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Objectives

The aim of this study is to evaluate the significant factors influencing the overall survival (OS) and recurrence free survival (RFS) and make an attempt to develop a nomogram for predicting the prognosis of patients with genitourinary sarcoma (GS).



Methods

Data on adult GS from 1985 to 2010 were collected. The impact of clinical factors on OS and RFS were estimated by Kaplan–Meier (KM) analysis, and differences between groups were analyzed by the log-rank test. To establish a nomogram, all patients were randomly divided into a training set (n = 125) and a testing set (n = 63). Cox proportion hazard model was utilized to assess the prognostic effect of variables. Then, a nomogram was established to estimate 1-, 3-, and 5-year OS based on Cox regression model. Subsequently, the nomogram was validated by a training set and a validation set.



Results

A total of 188 patients were enrolled into our study. Male patients with bladder sarcoma had better OS rather than RFS when stratified by gender (P = 0.022). According to histological subtypes, patients with leiomyosarcoma (LMS) undergoing chemotherapy were associated with favorable OS (P = 0.024) and RFS (P = 0.001). Furthermore, LMS in kidney sarcoma were associated with lower recurrence rate in comparison to rhabdomyosarcoma (RMS) (P = 0.043). Margin status after surgical excision markedly influenced the OS and RFS of GS patients and negative margins presented optimal prognosis. Chemotherapy was associated with improved OS for patients without surgery (P = 0.029) and patients with positive margins (P = 0.026). Based on the multivariate analysis of the training cohort, age, gender, surgery status, histological subtype, and chemotherapy were included in our nomogram for prediction of OS. The nomogram had sufficient power with concordance index (C-index) of OS: 0.770, 95%CI: 0.760–0.772 and area under curve (AUC) of OS: 0.759, 95%CI: 0.658–0.859 in the training set and with C-index of OS: 0.741, 95%CI: 0.740–0.765, and AUC of OS: 0.744, 95%CI: 0.576–0.913 in the validation set.



Conclusions

Adults GS is a group of extremely rare tumors with poor prognosis. Of all histological types, LMS is sensitive to chemotherapy. We highlighted the cardinal role of surgical resection and the importance of achieving negative margins. We identified the efficacy of chemotherapy for patients with positive margins and those without surgery as well. A nomogram is validated as an effective tool predicting short-term outcomes.
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Introduction

Soft tissue sarcomas (STSs) are a group of rare and heterogeneous neoplasm that originate from the embryo mesoderm and make up 1–2% of all adult malignancies (1). There are more than 100 different histological and molecular subtypes of STS, each with unique clinical, prognostic features. In 2017, there were approximately 10,000 patients diagnosed with STS in the USA, accounting for approximate 0.73% of new cancer cases (2). Genitourinary sarcomas (GSs) occur rarely in adults, with less than 5% of STS (3). Thus, clinical characteristic, treatment, and survival of patients with GS are predominantly based on the knowledge from studies on pediatric or other sites (4).

The studies on the prognosis of GS in the literature are limited. A study reported 131 cases from July 1977 to July 2003 suggested that the clinically relevant prognostic factors and clinical characteristics included local disease at presentation, complete tumor resection, tumor grade, size, local, and histological subtype (1). Another study using SEER 18 database found tumor location and histological types significantly influenced overall survival (4). We previously reported that age, tumor grade, margin status, and chemotherapy were independently associated with survival of GS patients (5). It was common that complete resection played a crucial role in the treatment of GS. However, whether GS patients could benefit from chemotherapy combined with radiotherapy or alone remains unclear. Therefore, it is necessary to characterize the role of chemotherapy and radiotherapy in the management of GS patients.

As a reliable and convenient prognostic tool, the nomogram has been widely adopted to predict the outcomes of an individual and benefit for patients and clinicians (6). A nomogram can predict the prognosis in certain patients based on molecular features and crucial prognostic factors and explain the numerical probability of clinical outcomes (7). There are three nomograms predicting sarcoma-specific death, local regional recurrence, and OS for patients with extremity STS and four nomograms predicting OS for patients with retroperitoneal sarcoma, which were proven to be reliable and effective (8–14). However, there is lack of nomogram predicting survival for GS patients.

Clinical information of GS patients treated at the West China Hospital, Sichuan University, Chengdu, Sichuan, China from 1985 to 2010 was extracted. Based on the clinicopathological information of 188 patients, this study assessed the impact of gender, histological subtype, surgery, and adjuvant therapy on OS and RFS, developed a nomogram model to predict OS of GS patients and determined the accuracy of the nomogram model and independently clinicopathological features which were related to OS of GS patients.



Methods


Patient Selection

Data on consecutive adult patients (over a period of 16 years) who had histologically proven primary genitourinary sarcoma (GS) was collected in the medical archives of our institution from June 1985 to June 2010.

The inclusion criteria included: (1) histologically proven primary GS; (2) diagnosed from June 1985 to June 2010; (3) primary site located in genitourinary tract, such as the paratesticular region, kidney, prostate, bladder, penis, seminal vesicle, ureter, and urethra; (4) complete follow-up. The excluded criteria were as follows: (1) survival months < one month; (2) multiple primary cancer; (3) the female genital tract, and genitourinary organs invaded by retroperitoneal and pelvic sarcomas.



Prognostic Variables

Data were extracted from the West China Hospital, Sichuan University, Chengdu, Sichuan, China on patient age, gender, primary organ, symptom at presentation, symptom duration, tumor size, histological subtype, metastasis at entry, grade, surgery status, chemotherapy, radiotherapy, recurrence time, and survival time. The sarcoma was considered as unclassified when histological subtype could not be identified. Tumor grade was divided into low grade (Grade 1) and high grade (Grades 2 and 3) according to the French Federation of Cancer Center System Grading Scheme for Adults Sarcoma, as suggested by Deyrup et al. (15). Surgical margins were considered as negative by a consensus of both operation and pathological records if microscopically and macroscopically residual tumor was absent. Follow-up data were collected in outpatient department or by telephone interviews.

