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Background: Rarity limits the breadth of study on clear cell sarcoma of the kidney (CCSK). There is currently no predictive model that quantifies the overall survival (OS) of CCSK and a few large sample-based analysis of relapse-related factors.

Methods: Patients were collected both from the Surveillance, Epidemiology, and End Results (SEER) database and case report articles extracted from the global online document database to form 2 groups. The first was the OS group, which was used to build and verify the nomogram for predicting the OS of CCSK. Independent predictors of OS were screened by Cox regression analysis to develop the nomogram. Nomogram accuracy was assessed by C-index, receiver operating characteristic (ROC), calibration, and decision curve analysis (DCA) curves. In addition, the difference in OS between receiving radiotherapy or not in stage I patients was analyzed by the Chi-square test. The second was the relapse group, which was used to analyze the relapse-related factors by Cox regression analysis and the Kaplan–Meier method with the log-rank test.

Result: 256 patients were included in the OS group. The stage, chemotherapy, and radiotherapy were independent OS-related factors of CCSK, and the nomogram for predicting the OS of CCSK was established based on them. The results of the C-index, ROC, calibration, and DCA curves showed that the nomogram has good discrimination, accuracy, and clinical profitability. The Chi-squared test showed no significant difference in OS with receiving radiotherapy or not in stage I patients. The relapse group included 153 patients, of which 60 relapsed. The univariate Cox regression analysis showed no correlation between radiotherapy and relapse. The multivariate Cox regression analysis showed that stage and surgery/chemotherapy sequence were the independent factors for relapse. The log-rank test of seven chemotherapeutic drugs showed that etoposide (E), cyclophosphamide (C), vincristine (V), and doxorubicin (D) (all P < 0.05) had significant differences in preventing relapse, and then drew the relapse-free survival curves of these four drugs.

Conclusion: Our nomogram accurately quantified the OS of CCSK. There was no significant difference in OS between receiving radiotherapy or not in stage I patients. Stage, surgery/chemotherapy sequence, and the use of ECVD were relapse-related factors. Radiotherapy had no significant contribution to preventing relapse.
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Introduction

Clear cell sarcoma of the kidney (CCSK) is a rare pediatric malignant tumor most common in children aged 2–3 years old and accounting for only 3–5% of children's renal tumors (1–3). The clinical features and therapeutic regimen of CCSK which is similar to high-risk nephroblastoma have been systematically studied by the North American National Wilms' Tumor Study Group (NWTSG) and the European International Society of Pediatric Oncology (SIOP) (4–9). The rarity of the tumor limits the study breadth of CCSK, so the prognosis prediction is still poorly understood. In recent years, several studies have illustrated the high correlation between partial gene aberrations and CCSK occurrence at the molecular level, which can be used for the diagnosis of CCSK, such as BCOR-CCNB3 fusion and EGFR mutation (10–13). However, these distortions have not been identified as a prediction of prognosis (14). NWTSG trials 5 (NWTS-5) study showed that age, stage, use of doxorubicin, and necrosis were related risk factors of tumor apoptosis (2). However, it does not specifically quantify the relevance of these factors to the patient's survival. As far as we know, there is currently no predictive model to accurately quantify the overall survival (OS) of CCSK to guide clinical decision-making. Nomogram is a model that provides an accurate prediction of endpoint events with an easy-to-use and efficient interface (15). It is currently being used widely in the diagnosis of tumors and other diseases, which meet our needs.

A combined SIOP and Associazione Italiana Ematologia Oncologia Pediatrica (AIEOP) study showed that relapse occurs in about 16% of patients (5). Several follow-up clinical studies on relapse of CCSK showed that relapse patients who receive only primary treatment with resection + chemotherapy + radiotherapy exhibit a poor prognosis due to the absence of effective treatment standards for relapsed CCSK (16–18). These were mostly single-center studies with a small sample size and no analysis of relapse-related factors. Considering the limitation of the existing treatment, exploring how to avoid relapse is valuable. At present, little research has been done on this topic.

In this study, we obtained patients indirectly from the global online document database and the Surveillance, Epidemiology, and End Results (SEER) database. Two large sample groups were formed to develop nomograms for predicting the OS of CCSK patients with an initial diagnosis. And to analyze relapse-related factors for helping clinicians make more forward-looking clinical decisions.



Materials and methods


Data sources and groups

The data sources of this study consist of two parts. Firstly, we used the keywords “Clear cell sarcoma of the kidney” and “Renal clear cell sarcoma” in PubMed, Embase, and China Knowledge Network (CNKI) databases, starting from 1990 to 10 March 2022, and no language restrictions to research articles which published single or multiple cases under 18-years-old with a clear pathological diagnosis of CCSK. The following variables of cases were collected: (i) age at diagnosis, sex; (ii) the earliest clinical symptoms and signs; (iv) primary site, laterality, stage, distant metastases (DM); (v) Surgery (or not), radiotherapy and chemotherapy (or not), surgery/chemotherapy sequence (relative order of chemotherapy and surgery), chemotherapy drugs; (vi) relapse (or not), time of relapse, location of relapse, overall survival, outcome; and (vii) special records. In the study, clinical features and location of relapse were counted using simple summary terms. It is worth noting that the foundation data of constructing a nomogram requires that the information of patients must be specific to the individual level to form a matrix. Hence, some large-sample clinical studies that report the results from a macro perspective could not be included in this study.

Secondly, we obtained cases with CCSK in SEER*stat v8.3.9.2 1975–2018 database. The selection statement was the International Classification of Diseases for Oncology, Third Edition (ICD-O-3) histology codes of 8964/3, and age <18. The collected variables included age at diagnosis, sex, the primary site of the tumor, extension, laterality, regional nodes positive, surgery, radiotherapy, chemotherapy, tumor sequence number, cause of death, vital status, and survival months. Calculation of NWTS-5 stage based on the information of regional nodes positive, tumor extension. Limited by incomplete SEER database records, this subset of cases did not contain information of multidisciplinary therapy and relapse.

