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Objectives

To study clinical characteristics and factors that may affect the prognosis of testicular sarcoma patients.



Patients and Methods

In the Surveillance Epidemiology and End Results database (2006–2016), people with testicular sarcoma were enrolled in our research. Multivariable Cox proportional hazard model and Multivariable Logistic regression model were used to compare the impact of different factors on cancer-specific survival, localized metastasis, and distant metastasis.



Results

This research was based on the registry information of 158 testicular sarcoma patients. All patients with a median age of 17.00 (1.00–93.00) years were pathologically diagnosed with orchiectomy or needle biopsy specimens. Patients with Grade I, II, III, and IV testicular sarcoma accounted for 34.29% (n = 24), 10.10% (n = 7), 22.86% (n = 16), and 32.86% (n = 23) of all patients, respectively. There were 42 (30.43%), 53 (38.41%), 15 (10.87%), 20 (14.49%), 5 (3.62%), 3 (2.17%) patients with Tis, T1, T2, T3, T4, and >T4 (the invasion degree exceeded the staging system of testicular cancer) disease respectively. Among all included patients, localized metastasis occurred in 31 (20.13%) patients, distant metastasis was found in 28 (18.18%) patients during observation, and 61.69% (n = 95) had no metastasis. Thirty-two (20.25%) patients died of this cancer. According to our study, patients with distant metastasis [OR = 17.86, 95% CI (4.63–68.84), p < 0.0001] and T3 disease [OR = 4.13, 95% CI (1.10–15.53), p = 0.0359] were more likely to die of this cancer. Patients with advanced T stage were more likely to occur distant metastasis, [OR = 13.91, 95% CI (1.80–107.54), p = 0.0116] for T3 and [OR = 16.36, 95% CI (1.36–196.21), p = 0.0275] for T4.



Conclusions

According to our research, factors including metastasis and higher T stage were significantly related with poorer prognosis of testicular sarcoma. Higher T stage was also found to be a risk factor of distant metastasis. The recognization of these poor prognostic factors may allow physicians to make comprehensive and appropriate management decision for testicular sarcoma patients.





Keywords: testicular sarcoma, prognosis, cancer-specific survival, metastasis, differentiation grade



Introduction

Sarcomas are a heterogeneous group of malignant tumors of mesenchymal origin (1–3). They are relatively rare, representing less than 1% of all adult malignancies and 12% of pediatric malignancies (1, 2). Sarcomas can occur at all anatomic sites in the body, but the majority are in the extremities (2). A study reviewed the anatomic distribution of soft tissue sarcomas in 4,550 adults, 46% of them occurred at thigh, buttock, and groin, 13% occurred at upper extremity, torso and retroperitoneum accounted for 18% and 13% respectively, while head and neck only constituted 9% (4). The care for patients with sarcomas is usually based on anatomic site and histology, so there is no unified treatment standard.

The majority of primary testicular tumors derive from germ cell origin. Primary testicular sarcoma (TS) is particularly rare. Since it differs from primary testicular germ cell tumors (TGCT), the risk assessment system currently used for testicular tumors shall not be applicable for TS.

As far as we know, a number of cases of TS have been reported in the previous literature (5–18), but no cohort study has been published. This study aimed to identify the clinical characteristics and factors that may affect the prognosis of TS patients. This study was based on information from the National Cancer Institute’s Surveillance Epidemiology and End Results (SEER, RRID: SCR_006902) database (2006–2016).



Materials and Methods


Study Population

We identified men with TS from 2006 to 2016 from cancer registries captured by the SEER Program. According to the International Classification of Disease for Oncology, Third Edition (ICD-O-3), the histology was restricted to the sarcoma including ICD-O-3 8800/3 (Sarcoma, NOS), ICD-O-3 8802/3 (Giant cell sarcoma), ICD-O-3 8811/3 (Fibromyxosarcoma), ICD-O-3 8830/3 (Malignant fibrous histiocytoma), ICD-O-3 8850/3 (Liposarcoma, NOS), ICD-O-3 8851/3 (Liposarcoma, well differentiated), ICD-O-3 8858/3 (Differentiated liposarcoma), ICD-O-3 8890/3 (Leiomyosarcoma, NOS), ICD-O-3 8895/3 (Myosarcoma), ICD-O-3 8900/3 (Rhabdomyosarcoma, NOS), ICD-O-3 8901/3 (Pleomorphic rhabdomyosarcoma, adult type), ICD-O-3 8902/3 (Mixed type rhabdomyosarcoma), ICD-O-3 8910/3 (embryonal rhabdomyosarcoma, NOS), ICD-O-3 8912/3 (Spindle cell rhabdomyosarcoma), ICD-O-3 8920/3 (Alveolar rhabdomyosarcoma), and ICD-O-3 8921/3 (Rhabdomyosarcoma with ganglionic differentiation). Tumors containing elements other than sarcoma and patients with neoplasms in other sites were excluded. The primary cancer site was restricted to the testis (C62). Sarcomas from other sites that metastasized to the testicle were also excluded. Finally 158 patients were enrolled in our study. Data we obtained from the database contained age, survival time, region, race, marital status, year of diagnosis, differentiation grade, laterality, tumor size, surgery, serum tumor markers [Alpha Fetoprotein (AFP), human Chorionic Gonadotropin (hCG), Lactate Dehydrogenase (LDH)], stage, and cancer-specific mortality (CSM).



