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Background: This study sought to assess the prognostic factors for leiomyosarcoma (LMS) patients with 
lung metastasis and construct web-based nomograms to predict overall survival (OS) and cancer-specific 
survival (CSS).
Method: Patients diagnosed with LMS combined with lung metastasis between 2010 and 2016 were 
identified in the Surveillance, Epidemiology, and End Results (SEER) database. The patients were randomly 
divided into a training set and a testing set. The X-tile analysis provides the best age and tumor size cut-off 
point, and changes continuous variables into categorical variables. The independent prognostic factors were 
determined by Cox regression analysis, and 2 nomograms were established. Receiver operating characteristic 
curves and calibration curves were used to evaluate the nomograms. Based on the nomograms, 2 web-based 
nomograms were established.
Results: Two hundred and twenty-eight cases were included in the OS nomogram construction, and were 
randomly divided into a training set (n=160) and a validation set (n=68). Age, T stage, bone metastasis, 
surgery, chemotherapy, marital status, tumor size, and tumor site were found to be correlated with OS. One 
hundred and eighty-three cases were enrolled in the CSS nomogram construction, and randomly divided 
into a training set (n=129) and a validation set (n=54). Age, bone metastasis, surgery, chemotherapy, tumor 
size, and tumor site were found to be correlated with CSS. Two nomograms were established to predict OS 
and CSS. In the training set, the areas under the curve of the nomogram for predicting 1-, 2-, and 3-year 
OS were 0.783, 0.830, and 0.832, respectively, and those for predicting 1-, 2-, and 3-year CSS were 0.889, 
0.777, and 0.884, respectively. Two web-based nomograms were established to predict OS (https://wenn23.

shinyapps.io/lmslmosapp/), and CSS (https://wenn23.shinyapps.io/lmslmcssapp/).
Conclusion: The developed web-based nomogram is a useful tool for accurately analyzing the prognosis of 
LMS patients with lung metastasis, and could help clinical doctors to make personalized clinical decisions.
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Introduction

Leiomyosarcoma (LMS) is a malignant mesenchymal-
derived tumor that originates from smooth muscle cells, 
and accounts for 12% of soft tissue sarcomas (1,2). LMS 
often involves the uterus, retroperitoneal space, and 
soft tissue (3). The 5- and 10-year overall survival (OS) 
rates for LMS patients have been reported to be 64% 
and 46%, respectively (4,5). It has also been reported 
that about 20% of LMS patients will eventually develop 
lung metastasis (6). The prognosis of LMS patients with 
lung metastasis has been recognized to be poor. Thus, the 
survival and prognosis evaluation of LMS patients with lung 
metastasis is an important topic in LMS research.

The Tumor Node Metastasis (TNM) classification 
and staging system is generally considered to be an 
important tool in the diagnosis and treatment of LMS 
patients (7). In addition, existing research has shown 
that the prognosis of LMS patients varies depending on 
the metastatic organs (8). However, due to the different 
clinical and pathological characteristics of primary 
lesions, prognoses often differ, even when they involve 
the same organ (8). Thus, for patients with distant 
metastasis, the TNM stage cannot be effectively used to 
select appropriate clinical treatment options and predict 
a patient’s prognosis.

The nomogram has been widely used to predict the 
prognoses of patients with a variety of cancers, and 
has shown high accuracy (9,10). Further, web-based 
nomograms can be used to illustrate prognoses with 
intuitive graphics (11). Ethun and Lu built nomograms 
to predict the prognosis of limb LMS and uterine LMS 
(12,13). However, to date, no web-based nomogram has 
been developed to predict OS and cancer-specific survival 
(CSS) in LMS patients with lung metastasis. Consequently, 
this study sought to construct a web-based nomogram to 
predict the prognosis of LMS patients with lung metastasis. 
We present the following article in accordance with the 
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-598).

