard chemotherapeutic treatment alone (7). Therefore it 
is imperative for clinicians to make an accurate assessment of 
the risk of liver metastasis for optimal therapeutic selection.

Recent reviews revealed that there were some relations 
between clinical factors and the predisposition of liver 
metastasis in patients with SCLC (8,9). However, most 
of them lacked the support of the large-cohort and only 
evaluated the partial criteria. Given the various clinical 
characteristics of different patients with SCLC, especially 
those with the metastasis, it is urgent that establishing a 
more easy and sensitive pretreatment model of evaluations 
which could better improve the results of the traditional 
methods, thus improving the outcome of the SCLC. In this 
study, we aimed to predict the independent factors of SCLC 
with liver metastasis. Meanwhile, distinguishing from the 
traditional chart type, we established a model that could 
bring a faster, more intuitive and accurate display. For this 
reason, it may be validated prior to clinical use and guiding 
clinical decision making.

We present the following article in accordance with the 
TRIPOD Checklist (available at http://dx.doi.org/10.21037/
apm-20-886). 

Methods

Patients and inclusion criteria

The retrospective study was based on the Surveillance, 

Epidemiology, and End Results (SEER) program which 
covers approximately 30% of the total US population (10). 
The records of patients diagnosed with SCLC between 
2010 and 2015 were extracted from the database ‘SEER 
18 Regs Research Data + Hurricane Katrina Impacted 
Louisiana Cases (1973-2015)’ by using SEER*stat 8.3.5 
software. The International Classification of Diseases for 
Oncology third edition (ICD-O-3) was used to identify 
SCLC by site codes [8002, 8041, 8043, 8144, 8145]. 
The inclusion criteria were as follows: (I) SCLC was the 
only primary cancer; (II) age at diagnosis was or older 
than 18 years; (III) diagnostic confirmation was based on 
pathological analysis; (IV) clinicopathologic information 
(i.e., age, sex, race, primary tumor site, tumor size, N 
stage, metastasis status, marital status, household income 
and insurance) of patients was available and known. In this 
study, all information from the SEER program is available 
and free for public, so the agreement of the medical ethics 
committee board was not necessary.

Study variables

Several variables, such as age, sex, race, primary tumor 
site, tumor size, N stage, bone metastasis, brain metastasis, 
lung metastasis, marital status, insurance and household 
income, were extracted. Age as a continuous variable 
was transformed into a categorical variable based on the 
median value of 65 years. Tumor site was categorized as the 
main bronchus, upper lobe, middle lobe, lower lobe and 
overlapping. Information about tumor size was collected 
through staging scheme version 0204. According to the 
AJCC 8th TNM Classification of SCLC, the diameter of 
tumor ≤3 cm was classified as T1, 3–5 cm were classified as 
T2, 5–7 cm were classified as T3, and >7 cm were classified 
as T4 (11). Thus, patients were divided into four groups 
based on the criterion mentioned above. Similarly, we divide 
the cases into subgroups according to the N stage of N0, 
N1, N2 and N3 based on the newest AJCC 8th N staging 
system of lung cancer (12). Records of cancer metastasis 
status was collected in the SEER database from 2010, and 
liver metastasis was set as the outcome variable in this study. 
Meanwhile, several background characteristics, such as 
marital status, insurance and household income, were also 
set as the categorical variables.

Construction and validation of nomograms

To construct a nomogram, half of the patients were 
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randomly assigned to a training set, and the rest were 
randomly assigned to a validation set. Univariate logistic 
regression analysis was used to evaluate variables in 
predicting liver metastasis for patients with SCLC. 
Variables with P value <0.05 after univariate analysis 
were further analyzed by multivariate logistic regression 
analysis to obtain the independent factors. A model for 
predicting the risk of liver metastasis was then virtualized 
by the nomogram based on these independent variables. 
Discrimination and calibration, as two main aspects of 
the performance of models, were used to validate the 
nomogram in both training set and validation set. We used 
the concordance index (c-index) to evaluate the predictive 
accuracy of the model (13). Calibration curves were created 
to show the relationship between actual probability and the 
predicted probability. A bootstrapping method with 1,000 
resamples was used to reduce the over-fitting. Meanwhile, 
the receiver operating characteristic (ROC) curves were 
drawn to compare predictive accuracy between different 
models by calculating the area under ROC (AUC) (14). In 
addition, the clinical value of the model was evaluated by 
decision curve analysis (DCA) (15). 