The information of all variables obtained by the two methods was aggregated to form an OS group which was used to select independent OS-related factors and developed a nomogram with accurate prediction ability for OS of CCSK. Inclusion criteria were each patient's individual variables information (sex, age at diagnosis, laterality, stage, radiotherapy, and chemotherapy) were all available. The exclusion criteria were as follows: (i) CCSK was not the first primary malignant; (ii) Perioperative death. The exact process of obtaining data and screening the groups is shown in the flow chart (Figure 1).


[image: Figure 1]
FIGURE 1
 Flow chart of obtaining data and filtering queue.


The second was the relapse group, which was used to explore the relapse-related factors. Patients in the OS group with complete information including relapse (or not), surgery/chemotherapy sequence, and use of chemotherapy drugs were extracted to form the relapse group. All the required information was obtained from the global online document because SEER did not record relapse information.



Nomogram construction and validation in the OS group

R (Version 3.6.1) Software was used for statistical analysis in this study. P-value < 0.05 (two-sided) was considered statistically significant. Among all variables, measurement data were presented as mean ± variance. The one-sample K–S test was used to determine whether age conformed to a skewed distribution. The difference in OS between receiving radiotherapy or not in stage I patients was analyzed by Chi-square test.

In the OS group, to increase the layers of verification, patients were randomly divided into a training set (TS) (n = 181) and a validation set (VS) (n = 78) in a ratio of 7:3. The TS was used to develop the nomogram and the VS was used to validate the accuracy and clinical profitability of the nomogram. The Chi-square test or Fisher's exact test was used to compare the statistical differences of variables between the two groups. The univariate Cox regression analysis was utilized to determine significant OS-related factors. Factors with P < 0.05 were included in the multivariable Cox regression analysis to identify the independent predictors which were included in the model for predicting the OS of CCSK and visualized as a nomogram.

We calculated the concordance index (C-index) to assess model discrimination. The nomogram time-dependent ROC curves, calibration curves, and decision curve analysis (DCA) for 12, 36, and 60 months were plotted separately to evaluate the accuracy and clinical profitability of the nomogram. After recording the score corresponding to each predictor in the nomogram, risk stratification was performed by calculating the total score of all patients in the OS group. X-tail Software was used to calculate the best cut-off points for low-risk and high-risk groups. The difference in survival between the two risk groups was demonstrated by Kaplan–Meier (K–M) survival curves with the Log-rank test.



Selection of relapse-related factors in the relapse group

In the relapse group, we aggregated all variable information to derive relapse characteristics. The univariate Cox regression analysis was utilized to determine significant univariate relapse-related factors with P < 0.05. These factors were then screened using multivariate Cox regression analysis for independent relapse-related factors with P < 0.05.

Due to differences in the year of treatment and region, patients in the relapse group adopted more than a dozen chemotherapy regimens which could not be unified into a restricted number of regimen options. Hence, we explored the relationship between chemotherapy regimens and relapse from the use of chemotherapy drugs. In order to observe the difference of each chemotherapy drug in preventing relapse, the relapse-free survival curves of chemotherapy drugs were plotted separately by the K–M method, and the differences between the curves were evaluated by the log-rank test.




Results


Clinical characteristics in OS group

A total of 259 eligible patients were included in the OS group consisting of 97 patients from the SEER database and 162 patients reported in 50 articles selected from 1442 articles. The articles that were included are shown in Table 1. Information on variables is detailed in Table 2. It was found that the prevalence of CCSK was significantly higher in males than females, with a male-to-female ratio of 2.4:1 (183:76). The tumor's primary renal tendency was homogeneous, left: right = 1.07:1 (134:125). The mean age at initial diagnosis was 2.85 ± 2.19 years, and its normality test showed a left-skewed distribution, with the highest age of onset being 11 years.


TABLE 1 List of articles that were included.
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TABLE 2 Clinical characteristics in the OS group and the Chi-square test between TS and VS.
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The distribution of stage I, II, III, and IV tumors were 30.2, 23.2, 33.9, and 12.7% respectively. Bone, lung, liver, and soft tissue made up the top four DM locations, while brain, spleen, chest wall, and other locations were less common. The most common initial clinical symptoms were abdominal mass (234/259) and haematuria (68/259), followed by abdominal pain (19/259), hypertension (15/259), abdominal distension (14/259), and fever (11/259). A very small number of patients also presented with gastrointestinal symptoms such as nausea, vomiting, and constipation, as well as bone pain due to tumor bone metastases.

All patients included in the OS group underwent surgery, of which 210 (81.8%) received radiotherapy and all of them received postoperative radiotherapy. A total of 249 (96.1%) patients received chemotherapy. There were 206 survivors and 53 deaths, including 14 deaths in 138 stage I–II patients, 17 deaths in 88 stage III patients, and 22 deaths in 33 stage IV patients, indicating that most deaths occurred in patients with DM. The survival time of these patients ranged from 1 month to 28.7 years, with a mean of 73.4 months.



Nomogram construction and validation in OS group

The OS group was randomly divided into TS (n = 181) and VS (n = 78) groups. The six potential predictors for predicting the OS of CCSK patients were not statistically significantly different in the two groups (Table 2). The univariate and multivariate Cox regression showed radiotherapy (P < 0.001), chemotherapy (P = 0.001), and stage (P < 0.001) were independent OS-related factors of CCSK patients and they were included in the nomogram. Stage III–IV (HR = 3.630) were risk factors and radiotherapy (HR = 0.300) and chemotherapy (HR = 0.104) were protective factors (Table 3).