Methods

Patients

Patients were identified in the Surveillance, Epidemiology, 
and End Results (SEER) database. Specifically, all patients 
with LMS (ICD-O-3 histologic type: 8890, 8891, 8893, 
and 8896) were identified. To be eligible to be included 
in this study, patients had to meet the following inclusive 
criteria: (I) have a pathological diagnosis of LMS; (II) be 
aged more than 18 years; (III) have been diagnosed from 
2010 to 2016 according to the term “year of diagnosis;” (IV) 
have lung metastasis; and (V) have completed the follow-
up information without loss of data. Conversely, patients 
were excluded from the study if: (I) important details were 
missing from their data, including details about grade, 
TNM stage, tumor size, radiotherapy, chemotherapy, organ 
metastasis, and/or marital status; and/or (II) details of their 
follow-up status were missing. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The flow chart for patient selection criteria is shown 
in Figure 1. As public and anonymous data were used, 
according to the ethics guidelines, neither informed consent 
nor approval of an ethics committee was required.

Data element

Data about the following variables were extracted: age (≤55, 
56–74 and ≥75 years), sex (female and male), race [White, 
Black, and Other (American Indian/Alaska Native, Asian/
Pacific Islander)], grade (low and high), T stage (T1–T2 
and T3–T4), N stage (N0 and N1), surgery (no or yes), 
radiotherapy (no or yes), chemotherapy (no or yes), tumor 
size (≤140 and >140 mm), tumor site (uterus, soft tissue and 
retroperitoneum), metastatic sites, including bone, brain, 
and liver, marital status (no or yes), and insurance (no or 
yes). An X-tile analysis provides the best age and tumor 
size cut-off point, and changes continuous variables into 
categorical variables (14). OS was defined as the time from 
diagnosis to death due to any cause. CSS was defined as the 
time from diagnosis to death because of the cancer. OS and 
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CSS were designated as the 2 endpoints of the study.

Statistical analysis

Eligible LMS patients with lung metastasis were randomly 
assigned to the training set (70%), and the remaining 
patients were assigned to the validation set (30%). A 
univariate Cox regression analysis was conducted to 
analyze possible risk factors, and factors with a P value 
less than 0.1 in the univariate Cox regression analysis were 
included in the multivariate Cox analysis. Factors with 

a P value less than 0.05 in the multivariate Cox analysis 
were regarded as independent predictive factors of OS 
and CSS. Based on the independent predictive factors, 
the nomograms of OS and CSS for 1, 2 and 3 years were 
established by the “rms” package in R software. Receiver 
operating characteristic (ROC) curves and calibration 
curves were produced to evaluate the accuracy of the 
nomograms. Finally, all of the patients were divided 
into high- and low-risk groups using the “survival” and 
“survminer” package, and a Kaplan-Meier survival analysis 
with a log-rank test was performed to verify the prognostic 

Figure 1 The flow chart of the study design and analysis. AUC, area under the curve.

Patients with leiomyosarcoma in SEER database between 2010 and 2016 (n=6,632)

Calibration, 1/2/3 years survival/AUC and the time dependence curves
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HCC identified by ICD-0-3 codes 8890, 8891, 8893, 8896
(n=6,601)

Patients with lung metastasis (n=841)

Eligible patients (n=228)

Eligible patients (n=183)

Training cohort  
(n=129)

Validation cohort  
(n=54)

NomogramNomogram

Training cohort  
(n=160)

Validation cohort  
(n=68)

Exclusion (n=45) 
Other tumors death and unknown cause of 
death

Exclusion (n=613)
• Grade unknow (n=418)
• TNM stage unknown (n=151)
• Marital status unknown (n=8)
• Insurance unknown (n=6)
• Radiotherapy unknown (n=4)
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value of nomogram. Finally, 2 web-based nomograms 
were further prepared based on the nomograms using the 
“Dynnom” package.