Other statistical analysis

Student’s t-test was used to analyze continuous clinical 
characteristics, and Chi-square test was used to compare 
categorical data among different groups. Log-rank test 
and Kaplan-Meier method were used to compare the 
prognosis between the groups, and the multivariable Cox 
regression model was applied to analyze the independent 
variables for overall survivial. All these statistical methods, 
including logistic regression analysis, were performed by 
SPSS Statistics software (version 23.0, SPSS Inc., Chicago, 
USA). Rondom grouping, nomogram, c-index, calibration 
plot, ROC and DCA were all constructed by the relevant 
packages (i.e., caret, rms, Hmisc, ROCR and rmda) in R 
language software (version 3.51, Institute for Statistics and 
Mathematics, Vienna, Austria). A two-sided P value <0.05 
was deemed statistically significant.

Results

Patient characteristics

A total of 35,902 SCLC patients diagnosed from 2010 
to 2015 were collected from the SEER database. After 
excluding 8,249 patients that SCLC was not the only 

primary cancer, 5,197 patients who were not diagnosed 
by pathological analysis and 9,499 patients with unknown 
clinical pathology information, 12,957 eligible cases were 
obtained eventually; 6,479 cases were randomly allocated 
to the training set and 6,478 cases to the validation set. The 
clinical characteristics of patients in both sets were displayed 
in Table 1. In the present study, the median age of the total 
cohort was 65 years old, and the average was 66.80 years. 
Liver metastasis occurred in 2,004 patients in the training 
set and 1,914 patients in the validation set. There was no 
statistically significant difference in the liver metastasis rate 
between the two cohorts (P=0.086, Table 1). The other p 
values were all lager than 0.05, so there were no significant 
differences between the two cohorts. After Chi-square 
test, seven variables, including sex, race, tumor site, tumor 
size, N stage, bone metastasis, brain metastasis and lung 
metastasis, were significantly correlated (P<0.05) with liver 
metastasis in the training set (Table 2).

Independent variables

In model 1, sex, race, tumor site, tumor size and N stage, 
considered to be associated with liver metastasis after 
univariate logistic regression analysis, and then were put 
into the multivariate analysis (model 1, Table 3). Four factors 
were related to liver metastasis: sex [female: odds ratio 
(OR) 0.798, 95% CI, 0.716–0.888, P<0.001], race (black: 
OR 0.681, 95% CI, 0.560–0.827, P<0.001; other: OR 
0.613, 95% CI, 0.460–0.819, P=0.001), tumor size (3–5 cm:  
OR 1.158, 95% CI, 1.001–1.341, P=0.048; 5–7 cm: OR 
1.210, 95% CI, 1.033–1.418, P=0.018; >7 cm: OR 0.901, 
95% CI, 0.773–1.050, P=0.182) and N stage (N1: OR 1.444, 
95% CI, 1.121–1.861, P=0.004; N2: OR 2.203, 95% CI, 
1.858–2.612, P<0.001; N3: OR 2.228, 95% CI, 1.835–2.705, 
P<0.001). In model 2, the other three metastatic sites were 
added into the predictive system, and eventually two of 
them were independently related to liver metastasis after 
multivariate analysis (model 2, Table 3). Six variables were 
considered as independent predictive factors: sex (female: 
OR 0.868, 95% CI, 0.774–0.972, P=0.015), race (black: OR 
0.715, 95% CI, 0.583–0.876, P=0.001; other: OR 0.660, 
95% CI, 0.487–0.893, P=0.007), tumor size (3–5 cm: OR 
1.054, 95% CI, 0.903–1.229, P=0.506; 5–7 cm: OR 1.131, 
95% CI, 0.957–1.337, P=0.015; >7 cm: OR 0.812, 95% CI, 
0.691–0.955, P=0.012), N stage (N1: OR 1.283, 95% CI, 
0.985–1.670, P=0.065; N2: OR 1.823, 95% CI, 1.528–2.176, 
P<0.001; N3: OR 1.569, 95% CI, 1.279–1.925, P<0.001), 
bone metastasis (yes: OR 4.305, 95% CI, 3.799–4.878, 
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Table 1 Demographic and clinical variables of patients with small-
cell lung cancer

Variables

SEER cohort (n=12,957) P value

Total 
cohort

Training 
(n=6,479)

Validation 
(n=6,478)