TABLE 3 Univariate and multivariate Cox regression in OS group.
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Based on three independent predictors, the nomogram for predicting the 12, 36, and 60 months OS of CCSK patients with an initial diagnosis was constructed (Figure 2). * in Figure 2 is an automatically generated label for statistical significance when plotting Figure 2 by the R software. The more * appeared, the more statistically significant. The first step of using a nomogram is to draw a straight line between the specified point of each factor and the points line to get the corresponding score. Second, the sum of the specified point score plotted on the Pr line represents the probability that the OS is <12, 36, and 60 months.


[image: Figure 2]
FIGURE 2
 Nomogram for predicting the OS of CCSK for the 12, 24, and 36 months. 12, stage I and II; 34, stage III and IV; Pr, the probability that the OS of a patient is <12, 36, and 60 months. *, is an automatically generated label for statistical significance when plotted figure by the R software. The more * appeared, the more statistically significant.


The C-index of the nomogram was 0.754 for TS and 0.878 for VS. The AUC of the time-dependent ROC curves at 12, 24, and 36 months all showed a good performance with 0.864, 0.765, and 0.731 in the TS and 0.952, 0.883, and 0.868 in the VS (Figure 3), which implied good discrimination of the model (19). In the calibration curves which assess the consistency between nomogram prediction and actual observation, the x-axis represented the nomogram-projected risk of CCSK and the y-axis represented the observed risk of CCSK. The diagonal line represented the perfect prediction. The solid line represented the performance of the nomogram, which is closer to the diagonal line to indicate a better prediction. Our calibration curves showed high consistency between observed and nomogram-predicted for TS (Figures 4A–C) and VS (Figures 5A–C) at 12, 36, and 60 months. In the DCA curves, the x-axis represented the diagnostic threshold and the y-axis represented the net benefit. The green line represented the net benefit of the assumption that all CCSK patients were dead. The pink line represented the net benefit of assuming no death. The blue line represented the net benefit of our nomogram. The farther the blue line is from the pink and green lines, the greater the net benefit that can be obtained by using the nomogram. The DCA curve showed that the nomogram can be used to obtain a good net benefit in a wide range (Figures 4D–F, 5D–F).


[image: Figure 3]
FIGURE 3
 Time–dependent ROC in the training set (A) and in the validation set (B).
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FIGURE 4
 The calibration curves of the nomogram for the 12 (A), 36 (B), and 60 (C) months in the training set. The decision curve analysis of the nomogram for the 12 (D), 36 (E), and 60 months (F) in the training set.
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FIGURE 5
 The calibration curves of the nomogram for the 12 (A), 36 (B), and 60 (C) months in the validation set. The decision curve analysis of the nomogram for the 12 (D), 36 (E), and 60 months (F) in the validation set.


The points of the predictors included in the nomogram are as follows: Chemotherapy Yes = 0, None = 64; Radiotherapy Yes = 30, None = 64; stage I–II = 64, III–IV = 100. After applying the cut-off value to patients' Nomo-score with X-tail software, two risk stratification groups were generated: 94 ≤ low risk ≤ 158; 164 ≤ high risk ≤ 228. The K–M survival curves of the two risk groups (Figure 6) with log-rank test (P < 0.001) showed obvious grading ability.


[image: Figure 6]
FIGURE 6
 The Kaplan–Meier survival curves of the patients in the training set (A) and in the validation set (B).




Relapse characteristics and related factors in the relapse group

Although details of 162 patients were obtained from online databases, nine patients had not reported their relapse information. Hence, the relapse group included 153 patients, of which 60 had relapsed. Information on relapse group is shown in Table 4. After the initial diagnosis, 103 patients were treated with postoperative chemotherapy, 42 with preoperative and postoperative chemotherapy, and 8 without chemotherapy. Regional differences in chemotherapy regimens were significant, with 75 of the 145 chemotherapy-treated patients using the NWTS-5 or Children's Oncology Group (COG) regimen, 17 patients using the SIOP regimen, and the remaining patients reporting only the type of chemotherapy drug used without specifying the regimen.


TABLE 4 Clinical characteristics in the relapse group.
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In 60 patients with relapse, the ratio of male to female is 3:1. The average age of initial diagnosis was 2.84 ± 1.90 years old. Tumor primary renal tendency was homogeneous, left: right = 1.22:1. 53 (88.3%) patients were distant relapses. The most common locations of relapse were bone, brain, lung, local, liver, and soft tissue. The uncommon relapse sites included bladder (20, 21), orbit (2), soft tissue (22), and chest wall (23). Eighteen patients had combined relapses, of which three patients had multiple metastases all over the body. The most common location of combined relapses was bone and lung (4/18), bone and brain (3/18), and local and bone (3/18). About 38 (63.3%) relapsed patients died. The time from the first diagnosis to relapse ranged from 1 to 202 months, with a mean of 32.7 months. The 5-years OS was 22.9%.

The multivariate cox regression analysis results (Table 5) for relapse showed that: (i) stage III and IV were significant relapse-related risk factors; (ii) Chemotherapy was a relapse-related effective therapeutic. No chemotherapy (HR = 5.005, P < 0.001) would significantly increase the risk of relapse; Both preoperative and postoperative chemotherapy (HR = 0.568 P = 0.077) would better prevent relapse compared to postoperative chemotherapy only (Reference); (iii) The relapse rate of patients with radiotherapy decreased by 2.3% (39.8 and 37.5%) compared with those without radiotherapy. But the univariate multifactorial cox regression was not statistically significant (P > 0.05). Given the small sample of this group, we did not model the prediction of relapse.


TABLE 5 Univariate and multivariate Cox regression in relapse group.
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The log-rank test of the seven chemotherapeutic drugs showed that etoposide (E), cyclophosphamide (C), vincristine (V), and doxorubicin (D) (all P < 0.05) had a significant difference in preventing relapse (Table 6). Relapse-free survival curves of EVCD are shown in Figure 7.