Independent Variable and Endpoint

The endpoints of this study included cancer-specific survival (CSS), localized metastasis (LM), and distant metastasis (DM). LM referred to regional lymph nodes metastasis. We compared the impact of different independent factors on them, including age at diagnosis, differentiation grade, laterality, tumor size, surgery, serum tumor markers, metastasis, and T stage.



Statistical Analysis

Firstly, we assessed the distribution of baseline characteristics with the use of a two‐sample t test and a chi-square test to compare continuous and categorical variables, respectively. Data were presented as median (interquartile range or minimum value–maximum value) for continuous variables and as frequency (%) for categorical variables.

Secondly, Kaplan-Meier survival estimate was used to compare survival of patients of different differentiation grades.

Thirdly, multivariable cox proportional hazard model and multivariable logistic regression model were used to compare the impact of different factors on CSS, LM, and DM, with adjustment for region, race, marital status, and year of diagnosis.

All statistical analyses were performed using Empower Stats 2.0. A P value <0.05 was considered statistically significant.




Results


Baseline Characteristics

A total of 158 TS patients were included in our study. All patients were diagnosed pathologically through surgery or needle biopsy. The patients were of a median age of 17 (interquartile range, 7.25–61.50) years. Patients with Grade I, II, III, and IV testicular sarcoma accounted for 34.29% (n = 24), 10.10% (n = 7), 22.86% (n = 16), and 32.86% (n = 23) of all patients, respectively. There were 42 (30.43%), 53 (38.41%), 15 (10.87%), 20 (14.49%), 5 (3.62%), 3 (2.17%) patients with Tis, T1, T2, T3, T4, and >T4 (the invasion degree exceeded the staging system of testicular cancer) disease respectively. Among all included patients, localized metastasis occurred in 31 (20.13%) patients, distant metastasis was found in 28 (18.18%) patients during observation. Details of the baseline information was tabulated in Table 1.


Table 1 | Baseline characteristics of all TS patients.






Survival Data

In our study, 32 (20.25%) patients died of this cancer, with a median survival time of 43.00 (0.00–131.00) months. The 1- and 3-year CSS rate of G1, G2, G3, and G4 patients was 90.03% (95% CI 77.69–100.00%), 85.71% (63.34–100.00%), 75.00% (56.52–99.52%), 76.02% (59.60–96.98%), and 82.52% (65.87–100.00%), 71.43% (44.71–100.00%), 75% (56.52–99.52%), 70.17% (52.53–93.75%), respectively (Figure 1).




Figure 1 | Cancer specific survival in patients with different differentiation grades.





Risk Factors

Cox proportional hazard model was used to evaluate the impact of several factors on CSM. According to our study, patients with distant metastasis [OR = 17.86, 95% CI (4.63–68.84), p < 0.0001] and T3 disease [OR = 4.13, 95% CI (1.10–15.53), p = 0.0359] were more likely to die of this cancer. However, we did not find statistical difference in the risk of CSM between different differentiation grade, laterality, tumor size, surgery, AFP, hCG, LDH (p > 0.05) (Table 2).


Table 2 | CSM risk factors in all patients.



Radiotherapy was found to be related with higher risk of CSM after adjusting for marital status, race, region, and year of diagnosis. Hence, we compared baseline characteristics of patients received adjuvant radiotherapy with those not. Significant difference was found in differentiation grade, status of metastasis, and T stage (Supplementary Table 1). After adjusting for marital status, race, region, year of diagnosis, differentiation grade, status of metastasis, and T stage, that association was not statistically significant [34407.88 (0.00, Inf) 0.9960].

We also used multivariable logistic regression analysis to evaluate the impact of several factors on LM. Patients with Grade III disease had a higher risk of localized metastasis [OR = 14.29, 95% CI (1.41–144.36), p = 0.0242] before adjustment. However, the difference became not statistically significant after adjusting for other variates [OR = 83.01, 95% CI (0.61, 11366.93), P = 0.0783]. There were either no statistical significance in the impact of laterality, tumor size, T stage on LM (p > 0.05) (Table 3).


Table 3 | LM risk factors in all patients.