Age (mean), 
year

66.80 66.75 66.86 0.400

Sex

Male 6,490 3,298 3,192 0.064

Female 6,467 3,181 3,286

Race

White 11,171 5,571 5,600 0.110

Black 1,201 630 571

Other* 585 278 307

Tumor site

Main 
bronchus

1,537 793 744 0.241

Upper lobe 7,540 3,774 3,766

Middle lobe 600 290 310

Lower lobe 3,085 1,537 1,548

Overlapping 195 85 110

Tumor size 
(cm)

≤3 3,650 1,826 1,824 0.711

>3 and ≤5 3,411 1,717 1,694

>5 and ≤7 2,607 1,278 1,329

>7 3,289 1,658 1,631

N (8th)

N0 2,177 1,059 1,118 0.525

N1 1,022 512 510

N2 7,162 3,614 3,548

N3 2,596 1,294 1,302

Marital status

Married 6,715 3,390 3,325 0.257

Unmarried 6,242 3,089 3,153

Insurance

Insured 12,488 6,240 6,248 0.673

Uninsured 469 239 1,230

Table 1 (continued)

Table 1 (continued)

Variables

SEER cohort (n=12,957) P value

Total 
cohort

Training 
(n=6,479)

Validation 
(n=6,478)

Household 
income

≤6,000$ 6,504 3,229 3,275 0.414

>6,000$ 6,453 3,250 3,203

Bone 
metastasis

No 9,923 4,949 4,974 0.593

Yes 3,034 1,530 1,504

Brain 
metastasis

No 10,706 5,342 5,364 0.597

Yes 2,251 1,137 1,114

Liver 
metastasis

No 9,039 4,475 4,564 0.086

Yes 3,918 2,004 1,914

Lung 
metastasis

No 11,267 5,654 5,613 0.295

Yes 1,690 825 865

*, other includes Native American/Alaska native, Asian/Pacific 
Islander, and unknown.

P<0.001) and lung metastasis (yes: OR 1.730, 95% CI, 
1.473–2.033, P<0.001).

Nomograms construction and validation

Nomogram of model 1 was constructed based on the four 
independent predictors: sex, race, tumor size and N stage 
(Figure 1A). All independent factors after multivariate 
analysis were all included for the construction of the 
nomogram of model 2 (Figure 1B). Unsatisfactorily, the 
nomogram of model 1 showed ordinary predictive accuracy, 
with c-indexes of 0.597 (95% CI, 0.582–0.612, P<0.001) 
in the training set and 0.593 (95% CI, 0.578–0.608, 
P<0.001) in the validation set. The internal and external 
calibration curves were shown in Figure 2. Compared 
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Table 2 Relationship between clinicopathological factors and liver metastasis in the training and validation cohorts

Variables 
Training cohort Validation cohort

Negative Positive P value Negative Positive P value

Age (mean), year 66.64 67.00 0.677 66.81 66.98 0.093

Sex

Male 2,204 1,094 <0.001 2,175 1,017 <0.001

Female 2,271 910 2,389 897

Race

White 3,781 1,790 <0.001 3,882 1,718 <0.001

Black 480 150 443 128

Other* 214 64 239 68

Tumor site

Main bronchus 508 285 0.002 524 220 0.016

Upper lobe 2,666 1,108 2,680 1,086

Middle lobe 208 82 237 73

Lower lobe 1,036 501 1,049 499

Overlapping 57 28 74 36

Tumor size (cm)

≤3 1,307 519 <0.001 1,342 482 0.006

>3 and ≤5 1,148 569 1,172 522

>5 and ≤7 836 442 930 399

>7 1,184 474 1,120 511

N (8th)

N0 860 199 <0.001 920 198 <0.001

N1 383 129 386 124

N2 2,380 1,234 2,389 1,159

N3 852 442 869 433 

Marital status

Married 2,320 1,070 0.248 2,291 1,034 0.005

Unmarried 2,155 934 2,273 880

Insurance

Insured 4,319 1,921 0.196 4,400 1,848 0.773

Uninsured 156 83 164 66

Household income

≤6,000$ 2,226 1,003 0.819 2,343 932 0.052

>6,000$ 2,249 1,001 2,221 982

Table 2 (continued)
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with the nomogram of model 1, the one of model 2 
demonstrated better accuracy with c-indexes of 0.703 (95% 
CI, 0.689–0.717, P<0.001) in the training set and 0.712  
(95% CI, 0.698–0.726, P<0.001) in the validation set. Both 
the internal and external calibration curves approached 45 
degrees (Figure 2), which indicated the nomogram of model 
2 had good calibration performance. Additionally, the 
relevant scores of each factor in the two nomograms were 
detailed in Table 4.