The influence of gender, histological subtype, surgery status, chemotherapy and radiotherapy on OS and RFS were estimated by Kaplan–Meier (KM) analysis, and differences between groups were analyzed by the log-rank test. Univariate and multivariate Cox regression analysis were subsequently utilized to identify significant factors affecting OS and RFS of GS patients.



Nomogram Construction and Validation

All patients were randomly divided into training set (n = 125) and validation set (n = 63) at a ratio of 2:1 through the “caTools” package in R software. These characteristics between two sets were compared by the chi-square test. Fishing exact test or adjusted chi-square test were also used if needed. Univariate analysis and multivariate stepwise Cox regression analysis were performed to identify risk factors affecting OS in the training set. Using these identified risk factors, a nomogram was developed to predict 1-, 3- and 5-year OS in GS patients.

According to the risk scoring model based on the nomogram, the risk score was calculated for each patient in the training and validation sets. All patients were classified into a high risk group and a low risk group with regard to median risk score (high risk: median risk score >0; low risk: median risk score ≤0). The OS of patients between two groups was compared by KM survival curve.

The nomogram was validated in the training set and validation set. We evaluated the predictive performance of the nomogram by C-indices and AUC in receiver operating characteristic (ROC) curve. The consistency of actual survival with predicted outcomes was compared by calibration curves in the training and validation sets. All statistical analyses were performed by the R software version 4.0 (http://www.r-project,org/). P-value of <0.05 was expected as statistically significant.




Results


Patient Characteristic

188 patients were identified in the study period. The clinical characteristics of the study population were summarized in Table 1. GS sarcoma was more likely to locate in paratestis (29.8%); gender disparity was obvious (male 75.5%); more than half of patients aged less than 50 years; diameter of tumor was beyond 5 cm in 79.8% of all patients; the most common histological subtype was LMS; the majority of patients had no metastasis at presentation; patients with high-grade tumor accounted for 80.9% of study population; more than half of patients received surgery; 79.1% of patients with surgery had negative margins and 33 patients did not undergo surgery; of all, 71.7% of patients received chemotherapy and 36.7% of patients underwent radiotherapy. At the end of follow-up, RFS rate was 35.5%, and OS rate was 19.8%. Chemotherapy and radiotherapy regimens were previously reported (5).


Table 1 | Clinical characteristics of patients with genitourinary sarcoma in the present study.





The Effect of Gender on OS and RFS of GS Patients

KM plots were generated to compare OS and RFS of patients stratified by gender. The OS of GS patients did not differ in terms of gender (Figure 1A).  Male patients had better OS than female patients in bladder sarcoma (P = 0.022) (Figure 1B), which were not observed in kidney sarcoma and two histological subtypes (LMS and RMS) (Figures 1C–E). There were no significant differences in RFS of patients stratified by gender, which were similar to patients with kidney and bladder sarcoma and two histological subtypes (LMS and RMS) with regard to gender (Figures 1F–J).




Figure 1 | The Kaplan–Meier survival curve comparing (A) OS and (F) RFS of the female and male patients with sarcoma. Kaplan–Meier survival estimating (B, C) OS and (G, H) RFS of bladder and kidney sarcoma stratified by gender as well as histological subtypes including LMS (D, I) and RMS (E, J). OS, overall survival; RFS, recurrence-free survival; LMS, leiomyosarcoma; RMS, rhabdomyosarcoma.





The Impact of Histological Subtype on OS and RFS of GS Patients

GS patients with various histological subtypes had similar OS and RFS (Figures 2A, D, E). Despite having no statistic difference, mild discrimination was shown between liposarcoma (Lipo) and other (P = 0.054) (Figure 2B). Patients with LMS undergoing chemotherapy were related to elevated OS compared with radiotherapy combined with chemotherapy or alone (Figure 2C). Similarly, patients with LMS were associated with favorable RFS in comparison to those with RMS in kidney sarcoma (Figure 2F), which did not exist in bladder sarcoma (Figure 2G). Furthermore, patients with LMS receiving chemotherapy were associated with optimal RFS compared with those experiencing radiotherapy (Figure 2H), which was not observed in those with RMS (Figure 2I).




Figure 2 | The Kaplan–Meier analyses of GS patients. The Kaplan–Meier survival estimates of (A, B) OS and (D, E) RFS stratified by histological types. The Kaplan–Meier survival estimates of (C) OS of LMS stratified by adjuvant treatment. The Kaplan–Meier RFS survival analysis of GS patients of kidney (F), bladder (G), LMS (H), and RMS (I) stratified by adjuvant therapy. OS, overall survival; RFS, recurrence-free survival; LMS, leiomyosarcoma; RMS, rhabdomyosarcoma; Lipo, Liposarcoma; CT, chemotherapy; RT, radiotherapy.





Surgery, Chemotherapy and Radiotherapy

GS patients receiving surgery including negative or positive margins had a better OS in comparison to those without surgery, indicating the crucial role of surgical resection (P < 0.0001). GS patients with negative margins had a favorable OS compared with those with positive margins. (Figure 3A). Chemotherapy alone did not alter the OS of GS patients (Figure 3B). It appeared that patients who received radiotherapy had worse OS compared with those without radiotherapy (Figure 3C). For patients without surgery, those with chemotherapy plus radiotherapy or alone were associated with improved OS (P = 0.0036) (Figure 3D); for patients with negative margins, except for surgery, adjuvant therapy did not affect the OS (Figure 3E); and for patients with positive margins, those experiencing chemotherapy had optimal OS compared with radiotherapy (P = 0.026) (Figure 3F).