Results

Population information

A total of 228 patients were included in the OS nomogram 
construction, and randomly divided into the training set 
(n=160) and the validation set (n=68). One hundred and 
eighty-three patients were enrolled in the CSS nomogram 
construction, and randomly divided into the training set 
(n=129) and the validation set (n=54). The optimal critical 
ages for OS and CSS were 55 and 75 years old, respectively, 
and the optimal critical value for tumor size was 140 mm. 
Relevant patient data are set out in Table 1. Of the patients, 
53 were male (23.25%) and 175 were female (76.75%). 
In relation to age, 93 patients (40.79%) were aged under  
55 years, 111 patients (48.68%) were aged between 56 and 
75 years, and 24 patients (10.63%) were older than 76 years. 
In relation to race, most of the patients were White [n=157 
(65.86%)], followed by Black [n=48 (21.05%)] and Other 
[n=23 (10.09%)]. In relation to the tumor characteristics, 
201 patients (88.16%) were in grade III–IV, 203 were 
in stages T1–T2 (89.04%), and 202 were in stage N0 
(88.60%). Of the LMS patients with multiple metastases, 
43 patients (18.86%) had liver metastasis on the basis of 
lung metastasis, 34 patients (14.91%) had bone metastasis 
on the basis of lung metastasis, and 8 patients (3.51%) 
had brain metastasis on the basis of lung metastasis. 161 
patients (70.61%) underwent surgery, 160 patients (70.18%) 
underwent chemotherapy, and 54 patients (23.68%) 
underwent radiotherapy.

Prognostic factors of OS and CSS

In the univariate Cox analysis, the following variables 
were correlated with OS: age, race, grade, T stage, 
bone metastasis, surgery, chemotherapy, marital status, 
tumor site, and tumor size. In the multivariate Cox 
analysis, only the following variables were identified as 
independent risk factors of OS: an age ≥75 years, T3–T4 
stage, bone metastasis, undergoing surgery, undergoing 
chemotherapy, marital status is married, a tumor site in 
soft tissue, a tumor site in retroperitoneum, and a tumor 
size >140 mm. Detailed information about OS is set out in  
Table 2. In the univariate Cox analysis, the following 

variables were correlated with OS: age, race, grade, T stage, 
bone metastasis, surgery, chemotherapy, marital status, 
tumor site, and tumor size. In the multivariate Cox analysis, 
only the following variables were identified as independent 
risk factors of CSS: an age ≥75 years, bone metastasis, 
undergoing surgery, undergoing chemotherapy, a tumor site 
in soft tissue, a tumor site in retroperitoneum, and a tumor 
size >140 mm. Detailed information about CSS is set out in 
Table 3.

Prognostic nomogram

Based on the results of the multivariate Cox analysis, 2 
prognostic nomograms were established that included all 
the significant independent factors of OS (see Figure 2A) 
and CSS (see Figure 2B). Using these nomograms, the 1-, 2-, 
3-year survival probability of each patient can be predicted 
by adding up the specific numerical value of each predictive 
variable.

Verification of nomogram in the training set

The ROC shows that the areas under the curve (AUCs; 
see Figure 3A,B,C) of the nomogram for predicting 1-, 2-, 
and 3-year OS were 0.790, 0.839, and 0.841, respectively. 
The AUCs (see Figure 3D,E,F) of the nomogram for 
predicting 1-, 2-, and 3-year CSS were 0.789, 0.777, and 
0.854, respectively. The time dependence curves of OS (see 
Figure 3G) and CSS (see Figure 3H) performed well, and the 
AUCs of the OS and CSS independent prognostic factors 
were significantly lower than those of the nomogram, 
indicating that the prediction accuracy of the OS and CSS 
nomograms at 1, 2 and 3 years was better than separate 
clinicopathological features (see Figures 3A,B,C,D,E,F). 
The calibration curves for OS (see Figure 4A,B,C) and 
CSS (see Figure 4D,E,F) showed the best agreement 
between the observations and the predictions of the survival 
probabilities.