Predictive and clinical performance of the nomogram of 
model 2

ROC was applied to compare the predictive performance 
of the nomogram and other risk factors in this study. 
In the training set, the AUC value of the nomogram of 
model 2 was 0.694 (95% CI, 0.680–0.708, P<0.001), which 
was significantly larger than those of tumor size (0.504, 
95% CI, 0.489–0.519, P<0.001) and N stage (0.559, 95% 
CI, 0.544–0.574, P<0.001) (Figure 3A). In the validation 
set, the AUC value of the nomogram (0.709, 95% CI, 
0.695–0.723, P<0.001) was also larger than those of tumor 
size (0.523, 95% CI, 0.507–0.538, P<0.001) and N stage 
(0.563, 95% CI, 0.548–0.577, P<0.001) (Figure 3B). DCA, 
as a new tool evaluating clinical performance of predictive 
models, displayed different NBs at each relevant risk. For 
the training set, the threshold probability of 0.10–0.68 
for liver metastasis was the most beneficial for predicting 
liver metastasis in patients with the nomogram of model 2. 

Compared with tumor size and N stage, the increased NB 
of nomogram showed the nomogram had better clinical 
predictive accuracy in both sets (Figure 3C,D). In order to 
further explore the clinical impact of the nomogram on the 
daily routine, all patients had been divided into two groups 
according to the median value of liver metastasis prediction 
points. Patients with prediction points higher than 86 had 
worse outcome, and those with lower liver involvement 
risk had better overall survival (P<0.001) (Figure 4). Liver 
metastasis prediction points was defined as a new variable in 
the total cohort and proved to be an independent prognostic 
factor in multivariable Cox regression model (Table 5).

Discussion

Among patients with SCLC diagnosed, most of them had 
distant metastasis easily, including multiple lung metastases, 
bone metastasis, brain metastasis and liver metastasis which 
meant in the advanced stage and also brought difficulty in 
the choices of therapy (16,17). Meanwhile, some reports 
revealed that SCLC patients had a higher incidence rate 
of the liver (61.9%) compared to other metastasis (18). 
Moreover, liver metastasis with SCLC displayed a higher 
mortality risk which was 2.41-fold higher than other distant 
metastasis (P<0.001) (19), and was 1.53-fold higher than 
brain metastasis (P<0.05) (20). Hence, liver metastasis 
still may be considered a negative prognostic factor for 
SCLC patients. Up to now, computed tomography and 
magnetic resonance imaging are still the conventional 

Table 2 (continued)

Variables 
Training cohort Validation cohort

Negative Positive P value Negative Positive P value

Bone metastasis

No 3,834 1,115 <0.001 3,910 1,064 <0.001

Yes 641 889 654 850

Brain metastasis

No 3,721 1,621 0.027 3,796 1,568 0.224

Yes 754 383 768 346

Lung metastasis

No 4,026 1,628 <0.001 4,124 1,489 <0.001

Yes 449 376 440 425

*, other includes Native American/Alaska native, Asian/Pacific Islander, and unknown.
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Table 3 Risk variables for liver metastasis determined by univariate and multivariate logistic regression analyses

Variables 

Model 1 Model 2

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value OR 95% CI P value OR 95% CI P value

Age

≤65 1 1

>65 1.059 0.952–1.177 0.293 1.059 0.952–1.177 0.293

Sex

Male 1 1 1 1

Female 0.807 0.726–0.897 <0.001 0.798 0.716–0.888 <0.001 0.807 0.726–0.897 <0.001 0.868 0.774–0.972 0.015

Race

White 1 1 1 1

Black 0.660 0.545–0.800 <0.001 0.681 0.560–0.827 <0.001 0.660 0.545–0.800 <0.001 0.715 0.583–0.876 0.001

Other* 0.632 0.475–0.840 0.002 0.613 0.460–0.819 0.001 0.632 0.475–0.840 0.002 0.660 0.487–0.893 0.007

Tumor site

Main 
bronchus

1 1 1 1

Upper lobe 0.741 0.631–0.870 <0.001 0.753 0.638–0.890 0.001 0.741 0.631–0.870 <0.001 0.747 0.672–0.891 0.001

