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A B S T R A C T   

Considering the rarity and aggressive nature of retroperitoneal leiomyosarcoma (RLMS), several 
prognostic factors might contribute to the cancer-specific mortality of these patients. This study 
aimed to construct a competing risk-based nomogram to predict cancer-specific survival (CSS) for 
patients with RLMS. In total, 788 cases from the Surveillance, Epidemiology, and End Results 
(SEER) database (2000–2015) were included. Based on the Fine & Gray’s method, independent 
predictors were screened to develop a nomogram for predicting 1-, 3-, and 5-year CSS. After 
multivariate analysis, CSS was found significantly associated with tumor characteristics (tumor 
grade, size, range), as well as surgery status. The nomogram showed solid prediction power and 
was well calibrated. Through decision curve analysis (DCA), a favorable clinical utility of the 
nomogram was demonstrated. Additionally, a risk stratification system was developed and 
distinctive survival between risk groups was observed. In summary, this nomogram showed a 
better performance than the AJCC 8th staging system and can assist in the clinical management of 
RLMS.   

1. Introduction 

Retroperitoneal sarcomas (RPS) account for 10%–15% of all soft tissue sarcomas with high heterogeneity and different oncologic 
outcomes [1]. For decades, over 50 histological types of RPS have been acknowledged and each exhibits variable biological charac-
teristics [2,3]. Patients with retroperitoneal leiomyosarcoma (RLMS) are exposed to increased cancer-specific death (CSD) and 
decreased cancer-specific survival (CSS) due to its aggressive and invasive behavior [4]. 

Surgical resection under the management of a multidisciplinary team remains the cornerstone of its treatment [5–7]. Although the 
local recurrence rate of RLMS ranges from 6% to 10% five years after surgery, its distant recurrence rate is as high as 50% [2,8]. For 
advanced or metastatic leiomyosarcomas (LMS), a first-line chemotherapy regimen based on anthracycline (Doxorubicin or Epirubicin) 
displayed certain efficacy in the clinical setting [9,10]. The combination of Gemcitabine and Docetaxel or Gemcitabine alone has also 
shown encouraging efficacy but higher toxicity in LMS [9,11]. However, lacking definitive evidence, the benefit of chemotherapy for 
LMS in the retroperitoneum site is still controversial. Several studies even noticed a worse survival outcome while using perioperative 
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chemotherapy in RLMS [12,13]. Other non-surgical therapies, such as radiotherapy and immunotherapy, have failed to improve the 
prognosis of RLMS patients in clinical trials known as STRASS I, STREXIT, and SARC028 [14–16]. Therefore, the prognosis of RLMS 
patients remains poor, even though multiple treatments have been utilized. 

Previous studies have identified risk factors, such as histology, tumor size, grade, surgery, and metastasis status, to predict the 
prognosis of patients with RPS [17,18]. However, nomograms to predict the probability of CSS for RLMS patients have not yet been 
constructed. Compared with traditional Cox analysis, the Fine & Gray method [19] is more accurate in survival analysis for considering 
the existence of competing events and has been applied in various tumors, including retroperitoneal liposarcoma [20,21]. 

The Surveillance, Epidemiology, and End Results (SEER) database is publicly available and includes 18 cancer registries in the 
United States, covering around 28% of the national population [22]. Considering the rarity of RLMS, the SEER database provides an 
ideal basis and long-term follow-up data for research on this disease. Based on this large-population database, our study aimed to 
establish a competing risk-based nomogram to obtain unbiased estimates of CSS for RLMS. 

2. Materials and methods 

2.1. Study design and data collection 

Data for patients diagnosed with RLMS were obtained from the SEER Research Plus Data, 18 Registries, Nov 2020 Sub 
(2000–2018). Inclusion criteria: (1) the primary site was C48.0 (retroperitoneum); (2) the ICD-O-3 was coded as leiomyosarcoma 
(8890/3, 8891/3, 8893/3, 8896/3); (3) “Year of diagnosis” was set from 2000 to 2015. Exclusion criteria: (1) patients without positive 
histology; (2) survival time less than 1 month; (2) missing/unknown information on tumor range, tumor size, lymph node, surgery 
status, and cause of death. A total of 788 cases diagnosed with RLMS were enrolled in the final cohort (Fig. 1), with all patients over 18 
years old. Since the database is publicly available and patient data are de-identified, this study was exempt from approval by our 

Fig. 1. Flowchart of the inclusion and exclusion process.  
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hospital review board. 