Verification of nomogram in the validation set

The ROC shows that the AUCs (see Figure 5A,B,C) of 
the nomogram for predicting 1-, 2-, and 3-year OS were 
0.738, 0.760, and 0.785, respectively. The AUCs (see  
Figure 5D,E,F) of the nomogram for predicting 1-, 2-, and 
3-year CSS were 0.741, 0.691, and 0.704, respectively. The 
time dependence curves of OS (see Figure 5G) and CSS 
(see Figure 5H) performed well, and the AUCs of the OS 
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Table 1 Demographic baseline characteristics of LMS patients with lung metastasis

Variables Total sett (N=228), n (%) Training sett (N=160), n (%) Validation sett (N=68), n (%)

Age (years)

≤55 93 (40.79) 62 (38.75) 31 (45.59)

56–74 111 (48.68) 82 (51.25) 29 (42.65)

≥75 24 (10.53) 16 (10.00) 8 (11.76)

Race

White 157 (68.86) 112 (70.00) 45 (66.18)

Other 23 (10.09) 19 (11.88) 4 (5.88)

Black 48 (21.05) 29 (18.12) 19 (27.94)

Sex

Female 175 (76.75) 118 (73.75) 57 (83.82)

Male 53 (23.25) 42 (26.25) 11 (16.18)

Grade

Low 27 (11.84) 17 (10.63) 10 (14.71)

High 201 (88.16) 143 (89.38) 58 (85.29)

T stage

T1–2 203 (89.04) 143 (89.38) 60 (88.24)

T3–4 25 (10.96) 17 (10.63) 8 (11.76)

N stage

N0 202 (88.60) 138 (86.25) 64 (94.12)

N1 26 (11.40) 22 (13.75) 4 (5.88)

Bone metastasis

No 194 (85.09) 138 (86.25) 56 (82.35)

Yes 34 (14.91) 22 (13.75) 12 (17.65)

Brain metastasis

No 220 (96.49) 154 (96.25) 66 (97.06)

Yes 8 (3.51) 6 (3.75) 2 (2.94)

Liver metastasis

No 185 (81.14) 136 (85.00) 49 (72.06)

Yes 43 (18.86) 24 (15.00) 19 (27.94)

Radiotherapy

No 174 (76.32) 127 (79.38) 47 (69.12)

Yes 54 (23.68) 33 (20.63) 21 (30.88)

Chemotherapy

No 68 (29.82) 49 (30.63) 19 (27.94)

Yes 160 (70.18) 111 (69.38) 49 (72.06)

Table 1 (continued)
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Table 1 (continued)

Variables Total sett (N=228), n (%) Training sett (N=160), n (%) Validation sett (N=68), n (%)

Surgery

No 67 (29.39) 47 (29.38) 20 (29.41)

Yes 161 (70.61) 113 (70.63) 48 (70.59)

Marital status

No 45 (19.74) 33 (20.63) 12 (17.65)

Yes 183 (80.26) 127 (79.38) 56 (82.35)

Insurance

No 6 (2.63) 5 (3.13) 1 (1.47)

Yes 222 (97.37) 155 (96.87) 67 (98.53)

Tumor site

Uterus 116 (50.88) 79 (49.38) 37 (54.41)

Soft tissue 90 (39.47) 68 (42.50) 22 (32.35)

Retroperitoneum 22 (9.65) 13 (8.12) 9 (13.24)

Tumor size (mm)

≤140 144 (63.16) 101 (63.13) 43 (63.24)

>140 84 (36.84) 59 (36.88) 25 (36.76)

LMS, leiomyosarcoma.

