
Received:  2020.01.09
Accepted:  2020.01.24

Available online:  2020.02.13
Published:  2020.04.09

  2556      3      5      36

Construction and Validation of Nomograms 
for Predicting the Prognosis of Uterine 
Leiomyosarcoma: A Population-Based Study

	 ABCDEF	 Yue Meng
	 ACDF	 Yuebo Yang
	 ACDF	 Yu Zhang
	 ADG	 Xiaomao Li

	 Corresponding Author:	 Xiaomao Li, e-mail: lixmao@mail.sysu.edu.cn
	 Source of support:	 Departmental sources

	 Background:	 Uterine leiomyosarcoma (uLMS) is a rare female malignancy with poor survival rates. The objective of this study 
was to construct prognostic nomograms for predicting the prognosis of women with uLMS.

	 Material/Methods:	 Patients with uLMS diagnosed between 2004 and 2015 were identified in the Surveillance, Epidemiology, and 
End Results (SEER) database. The essential clinical predictors were identified via univariate and multivariate 
Cox analysis models. Nomograms were constructed to predict the 3- and 5-year cancer-specific survival (CSS) 
and overall survival (OS) rates. Concordance index (C-index) and calibration plots were constructed to validate 
the predictive performance of nomograms.

	 Results:	 We enrolled 1448 patients with uLMS from the SEER database, with 1016 categorized into a training set and 
432 categorized into a validation set. In multivariate analysis of the training set, predictors including age, dis-
ease stage, histological grade, tumor size, and surgery type were found to be associated with OS and CSS. Race 
and chemotherapy were only associated with OS. Construction of nomograms based on these predictors was 
performed to evaluate the prognosis of uLMS patients. The C-index and calibration curves also showed the 
satisfactory performance of these nomograms for prediction of prognosis.

	 Conclusions:	 The developed nomograms are useful tools for precisely analyzing the prognosis of uLMS patients, which could 
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Background

Uterine sarcomas are a series of rare, aggressively malignant 
diseases that accounts for only 3–7% of all uterine cancer 
cases [1,2]. They have various clinical courses and outcomes 
due to their histopathological diversity [3]. uLMS is the most 
common histological subtype of uterine sarcoma, accounting 
for approximately 30–70% of all cases [4]. The annual inci-
dence of uLMS is low, at 0.36 per 100 000 women; however, 
it causes a significant proportion of all uterine cancer deaths [5]. 
uLMS is characterized by hematogenous metastasis and has a 
high recurrence rate of 45–71% [6,7]. Current treatments for 
uLMS are hysterectomy-based surgery, along with chemother-
apy and/or radiotherapy for local recurrent control, and a new 
novel targeted immunotherapy [8]. The survival rate of uLMS 
remains poor, even when the disease is restricted to the uter-
us at the time of diagnosis [2,9]. The 5-year overall survival 
(OS) is estimated at 25–76% for local disease and 10–15% for 
metastatic disease [10].

There have been inconsistent reports of the predictive fac-
tors regarding patient age, race, tumor grade, clinical stage, 
tumor size, mitotic rate, vascular invasion, and treatment 
patterns [10–13]. However, the survival rate is affected by 
many variables, and few studies have incorporated all prog-
nostic predictors to forecast the survival probability of pa-
tients with uLMS.

Nomograms are convenient predictive tools used to calculate 
the prognosis for many diseases by integrating several risk 
factors [14]. They have been widely used in many malignant 
cancers and are proven to be accurate [15,16]. In the present 
study, the clinical characteristics of uLMS patients were ac-
quired from the SEER database from 2004 to 2015. The SEER 
database collects cancer information of 18 registries in the 
USA and accounts for approximately 28% of the USA popula-
tion, which offers considerable data for detailed analysis [17]. 
Therefore, we performed an analysis of uLMS patients and 
constructed accurate prognostic nomograms for uLMS. We 
also sought to determine whether this model is reliable and 
which clinical characteristics are predictors for prognosis of 
patients with uLMS.

Material and Methods

Data source and patient selection

Study data were collected from the SEER database released 
on April 15, 2019, using SEER*Stat software (version 8.3.6; 
National Cancer Institute, USA). Since all patient information 
derived from the SEER database is publicly available online, 
this study was exempted from the requirement for approval 

by our Institutional Review Board. We had access to the SEER 
program information after obtaining permission from the US 
National Cancer Institute (username number: 17620-Nov2018).