TABLE 6 Log-rank test of chemotherapeutic drugs in the relapse group.
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FIGURE 7
 Relapse-free survival curves of etoposide (A), cyclophosphamide (B), vincristine (C), doxorubicin (D).





Discussion


Nomogram in OS group

The first purpose of our study was to obtain a large sample to explore the predictors of OS and establish an easy-to-use nomogram to fill the gap in the accurate prediction of CCSK prognosis. Clinical research of CCSK in recent years showed that the combined treatment of surgical resection + chemotherapy + radiotherapy has a 5-years RFS of 72.9–85% and a 5-years OS of 74.5–88% (4–8, 24). It can be seen that with the optimization of diagnosis and treatment guidelines, the survival rate had a good performance, but some patients still have poor prognoses. Therefore, it is necessary to establish a tool for numerical prediction of survival probability. Our nomogram was designed for patients with an initial diagnosis. It can predict the 1-, 3-, and 5-years OS of patients based on chemotherapy, radiotherapy, and stage.

The stage is the most powerful predictor of OS in our study. It is the most significant risk factor for survival which has been widely recognized (2, 25, 26). The Cox regression results showed that stages III and IV were significant risk factors for the prognosis of CCSK. The majority of patients with CCSK are in stages I–III, which may be the main reason for the fair prognosis of this disease. The clinicians should proceed to improve prognosis by avoiding misdiagnosis to prevent patients' stage progression (27, 28).

There is no doubt that chemotherapy is a protective factor for patient survival. After the use of intensive chemotherapy in recent decades, the prognosis of patients with stage I–III was optimistic, while that of patients with stage IV was still pessimistic (29). The inability of stage IV patients to benefit from current treatment poses a difficult problem. The treatment of stage IV with high-dose chemotherapy as the mainstay is approaching the maximum tolerance intensity of drugs, which highlights the urgent need for new treatment strategies (6). Future research should focus on international cooperation in developing new targeted therapies based on CCSK biological characteristics.

Radiotherapy was also a protective factor. However, due to the sequelae and iatrogenic complications of radiotherapy, whether it should be applied to stage I patients has always been a controversial issue (30). The chi-squared test in our study showed no significant difference in OS with radiotherapy or not in stage I patients. In the current treatment regimen, COG-AREN0321 and SIOP UMBRELLA advocates that all patients should receive 10.8 Gy radiotherapy. A follow-up study of 53 stage I patients reported that the cancer-specific survival rate was 100% in seven children who did not receive radiotherapy (31). So it is of great practical value that COG's subsequent diagnostic specifications further refine the radiotherapy regimen for patients in stage I.

The correlation between these three predictors (stage, chemotherapy, and radiotherapy) and the OS of CCSK has been widely recognized. The significance of our nomogram is that it is the first tool to quantify and visualize this correlation concretely. In addition, our nomogram divides patients into two risk groups through risk stratification. The OS of patients with nomogram scores in the high-risk range may be shorter. Clinicians can guide the individualized monitoring of patients during follow-up.



Relapse-related factors in the relapse group

Rarity represents the greatest barrier to advances in the diagnosis and treatment of CCSK. There have been several follow-up clinical studies on CCSK relapse (5, 16–18, 32). Most of them were single-center observations with small samples. There is only a large cohort of 37 out of 237 patients with relapse (5). The second aim of this study was to obtain a large sample to observe the consistency of the relapse characteristics we obtained with those reported in previous studies, and to explore the relapse-related factors.

The statistics of relapse characteristics in our study are in good agreement with the results of several existing clinical studies, which indicate that medicine has a relatively unified understanding of the characteristic of relapse of CCSK at present (5, 17, 32). Differentially, the largest clinical study of 237 CCSK patients with 37 relapses to date by Gooskens et al. (5) has shown that patients younger than 12 months at the time of initial diagnosis are more likely to relapse. However, our study did not observe this tendency to relapse in young children. In the relapse group, of the 34 patients who were <12 months old at the initial diagnosis, 14 relapsed and 20 did not. So, this tendency needs to be validated with a larger sample. It is worth mentioning that, unlike the small proportion of patients with distant metastases at initial diagnosis (33–35), almost all relapses are metastatic (36). The most common location of relapse involves the brain, which is distinct from the most common location of DM being bone, lung, and liver (26). Gooskens et al. (5) believes the brain is a safe haven for CCSK tumor cells during chemotherapy. Her study showed brain relapse in 7% of patients, so it is recommended that brain MRI should be used in all patients during follow-up. In our study, 20 (80%) of the 25 patients with brain relapse were in stage III or IV at the time of initial diagnosis. Based on this we believe that differentiating the frequency of brain MRI reexamination between stage I–II and stage III–IV in further refinement of follow-up diagnostic specifications may provide additional economic value.

There is currently no consistent standard of treatment for patients with relapse. In the study of 37 relapsed patients by Gooskens et al. (5), complete postoperative local control with chemotherapy and/or radiotherapy was shown to improve the survival of some patients. However, its 5-years EFS of 18% and 5-years OS of 26% after relapse still showed a pessimistic prognosis overall. The study also reported that a total of 24 patients with relapse received high-dose chemotherapy and autologous bone marrow transplantation, 12 of whom survived an average of 52 months of follow-up. Radulescu (37) reported 8 patients with brain relapse. In addition to chemotherapy with ifosfamide, carboplatin, and etoposide, four patients received Stem Cell Transplantation (SCT). Two patients died and two survived 29 and 71 months after relapse. But the number of SCT-related samples was too small to draw an accurate conclusion about its therapeutic effect. It followed that relapsed patients face the same dilemma as patients in stage IV: existing treatments cannot effectively enhance their survival. In this case, exploring how to avoid relapse is valuable. This prompted us to explore which factors are associated with relapse and which treatments avoid relapse. In the relapse group, we identified three related factors: stage, surgery/chemotherapy sequence, and chemotherapy drugs ECVD. Radiotherapy had no significant contribution to preventing relapse.