Figure 3 | The Kaplan–Meier OS and RFS of GS patients with regard to surgery status (A, G), CT (B, H) and RT (C, I). Kaplan–Meier survival estimates of OS and RFS in GS patients with no surgery (D), negative margin (E, J) and positive margin (F, K) stratified by adjuvant therapy. OS, overall survival; RFS, recurrence-free survival; CT, chemotherapy; RT, radiotherapy.



Patients with negative margins had preferred RFS compared with those with positive margins (P < 0.0001) (Figure 3G). RFS was not affected significantly by chemotherapy or radiotherapy (Figures 3H, I). Similar RFS was observed in GS patients with negative margins following chemotherapy, radiotherapy, or combination, so was in GS patients with positive margins following chemotherapy, radiotherapy, or combination (Figures 3J, K).



Univariate and Multivariate Analyses of OS and RFS

Results of univariate and multivariate analyses were summarized in Tables 2, 3. Univariate analysis demonstrated three significant factors affecting OS of GS patients as follows: gender [HR = 0.49, 95%CI: (0.28, 0.86), P = 0.013], no surgery [HR = 37.86, 95%CI: (17.68, 81.09), P < 0.001], surgery and margin positive [HR = 4.29, 95%CI: (2.26, 8.14), P < 0.001] with surgery and margin negative as reference, and chemotherapy [HR = 0.53, 95%CI: (0.33, 0.86), P = 0.009], which remained unchanged after adjusting confounders. Meanwhile, univariate analysis demonstrated one significant factor affecting RFS: surgery and margin positive [HR = 8.54, 95%CI: (3.98, 18.34), P < 0.001] with surgery and margin negative as reference. After confounding factors were adjusted, in addition to surgery and margin positive, tumor size and symptom at presentation become significant factors. Namely, patients with tumor size ≤5 cm and those with obvious symptoms at presentation were associated with lower RFS.


Table 2 | Univariate and multivariate analyses of overall survival in the present study.




Table 3 | Univariate and multivariate analyses of recurrence-free survival in the present study.





Baseline Characteristics of Training and Validation Set

188 eligible patients with GS were extracted from our data according to the inclusion criteria and were randomly allocated to the training set (n = 125) and validation set (n = 63) (Table 4). Sociodemographic and clinicopathological features of patients in the training set and validation set were summarized, and no significant difference was observed between two sets.


Table 4 | Clinical characteristic of patients in training set and validation set.





Prognostic Nomogram for OS

101 of 125 patients analyzed in univariate analysis were included in the multivariate analysis to characterize the risk factors of OS in the training set. As shown in Table 5, age, gender, surgery status, and chemotherapy were found to be associated with OS in the univariate analysis by KM method and then compared by the log-rank test (p < 0.05). Multivariate analysis demonstrated that five variates including age, gender, histological subtype, surgery status, and chemotherapy were prognostic factors for OS.


Table 5 | Univariate and multivariate analyses of overall survival in the training cohort.





Construction and Validation of the Nomogram

In the training set, all predictors of OS were integrated into the nomogram. Age, gender, histological subtype, surgery status, and chemotherapy were enrolled as predictive factors for OS (Figure 4). All patients in the two sets were divided into a high risk group and a low risk group according to the median risk score. OS time was obviously increased in the low risk group compared with the high risk group in the training set (log-rank P < 0.0001, Figure 4A). The risk stratification capability was validated by the validation set (log-rank P = 0.00019, Figure 4B).




Figure 4 | The Kaplan–Meier survival curve of risk model predicting OS in the training set (A) and validation set (B). Nomogram predicting 1-, 3- and 5-year OS (C) of GS patients. The nomogram is used by first giving each variable a score on its point scale. Then, add all the points and draw a vertical line from the total point scale to the axis predicting OS to obtain the probability. Receiver operating characteristic (ROC) curve of the nomogram of (D) Training and (E) validation set predicting OS. The calibration plots for the training set of (F) actual 1-, (H) 3-, and (J) 5-year OS; and validation set of (G) actual 1-, (I) 3-, and (K) 5-year OS. The 45-degree line represents an ideal match between the actual survival (Y-axis) and nomogram-predicted survival (X-axis). The perpendicular line means 95% confidence intervals. Closer distances from the points to the dashed line indicate higher prediction accuracy. OS, overall survival; AUC, area under the curve.



Analysis of the training set showed C-index values (OS: 0.770, 95%CI: 0.760–0.772) and validation set (OS: 0.741, 95%CI: 0.740–0.765). The analysis of the training set showed AUC values (OS: 0.759, 95%CI: 0.658–0.859) and validation set (OS: 0.744, 95%CI: 0.576–0.913) (Figures 4D, E). The calibration plots of nomogram suggested favorable accordance between predicted and observed values both in the training set and the validation set for 1-year OS (Figures 4F, G).




Discussion

In the present study, we found male patients with bladder sarcoma had favorable OS. Although various histological subtypes had similar prognosis, the responses to chemotherapy were different. The common subtype LMS was presumably sensitive to chemotherapy and associated with better OS and RFS following chemotherapy. LMS of kidney sarcoma was also related to favorable RFS. As an independent prognostic factor, surgical procedure obviously improved prognosis of patients. Chemotherapy served as a therapeutic choice for patients without surgery and with positive margins. Subsequently, we identified several prognostic factors and developed a nomogram to effectively predict the short-term OS, suggesting significant differentiation and calibration.

Gender was identified as an independent predictor for OS of patients with GS in the present study, which was consistent with studies enrolling patients with STS in the extremity and trunk (16, 17). Gender was related to OS, probably due to male or female predominance, different anatomical location, or biological behavior. Male predominance indeed existed in our study (72.8%). And then, we analyzed the distribution of tumor sites. The majority of female GS was located in the bladder (39.1%, 18/46) and kidney (47.8%, 22/46). By contrast, more than half of male GSs were located in paratesticular (39.4%, 56/142) and prostate (21.1%, 30/142). Bladder and kidney GSs had a poorer survival than those from other locations from a study of 3,007 patients (4). Hence, male predominance and different distribution of tumor location probably accounted for the impact of gender on OS. We also found that male patients with bladder sarcomas had optimal OS compared with female patients, which were not observed in different histological subtypes. Male patients with bladder sarcoma had a higher rate of surgery than female (88.9% vs 64.7%), which might be partially responsive for this difference. The precise mechanism remains unclear and further study is required to identify it.