Table 2 Univariate and multivariate Cox proportional hazards regression analyses based on all variables for OS

Variables
Univariate analysis Multivariate analysis

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

Age (years)

≤55 Reference Reference

56–74 1.202 (0.823–1.754) 0.341 1.403 (0.925–2.128) 0.112

≥75 2.043 (1.153–3.623) 0.014 3.1816 (1.567–6.459) 0.001

Race

White Reference Reference

Other 0.8607 (0.488–1.518) 0.605 0.682 (0.363–1.284) 0.236

Black 1.5798 (1.016–2.457) 0.042 0.941 (0.564–1.569) 0.815

Sex

Female Reference

Male 0.846 (0.563–1.270) 0.419

Grade

Low Reference Reference

High 2.432 (1.186–4.986) 0.015 2.034 (0.951–4.351) 0.067

Table 2 (continued)
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Table 2 (continued)

Variables
Univariate analysis Multivariate analysis

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

T stage

T1–2 Reference Reference

T3–4 2.561 (1.496–4.385) 0.001 1.856 (1.031–3.339) 0.039

N stage

N0 Reference

N1 1.175 (0.719–1.921) 0.521

Bone metastasis

No Reference Reference

Yes 2.261 (1.400–3.653) 0.001 1.746 (1.025–2.976) 0.040

Brain metastasis

No Reference

Yes 1.564 (0.687–3.557) 0.286

Liver metastasis

No Reference

Yes 1.125 (0.687–1.84) 0.640

Radiotherapy

No Reference

Yes 1.143 (0.746–1.751) 0.538

Chemotherapy

No Reference Reference

Yes 0.580 (0.402–0.838) 0.004 0.5346 (0.349–0.819) 0.004

Surgery

No Reference Reference

Yes 0.602 (0.413–0.876) 0.008 0.3379 (0.2038–0.5602) <0.001

Marital status

No Reference Reference

Yes 0.665 (0.435–1.016) 0.059 0.4208 (0.246–0.719) 0.002

Insurance

No Reference

Yes 0.966 (0.394–2.371) 0.940

Tumor site

Uterus Reference Reference

Soft tissue 0.708 (0.489–1.027) 0.069 0.393 (0.234–0.659) <0.001

Retroperitoneum 0.64 (0.3368–1.216) 0.173 0.361 (0.169–0.770) 0.008

Tumor size (mm)

≤140 Reference Reference

>140 1.907 (1.335–2.724) <0.001 2.464 (1.628–3.731) <0.001

OS, overall survival.
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Table 3 Univariate and multivariate Cox proportional hazards regression analyses based on all variables for CSS variables

Variables
Univariate analysis Multivariate analysis

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

Age (years)

≤55 Reference Reference

56–74 1.371 (0.906–2.075) 0.136 1.341 (0.858–2.0948) 0.197

≥75 2.606 (1.252–5.425) 0.011 7.145 (3.000–17.013) <0.001

Race

White Reference Reference

Other 0.689 (0.354–1.340) 0.272 0.752 (0.356–1.590) 0.456

Black 1.608 (0.984–2.628) 0.058 1.369 (0.746–2.511) 0.311

Sex

Female Reference Reference

Male 0.897 (0.571–1.410) 0.638

Grade

Low Reference Reference

High 2.229 (0.907–5.478) 0.081 1.694 (0.647–4.432) 0.283

T stage

T1–2 Reference Reference

T3–4 2.353 (1.295–4.277) 0.005 1.683 (0.875–3.240) 0.119

N stage

N0 Reference Reference

N1 1.066 (0.631–1.801) 0.811

Bone metastasis

No Reference Reference

Yes 2.245 (1.328–3.798) 0.0026 2.415 (1.377–4.233) 0.002

Brain metastasis

No Reference Reference

Yes 1.798 (0.659–4.908) 0.252

Liver metastasis

No Reference Reference

Yes 1.074 (0.608–1.897) 0.807

Radiotherapy

No Reference Reference

Yes 1.03 (0.647–1.640) 0.901

Table 3 (continued)
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Table 3 (continued)