2.2. Variable definitions 

We extracted demographic information (age, sex, race, marital status), as well as tumor characteristics (grade, tumor size, tumor 
range), treatments (surgery, radiotherapy, chemotherapy), survival information, and cancer-specific death for each included patient. 
Stratification for continuous variables was conducted according to median age (≤60 vs. >60 years old) and median tumor size (≤10 cm 
vs. > 10 cm). Other categorical variables included marital status (married, no/unknown), race (White, Black, others), grade (I/II, III/ 
IV, Unknown), tumor range (localized, regional, distant), surgery status (yes, no), radiation (yes, no/unknown), and chemotherapy 
(yes, no/unknown). Deaths from RLMS and competing risks were defined as cancer-specific death (CSD) and non-cancer-specific death 
(NCSD), respectively. The primary outcome of this study was cancer-specific survival (CSS), which was recorded as “Dead (attribute to 
this cancer dx)” in the SEER cause-specific death classification. 

To compare our nomogram with the AJCC 8th staging system, the AJCC tumor stage for each patient was derived from tumor size 
(T1/2/3/4), lymph node metastasis (N0/1), distant metastasis (M0/1) and histologic grade (GX/1/2/3). The detailed staging system 
can be found in the NCCN guideline for retroperitoneal soft tissue sarcomas (2017 version). 

Table 1 
Demographic and clinicopathologic characteristics of RLMS patients.  

Characteristic Category Training set (N = 551) Validation set (N = 237) Overall (N = 788) P-value 

Age, years Mean (SD) 62.1 (13.7) 60.8 (14.1) 61.7 (13.8) 0.274  
Age ≤ 60 247 (44.8%) 117 (49.4%) 364 (46.2%)   
Age > 60 304 (55.2%) 120 (50.6%) 424 (53.8%)  

Sex     0.485  
Female 387 (70.2%) 173 (73.0%) 560 (71.1%)   
Male 164 (29.8%) 64 (27.0%) 228 (28.9%)  

Race     0.975  
Black 95 (17.2%) 41 (17.3%) 136 (17.3%)   
White 402 (73.0%) 174 (73.4%) 576 (73.1%)   
Other 54 (9.8%) 22 (9.3%) 76 (9.6%)  

Marital status     0.332  
No/Unknown 245 (44.5%) 115 (48.5%) 360 (45.7%)   
Yes 306 (55.5%) 122 (51.5%) 428 (54.3%)  

Tumor grade     0.931  
I/II 161 (29.2%) 72 (30.4%) 233 (29.6%)   
III/IV 275 (49.9%) 115 (48.5%) 390 (49.5%)   
Unknown 115 (20.9%) 50 (21.1%) 165 (20.9%)  

Tumor size, cm     0.090  
≤10 262 (47.6%) 129 (54.4%) 391 (49.6%)   
>10 289 (52.5%) 108 (45.6%) 397 (50.4%)  

AJCC.8th. T stage     0.308  
T1 65 (11.8%) 36 (15.2%) 101 (12.8%)   
T2 197 (35.8%) 93 (39.2%) 290 (36.8%)   
T3 146 (26.5%) 55 (23.2%) 201 (25.5%)   
T4 143 (26.0%) 53 (22.4%) 196 (24.9%)  

Lymph node metastasis     0.091  
No 517 (93.8%) 230 (97.0%) 747 (94.8%)   
Yes 34 (6.2%) 7 (3.0%) 41 (5.2%)  

Tumor range     0.477  
Localized 235 (42.6%) 110 (46.4%) 345 (43.8%)   
Regional 210 (38.1%) 89 (37.6%) 299 (37.9%)   
Distant 106 (19.2%) 38 (16.0%) 144 (18.3%)  

AJCC.8th. Tumor stage     0.059  
I 116 (21.1%) 54 (22.8%) 170 (21.6%)   
II 28 (5.1%) 23 (9.7%) 51 (6.5%)   
III 319 (57.9%) 131 (55.3%) 450 (57.1%)   
IV 88 (16.0%) 29 (12.2%) 117 (14.8%)  

Surgery     0.336  
No 96 (17.4%) 34 (14.3%) 130 (16.5%)   
Yes 455 (82.6%) 203 (85.7%) 658 (83.5%)  

Radiation     0.431  
No/Unknown 355 (64.4%) 145 (61.2%) 500 (63.5%)   
Yes 196 (35.6%) 92 (38.8%) 288 (36.5%)  

Chemotherapy     0.0612  
No/Unknown 388 (70.4%) 182 (77.2%) 571 (72.5%)   
Yes 163 (29.6%) 54 (22.8%) 217 (27.5%)   