Middle lobe 0.703 0.524–0.943 0.019 0.703 0.521–0.949 0.021 0.703 0.524–0.943 0.019 0.730 0.532–1.000 0.050

Lower lobe 0.862 0.720–1.032 0.106 0.882 0.732–1.062 0.186 0.862 0.720–1.032 0.106 0.858 0.704–1.045 0.127

Overlapping 0.876 0.545–1.408 0.584 0.853 0.527–1.379 0.517 0.876 0.545–1.408 0.584 0.930 0.562–1.539 0.777

Tumor size 
(cm)

≤3 1 1 1 1

>3 and ≤5 1.248 1.082–1.440 0.002 1.158 1.001–1.341 0.048 1.248 1.082–1.440 0.002 1.054 0.903–1.229 0.506

>5 and ≤7 1.331 1.142–1.553 <0.001 1.210 1.033–1.418 0.018 1.331 1.142–1.553 <0.001 1.131 0.957–1.337 0.015

>7 1.008 0.870–1.168 0.914 0.901 0.773–1.050 0.182 1.008 0.870–1.168 0.914 0.812 0.691–0.955 0.012

N (8th)

N0 1 1 1 1

N1 1.456 1.131–1.873 0.004 1.444 1.121–1.861 0.004 1.456 1.131–1.873 0.004 1.283 0.985–1.670 0.065

N2 2.241 1.893–2.653 <0.001 2.203 1.858–2.612 <0.001 2.241 1.893–2.653 <0.001 1.823 1.528–2.176 <0.001

N3 2.242 1.850–2.717 <0.001 2.228 1.835–2.705 <0.001 2.242 1.850–2.717 <0.001 1.569 1.279–1.925 <0.001

Marital status

Married 1 1

Unmarried 0.940 0.846–1.044 0.248 0.940 0.846–1.044 0.248

Insurance

Insured 1 1

Table 3 (continued)



3130 Lu et al. A nomogram for SCLC

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2020;9(5):3123-3137 | http://dx.doi.org/10.21037/apm-20-886

tests of liver metastasis (21), which does not show high 
sensitivities and specificities in the diagnosis of liver 
metastasis, especially minor metastasis in patients with 
SCLC (19). Another common test in the diagnosis of liver 
metastasis is the increase of tumor markers which although 
showed the higher sensitivities, could lead to the problems 
of misdiagnosing (22). Whole-body fluorodeoxyglucose 
positron emission tomography (FDG-PET) fused with 
CT (PET/CT) could be more sensitive than CT which 
excludes 88% of the metastases (23). However, because of 
the expensive cost of PET/CT, it may not be suitable for 
follow-up and diagnosis. Pathologic diagnosis, which was 
regarded as the golden criterion, is the authentic diagnosis 
of disease. However, some reports believed that not only 
biopsy was hard and painful to carry out, but also increased 
the risk of tumor cells spreading which meant it could 
not be a safe way for common diagnosis (24). Thus, it is 
necessary to screen out the high-risk population with distant 
metastasis for more sensitive and rigorous pretreatment 
imaging evaluations.

Nomogram, as a significant medical tool, could not only 
predict the risk of disease or survival outcomes but also help 
doctors screen high-risk patients and determine appropriate 
treatment measures (25,26). The predictive model accurately 
quantified the influence on each risk by integrating a 
large number of clinicopathological characteristics (27). 
In this study, a total of 12,957 patients diagnosed with 
SCLC were collected from the SEER database, and 
over 30% of the cases suffered from liver metastasis. 
Based on univariate and multivariate logistic regression 
analyses, sex, race, tumor size and N stage were looked as 
independent predictors for liver metastasis in patients with 
SCLC and used to establish a nomogram. However, the 
c-index of the model was lower than 0.6, which indicated 
the predicted probability was not very consistent with 
the actual one of liver metastasis. Then, we included the 
other distant metastatic status into the predictive system, 
and it was gratifying that the new nomogram showed a 
good discrimination ability. In comparison with other 
routine staging systems, the new nomogram displayed 

Table 3 (continued)

Variables 

Model 1 Model 2

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value OR 95% CI P value OR 95% CI P value