The stage of the patient is a significant risk factor for relapse, which has been confirmed in previous studies (2). For chemotherapy, the patient information in the relapse group contained surgery/chemotherapy sequence compared to the OS group, so we refined the chemotherapy variable in the Cox regression analysis in the relapse group. We concluded that both preoperative and postoperative chemotherapies were more effective in preventing relapse than only postoperative chemotherapy, which is consistent with the proposition of SIOP for preoperative treatment (6). In the current treatment regimens, COG is based on immediate nephrectomy, while SIOP is characterized by preoperative chemotherapy. SIOP trials demonstrated the advantages of preoperative chemotherapy in reducing regional lymph node metastasis and intraoperative tumor rupture (4). Radical nephrectomy after preoperative chemotherapy ensures the possibility of complete resection of the affected kidney and tumor in patients, thus improving the cure rate in children at an advanced stage (38, 39). And the UK Children's Cancer Study Group randomized trial (40) showed a significant improvement in stage distribution in patients with non-metastatic nephroblastoma who had undergone 6 weeks of chemotherapy followed by surgery compared with those with immediate surgery. In addition, we compared the chemotherapy drug in preventing relapse by Log-rank test. The chemotherapy drug with a statistically significant difference in preventing relapse was ECVD, which is consistent with the stage I–IV chemotherapy regimen of NWTS-5, and it can be considered that they have a good effect on preventing relapse. The 19% relapse rate in the NWTS-5 trial was lower than in previous studies (36).

The biggest difference of factors between the two groups was that there was no correlation between radiotherapy and relapse but there was a correlation with OS (31). This conclusion was put forward for the first time with fewer relevant supporting studies. The results of the SIOP study (4) showed that of the 85 patients who received radiotherapy, recurrence happened in 13, while it relapsed in 17 of 92 patients treated without radiotherapy. Since they did not undergo multi-factor regression, it cannot fundamentally support our conclusion.

The rarity of the condition limits advances in the diagnosis and treatment of CCKS. The prognosis of patients with relapse is still pessimistic, on the one hand, to improve the further exploration of effective prevention of relapse, and on the other hand, to develop new therapeutic strategies based on specific molecular and genetic variations. Therefore, it is particularly important to strengthen international cooperation studies and trials.

Our study has several shortcomings. First, the treatment details and multidisciplinary therapy (e.g., the opportunity for surgery, radiotherapy and chemotherapy, chemotherapy regimens, etc.) in the SEER database are not provided. Including these factors will increase the predictive ability of our nomogram. A study that records more cases of potential factors is needed to establish a relapse prediction model. Second, the descriptions of the regional and the distal lymph nodes in the reported cases vary greatly, and cannot be summarized into a unified variable to be included in the study. The addition of these details can improve the prediction ability of nomograms to provide clearer clinical guidance.

In the OS group, it was concluded that stage, chemotherapy, and radiotherapy were independent predictors of OS in CCSK. The constructed nomogram was validated as an effective tool to accurately quantify the OS of CCSK. This fills the research gap in predicting the prognosis of CCSK and is helpful for clinical decision-making. And the chi-squared test showed no significant difference in OS with radiotherapy or not in stage I patients. This conclusion could be an effective basis for improving the primary treatment program. In the relapse group, stage, surgery/chemotherapy sequence, and chemotherapy ECVD were concluded to be relapse-related factors. Radiotherapy did not significantly contribute to preventing relapse. These conclusions provide information for changing supporting treatment guidelines which have the potential to improve OS.




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 author.



Author contributions

YZ conceived the study, did the statistical analysis, and wrote the article. QC and CM were involved in data acquisition. J-jD and YM contributed to designing the project and reviewing the manuscript. All authors contributed to the article and approved the submitted version.



Acknowledgments

We thank all the investigators who contributed to this study, particularly the staff of the SEER database and the researchers who reported CCSK cases, and we also thank the members of our team who contributed to writing the article.



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.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

CCSK, clear cell sarcoma of the kidney; SEER, surveillance, epidemiology, and end results; NWTSG, North American national Wilms ‘tumor study group; NWTS-5, NWTSG trials 5; COG, children's oncology group; SIOP, European UMBRELLA international society of pediatric oncology; OS, overall survival; DM, distal metastasis; WT, Wilms ‘tumor; EGFR, epidermal growth factor receptor; CNKI, China knowledge network; TS, training set; VS, validation set; E, etoposide; C, cyclophosphamide; V, vincristine; D, doxorubicin; C-index, concordance-index; ROC, receiver operating characteristic; DCA, decision curve analysis; K–M, Kaplan–Meier; UKW3, UK Wilms tumor trial 3; HR, hazard ratio; CI, confidence interval.



References

 1. Aldera AP, Pillay K. Clear cell sarcoma of the kidney. Arch Pathol Lab Med. (2020) 144:119–23. doi: 10.5858/arpa.2018-0353-RS

 2. Argani P, Perlman EJ, Breslow NE, Browning NG, Green DM, D'Angio GJ, et al. Clear cell sarcoma of the kidney: a review of 351 cases from the national Wilms tumor study group pathology center. Am J Surg Pathol. (2000) 24:4–18. doi: 10.1097/00000478-200001000-00002

 3. Aw SJ, Chang KTE. Clear cell sarcoma of the kidney. Arch Pathol Lab Med. (2019) 143:1022–6. doi: 10.5858/arpa.2018-0045-RS

 4. Furtwängler R, Gooskens SL, van Tinteren H, de Kraker J, Schleiermacher G, Bergeron C, et al. Clear cell sarcomas of the kidney registered on international society of pediatric oncology (Siop) 93-01 and siop 2001 protocols: a report of the siop renal tumour study group. Eur J Cancer. (2013) 49:3497–506. doi: 10.1016/j.ejca.2013.06.036