Q. Fang et al.                                                                                                                                                                                                           



Heliyon 9 (2023) e16867

4

2.3. Development and validation of the prognostic nomogram 

The total cohort (n = 788) was randomly divided into the training set (n = 551) and the validation set (n = 237) at a ratio of 7:3. 
The training set was used to screen prognostic factors to generate the nomogram, whereas the validation set was used to verify the 
performance of the nomogram. The cumulative incidence function (CIF) was used to evaluate the overall incidence of CSD and NCSD, 
as well as the incidence for each single variable in the training cohort. After univariate and multivariate analysis, four predictors with 
significance (p < 0.05) were incorporated to develop a nomogram for predicting 1-, 3- and 5-year CSS. To further validate its predictive 
power, the following procedures were performed both in the training and validation cohorts. First, the receiver-operating charac-
teristic (ROC) curve and area under the curve (AUC) were conducted to estimate the discriminatory ability of the established model 
and the AJCC 8th staging system. Next, the concordance of predicted probability and actual rate of CSS was further evaluated by 
calibration plots. Decision curve analysis (DCA) was carried out to illustrate the clinical utility of the nomogram. Eventually, by using 
the X-tile software (version 3.6.1), a risk stratification system using the Kaplan–Meier method with the log-rank test was developed to 
present the survival distinction between risk groups. 

Table 2 
Univariate and multivariate competing risk analysis of cancer-specific mortality for patients with RLMS.  

Characteristic Category Univariate analysis Multivariate analysis 

SHR† (95% CI*) P-value SHR† (95% CI*) P-value 

Age, years Mean (SD)      
Age ≤ 60 Reference     
Age > 60 0.974 (0.777–1.220) 0.820   

Sex       
Female Reference     
Male 0.905 (0.697–1.180) 0.450   

Race       
Black Reference     
White 0.775 (0.574–1.050) 0.096    
Other 1.061 (0.698–1.610) 0.780   

Marital status       
No/Unknown Reference     
Yes 0.855 (0.680–1.070) 0.180   

Tumor grade       
I/II Reference  Reference   
III/IV 1.830 (1.398–2.410) <0.001*** 1.766 (1.525–2.045) <0.001***  
Unknown 1.270 (0.898–1.790) 0.180 1.040 (0.861–1.258) 0.834 

Tumor size, cm       
≤10 Reference  Reference   
>10 1.910 (1.510–2.410) <0.001*** 1.745 (1.541–1.977) <0.001*** 

AJCC.8th.T stage       
T1 Reference     
T2 1.330 (0.848–2.090) 0.210    
T3 2.240 (1.427–3.520) <0.001***    
T4 2.530 (1.611–3.980) <0.001***   

Lymph node metastasis       
No Reference     
Yes 1.530 (0.961–2.440) 0.073   

Tumor range       
Localized Reference  Reference   
Regional 1.470 (1.130–1.920) 0.004 ** 1.392 (1.211–1.600) 0.018*  
Distant 3.000 (2.210–4.070) <0.001*** 2.488 (2.077–2.979) <0.001*** 

AJCC.8th. Tumor stage       
I Reference     
II 1.02 (0.525–1.990) 0.950    
III 1.76 (1.263–2.450) <0.001***    
IV 4.04 (2.709–6.030) <0.001***   

Surgery       
No Reference  Reference   
Yes 0.490 (0.360–0.667) <0.001*** 0.443 (0.374–0.524) <0.001*** 

Radiation       
No/Unknown Reference     
Yes 0.901 (0.715–1.130) 0.370   

Chemotherapy       
No/Unknown Reference  Reference   
Yes 1.730 (1.370–2.190) <0.001*** 1.100 (0.9543–1.269) 0.502 

†SHR: subdistribution hazard ratio. 
*CI: confidence interval. 
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2.4. Statistical analysis 

R software (version 4.1.0, www.R-project.org) was applied to perform all analyses with the R packages “rms”, “cmprsk”, “survi-
miner”, “mstate”, “riskRegression”, and “dcurves”. All categorical variables are described as frequency and percentage, which were 
compared through the χ2 test and Fisher’s exact test. The incidence of CSD was assessed by the Gray’s test and plotted as the CIF 
curves. Factors with statistical significance in the multivariate competing risk regression were incorporated to establish a nomogram 
for predicting 1-, 3-, and 5-year CSS. All calculated P values were bilateral with significance set at p < 0.05. 

Fig. 2. Nomogram to predict 1-, 3- and 5-year cancer-specific survival in patients with RLMS (A). Receiver-operating characteristic curves (ROCs) 
and area under the curves (AUCs) of the nomogram and the AJCC 8th Staging system for predicting cancer-specific survival at 1-, 3-, and 5-year in 
training (B) and validation (C) cohorts respectively. Calibration plots at 1-, 3-, and 5- year (D) in the training cohort and 1-, 3-, and 5- year (E) in the 
validation cohort. 