Uninsured 1.196 0.912–1.570 0.196 1.196 0.912–1.570 0.196

Household 
income

≤6,000$ 1 1

>6,000$ 0.988 0.889–1.098 0.819 0.988 0.889–1.098 0.819

Bone 
metastasis

No 1 1

Yes 4.769 4.223–5.385 <0.001 4.305 3.799–4.878 <0.001

Brain 
metastasis

No 1 1

Yes 1.166 1.018–1.336 0.027 1.053 0.909–1.220 0.492

Lung 
metastasis

No 1 1

Yes 2.071 1.785–2.403 <0.001 1.730 1.473–2.033 <0.001

*, other includes Native American/Alaska native, Asian/Pacific Islander, and unknown.
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better accuracy in predicting liver metastasis based on 
ROC analyses. In addition, the method of using the 
prognostic model is very simple and the consequence is 
very easy to understand. First, the user can draw a vertical 
line from each factor to the ‘points’ line and then add 
all the ‘points’ to get the ‘total points’. Finally, a vertical 
line is drawn from ‘total points’ to the ‘liver metastasis 
rates’ and the risk of liver metastasis can be obtained. For 

example, a white female patient with a tumor size of 4 cm 
is diagnosed with N2 stage, and she has lung metastasis 
and no bone metastasis at the initial diagnosis. According 
to the nomogram and the score table, the total points is 
123 and the risk of liver metastasis is 38%. Despite this, 
great discrimination or calibration performance does not 
equal with the wonderful practicability in clinical work (27).  
Therefore, DCA was used to estimate the clinical usefulness 

Figure 1 Nomograms for predicting the risk of liver metastasis in patients with small-cell lung cancer. (A) The nomogram of model 1 
composed of clinicopathological variables; (B) the nomogram of model 2 composed of the variables in model 2 and the other two organ 
metastasis sites.
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Figure 2 Internal (A) and external (B) calibration plots of the nomogram of model 1. Internal (C) and external (D) calibration plots of the 
nomogram of model 2.

Table 4 Scores of each relevant factor in the nomograms

Variables Classification
Nomogram score

Model 1 Model 2

Sex Male 27 9

Female 0 0

Race White 60 28

Black 11 4

Other* 0 0

Tumor size (cm) ≤3 9 12

>3 and ≤5 31 17

>5 and ≤7 37 23

>7 0 0

N (8th) N0 0 0

N1 46 17

N2 98 41

N3 100 31

Bone metastasis No 0

Yes 100

Lung metastasis No 0

Yes 37

*, other includes Native American/Alaska native, Asian/Pacific 
Islander, and unknown.
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of the new nomogram, and the established predictive 
model obviously showed better clinical utility than routine 
staging systems. Also, liver metastasis prediction points 
that describes the risk of liver metastasis is looked as a 
new prognostic variable in this study. Those patients with 
prediction points larger than 86 had a worse prognosis 
based on our analysis, and clinicians have a responsibility 
to advise high-risk patients who might not be found have 
metastasis at the initial diagnosis to take close imaging 
examinations of the liver later on.

This study illustrated that the correlation existed 
between clinicopathologic characteristics and liver 
metastasis in patients with SCLC. Our results demonstrated 
the men were more likely to experience liver metastasis 
than the women, which was similar to Lim’s finding (28). 
Smoking, as the main indicator for SCLC, is a common 
behavior in men, and it may accelerate the progression 
of SCLC to some extent (29,30). A previous study also 
suggested male patients with SCLC had a worse prognosis 
than females (31). Compared with black or other ethnic 
patients with SCLC, white cases had a shorter overall 
or cancer-specific survival time (32). In this study, white 
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patients had a higher risk of liver metastasis among all 
races and more research needs to be conducted. It was 
controversial to common sense that patients with tumor 
size larger than 7 cm had the lowest risk of liver metastasis 
among all cases in our cohort, but it was the same as the 
result of Li’s study (33). The risk of liver metastasis was 
the highest when the tumor size was between 5 and 7 cm 
(OR 1.131, P=0.015), and the specific reasons should be 
explored in further research. As shown in the nomogram, 
a higher N stage (N2 or N3, P<0.001) corresponded 
to a higher score for predicting liver metastasis, which 
was consistent with the fact that distant metastases were 
associated with the number of lymph nodes (34). In this 
study, almost 60% of the patients with bone metastasis 
had simultaneous liver metastasis and about 50% of the 
patients with lung metastasis suffered from liver metastasis 
at the same time. Cai et al. developed a retrospective 

cohort study and found nearly 42% patients with extensive 
SCLC had at least two distant metastasis sites (32).  
These indicated that SCLC cells might have already 
metastasized to multiple organs when distant metastases 
were detected, and patients with bone or lung metastasis 
were more likely to experience liver metastasis. After 
the metastatic indicators were included in the predictive 
system to quantify their influence on liver metastasis, the 
nomogram displayed better accuracy, and it might be an 
informed choice to add them into the nomogram.