GS is described as Lipo, followed by LMS and carcinosarcoma in a study (18). We reported that the most common histological type was LMS, followed by Lipo in the previous study (5), which was consistent with prior study on GS (1, 19). Studies on various histiotypes of GS in response to chemotherapy are scarce. LMS presents moderate sensitivity to chemotherapy, although uterine LMS has been more chemosensitive than LMS of other sites (20). In this study, patient with LMS receiving chemotherapy had better OS and RFS. Thus, it was plausible that patients with LMS could acquire survival benefit from chemotherapy. More than half of kidney sarcoma histiotypes were LMS (53.1%, 26/49), and 80.8% of those experienced chemotherapy, resulting in the lower recurrence of kidney sarcoma with LMS. This benefit was not observed in bladder sarcoma. In addition to histiotypes, chemosensitivity was probably associated with primary tumor location.

The association between tumor size and OS of patients with STS had been reported in the literatures, suggesting an inferior survival for tumor more than 5 cm or 10 cm in size (21, 22). In GS patients, we identified tumor size as an independent risk factor for recurrence, which is consistent with the results of studies (1, 23). Interestingly, we found that tumor size >5 cm was associated with a lower risk for local recurrence than those ≤5 cm, and the latter were primarily located in the bladder. We compared the recurrence of bladder GS and found that the tumors ≤5 cm in size had a higher local recurrence rate, partially due to its bladder predominance and various pathological subtypes. Distribution bias (≤5 cm, 20.2%, 38/188) partially accounted for this difference as well.

STS is currently treated in a multidisciplinary manner including surgery, chemotherapy, radiotherapy, and immunotherapy. Resection remains the cornerstone of treatment and the clinical significance of complete resection in long-term prognosis has been confirmed (24, 25). Surgery status was examined as an independent prognostic factor for OS and RFS in the present study. GS patients receiving complete resection had a better prognosis than those with incomplete resection or with no indication for operation, which was comparable to the results of a study from the Memorial Sloan-Kettering Cancer Center (1). Furthermore, surgical treatment was considered as an important determinant of survival in patients with bladder sarcoma regardless of its pathological subtypes (26). Additionally, GS patients with positive margins were related to an elevated risk for local recurrence, which was consistent with the results of a study on extremity STS (9). Based on the finding above, surgical treatment should be recommended for GS patients without contradictions and achieve negative margins to improve survival of patients. Generally, resection with 1–2 cm uninvolved tissue is considered as an ideal method, which is often limited by structural and functional constrictions (27). Meanwhile, for lack of specific clinical symptoms, sarcoma sometimes invades adjacent tissue and organ at presentation, resulting in difficulty in complete resection with macroscopic tumor clearance. Therefore, preoperatively evaluating the extent of disease and technical resectability is of importance.

In spite of the cardinal role of surgical procedure, the optimal adjuvant treatment choice for GS patients remains challenging. An early meta-analysis including 14 studies and 1,568 patients for evaluation of doxorubicin-based regimen demonstrated a significant improvement in recurrence free survival (28). However, the largest adjuvant chemotherapy trial from 1995 to 2003 showed no benefit in relapse-free survival and OS between groups (29). A study of 19 patients from Japan also uncovered no significant benefit for chemotherapy (18). Conversely, we identified chemotherapy as an independent predictor for OS in GS patients. Of all, 33 patients did not accept resection for poor general conditions or other contradictions. Chemotherapy achieved improvements in OS for these patients compared with radiation and combined therapy. Similarly, patients who had a macroscopically or microscopically positive margins could benefit from chemotherapy as well. However, chemotherapy and radiotherapy following surgery, combined or alone, did not change the prognosis of patients with negative margins. Based on the findings above, we hypothesized that chemotherapy might be a favorable option for GS patients with positive margins and without surgery and chemotherapy was not recommended for patients with negative margins. Of 188 GS patients, 106 (56.4%) patients had negative margins after surgery. Chemotherapy did not affect OS of these patients. This population bias was responsive for no remarkable effect of chemotherapy on OS of GS patients. Because prognosis of GS patients varied in different tumor sites, a conversion from single histology-specific regimens to protocols taking tumor sites into consideration probably showed promising outcomes (4). Given rarity of adult GS, there were no large clinical trials on chemotherapy available. Patients might gain benefit from the development of novel and effective agents.

In our study, local recurrence was observed in 64.7% of GS patients. Multivariate analysis identified positive margins and obvious symptom at presentation as two independent risk factors for RFS. Chemotherapy and radiotherapy did not significantly influence RFS. Furthermore, RFS for patients with negative or positive margins was not apparently altered by chemotherapy and radiotherapy. The role of chemotherapy in local recurrence was not well defined. Preoperative radiotherapy might increase the incidence of R0/R1 resection, resulting in lower RFS (30). Whether postoperative radiotherapy could influence RFS remains elusive. It appeared that patients who received radiotherapy had worse OS than those without radiotherapy. Patients with a high histological grade, positive margins and metastasis diseases were considered as candidates for radiation. This selective bias was partially responsive for poor outcomes in patients with radiotherapy.

We developed the first nomogram to predict OS and used the nomogram to predict the OS for GS patients. The performance of nomogram was evaluated by C-index and AUC of ROC, with range from 0.5 to 1.0. The C-indices for OS prediction were 0.770 in the training set and 0.741 in the validation set, respectively. Calibration plot showed a good accordance between 1-year prediction and observation.