Q. Fang et al.                                                                                                                                                                                                           

http://www.R-project.org


Heliyon 9 (2023) e16867

6

3. Results 

3.1. Patient characteristics and cancer-specific death of RLMS 

The general demographic and clinical variables are summarized in Table 1. Overall, 788 patients histologically diagnosed with 
RLMS were enrolled in the study and randomly divided into the training set (n = 551) and the validation set (n = 237). No significant 
difference was found between the two cohorts. Among all patients, their mean age was 61 years old at diagnosis (interquartile range: 
52–72 years old) with females accounting for 70.2%. Most patients received surgery treatment (83.5%). The median follow-up time 
was 44 months (interquartile range: 18–90 months). By the last follow-up, 578 deaths (73.4%) were observed, with 412 CSD (52.3%) 
and 166 NCSD (21.1%) from RLMS, indicating that NCSD also contributed a great part to the outcome of RLMS. In addition, a 
distinction in the overall cumulative incidence between CSD and NCSD was displayed in a CIF plot, which showed a greater difference 
with a longer survival time (Fig. S1A). During the follow-up period, the 5-year CIF for CSD and NCSD were 56.6% and 20.2%, 
respectively; the 10-year CIF were 67.6% and 26.1%, respectively. 

3.2. Screening of independent prognostic factors 

Subsequently, the CIF curves were plotted according to different patient characteristics (Figure S1B–K). Five factors, including 
higher grade (III/IV), larger tumor size (>10 cm), distant tumor range, chemotherapy, and no surgery status, were found significantly 
correlated with increased incidence of CSD through univariate analysis. Only age and race were found related to the growing incidence 
of NCSD. Finally, after adjustment for potential confounders and consideration for clinical practice, five factors significant in uni-
variate analysis were included in the multivariable analysis of CSS (Table 2). Regarding the AJCC 8th T stage, the analysis showed no 
difference between T1 (tumor size ≤ 5 cm) and T2 (5 cm < tumor size ≤ 10 cm). Meanwhile, no distinction was observed between 
AJCC 8th tumor stage I and II. 

3.3. Development and validation of a prognostic nomogram for RLMS 

Multivariate Fine & Gray’s model was employed to identify predictors of CSS in the training cohort. Cause-specific mortality was 
found to correlate with tumor characteristics (grade, tumor range, tumor size), and surgery status, which were incorporated to develop 
a prognostic nomogram for predicting the 1-, 3-, and 5-year probability of CSS (Fig. 2A). Chemotherapy was finally ruled out after 
multivariate analysis. The ROC curves and AUCs for the prediction of 1-, 3- and 5-year CSS of our nomogram in the training cohort 
(0.755, 0.756, 0.736) and in the validation cohort (0.752, 0.751, 0.697) were shown in Fig. 2B and C, demonstrating the robustness of 
our model. Compared with the AUCs of the AJCC 8th staging system at 1-, 3-, 5-year (0.623, 0.657, 0.667 in the training cohort; 0.590, 
0.648, 0.639 in the validation cohort), our nomogram showed higher AUCs. Calibration plots in Fig. 2D and E displayed good 

Fig. 3. Decision curve analysis for (A) 1-year net benefit in training cohort; (B) 3-year net benefit in training cohort; (C) 5-year net benefit in 
training cohort; (D) 1-year net benefit in validation cohort; (E) 3-year net benefit in validation cohort; (F) 5-year net benefit in validation cohort. 
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coherence between the predicted probability and the actual incidence of CSS. Hence, our prognostic nomogram showed good net 
benefits at different time points both in training cohort [Fig. 3(A–C)] and validation cohort [Fig. 3D–F] according to the DCA curves. 

3.4. Risk stratification for CSS in patients with RLMS 

The nomogram score for each patient was calculated by summing the corresponding point of the four predictors (Table S1) and cut 
by 100 and 184 using the X-tile software (Fig. S2). According to the cancer-specific mortality risk, RLMS patients were then assigned to 
three risk subgroups: low (<100), middle (100–184), and high (>184) risk groups. In both the training and validation cohorts, Kaplan- 
Meier survival analysis showed significant discrimination between these subgroups. (Fig. 4A and B, p < 0.001). However, as shown in 
Fig. 4C and D, the AJCC 8th staging system had limited ability to distinguish patients with different tumor stages, particularly stage I 
and II. 