A l t h o u g h  s o m e  b i o m a r k e r s ,  i n c l u d i n g  C D 9 
transmembrane protein and Delta-like-4-Notch signaling 
inhibitor, were confirmed to be associated with the 
progression of liver metastasis in SCLC (35,36), they could 
not be put to daily clinical use because of the high cost and 
inconvenience of examination. The established predictive 
model was based on several background characteristics 

Figure 3 Receiver operating characteristic (ROC) analyses of the nomogram of model 2 and other predictors (tumor size and N stage) based 
on the training (A) and validation (B) cohorts. Decision curve analysis (DCA) of the nomogram of model 2 and other predictors (tumor size 
and N stage) based on training (C) and validation (D) cohorts. The x-axis and the y-axis were the threshold probability and the net benefit, 
respectively. The gray line assumes all patients with small-cell lung cancer will suffer from liver metastasis, while the horizontal black line 
assumes all patients will not experience liver metastasis.
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Figure 4 Survival analysis between SCLC patients with low total 
points and those with high total points. SCLC, small-cell lung 
cancer.

Table 5 Independent risk variables for overall survival of patients 
with SCLC

Variables 
Cox regression model

HR 95% CI P value

Age

≤65 Ref

>65 1.412 1.360–1.466 <0.001

Sex

Male Ref

Female 0.861 0.828–0.896 <0.001

Race

White Ref

Black 0.951 0.890–1.016 0.137

Other* 0.918 0.838–1.006 0.066

Tumor site

Main bronchus Ref

Upper lobe 0.969 0.914–1.028 0.299

Middle lobe 1.044 0.944–1.154 0.399

Lower lobe 1.054 0.987–1.126 0.199

Overlapping 1.093 0.937–1.275 0.256

Tumor size (cm)

≤3 Ref

>3 and ≤5 1.189 1.130–1.251 <0.001

Table 5 (continued)
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Table 5 (continued)

Variables 
Cox regression model

HR 95% CI P value

>5 and ≤7 1.185 1.119–1.255 <0.001

>7 1.329 1.260–1.402 <0.001

N (8th)

N0 Ref

N1 1.056 0.972–1.146 0.196

N2 1.283 1.210–1.360 <0.001

N3 1.324 1.240–1.413 <0.001

Marital status

Married Ref

Unmarried 1.193 1.149–1.240 <0.001

Bone metastasis

No Ref

Yes 1.169 1.103–1.239 <0.001

Brain metastasis

No Ref

Yes 1.530 1.459–1.640 <0.001

Liver metastasis

No Ref

Yes 1.880 1.799–1.964 <0.001

Lung metastasis

No Ref

Yes 1.182 1.115–1.254 <0.001

Liver metastasis 
prediction

Low total points 
(≤86)

Ref

High total points 
(>86)

1.103 1.037–1.172 0.002

*, other includes Native American/Alaska native, Asian/Pacific 
Islander, and unknown.
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and clinicopathological factors that were easy to acquire in 
clinical practice. For those patients with SCLC who were 
not diagnosed with liver metastasis at the first detection, the 
nomogram might calculate the specific risk of subsequent 
distant metastasis by gathering the easily available 
information. Unlike imaging assessment measures, this 
easy-to-use nomogram could not only reduce the possible 
risk of radiation but also decrease individual medical 
expenses.

However, several key limitations of our study should be 
noted. In this study, both training and validation sets came 
from the SEER database, which could result in an over-
fitting model, and more independent external cohorts at 
other institutions are needed to validate the model. We 
did not include tumor genetic markers that might have 
potential to predict liver metastasis in patients with SCLC 
because they were unavailable in the SEER program. 
Furthermore, cases in this study were from the United 
States, and whether our model can be applied to the Asian 
population needs more researches.

To sum up, we constructed a brand novel predictive 
model to quantify the risk of liver metastasis in patients with 
SCLC. The nomogram might bring cancer patients fewer 
unnecessary examinations and lower medical expense, also 
it could provide clinicians with a new angle on treatment 
strategy decisions. However, several limitations of this study 
require future research.
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