The present study had several limitations. First, the rarity of GS might produce potential bias in terms of clinical characteristics and survival analysis, which partially explained the insufficient performance of this nomogram to predict 3- and 5-year OS. Second, retrospective nature with missing data might result in limited generalizability. Third, enrolled patients were diagnosed prior to 2010, and there were no data on neoadjuvant chemotherapy, neoadjuvant radiation, targeted therapy, and immunotherapy. A large-scale data was required to improve our nomogram for long-term prediction and external validation. Despite these limitations, our findings provided some references in the management of GS patients.

In conclusion, GS is a rare and heterogeneous tumor, and prognosis varies in different histological types following chemotherapy. LMS is sensitive to chemotherapy. Surgical resection plays a crucial role in the treatment of GS patients. Meanwhile, chemotherapy acts as a favorable option for those with positive margins and without surgical excision. A nomogram model is validated as an effective tool predicting short-term outcomes. We hope that our findings will facilitate the treatment decision-making, surveillance, and counseling.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by the Urology Department, Urology Research Institute, West China Hospital, Sichuan University, Chengdu, Sichuan, China. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

LL and JL designed and performed the study as well as wrote the manuscript. TS, SY, JZ, and QZ performed the follow-up of patients. XF, ZJ, and YF did the data collection and analyzed the results. XW and TL designed the study and revised the manuscript. All authors reviewed the manuscript. All authors contributed to the article and approved the submitted version.



Funding

The study was supported by the Natural Science Foundation of China (grant no. 81870513, 81470980 and 81600584) and 1.3.5 Project For Disciplines of Excellence-Clinical Research Incubation Project, West China Hospital, Sichuan University (grant no. ZY2016104, ZYJC18004, 2018HXFH049, 2021HXFH007), the Fundamental Research Funds for the Central Universities (grant no. 2017SCU11042, 2017SCU11022), A Special Supportive Program for Organ Transplantation by COTDF (grant no. 2019JYJH08), Research Funding of Sichuan Medical Association (grant no.S17056),Research Funding of Sichuan Health and Family Planning Commission (grant no. 17PJ159, 18PJ434 and 18PJ453), Chengdu Science and Technology Program (grant no. 2019-YF05-00084-SN) and Sichuan Science and Technology Program (grant no. 2019YJ0133,2019YFH0151).



References

1. Dotan, ZA, Tal, R, Golijanin, D, Snyder, ME, Antonescu, C, Brennan, MF, et al. Adult genitourinary sarcoma: the 25-year Memorial Sloan-Kettering experience. J Urol (2006) 176(5):2033–8; discussion 8-9. doi: 10.1016/j.juro.2006.07.021

2. Miller, KD, Fidler-Benaoudia, M, Keegan, TH, Hipp, HS, Jemal, A, and Siegel, RL. Cancer statistics for adolescents and young adults, 2020. CA Cancer J Clin (2020) 70(6):443–59. doi: 10.3322/caac.21637

3. Froehner, M, Lossnitzer, A, Manseck, A, Koch, R, Noack, B, and Wirth, MP. Favorable long-term outcome in adult genitourinary low-grade sarcoma. Urology (2000) 56(3):373–7. doi: 10.1016/s0090-4295(00)00704-4

4. Nazemi, A, and Daneshmand, S. Adult genitourinary sarcoma: A population-based analysis of clinical characteristics and survival. Urol Oncol (2020) 38(5):334–43. doi: 10.1016/j.urolonc.2019.12.004

5. Wang, X, Tu, X, Tan, P, Zhan, W, Nie, P, Wei, B, et al. Adult genitourinary sarcoma: Clinical characteristics and survival in a series of patients treated at a high-volume institution. Int J Urol (2017) 24(6):425–31. doi: 10.1111/iju.13345

6. Zhang, J, Pan, Z, Yang, J, Yan, X, Li, Y, and Lyu, J. A nomogram for determining the disease-specific survival in Ewing sarcoma: a population study. BMC Cancer (2019) 19(1):667. doi: 10.1186/s12885-019-5893-9

7. Chen, S, Liu, Y, Yang, J, Liu, Q, You, H, Dong, Y, et al. Development and Validation of a Nomogram for Predicting Survival in Male Patients With Breast Cancer. Front Oncol (2019) 9:361. doi: 10.3389/fonc.2019.00361

8. Mariani, L, Miceli, R, Kattan, MW, Brennan, MF, Colecchia, M, Fiore, M, et al. Validation and adaptation of a nomogram for predicting the survival of patients with extremity soft tissue sarcoma using a three-grade system. Cancer (2005) 103(2):402–8. doi: 10.1002/cncr.20778

9. Cahlon, O, Brennan, MF, Jia, X, Qin, LX, Singer, S, and Alektiar, KM. A postoperative nomogram for local recurrence risk in extremity soft tissue sarcomas after limb-sparing surgery without adjuvant radiation. Ann Surg (2012) 255(2):343–7. doi: 10.1097/SLA.0b013e3182367aa7

10. Callegaro, D, Miceli, R, Bonvalot, S, Ferguson, P, Strauss, DC, Levy, A, et al. Development and external validation of two nomograms to predict overall survival and occurrence of distant metastases in adults after surgical resection of localised soft-tissue sarcomas of the extremities: a retrospective analysis. Lancet Oncol (2016) 17(5):671–80. doi: 10.1016/S1470-2045(16)00010-3

11. Anaya, DA, Lahat, G, Wang, X, Xiao, L, Pisters, PW, Cormier, JN, et al. Postoperative nomogram for survival of patients with retroperitoneal sarcoma treated with curative intent. Ann Oncol (2010) 21(2):397–402. doi: 10.1093/annonc/mdp298

12. Ardoino, I, Miceli, R, Berselli, M, Mariani, L, Biganzoli, E, Fiore, M, et al. Histology-specific nomogram for primary retroperitoneal soft tissue sarcoma. Cancer (2010) 116(10):2429–36. doi: 10.1002/cncr.25057