Variables
Univariate analysis Multivariate analysis

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

Chemotherapy

No Reference Reference

Yes 0.570 (0.373–0.872) 0.010 0.511 (0.310–0.8440) 0.009

Surgery

No Reference Reference

Yes 0.681 (0.449–1.032) 0.070 0.301 (0.171–0.529) <0.001

Marital status

No Reference Reference

Yes 0.632 (0.396–1.01) 0.055 0.555 (0.298–1.035) 0.064

Insurance

No Reference

Yes 0.966 (0.394–2.371) 0.940

Tumor site

Uterus Reference Reference

Soft tissue 0.693 (0.455–1.054) 0.086 0.338 (0.185–0.618) <0.001

Retroperitoneum 0.558 (0.282–1.106) 0.095 0.299 (0.129–0.693) 0.005

Tumor size (mm)

≤140 Reference Reference

>140 1.684 (1.133–2.502) 0.010 2.311 (1.463–3.651) <0.001

CSS, cancer-specific survival.

and CSS independent prognostic factors were significantly 
lower than those of the OS and CSS nomograms at 1, 2, and 
3 years (see Figure 5A,B,C,D,E,F). The calibration curves for 
OS (see Figure 6A,B,C) and CSS (see Figure 6D,E,F) showed 
optimal consistency between the predicted and observed 
survival probabilities. 

Risk classification systems for OS and CSS

High-risk and low-risk groups were defined based on the 
best cut-off scores of 0.6517, 0.9075, 0.9728, and 1.3887 in 
the OS training set, the CSS training set, the OS validation 
set, and the CSS validation set, respectively. The Kaplan-
Meier survival analysis showed that both OS and CSS in 
the training set and the validation set differed between the  
2 groups [P<0.001 (log-rank test); see Figure 7].

The web-based nomogram

We further visualized the nomogram and created web 
versions for OS (https://wenn23.shinyapps.io/lmslmosapp/) 
and CSS (https://wenn23.shinyapps.io/lmslmcssapp/). The 
survival curve and the probability of the LMS patients 
with lung metastasis can be displayed by selecting the 
corresponding clinical features and follow-up time on the 
left side of the web interface (see Figure 8A). For example, 
the OS of a LMS patient with lung metastasis whose 
basic information includes that the patient is 50 years old, 
has uterine LMS, is married, is in T2 stage, has a tumor  
40 mm in size, has not undergone surgery, has not undergone 
chemotherapy, and has no bone metastasis can be predicted. 
Figure 8B shows the patient’s survival curve. The 1-year (see 
Figure 8C, black), 2-year (see Figure 8C, blue), 3-year (see 
Figure 8C, red) survival probability and 95% confidence 

https://wenn23.shinyapps.io/lmslmosapp/
https://wenn23.shinyapps.io/lmslmcssapp/
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Figure 2 Nomogram. Nomograms predicting 1-, 2-, and 3-year overall survival (OS) (A) and cancer-specific survival (CSS) (B). OS, overall 
survival, CSS, cancer-specific survival.

A

B
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Figure 3 ROC curves. ROC curves for predicting 1-year (A), 2-year (B), and 3-year (C) OS in the training cohort; ROC curves for 
predicting 1-year (D), 2-year (E), and 3-year (F) CSS in the training cohort. The time-dependent ROC curves of the nomograms for OS (G) 
and CSS (H) in the training cohort. AUC, area under the curve; ROC, receiver operating characteristic; OS, overall survival; CSS, cancer-
specific survival. 
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interval (CI) can also be seen. Additionally, a specific 
numerical summary was produced to increase prediction 
accuracy (see Figure 8D). The CSS of a LMS patient with 
lung metastasis can be predicted in the same way.

Discussion

LMS is considered an aggressive soft tissue sarcoma (15). 