The inclusion criteria were: (1) identified as leiomyosarcoma 
with ICD-O-3/WHO 2008 histology codes (8890, 8891, 8896); 
(2) tumor anatomic site codes (C54.0-C54.3, C54.8-54.9, C55.9); 
and (3) diagnosed between 2004 and 2015. The exclusion cri-
teria were: (1) multiple primary cancers and (2) clinical infor-
mation missing or unknown.

Prognostic variables

Prognostic factors were abstracted from the SEER program on 
uLMS patients, including age at diagnosis, race, year of diagno-
sis, tumor grade, American Joint Committee on Cancer (AJCC) 
stage, tumor size, treatment strategy, vital status, cause of 
death, and survival time (months).

We used the X-tile program (Yale University, New Haven, USA) 
to determine optimal cut-off points. Then, patient age was clas-
sified into 3 subgroups: <51 years, 51–58 years, and >58 years 
(Figure1). Tumor size was classified as <70 mm, 70–140 mm, 
and >140 mm. Treatment strategy included surgery type, lymph-
adenectomy, radiotherapy, and chemotherapy. The definition 
of OS was the time from diagnosis to death for any reason, 
and CSS was the time from diagnosis to death due to uLMS. 
Patients were censored if alive at the last follow-up.

Statistical analysis

All qualified uLMS patients were randomly assigned to a train-
ing set and a validation set in a 7: 3 split ratio. The chi-square 
test was performed to compare the demographics and clini-
cal statistics between the 2 sets. Survival analysis of different 
subgroups was performed using Kaplan-Meier curves. Based 
on Cox proportional-hazard regression models, we performed 
univariate and multivariate analysis to identify the prognos-
tic variables.

Prognostic nomograms were constructed by combining all 
these predictors to predict 3- and 5-year OS and SCC. To vali-
date these nomograms, we performed measurements both in-
ternally and externally. We used the C-index to assess the dis-
crimination ability of the developed nomograms. A C-index of 
0.5 indicates poor discrimination ability and 1.0 indicates ex-
cellent discrimination ability [18]. The calibration plots were 
applied using a bootstrap approach with 1000 resamples to 
show the consistency between observation and prediction.

SPSS software (version 21.0; IBM Corporation, NY, USA) and 
R software (version 3.6.1) were used to perform all statistical 
analyses. P value <0.05 was deemed statistically significant.
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Results

Patients baseline information

Using the inclusion criteria, a total of 1448 eligible patients 
extracted from the SEER database were enrolled in this study. 
Then, they were classified into the training set (n=1016) and 
the validation set (n=432) (Table 1). There were no statistically 
significant differences in the demographic and clinical charac-
teristics between the 2 sets. We found 38.0% of patients di-
agnosed with uLMS were under 51 years old and 71.0% were 
white. Regarding tumor features, uLMS patients tended to have 
high-grade (81.8%) and stage I disease (51.5%), and 47.0% of 
tumors were 70–140 mm. Most patients were initially treat-
ed with hysterectomy-based surgery (94.3%), 64.5% had no 
lymphadenectomy, 79.8% had not undergone radiotherapy, 
and 51.7% had not undergone chemotherapy.

Independent predictors for patients with uterine 
leiomyosarcoma

In the training set, all the variables associated with OS in the 
univariate analysis were further processed by multivariate 
analysis, revealing that age, race, disease stage, histological 
grade, tumor size, surgery type, and chemotherapy were inde-
pendent predictors for OS (P<0.05) (Table 2). For CSS, we fol-
lowed the same steps specified above, and multivariate analy-
sis identified age, disease stage, histological grade, tumor size, 
and surgery type as independent predictors for CSS (P<0.05) 
(Table 3). Furthermore, to separately analyze chemotherapy 
based on the prognosis on uLMS, the training set was strati-
fied into an early-stage subgroup (n=609) and an advanced-
stage subgroup (n=407). In the early-stage subgroup, patients 
treated with chemotherapy tended to have worse prognosis 
of OS and CSS than patients with no chemotherapy, but in the 
advanced-stage subgroup chemotherapy was associated with 
better prognosis for uLMS patients (Figure 2).
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Figure 1. �Defining the optimal cut-off points of age and tumor size via the X-tile program (A–F). The black dot represents the optimal 
cut-off points of age and tumor size (A, D). The histogram (B, E) and survival curves (C, F) were demonstrated based on cut-
off points. Optimal cut-off points of age and tumor size were 51 years and 58 years and 70 mm and 140 mm, respectively.