 5. Gooskens SL, Furtwaengler R, Spreafico F, Van Tinteren H, De Kraker J, Vujanic GM, et al. Treatment and outcome of patients with relapsed clear cell sarcoma of the kidney (CCSK): a combined SIOP and AIEOP study. J Clin Oncol. (2014) 32:10041. doi: 10.1200/jco.2014.32.15_suppl.10041

 6. Gooskens SL, Graf N, Furtwängler R, Spreafico F, Bergeron C, Ramírez-Villar GL, et al. Rationale for the treatment of children with CCSK in the umbrella Siop-Rtsg 2016 protocol. Nat Rev Urol. (2018) 15:309–19. doi: 10.1038/nrurol.2018.14

 7. Gooskens SLM, Furtwängler R, Vujanic GM, Dome JS, Graf N, Van Den Heuvel-Eibrink MM. Clear cell sarcoma of the kidney: a review. Eur J Cancer. (2012) 48:2219–26. doi: 10.1016/j.ejca.2012.04.009

 8. Oue T, Fukuzawa M, Okita H, Mugishima H, Horie H, Hata JI, et al. Outcome of pediatric renal tumor treated using the Japan Wilms tumor study-1 (Jwits-1) protocol: a report from the jwits group. Pediat Surg Int. (2009) 25:923–9. doi: 10.1007/s00383-009-2449-0

 9. Zekri W, Alfaar AS, Yehia D, Elshafie MM, Zaghloul MS, El-Kinaai N, et al. Clear cell sarcoma of the kidney: patients' characteristics and improved outcome in developing countries. Pediat Blood Cancer. (2014) 61:2185–90. doi: 10.1002/pbc.25192

 10. Astolfi A, Melchionda F, Perotti D, Fois M, Indio V, Urbini M, et al. Whole transcriptome sequencing identifies bcor internal tandem duplication as a common feature of clear cell sarcoma of the kidney. Oncotarget. (2015) 6:40934–9. doi: 10.18632/oncotarget.5882

 11. Cutcliffe C, Kersey D, Huang CC, Zeng Y, Walterhouse D, Perlman EJ. Clear cell sarcoma of the kidney: up-regulation of neural markers with activation of the sonic hedgehog and AKT pathways. Clin Cancer Res Off J Am Assoc Cancer Res. (2005) 11:7986–94. doi: 10.1158/1078-0432.CCR-05-1354

 12. Gooskens SL, Gadd S, Guidry Auvil JM, Gerhard DS, Khan J, Patidar R, et al. Tcf21 hypermethylation in genetically quiescent clear cell sarcoma of the kidney. Oncotarget. (2015) 6:15828–41. doi: 10.18632/oncotarget.4682

 13. Ueno-Yokohata H, Okita H, Nakasato K, Hishiki T, Shirai R, Tsujimoto S, et al. Preoperative diagnosis of clear cell sarcoma of the kidney by detection of bcor internal tandem duplication in circulating tumor DNA. Genes Chromosomes Cancer. (2018) 57:525–9. doi: 10.1002/gcc.22648

 14. Gooskens SL, Kenny C, Lazaro A, O'Meara E, van Tinteren H, Spreafico F, et al. The clinical phenotype of Ywhae-Nutm2b/E positive pediatric clear cell sarcoma of the kidney. Genes Chromosomes Cancer. (2016) 55:143–7. doi: 10.1002/gcc.22320

 15. Wei L, Champman S, Li X, Li X, Li S, Chen R, et al. Beliefs about medicines and non-adherence in patients with stroke, diabetes mellitus and rheumatoid arthritis: a cross-sectional study in China. BMJ Open. (2017) 7:e017293. doi: 10.1136/bmjopen-2017-017293

 16. Charafe E, Penault-Llorca F, Mathoulin-Portier MP, Bladou F, Delpéro JR, Prime-Guitton C, et al. Clear cell sarcoma of the kidney: a relapse after 10 years without recurrence. Ann Pathol. (1997) 17:400–2. 

 17. Friesenbichler W, Lüftinger R, Kropshofer G, Henkel M, Amann G, Furtwängler R, et al. Clear cell sarcoma of the kidney in Austrian children: long-term survival after relapse. Pediat Blood Cancer. (2021) 68:e28860. doi: 10.1002/pbc.28860

 18. Yaguchi T, Kimura S, Seki M, Sekiguchi M, Yoshida K, Shiraishi Y, et al. The genetic basis of progression and relapse in CCSK. Pediat Blood Cancer. (2017) 64:S50. doi: 10.1002/pbc.26872

 19. Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in oncology: more than meets the eye. Lancet Oncol. (2015) 16:e173–e80. doi: 10.1016/S1470-2045(14)71116-7

 20. Knez VM, Barrow W, Lucia MS, Wilson S, La Rosa FG. Clear cell urothelial carcinoma of the urinary bladder: a case report and review of the literature. J Med Case Rep. (2014) 8:275. doi: 10.1186/1752-1947-8-275

 21. Lang A, Dehner LP. Delayed metastasis of clear cell sarcoma of kidney to bladder after 7 disease-free years. Fetal Pediat Pathol. (2018) 37:126–33. doi: 10.1080/15513815.2018.1435757

 22. Parikh SH, Chintagumpala M, Hicks MJ, Trautwein LM, Blaney S, Minifee P, et al. Clear cell sarcoma of the kidney: an unusual presentation and review of the literature. J Pediat Hematol Oncol. (1998) 20:165–8. doi: 10.1097/00043426-199803000-00016

 23. Sotelo-Avila C, Gonzalez-Crussi F, Sadowinski S, Gooch WM, Pena R. Clear cell sarcoma of the kidney: a clinicopathologic study of 21 patients with long-term follow-up evaluation. Hum Pathol. (1985) 16:1219–30. doi: 10.1016/S0046-8177(85)80034-4