13. Gronchi, A, Miceli, R, Shurell, E, Eilber, FC, Eilber, FR, Anaya, DA, et al. Outcome prediction in primary resected retroperitoneal soft tissue sarcoma: histology-specific overall survival and disease-free survival nomograms built on major sarcoma center data sets. J Clin Oncol (2013) 31(13):1649–55. doi: 10.1200/JCO.2012.44.3747

14. Tan, MC, Brennan, MF, Kuk, D, Agaram, NP, Antonescu, CR, Qin, LX, et al. Histology-based Classification Predicts Pattern of Recurrence and Improves Risk Stratification in Primary Retroperitoneal Sarcoma. Ann Surg (2016) 263(3):593–600. doi: 10.1097/SLA.0000000000001149

15. Deyrup, AT, and Weiss, SW. Grading of soft tissue sarcomas: the challenge of providing precise information in an imprecise world. Histopathology (2006) 48(1):42–50. doi: 10.1111/j.1365-2559.2005.02288.x

16. Rööser, B, Attewell, R, Berg, N, and Rydholm, A. Prognostication in soft tissue sarcoma. A model with four risk factors. Cancer (1988) 61(4):817–23. doi: 10.1002/1097-0142(19880215)61:4<817::aid-cncr2820610429>3.0.co;2-9

17. Ueda, T, Aozasa, K, Tsujimoto, M, Hamada, H, Hayashi, H, Ono, K, et al. Multivariate analysis for clinical prognostic factors in 163 patients with soft tissue sarcoma. Cancer (1988) 62(7):1444–50. doi: 10.1002/1097-0142(19881001)62:7<1444::aid-cncr2820620733>3.0.co;2-l

18. Urasaki, T, Nakano, K, Tomomatsu, J, Komai, Y, Yuasa, T, Yamashita, K, et al. Adult genitourinary sarcoma: The era of optional chemotherapeutic agents for soft tissue sarcoma. Int J Urol (2020) 28(1):91–7. doi: 10.1111/iju.14417

19. Mondaini, N, Palli, D, Saieva, C, Nesi, G, Franchi, A, Ponchietti, R, et al. Clinical characteristics and overall survival in genitourinary sarcomas treated with curative intent: a multicenter study. Eur Urol (2005) 47(4):468–73. doi: 10.1016/j.eururo.2004.09.013

20. Oosten, AW, Seynaeve, C, Schmitz, PI, den Bakker, MA, Verweij, J, and Sleijfer, S. Outcomes of first-line chemotherapy in patients with advanced or metastatic leiomyosarcoma of uterine and non-uterine origin. Sarcoma (2009) 2009:348910. doi: 10.1155/2009/348910

21. Pisters, PW, Leung, DH, Woodruff, J, Shi, W, and Brennan, MF. Analysis of prognostic factors in 1,041 patients with localized soft tissue sarcomas of the extremities. J Clin Oncol (1996) 14(5):1679–89. doi: 10.1200/JCO.1996.14.5.1679

22. Singer, S, Corson, JM, Gonin, R, Labow, B, and Eberlein, TJ. Prognostic factors predictive of survival and local recurrence for extremity soft tissue sarcoma. Ann Surg (1994) 219(2):165–73. doi: 10.1097/00000658-199402000-00008

23. Stojadinovic, A, Leung, DH, Allen, P, Lewis, JJ, Jaques, DP, and Brennan, MF. Primary adult soft tissue sarcoma: time-dependent influence of prognostic variables. J Clin Oncol (2002) 20(21):4344–52. doi: 10.1200/JCO.2002.07.154

24. Bremjit, PJ, Jones, RL, Chai, X, Kane, G, Rodler, ET, Loggers, ET, et al. A contemporary large single-institution evaluation of resected retroperitoneal sarcoma. Ann Surg Oncol (2014) 21(7):2150–8. doi: 10.1245/s10434-014-3616-7

25. Izumi, K, Mizokami, A, Sugimoto, K, Narimoto, K, Miyagi, T, Maeda, Y, et al. Role of surgical resection in adult urological soft tissue sarcoma: 25-year experience. Urol Int (2010) 84(3):309–14. doi: 10.1159/000288234

26. Spiess, PE, Kassouf, W, Steinberg, JR, Tuziak, T, Hernandez, M, Tibbs, RF, et al. Review of the M.D. Anderson experience in the treatment of bladder sarcoma. Urol Oncol (2007) 25(1):38–45. doi: 10.1016/j.urolonc.2006.02.003

27. Canter, RJ. Surgical approach for soft tissue sarcoma: standard of care and future approaches. Curr Opin Oncol (2015) 27(4):343–8. doi: 10.1097/CCO.0000000000000202

28. Tierney, JF, Stewart, LA, Parmar, M, Fletcher, C, and Yang, JC Adjuvant chemotherapy for localised resectable soft-tissue sarcoma of adults: meta-analysis of individual data. Sarcoma Meta-analysis Collaboration. Lancet (1997) 350(9092):1647–54. doi: 10.1016/S0140-6736(97)08165-8

29. Woll, PJ, Reichardt, P, Le Cesne, A, Bonvalot, S, Azzarelli, A, Hoekstra, HJ, et al. Adjuvant chemotherapy with doxorubicin, ifosfamide, and lenograstim for resected soft-tissue sarcoma (EORTC 62931): a multicentre randomised controlled trial. Lancet Oncol (2012) 13(10):1045–54. doi: 10.1016/S1470-2045(12)70346-7

30. Gamboa, AC, Gronchi, A, and Cardona, K. Soft-tissue sarcoma in adults: An update on the current state of histiotype-specific management in an era of personalized medicine. CA Cancer J Clin (2020) 70(3):200–29. doi: 10.3322/caac.21605



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Li, Liang, Song, Yin, Zeng, Zhong, Feng, Jia, Fan, Wang and Lin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc.2021.656325_cover.jpg
, frontiers
in Oncology

A Nomogram Model to Predict
Prognosis of Patients With
Genitourinary Sarcoma





OEBPS/Images/fonc-11-656325-g001.jpg





OEBPS/Images/fonc-11-656325-g004.jpg





OEBPS/Images/fonc-11-656325-g003.jpg
-0z

pepitsed

Timo in morihs.