e922739-3
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Meng Y. et al.: 
Construction and validation of nomograms for predicting the prognosis…
© Med Sci Monit, 2020; 26: e922739

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Cetegory

Trainning cohort 
(n=1016)

Validation cohort 
(n=432)

Total cohort 
(n=1448) P

No. of patients (%) No. of patients (%) No. of patients (%)

Age(y)    0,667

	 <51 	 381	 (37.5%) 	 169	 (39.1%) 	 550	 (38.0%)  

	 51–58 	 257	 (25.3%) 	 113	 (26.2%) 	 370	 (25.5%)  

	 >58 	 378	 (37.2%) 	 150	 (34.7%) 	 528	 (36.5%)  

Race 0,484

	 White 	 712	 (70.1%) 	 316	 (73.1%) 	 1028	 (71.0%)

	 Other* 	 109	 (10.7%) 	 40	 (9.3%) 	 149	 (10.3%)

	 Black 	 195	 (19.2%) 	 76	 (17.6%) 	 271	 (18.7%)

Year at diagnosis    0,119

	 2004–2009 	 472	 (46.5%) 	 220	 (50.9%) 	 692	 (47.8%)  

	 2010–2015 	 544	 (53.5%) 	 212	 (49.1%) 	 756	 (52.2%)  

Grade** 0,854

	 Low 	 184	 (18.1%) 	 80	 (18.5%) 	 264	 (18.2%)

	 High 	 832	 (81.9%) 	 352	 (81.5%) 	 1184	 (81.8%)

Stage    0,239

	 I 	 506	 (49.8%) 	 239	 (55.3%) 	 745	 (51.5%)  

	 II 	 103	 (10.1%) 	 42	 (9.7%) 	 145	 (10.0%)  

	 III 	 106	 (10.5%) 	 43	 (10.0%) 	 149	 (10.3%)  

	 IV 	 301	 (29.6%) 	 108	 (25.0%) 	 409	 (28.2%)  

Tumor size (mm) 0,248

	 <70 	 264	 (26.0%) 	 123	 (28.5%) 	 387	 (26.7%)

	 70–140 	 473	 (46.5%) 	 208	 (48.1%) 	 681	 (47.0%)

	 >140 	 279	 (27.5%) 	 101	 (23.4%) 	 380	 (26.3%)

Surgery type    0,45

	 Hysterectomy 	 953	 (93.8%) 	 412	 (95.4%) 	 1365	 (94.3%)  

	 Pelvic exenteration 	 16	 (1.6%) 	 4	 (0.9%) 	 20	 (1.3%)  

	 No surgery 	 47	 (4.6%) 	 16	 (3.7%) 	 63	 (4.4%)  

Lymphadenectomy 0,938

	 Yes 	 360	 (35.4%) 	 154	 (35.6%) 	 514	 (35.5%)

	 No 	 656	 (64.6%) 	 278	 (64.4%) 	 934	 (64.5%)

Radiotherapy    0,787

	 Yes 	 203	 (20.0%) 	 89	 (20.6%) 	 292	 (20.2%)  

	 No 	 813	 (80.0%) 	 343	 (79.4%) 	 1156	 (79.8%)  

Chemotherapy 0,386

	 Yes 	 498	 (49.0%) 	 201	 (46.5%) 	 699	 (48.3%)

	 No 	 518	 (51.0%) 	 231	 (53.5%) 	 749	 (51.7%)  

Table 1. Demographics and clinicopathologic characterisitcs of patients with uterine leiomyosarcoma.

* American Indian/Alaskan Native, Asian/Pacific Islander; ** Low: Grade I (well differentiated) and Grade II (moderately differentiated); 
High: Grade III (poorly differentiated) and Grade IV (undifferentiated anaplastic); *** Total/simple/pan/radical hysterectomy with or 
without removal of adnexa.
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Cetegory
Univariate analysis Multivariate analysis