Multivariable logistic regression model was used to evaluate the impact of several factors on DM. Patients with Grade IV disease had a higher risk of distant metastasis [OR = 9.19, 95% CI (1.02–82.42), p = 0.0476] before adjustment. Nonetheless, the difference became not statistically significant after adjusting for other variates [OR = 7.38, 95% CI (0.53, 102.36), P = 0.1362]. Patients with advanced T stage were of higher risk of distant metastasis [OR = 13.91, 95% CI (1.80–107.54), p = 0.0116] for T3 and [OR = 16.36, 95% CI (1.36–196.21), p = 0.0275] for T4 (Table 4).


Table 4 | DM risk factors in all patients.






Discussion

Sarcomas are complicated malignancies encompassing a broad histopathologic spectrum. Approximately 80 percent of new cases of sarcomas originate from soft tissue, and the rest originate from bone (1, 2). As classified by the fourth edition of the World Health Organization (WHO), there are more than 100 different histologic subtypes of soft-tissue neoplasms (3, 19). Histologic grade is currently recognized the most important prognostic factor for sarcomas and is predictive of distant metastasis and cancer-specific survival (2, 3). There are several grading systems. The AJCC Staging System uses a four-grade scheme ranging from G1 (well-differentiated) to G4 (undifferentiated) (20). The French Federation of Cancer Centers Sarcoma Group (FNCLCC) grading schema, basing on three parameters: differentiation, mitotic rate, and necrosis, is widely recommended (2, 20, 21). In addition to histologic grade, tumor size and pathologic stage at the time of diagnosis are counted as another two most important prognostic factors (2).

Due to the histological difference between TS and TGCT, the clinical and pathological characteristic of TS may differ from TGCT. The management decision of TS should not be made on the basis of current guidelines for testicular tumors (which was mainly on TGCTs). Since TS is particularly rare, studies about this cancer are limited, and most of them are case reports or case reviews (5–18). To our knowledge, this is the first cohort study based on a relatively large amount of TS patients, reporting clinical characteristics and factors that may affect the prognosis of TS patients.

As reported in our study, patients with distant metastasis had a 17.86 fold increased risk to die of TS itself [OR = 17.86, 95% CI (4.63–68.84), p < 0.0001], and patients with T3 disease had a 4.13 fold increased risk [OR = 4.13, 95% CI (1.10–15.53), p = 0.0359]. The risk of DM in patients with advanced T stage was higher than those with lower T stage, 13.91 fold (95% CI, 1.80 to 107.54 fold) for T3 and 16.36 fold (95% CI, 1.36 to 196.21 fold) for T4. We can conclude that necessary imaging techniques should be used to evaluate the extent of a primary tumor and to establish the presence or absence of metastatic disease. For those patients with metastasis or advanced T stage disease, further treatment and comprehensive management should be formulated. At present there are no relevant guidelines regarding retroperitoneal lymph node dissection (RPLND) in TS patients. For retroperitoneal sarcomas, the cornerstone of treatment is surgical resection (3). So we consider RPLND necessary when imaging shows enlarged retroperitoneal lymph nodes.

Patients with Grade II disease had a 14.29 fold increased risk of LM [OR = 14.29, 95% CI (1.41–144.36), p = 0.0242], and patients with Grade IV disease had a 9.19 fold increased risk of DM [OR = 9.19, 95% CI (1.02–82.42), p = 0.0476] before adjustment. However the difference became not statistically significant after adjustment. In addition, we did not find there were statistical difference when evaluating the impact of differentiation grade and surgery on CSM, the impact of tumor size on CSM, LM, and DM. These findings may be due to the small sample size and the variability in the number of patients of different T stages and differentiation grades. We can still speculate from the Kaplan-Meier curve that the survival rate of TS patients lowered with worse differentiation, though this difference was not statistically significant (p > 0.05).

What’s more, most patients enrolled in our study had normal AFP, hCG, and LDH. This is consistent with previously reported cases, including but not limited to a 27-year-old male with high-grade primary testicular leimyosarcoma reported by Fouzia Siraj et al. (5) and a 51-year-old patient with primary testicular sarcoma reported by Allaway M. et al. (6). We did not find that these serum tumor markers had a statistically significant impact on CSM and DM in TS patients. Unlike in germ cell tumors, where elevations of tumor markers (AFP, hCG, and LDH) allow for staging and determination of treatment regimen, no known marker exists in TS. Future work may elucidate a prognostic biomarker for TS.

Although this is the first cohort study in TS, there are limitations of our study. Due to its retrospective nature, not all clinical data were collected in SEER database, which is a common defect in any observational study. In addition, because of the limited size of the study cohort, some outcomes were not adequately powered to detect a statistical significance. As there are no guidelines for the diagnosis and management of patients with TS, there was likely high variability in the staging and receipt of imaging as well as treatments received by the patients in this cohort.



Conclusion

According to our study, patients with advanced T stage were more likely to have distant metastasis. Both distant metastasis and advanced T stage were associated with worse CSM. The recognization of these poor prognostic factors may allow physicians to make comprehensive and appropriate management decision for TS patients. In order to better understand this disease, larger powered studies are needed.
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