‘ E— Time o
peom
Time o Tima v
-





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        A Nomogram Model to Predict Prognosis of Patients With Genitourinary Sarcoma

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Patient Selection

          



          		

            Prognostic Variables

          



          		

            Nomogram Construction and Validation

          



        



        



        		

          Results

        

          		

            Patient Characteristic

          



          		

            The Effect of Gender on OS and RFS of GS Patients

          



          		

            The Impact of Histological Subtype on OS and RFS of GS Patients

          



          		

            Surgery, Chemotherapy and Radiotherapy

          



          		

            Univariate and Multivariate Analyses of OS and RFS

          



          		

            Baseline Characteristics of Training and Validation Set

          



          		

            Prognostic Nomogram for OS

          



          		

            Construction and Validation of the Nomogram

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Characteritics. Univariate analysis. Mltivariate analysi (step)

HR [95%C1 Prvalue HR [95%C1] Prvalue
AGE

>50 years Refoence Refaence

550 years 135(085,215] 0207 1.36(091.202) o131
PRIMARY ORGAN

Bladder Reforenco

Kidoey 084044, 1.58) 0586 - -
Omer 1.18(051,273] o063 g -
Paratestiuar 101 053, 1.99] o973 = -
Prostate 122[055,2.71] o624 = B
GENDER

Femslo Refoence Retaence

™ 049028, 086) 0013 0571037, 087 000
SYMPTOM AT PRESENTATION

No. Reference

Yes 1.12(043,2%9] 0823 - -
SYMPTOM DURATION

>tmontn Refoence

<imontn 137 086,219] o187 - B
TUMOR SiZE

>5om Refoence

<som 070(0.40, 126) 0221 = =
HISTOLOGICAL SUBTYPE

Uposarooma Reference Retoenco

Loomyosarcoma 077045, 138 0384 070043, 1.18] o158
omer 070037, 138 0217 067037, 121 o185
Rhabdomyosarcoma 160[082,3.13] o168 1.98(0.77, 240] 0285
METASTASIS AT_ENTRY

No Refoence

Yes 1.08(069, 1.67) o748 E B
GRADE

Hon Reference

Low 081046, 1.45] o484 - -
SURGERY STATUS

‘Surgery and margin negatie Refoenco Refoence

No surgery 7.8617.68, 81.09] <0001 9588 (18,59, 73.14] <0001
Sugery and margn positve. 429(226,814] <0001 391225681 <0001
CHEMOTHERAPY

No. Refeence Rateence

Yes 053(0:33,086) 0009 051(034,078) oo
RADIOTHERAPY

No. Reforence

Yes 089056, 1.41] o614 = E

Othor inPrnoeyorgan inkco four qoourinry sitos: urtes,somal vesicio, and urva. Othr i istologcal subype icko Ewig's arcoma, primite pceoectodra s,
i S AN Eareirosh Salbnatt ol Shasth Bt seo bl o AROMORE Honinscan end ot Sarcons.





OEBPS/Images/table4.jpg
Characteristics Total N = No. (%) Training St N = No. (%) Validation Set N = No. (%)

PRIMARY ORGAN oast
paddor @1y 3168 90143
anoy. 4906 2024 2169
Otver 1369) 902 469
pasatestuar 698 88 20617
Prostato (160 21 (168 90143
GENDER 0205
Femdlo 015 wper 120190
Mo 142055 91028 51610
AGE o082
550 yoars 75 309) 51608 248
<50 yoars 113(60.1) 740692 30619
PRESENTING SYMPTOMS. 0283
Asmptomatc 968 462 509
Symptomatc 179652) 121068) e
SYMPTOMATIC DURATION 0905
1 monn 16617 78 (624) 8603
<1 monin 72@3) 47078 25097
TUMOR siZe o287
5 om 150(79) 108624) 4746
<5 cm 102 2076 16254)
HISTOLOGICAL SUBTYPE ossi
Uposarcoma .02 27018 11079
Leomyosarcoma 77010 51008 2613
Otver 709 20184 14222)
Rnabdomyosarcoma 36019 24(192) 12(190)
METASTASIS AT_ENTRY o080
. 140745 92036 8062
yos 48055 064 15238
GRADE 0314
igh 162 (609) 9884 54857
ow 36191 27018 9(1a3)
SURGERY_STATUS 0585
Surgery and margin negatie 106635) 6Ly a7 (685
No Surgery (198 2004 1085
Surgary and margin positve 28(168) 21086 7030
CHEMOTHERAPY. 0472
. 51083 3005 15@42)
s 12971.7) 820695 47058
RADIOTHERAPY o467
o 114639 72610 w267
oo 86 46090 20623

Otho inPriaryorgan kot four qonfournry52as: s, sominal vosos, nd ofea. Otha i taiogecal ubypo ko Eving's Sarcoma, pimiis pcsooctodorna s,
o SO ATBCOn: it M badhats A Taicr SR AAB o ARSI TSRt i oMY SO,





OEBPS/Images/table3.jpg
Characteritics. Univariate analysis Mltivariate analysis (step)

HR [95%C1] Prvalue HR [95%C1) Povalue

AGE

>50 years Refarence

<50 years 1.05 (062, 1.76] o867 2 =
PRIMARY ORGAN

Blacder Roterenco

Kidoey 0731034, 156) 021 - -
Omer 049015, 159) 0234 s &
Paratestiuar 062028, 136) 0282 = =
Prostate 095(035,259 0923 = R
GENDER