 24. Koshinaga T, Takimoto T, Oue T, Okita H, Tanaka Y, Nozaki M, et al. Outcome of renal tumors registered in Japan Wilms tumor study-2 (Jwits-2): a report from the Japan children's cancer group (Jccg). Pediat Blood Cancer. (2018) 65:e27056. doi: 10.1002/pbc.27056

 25. Gao H, Cheng QY, Zhao Q, Tao LX, Zhang C. Childhood clear cell sarcoma of kidney: incidence and survival. Front Pediat. (2021) 9:675373. doi: 10.3389/fped.2021.675373

 26. Qureshi SS, Bhagat M, Verma K, Yadav S, Prasad M, Vora T, et al. Incidence, treatment, and outcomes of primary and recurrent non-Wilms renal tumors in children: report of 109 patients treated at a single institution. J Pediat Urol. (2020) 16:475.e1–9. doi: 10.1016/j.jpurol.2020.05.168

 27. Ozdemir ZC, Ayvaci B, Kar YD, Oguzman M, Arda MS, Acikalin MF, et al. Renal clear cell sarcoma presenting as a spontaneous renal hematoma: a rare presentation. North Clin Istanbul. (2018) 5:60–3. doi: 10.14744/nci.2017.75537

 28. Viswanathan S, Dave BK, Desai SB. Clear cell sarcoma of the kidney: a study of seven cases over a period of 3 years. Indian J Pathol Microbiol. (2007) 50:270–3. 

 29. Smirnova LA, Teleshova MV, Merkulov NN, Mitrofanova AM, Tereshchenko GV, Akhaladze DG, et al. Clear cell sarcoma of the kidney in children: clinical characteristics and treatment results. Pediat Hematol Oncol Immunopathol. (2021) 20:78–88. doi: 10.24287/1726-1708-2021-20-4-78-88 

 30. Spreafico F, Gandola L, Melchionda F. Stage I clear cell sarcoma of the kidney: is it the time for a less intensive adjuvant treatment? Transl Pediat. (2014) 3:1–3. doi: 10.3978/j.issn.2224-4336.2013.12.03

 31. Kalapurakal JA, Perlman EJ, Seibel NL, Ritchey M, Dome JS, Grundy PE. Outcomes of patients with revised stage I clear cell sarcoma of kidney treated in national wilms tumor studies 1–5. Int J Radiat Oncol Biol Phys. (2013) 85:428–31. doi: 10.1016/j.ijrobp.2012.04.023

 32. Dong JJ, He XY, Liu X, Lin T, He DW, Liu F, et al. Retrospective analysis of outcomes in patients with clear cell sarcoma of the kidney: a tertiary single-institution experience. J Pediat Surg. (2021) 56:580–6. doi: 10.1016/j.jpedsurg.2020.07.022

 33. Green DM, Breslow NE, Beckwith JB, Moksness J, Finklestein JZ, D'Angio GJ. Treatment of children with clear-cell sarcoma of the kidney: a report from the national Wilms' tumor study group. J Clin Oncol Off J Am Soc Clin Oncol. (1994) 12:2132–7. doi: 10.1200/JCO.1994.12.10.2132

 34. Sudour-Bonnange H, Dijoud F, Leclair MD, Rocourt N, Bergeron C. Clear cell sarcoma of kidney in children. Bull Cancer. (2016) 103:402–11. doi: 10.1016/j.bulcan.2016.01.017

 35. Zhuge Y, Cheung MC, Yang R, Perez EA, Koniaris LG, Sola JE. Pediatric non-Wilms renal tumors: subtypes, survival, and prognostic indicators. J Surg Res. (2010) 163:257–63. doi: 10.1016/j.jss.2010.03.061

 36. Seibel NL, Chi YY, Perlman EJ, Tian J, Sun J, Anderson JR, et al. Impact of cyclophosphamide and etoposide on outcome of clear cell sarcoma of the kidney treated on the national Wilms tumor study-5 (Nwts-5). Pediat Blood Cancer. (2019) 66:e27450. doi: 10.1002/pbc.27450

 37. Radulescu VC, Gerrard M, Moertel C, Grundy PE, Mathias L, Feusner J, et al. Treatment of recurrent clear cell sarcoma of the kidney with brain metastasis. Pediat Blood Cancer. (2008) 50:246–9. doi: 10.1002/pbc.21131

 38. Hempel L, Sauerbrey A, Zintl F, Weirich A, Lemmer A, Graf N. Successful management of a child with clear cell sarcoma of the kidney (CCSK) and multifocal bone metastases at diagnosis. Med Pediat Oncol. (2003) 41:97–9. doi: 10.1002/mpo.10268

 39. Yumura-Yagi K, Inoue M, Wakabayashi R, Mabuchi S, Nakayama M, Yoneda A, et al. Successful double autografts for patients with relapsed clear cell sarcoma of the kidney. Bone Marrow Transpl. (1998) 22:381–3. doi: 10.1038/sj.bmt.1701341

 40. Mitchell C, Pritchard-Jones K, Shannon R, Hutton C, Stevens S, Machin D, et al. Immediate nephrectomy vs. preoperative chemotherapy in the management of non-metastatic Wilms' tumour: results of a randomised trial (Ukw3) by the Uk children's cancer study group. Eur J Cancer. (2006) 42:2554–62. doi: 10.1016/j.ejca.2006.05.026





OPS/images/fped-10-943141-t006.jpg
Use of chemotherapeutic
drugs

Actinomycin
No

Yes

Vineristine

No

Yes
Cyclophosphamide
None

Yes

Doxorubicin

No

Yes

Etoposide

No

Yes

Ifosfamide

No

Yes

Carboplatin

No

Yes

Relapse group
(N=153)

99 (64.7%)
54(35.3%)

19 (12.4%)
134 (87.6%)

49 (32.0%)
104 (68.0%)