P Hazard ratio (95% CI) P

Age (y) <0.001   

	 <51  Reference  

	 51–58  1.272 (1.029–1.572) 0.026

	 >58  2.032 (1.678–2.462) <0.001

Race 0.003

	 White Reference

	 Black 1.278 (1.045–1.563) 0.017

	 Other* 1.187 (0.918–1.534) 0.190 

Year at diagnosis 0.896   

	 2004–2009    

	 2010–2015    

Grade** <0.001

	 Low Reference

	 High 2.329 (1.796–3.021) <0.001

Stage <0.001   

	 I  Reference  

	 II  2.242 (1.836–3.168) <0.001

	 III  3.759 (2.878–4.911) <0.001

	 IV  4.539 (3.690–5.585) <0.001

Tumor size (mm) <0.001

	 <70 Reference

	 70–140 1.376 (1.107–1.709) 0.004

	 >140 2.029 (1.606–2.564) <0.001

Lymphadenectomy 0.254   

	 Yes    

	 No    

Surgery type <0.001

	 Hysterectomy** Reference

	 Pelvic exenteration 0.695 (0.387–1.247) 0.222

	 No surgery 2.439 (1.753–3.393) <0.001

Radiotherapy 0.068   

	 Yes    

	 No    

Chemotherapy <0.001

	 Yes Reference

	 No  1.280 (1.074–1.526) 0.005

Table 2. Univariate and multivariate analysis for OS in trainning cohort.

CI – confidence interval. *American Indian/Alaskan Native, Asian/Pacific Islander; ** Low: Grade I (well differentiated) and Grade II 
(moderately differentiated); High: Grade III (poorly differentiated) and Grade IV (undifferentiated anaplastic); *** Total/simple/pan/
radical hysterectomy with or without removal of adnexa.
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Characteristic
Univariate analysis Multivariate analysis

P Hazard ratio (95% CI) P

Age (y) <0.001

	 <51 Reference

	 51–58 1.216 (0.969–1.524) 0.09

	 >58 1.701 (1.379–2.097) <0.001

Race 0.106

	 White

	 Black

	 Other*

Year at diagnosis 0.490 

	 2004–2009

	 2010–2015

Grade** <0.001

	 Low Reference

	 High 2.591 (1.909–3.515) <0.001

Stage <0.001

	 I Reference

	 II 2.387 (1.757–3.243) <0.001

	 III 3.661 (2.716–4.934) <0.001

	 IV 4.795 (3.818–6.022) <0.001

Tumor size (mm) <0.001

	 <70 Reference

	 70–140 1.477 (1.155–1.890) 0.002

	 >140 2.161 (1.659–2.812) <0.001

Lymphadenectomy 0.221

	 Yes

	 No

Surgery type <0.001

	 Hysterectomy** Reference

	 Pelvic exenteration 0.814 (0.443–1.495) 0.507

	 No surgery 2.312 (1.603–3.335) <0.001

Radiotherapy 0.058

	 Yes

	 No

Chemotherapy <0.001

	 Yes Reference

	 No 1.171 (0.965–1.423) 0.109

Table 3. Univariate and multivariate analysis for CSS in trainning cohort.

CI – confidence interval. *American Indian/Alaskan Native, Asian/Pacific Islander; ** Low: Grade I (well differentiated) and Grade II 
(moderately differentiated); High: Grade III (poorly differentiated) and Grade IV (undifferentiated anaplastic); *** Total/simple/pan/
radical hysterectomy with or without removal of adnexa.
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Predictive nomograms

The nomograms were constructed by incorporating all pre-
dictors (Figure 3). The stage contributed most to the OS and 
CSS, followed by surgery type and grade. Patient age and tu-
mor size had moderate effects on OS and CSS, while race had 
the least effect on OS. By summing up the specific points of 
each predictor, then measuring the total points of the OS and 
CSS, the individual survival probability can be easily calcu-
lated, as shown in the following example. A 49-year-old black 
woman was diagnosed with high-grade and stage I uLMS and 
had a primary tumor size of 80 mm. She was treated with pri-
mary hysterectomy surgery without receiving lymphadenec-
tomy or adjuvant therapy. Calculating the total scores from 
each point of the nomogram variables resulted in 134 points 

for the OS and 100 points for the CSS. Therefore, her predict-
ed 3-year OS and CSS probabilities were approximately 69% 
and 78%, respectively.

Validation of the nomograms was performed internally and 
externally. The C-index of internal validation for CSS and 
OS were 0.768 (95% CI: 0.748–0.787) and 0.769 (95% CI: 
0.751–0.786), respectively; and the C-index of external vali-
dation were 0.756 (95% CI: 0.728–0.783) and 0.758 (95% CI: 
0.732–0.783), respectively. The calibration curves also revealed 
strong consistency between the predicted and observed sur-
vival outcomes (Figures 4, 5).
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Discussion

We established practical nomograms to predict the survival 
outcomes of uLMS patients. Validation of the nomograms re-
vealed excellent differentiation and calibration, both internally 
and externally. A previous study found that data on prognos-
tic predictors of uLMS are still limited, and there is a lack of 
effective treatments to prolong survival benefits in uLMS pa-
tients [19]. Therefore, a practical tool for differentiating pa-
tient risk factors instead of simple tumor staging is needed. 
Nomograms provide a pictorial display of calculation mod-
els, which gives simple prognostic survival information by 

incorporating easily accessible clinical parameters [18]. Thus, 
nomograms can be used by clinicians to make precise and in-
dividualized medical decisions [20].