Previous research has shown that 30% of LMS patients 
are prone to distant organ metastasis, and the most 
frequently occurring metastatic organ is the lung (16-18). 
LMS unresectable, lung malfunction, multiple metastases 
may lead to a worse prognosis for LMS patients with lung 
metastasis (19,20). There is evidence that the median 
survival time of LMS patients with lung metastasis is  
15 months (16-18). Thus, precise forecasts of the survival 
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Figure 4 Calibration curves. Calibration curves of the nomogram for the 1-year (A), 2- year (B), and 3-year (C) OS prediction of the 
training cohort. Calibration curves of the nomogram for the 1-year (D), 2-year (E), and 3-year (F) CSS prediction of the training cohort. 
OS, overall survival; CSS, cancer-specific survival.
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rates of LMS patients with lung metastasis is essential if 
clinicians are to make effective medical decisions. The 
nomogram is a visualization tool for oncology-related 
prediction that can help clinicians to make individualized 
survival predictions and offer personalized treatments 
(21,22). However, previously, no nomogram for predicting 
OS and CSS in LMS patients with lung metastasis existed. 
Thus, we developed 2 web-based nomograms to predict OS 
and CSS in LMS patients with lung metastasis. Each of the 
developed nomograms, supported by a calibration curve and 
a ROC curve, predicted survival rates well. Previously, Xue 
analyzed the prognosis of soft tissue LMS patients using 
nomograms (3). However, the present study was the first 
to develop 2 web-based nomograms for LMS patients with 
lung metastasis to predict OS and CSS. The web-based 
nomogram can produce a target patient's prognosis by 
entering independent prognostic factors with single mouse 
click. Compared to traditional nomogram that can only 
predict the prognosis for certain time periods, such as one-, 
two-, and three-years, web-based nomogram can accurately 
predict the prognosis for patients at any time in the smallest 
unit of months. Therefore, our web-based nomograms are 
more accurately grouped to better capture heterogeneity 
between patients. Further, our comprehensive prediction 
model is more sensitive than separate clinicopathological 

features, such as, age, chemotherapy, and surgery. 
Additionally, a patient’s survival curve can be displayed on 
the web page by selecting the corresponding parameters.

In the present study, age, T stage, bone metastasis, 
surgery, chemotherapy, marital status, tumor size, and 
tumor site were found to be correlated with OS. While age, 
bone metastasis, surgery, chemotherapy, tumor size, and 
tumor site were found to be correlated with CSS. Gronchi 
and Krikelis's study concluded that an increase in age was 
related to a decrease in the survival rates of LMS patients 
(23,24). Similarly, our study found that patients aged over 
55 and 75 years old had worse OS and CSS rates. In relation 
to malignant tumors, larger and higher grade tumors 
often indicate that the tumor is more difficult to remove 
completely (25). Our study further showed that tumors 
larger than 140 mm were associated with poor prognoses.

Our nomograms also showed the prognostic effects 
of different treatment regimens. Appropriate surgery can 
affect the prognosis of LMS patients with lung metastasis 
[P value (OS, CSS) <0.01]. Chemotherapy was also found 
to be a prognostic factor (P value (OS, CSS) <0.05), but 
radiotherapy was not [P value (OS) =0.538, P value (CSS) 
=0.901]. Consistent with other research (26), our nomograms 
predicted higher survival rates in patients who had 
undergone chemotherapy and surgery. However, risk scores 
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for different treatments are not recommended as a direct 
basis for treatment selection, as clinical treatments need to 
be determined based on a variety of factors, including factors 
related to a patient’s imaging results and condition.