4. Discussion 

Previous studies preferred to mix different histological subtypes of RPS due to their rarity. Nevertheless, RPS should not be treated 
as a single homogeneous disease because of its diverse histology [1,2,18]. Increasing evidence supports that nomograms outperform 
traditional AJCC staging system in survival prediction for RPS [23,24]. The limitation of AJCC staging system mainly results from the 
neglect of histological differences and treatment regimens, which could be overcome by constructing a RLMS-specific nomogram and 
risk stratification. 

Among all 578 deaths in this study, 28.7% occurred due to causes other than RLMS, which accounts for a great part of total deaths. 
To avoid overestimating the risk of disease-related deaths, Fine & Gray’s method was employed to develop our nomogram for pre-
dicting CSS of RLMS, which was also applied by Nazzani et al. for surgically treated RPS [4] and Li et al. for retroperitoneal 

Fig. 4. Kaplan–Meier cancer-specific survival analysis of RLMS patients in low, middle, and high-risk groups according to the nomogram score in 
the training (A) and validation (B) cohorts. Kaplan–Meier cancer-specific survival analysis of RLMS patients stratified by the AJCC 8th Staging 
system in the training (C) and validation (D) cohorts. 
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liposarcoma [20]. After univariate analysis of CSS, five predictors with significance were identified, including grade, tumor size, tumor 
range, chemotherapy and surgery status. However, chemotherapy was excluded after multivariate analysis. 

Consistent with previous studies, RLMS patients with larger tumor size (>10 cm) and higher tumor grade (III/IV) had poor survival 
outcomes [25,26]. Results showed that the threshold 5-cm of the AJCC 8th T1/T2 has limited predictive value for RLMS patients, while 
10-cm is more applicable. Surgical resection has been widely regarded as the mainstay therapy for all subtypes of RPS, which is also 
proven as a favorable factor for the CSS of RLMS in the study. Regardless of whether the tumor was primary or recurrent, patients with 
RLMS who underwent surgery had better outcomes than those who did not [27]. 

Since the occurrence and organ specificity of metastasis depends highly on tumor histology, RLMS preferred metastasis to distant 
organs (especially liver and lung), which largely contributes to decreased cancer-specific survival [28]. Likewise, patients in our study 
with distant tumor range were exposed to the highest risk of CSD, indicating a great importance of early diagnosis and treatment of 
RLMS. Although surgical margin status is not available in the SEER database, patients who have regional tumor range (invasion of 
adjacent structures) are more likely to have residual disease after resection, which has been emphasized in previous studies [29,30]. 
Lymph node metastasis (6.2%) is a rare-seen event and has no effect on CSS in RLMS as a result. 

Several studies including randomized trials—STRASS-I (NCT01344018) and STREXIT have denied the benefit of preoperative 
radiotherapy for RLMS [14,15]. Likewise, radiotherapy was not a prognostic factor for RLMS in our study. Although showed certain 
efficacy in a group of RLMS patients, chemotherapy was found to have no influence on CSS after multivariate analysis. Further 
investigation showed the baseline difference that RLMS patients under 60 with advanced (Tumor grade: III/IV, Stage IV), metastatic 
(Tumor range: distant), and unresectable disease are more likely to receive chemotherapy (Table S2), which is consistent with clinical 
practice [9,10]. Thus, the univariate outcome of chemotherapy could be well explained by the late stage of the disease itself. Besides, to 
further investigate the role of preoperative chemotherapy in RLMS, a clinical trial-STRASS-II (NCT04031677) is now ongoing. 

Despite the strong predictive power of the nomogram, our research has certain limitations. Firstly, although our study contains the 
largest population of RLMS patients, selection bias may exist due to the exclusion of patients with incomplete information and the 
retrospective nature of the SEER database. Secondly, there is room to further improve the nomogram due to limited variables in the 
SEER database. Lack of variables like recurrence, surgical margin, and multifocality of tumor deposits may result in the neglect of 
potential predictive value of these factors [29,31,32]. Moreover, adjuvant treatment regimens vary across centers and detailed in-
formation on them is not available, such as the dose and modality of adjuvant therapy. Thus, we only provide general information on 
the effect of chemotherapy and radiotherapy on RLMS patients. Lastly, it is necessary to estimate the dependability of our nomogram in 
an external cohort and further compare its efficacy with well-established nomograms. Given the rarity of RLMS, we will validate and 
optimize our nomogram in prospective clinical studies. Thus, this nomogram is only a guide for clinical decision-making and patient 
consultation on survival information. 

5. Conclusions 

In this study, a competing risk-based nomogram was constructed to predict the 1-, 3-, and 5-year CSS for RLMS patients. This 
individualized nomogram performs better than the AJCC 8th Staging system and can assist in the clinical management of RLMS, while 
external validation is needed. 
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