Several studies reported that black women have a higher inci-
dence and worse prognosis of uLMS in comparison with other 
races. A study of population-based data from 2000 to 2012 re-
vealed a higher incidence rate of uLMS in black women (1.61 
per 100 000 African Americans vs. 0.86 per 100 000 for whites 
vs. 0.81 per 100 000 for other races; P<0.05) [21] . A retrospec-
tive analysis of patients with uLMS that included 1396 patients 
found that race was identified as an independent predictor of 

Figure 2. �Kaplan-Meier survival curves for patients based on the use of chemotherapy. In the early-stage subgroup, patients treated 
with chemotherapy had an unfavorable prognosis of OS (A) and CSS (B), while in the advanced-stage subgroup, patients 
treated with chemotherapy had a better prognosis of OS (C) and CSS (D).
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Figure 3. �Nomograms predicting 3- and 5-year OS (A) and CSS (B). The total points were calculated by adding the points of each 
predictor, and correspond to the possibilities of 3- and 5-year OS and CSS of patients with uLMS.

disease-specific survival, and the African American racial group 
had low survival compared with whites (14% vs. 65.7%, respec-
tively, aHR=1.45, 95% CI: 1.09–1.94, P<0.05). Amant et al. sug-
gested that genetics and socioeconomic factors can explain 
the poor prognosis of blacks [22] .

Age is commonly considered as an independent factor of 
uLMS [4,21] . Major et al. reported that most cases of uLMS 
occur in women over 40 years of age, and the incidence is in-
creasing rapidly during the perimenopausal years [2] . An anal-
ysis of 566 uLMS cases showed that OS significantly decreased 
in patients age ³60 years compared with those age <60 years 
(aHR=1.55, 95% CI: 1.11–2.18, P=0.011) [23] . Kapp et al. found 

that 52 years of age was the best cut-off point, as patients 
aged £52 years had higher 5-year CSS rates compared with 
older patients (73.5% vs. 56.1%, respectively, P<0.001) [12]. 
Consistent with these previous studies, we found that 51 
years and 58 years are the best cut-off points to make a pre-
cise grouping for OS and CSS, respectively, of uLMS patients.

We also found a positive correlation between tumor grade, 
stage, and survival outcomes. High grade (poorly or undiffer-
entiated) was found to be a risk factor of mortality and had 
higher metastasis and recurrence rates than low grade (well 
or moderately differentiated) [24]. Disease stage was a strong 
predictor of OS and CSS. In a series of 208 uLMS patients, 
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Giuntoli et al. reported that high grade and advanced stage of 
disease were correlated with worse CSS rates [1].

Tumor size is recognized as an essential predictor of uLMS [7,12]. 
We found that tumor size >70 mm is associated with poor prog-
nosis. D’Angelo et al. suggested that tumors greater than or 
equal to 100 mm in diameter were associated with a worse 
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Figure 4. �Internal calibration plots show the nomograms-predicted survival rate (X-axis) agreed well with actual survival rate (Y-axis), 
comprising the 3-year OS (A) and CSS (B) and the 5-year OS (C) and CSS (D).
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Figure 5. �External calibration plots show the nomograms-predicted survival rate (X-axis) which agrees well with actual survival rates 
(Y-axis), comprising the 3-year OS (A) and CSS (B) and the 5-year OS (C) and CSS (D).

prognosis than were smaller leiomyosarcomas [13]. A retro-
spective analysis of 819 patients revealed that tumor size is 
better than myometrial invasion and cervical involvement for 
uLMS risk stratification [25].