Fomsio Retarenco

™ 077040, 1.5 0414 = 3
SYMPTOM AT PRESENTATION

No. Roterence Reference

Yes 363085, 15.49] 0081 3761106, 1332) 00i0
SYMPTOM DURATION

>tmontn Retersnco

<tmonth 1.14(065,1.96] o633 - -
TUMOR SiZE

>5om Rotarerco Rafoence

<som 1.95(1.00,379] 0050 188(1.07,329] o008
HISTOLOGICAL SUBTYPE

Lposarooma Roterence

Loomyosacoma 1.12(054,231) 0765 = 2
Omer 1.56(069,355] 0285 = =
Rhabdomyosarcoma 258098, 680) 0055 . R
METASTASIS AT_ENTRY

No Retarerco

Yes 097053, 1.74) 007 2 »
GRADE

Hon Reterence

Low 1.16(058.231] 0689 - -
SURGERY STATUS

‘Surgory and margn pegatie Retersrce Reforence

‘Sugery and margn posive. 854 (398, 1834] <0001 655342, 1254] <0001
CHEMOTHERAPY

No. Roterorco

Yes 090049, 163 0723 = =
RADIOTHERAPY

No. Reterence

Yes 063034, 117) 0142 < -

Ot inPrimery organ ik e riourinr sites: urter,somial vescio, and uelva, Othr i istologcal utype ke Ewig's sarcoma, e pceoectodra e,
o setake. sachannoa Brianonia basar oot s hinoc Seo-dEobhul e secescons chatdosncsss: sal aiibiibaad setine.





OEBPS/Images/fonc-11-656325-g002.jpg
1o o g
o Ther
H crn po
& SRR s
e TR0z
o (I P
g 3 e e e e w
Timo nmonts ¢ Tiwnonme
- ors; - g
= : T
- ) i —
] Aus
; e
B s
3
-
¢
o] peor e ot peobs
e s T % % W w





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/table1.jpg
Characteristics Value (%)

PRIMARY ORGAN
Bladder 01y
Kicney 49(26.1)
Other 1369
Pratesticuiar 56(208)
Prostate 20(160)
GENDER

Femdle 46245
Mo 142 (755
AGE

50 years 75(309)
<50 years 113(60.1)
PRESENTING SYMPTOMS

Asymptomalic 948
Symptomatic 179952
SYMPTOMATIC DURATION

>1month 116617
<tmonth 72(83)
TUMOR SiZE

>5 om 150 (79.)
<5 m 3802
HISTOLOGICAL SUBTYPE

Liposarcoma 38(202)
Leomyosarcoma 7710,
Other 37(19.)
Rhabdomyosarcoma 3(19.)
METASTASIS_AT_ENTRY

o 140 (74.9
yes 48255
GRADE

righ 152 ©0.9)
oW 36(19.1)
SURGERY_STATUS

Surgery and margi negative 106 (63.5)
No Surgery (199
Surgery and margi posive 28(168)
CHEMOTHERAPY

no 51289
yes 12971.7)
RADIOTHERAPY

no 114639
yes 66(36.7)
RECURRENCE

no 41859
yes 75647)
SURVIVAL STATUS 34(198)
Aive 138 (802)
Dead

Ot in Primaey organ incuced four genitourmary sts: ureter, sominal vesices, and
urethra. Other in histological sublype included Ewing's sarcoma, primitive
neuroectodermal tumar, synovial sarcom, angiosarcoma, florosarcoma, malgnant
peripheral shealh tumor, myo-fvoblastic umov, 0SIG0SarComa, chonCHosarcoma, and
PR By





OEBPS/Images/table5.jpg
Characteritics.

AGE
>50years
<50 yoars
PRMARY ORGAN
Blacer
ey
Oter
Paratesicar
Prostao
GENDER
Foma
Moo
SYMPTOM AT PRESENTATION
No
Yes
SYMPTOM DURATION
>tmonith
Simonth
TUMOR SiZE
>em
<scm
HISTOLOGICAL SUBTYPE
Uposarcoma
Leomosarcoma
Oer
Rrabdomyosarcoma
METASTASIS AT ENTRY
No
Yes
GRADE
Hoh
Low
SURGERY STATUS
‘Surgery and margn nogatie
Nosugay
Surgery and marg posiive
CHEMOTHERAPY
No
Yes
RADIOTHERAPY
No
Yes

Univariate analysis.

HR [95%C1

Refoence
098097099

Reforenco
0711036, 138)
1.10(0.47,254]
070035, 1.40]
093[041,2:10]

Refoence
05510:32,095)

Reforenco
078032, 1.90]

Reforence
1.00[097, 1.05]

Refoence
1.04(099,1.09]

Reforenco
0671029, 1.15)
075040, 1.38]
136 (0.72,257]

Refoence
100[064, 1.67)

Reforenco
081046, 1.42)

Refoenco
660(17.27,77.57)
520(276,9.78)

Refeence
047020,075)

Reforence
094060, 1.48)

Prvalue

0008

0308
0831
0319
o6z

0ot

0585

os22

006

o148

03%

0990

0460

<0001
<0001

002

o792

Mltivariate analysi (step)
HR [95%C1]

Refaence
1.56(091, 269]

Retoence
0511030, 089)

Rofoence
0711037135
059027, 129)
1.73(078, 385]

Refoence
3304 (1437, 7594]
333170651

Rateence
056 033,095

Prvalue

0108

oot

0204
o185
0179

<0001
<0001

00w

Ot inPrimeryorgan kot four genkournary stos: s, sominal vescos, and ufea. Otha i itoiogea subtype ko Eving's arcoma, piméie peceoectodra s,
i S AN, Eaeairos Malbrate ol shasth Tt svosiobills Ko AROMOOIE GOaninsacn ead arolilinibesd Sarcons.