Lamm showed that uterine LMS had a worse prognosis 
than none-uterine LMS (4). Similarly, we found the patients 
whose primary site was in the uterus had a worse prognosis 

than primary site was in soft tissue and retroperitoneum. 
Previous studies have shown that the reason for the poor 
prognosis of uterine LMS is related to its late diagnosis, 
and negative clinical features (27,28). Notably, marital 
status was also related to the prognosis of LMS patients 
with lung metastasis, such that unmarried patients had a 
worse prognosis than married patients. This variable was 

Figure 5 ROC curves. ROC curves for predicting 1-year (A), 2-year (B), and 3-year (C) OS in the validation cohort; ROC curves for 
predicting 1-year (D), 2-year (E), and 3-year (F) CSS in the validation cohort. The time-dependent ROC curves of the nomograms for OS (G) 
and CSS (H) in the validation cohort. AUC, area under the curve; ROC, receiver operating characteristic; OS, overall survival; CSS, cancer-
specific survival.
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Figure 6 Calibration curves. Calibration curves of the nomogram for the 1-year (A), 2- year (B), and 3-year (C) OS prediction of the 
validation cohort. Calibration curves of the nomogram for the 1-year (D), 2-year (E), and 3-year (F) CSS prediction of the validation cohort. 
OS, overall survival; CSS, cancer-specific survival.

Figure 7 Kaplan-Meier survival analysis. Patients with a high risk score demonstrated a worse prognosis than those with a low-risk score 
in the training cohort for OS of LMS with lung metastasis (A), for CSS of LMS with lung metastasis (B), and the validation cohort for OS 
of LMS with lung metastasis (C), and for CSS of LMS with lung metastasis (D). OS, overall survival; CSS, cancer-specific survival; LMS, 
Leiomyosarcoma.
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Figure 8 Operation interface of nomogram on web page. After entering a patient’s age (≤55, 56–75, or ≥76, years), T stage (T1–2 or 
T3–4), chemotherapy (yes or no), surgery (yes or no), marital status (yes or no), bone metastasis (yes or no), site (uterus, soft tissue, or 
retroperitoneum), size (≤140 or >140, mm) on the web, a clinician can ascertain a patient’s OS (A), survival probability (B), graphical 
summary predicting 1-year (black), 2-year (blue), and 3-year (red) OS and 95% CIs (C), and a numerical summary showing the actual values 
of probability and 95% CIs (D). OS, overall survival; CI, confidence interval.

not examined in previous studies. In our opinion, malignant 
tumor patients obtain psychological and financial support 
from their families after marriage, which has survival 
benefits (29). Previous studies have confirmed that lymph 
node metastasis (LNM) often results in a poor prognosis 
for LMS patients (30,31). Our study emphasized that 
LNM is not a prognostic factor for LMS patients with lung 
metastasis. The high T grade indicates the poor prognosis. 
Our study also found that patients’ prognoses were worse 
when multiple metastases occurred.

In addition to our nomogram not being 100% accurate, 
our research also had a number of limitations. First, in order 
to minimize the statistical bias, we adopted strict inclusion 
and exclusion criteria, and the selected cases were randomly 
included into training cohort and validation cohort. 
However, as a retrospective study, statistical bias cannot be 
avoided. Second, due to the irresistible absence of variables 
from the SEER database, we only included patients who 

had been diagnosed with LMS from 2010 to 2016. We 
believe that a longer time range and larger sample size 
could help to improve the practicability and accuracy of our 
model. Third, due to the insufficient number of end events 
among patients with other histological types in the SEER 
database, all LMS patients in this study had an ICD-O-3 
histological type of 8890. Finally, due to limitations in 
collecting variables and data, the nomograms only provide a 
relative reference for clinicians.

Conclusions

We developed, validated, and visualized 2 web-based 
nomograms (OS: https://wenn23.shinyapps.io/lmslmosapp/) 
(CSS: https://wenn23.shinyapps.io/lmslmcssapp/) for LMS 
patient with lung metastasis. Despite some defects, these 
nomograms have reference value for clinicians and patients. 
In conclusion, the web-based nomograms showed that the 
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prognosis of LMS patients with lung metastasis correlated 
with a worse prognosis if the patients were older in age, had 
a primary tumor larger than 140 mm, had a primary tumor 
located in the uterus, had bone metastasis, and had not 
undergone surgery or chemotherapy. 
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