The current preferred treatment of uLMS is a multidisciplinary 
approach involving surgery, chemotherapy, and radiotherapy [8]. 
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Several studies have analyzed the association between treat-
ment and survival, but showed inconsistent results. Surgery 
remains the standard treatment for uLMS and confers a sur-
vival advantage [4], which was confirmed in our multivariate 
analysis. An early study found that myomectomy was sufficient 
to treat early-stage disease [26]; however, it is now commonly 
recognized that total abdominal hysterectomy with resection 
of all the visible tumor is the optimal initial surgical manage-
ment for uLMS patients [27]. The role of regional lymphade-
nectomy in uLMS is still controversial because metastasis of 
lymph nodes occurs in 5–11% of patients [1,12]. Some au-
thors reported that initial routine pelvic and optional periaortic 
lymphadenectomy can help to determine the stage and increase 
the possible need for adjuvant therapy [2,28]. In a retrospec-
tive study of 348 women with uLMS, Kapp et al. suggested 
that omitting lymphadenectomy is feasible [12]. In the pres-
ent study, we also confirmed that there was no survival differ-
ence between patients with and without lymphadenectomy.

Although many uLMS patients with various stages received 
adjuvant pelvic radiation after surgery, the data to support 
radiotherapy in uLMS patients remains sparse. Proponents of 
radiotherapy have considered the evidence of local control in 
a small-sample study [26]; however, OS and progression-free 
survival (PFS) benefits were not been assessed in another large 
retrospective study [23]. The EORTC 55874 trial that assessed 
the utility of radiotherapy by performing a prospective ran-
domized study of 103 completely resected, early-stage uLMS 
patients [29] and compared an adjuvant radiation group (pa-
tients received 5100 cGy external beam radiotherapy) with an 
observation group, finding no improvement in the local con-
trol and PFS rates in the adjuvant radiation group. In a meta-
analysis, Chae et al. reported that uLMS patients tended to 
have early hematogenous spread; therefore, local radiation 
did not improve survival benefits for patients with uLMS [30].

In the present study, chemotherapy improved the survival 
outcomes in the advanced-stage subgroup, but adverse re-
sults were observed in the early-stage subgroup. After ad-
justing for confounding factors, our multivariate analysis con-
firmed that chemotherapy was a predictor for OS (aHR=1.208, 
95%CI: 1.074–1.526, P=0.005). Similarly, in an observational 
cohort study from the 1998 to 2013 National Cancer Database, 
Seagle et al. reported that chemotherapy increased OS for pa-
tients with metastatic uLMS but not in early-stage uLMS [10]. 
Various chemotherapeutic agents have been tested for uLMS 
patients in previous studies, such as doxorubicin, ifosfamide, 
olaratumab, gemcitabine, and docetaxel [31–35], but the het-
erogeneity of the patient cohorts, small sample sizes, and lack 
of observation control arms restrict the analysis of data and 
the dependability of results. The combination of docetaxel and 

gemcitabine has been reported to be an effective regimen in 
patients with advanced-stage uLMS [36], but the question of 
whether chemotherapy improves survival for early-stage uLMS 
remains unanswered. A study assessing adjuvant gemcitabine 
plus docetaxel followed by doxorubicin in patients with early-
stage uLMS revealed a 2-year PFS rate of 78% and a 3-year 
PFS rate of 58%, whereas the median PFS was not reached 
and exceeded 36 months [34]. Littell et al. performed a trial 
of the same regimen versus an observation control group in 
uLMS patients with FIGO stage I, showing no difference in sur-
vival and recurrence rates [35].

Previously, Zivanovic et al. established a nomogram from 270 
uLMS patients in a monocentric cohort to predict 5-year OS 
probability, which had relatively weak discrimination in inter-
nal and external validation (the concordance index was 0.67 
in both internal and external validation). Based on the multi-
variate analysis of a large population-based cohort, we estab-
lished nomograms for predicting the 3- and 5-years OS and 
CSS rates for women with uLMS. A C-index greater that 0.7 
is widely recognized as having relatively good discrimination, 
and calibration plots revealed that the prediction by the nomo-
grams agreed perfectly with actual survival data.

It should be noted that our study has certain limitations. First, 
the SEER database has no information on the mitotic index, 
vascular invasion, or biologic markers (e.g., p53, p16, Ki67, 
and Bcl-2), which had also been examined as potential prog-
nostic indicators, and more specific information such as the 
dose, type, and the course of treatment of adjuvant therapy 
were unavailable in the SEER database. Second, because the 
nomograms were established based on a retrospective study, 
some selection bias was unavoidable. Third, larger random-
ized controlled trials are needed to determine whether our 
findings are reliable and broadly applicable.

Conclusions

We constructed and validated nomograms to predict survival 
outcomes for uLMS patients. The developed nomograms 
showed good discrimination and calibration and can help cli-
nicians by providing individual prognosis assessments and as-
sist in clinical decision-making for treatment of women with 
uLMS. However, these nomograms require validation in other 
independent populations.
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