30 (19.6%)
123 (80.4%)

53 (34.6%)
100 (65.4%)

134 (87.6%)
19 (124%)

129 (84.3%)
24(157%)

01

<0.001

0.002

001

<0.001

02

03





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Overall survival nomogram and relapse-related factors of clear cell sarcoma of the kidney: A study based on published patients



		Introduction



		Materials and methods



		Data sources and groups



		Nomogram construction and validation in the OS group



		Selection of relapse-related factors in the relapse group







		Results



		Clinical characteristics in OS group



		Nomogram construction and validation in OS group



		Relapse characteristics and related factors in the relapse group







		Discussion



		Nomogram in OS group



		Relapse-related factors in the relapse group







		Data availability statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		Abbreviations



		References

















OPS/images/fped-10-943141-t005.jpg
Factors

Sex
Female

Male

Age

Mean (SD)

Laterality

Left

Right

Stage

1

1

i

v

Radiotherapy

Yes

None

Surgery/chemotherapy sequence
Postoperative chemotherapy
Both*

No chemotherapy

*Both: Preoperative and postoperative ch

HR

Reference

1303

0996

Reference

0772

Reference
1.704
2473
5800

Reference

1702

Reference

0895

5.647

CI, confidence i

Univariate Cox regression

95CI

0725-2.339

0.985-1.007

0.464-1.285

0.691-4.201
1.192-5.131
2.566-13.113

0943-3.073

0.492-1.630
2.479-12.870

terval; HR, Hazard ratio.

0376

0472

0319

0247
0015
<0.001

0078

0718
<0.001

HR

Reference
2231
3270
7.011

Reference
0568
5.005

Multivariable Cox regression

95CI

0.973-6.294
1.804-8.381
2.946-16.688

0.303-1.064
2.003-12510

P

0.087
0.001
<0.001

0077
<0.001





OPS/images/fped-10-943141-t004.jpg
Factors

Sex
Female

Male

Age at initial diagnosis (year)
Mean (SD)

Median [Min, Max]
Laterality

Left

Right

Stage

1

1

i

v

Radiotherapy

Yes

No

Surgery/chemotherapy sequence

Postoperative chemotherapy
Both*

No chemotherapy

Use of chemotherapeutic drugs

Actinomycin
Vineristine
Cyclophosphamide
Doxorubicin
Etoposide

Ifosfamide
Carboplatin

Relapse time (month)
Mean (SD)

Median [Min, Max]
Location of relapse
Local

Bone

Brain

Lung

Liver

Soft tissue

Other (Mediastinum, Bladder, Orbit)

Combined relapses
Yes

No

Outcome

Alive

Dead

*Both: Preoperative and postoperative ch

Overall Non-relapse Relapse

(N=153) (N=93) (N=60)
46 (30.1%) 31(33.3%) 15 (25.0%)
107 (69.9%) 62 (66.7%) 45 (75.0%)
an+in. 2.94£2.26 2.84% 1.90

200(0,11.0] 23[0.3,110] 23[1,73]

77(503%)  44(47.3%) 33 (55.0%)
76 (49.7%)  49(527%) 27 (45.0%)
47(307%)  37(39.8%) 10 (16.7%)
27(17.7%)  18(19.4%)  9(15.0%)
53(346%)  27(290%) 26 (43.3%)
26(17.0%)  11(11.8%)  15(25.0%)
113(73.9%)  68(73.1%) 45 (75.0%)
40261%)  25(269%)  15(25.0%)
103 (67.3%) 65 (69.9%) 38 (63.3%)
4275%)  27(290%)  15(25.0%)
8(52%) 1(1.1%) 7(11.7%)
54(353%)  28(301%)  26(43.3%)
134 (87.6%) 87 (935%) 47 (783%)
104(63.0%)  70(75.3%) 34 (56.7%)
123(804%)  81(87.1%)  42(70.0%)
100 (65.4%) 67 (72.0%) 33 (55.0%)
19(124%) 13 (14.0%)  6(10.0%)
24(157%)  17(183%) 7 (11.7%)
3274357
220(1,202]
8
31
25
18
2
6
10
18 (30.0%)
42(70.0%)
118 (752%)  90(96.8%) 25 (41.7%)
35 (24.8%) 3(32%)  35(58.3%)

motherapy.





OPS/images/fped-10-943141-t003.jpg
Factors

Sex
Female

Male

Age

<2

2-4

>4

Laterality
Left

Right

Stage

LI

1L 1Iv
Radiotherapy
No

Yes

Chemotherapy

I, confidence

interval; HR, Hazard ra

HR

Reference
1113

Reference
0939
1.106

Reference

1893

Reference

3182

Reference

0292

Reference
0.092

Univariate Cox regression

95CI

0.507-2.447

0.439-2.005
0.445-2.750

0.947-3.786

1.565-6.470

0.148-0.578

0.035-0.240

0789

0870
0829

0.071

0.001

<0.001

<0.001

Multivariable Cox regression

HR 95CI
Reference

3.630 1.775-7.423
Reference

0300 0.145-0.622
Reference

0.104 0.036-0.302

<0.001

0.001

<0001









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-10-943141-g005.gif
........





OPS/images/fped-10-943141-g006.gif





OPS/images/fped-10-943141-g003.gif





OPS/images/fped-10-943141-g004.gif
[ AL

Mkk






OPS/images/fped-10-943141-t002.jpg
Variables Overall ~ Training Validation P
set set
(N=259) (N=181) (N=78)

Sex 0.095
Female 76(293%)  47(260%)  29(37.2%)
Male 183 (70.7%) 134 (74.0%) 49 (62.8%)
Age atinitial diagnosis 0,076
(year)
Mean (SD) 2854219 3002227 250197
Median [Min, Max] 2.00[0,11.0] 2.00(0,11.0]  2.00 [0,9.0]
Laterality 0.163
Left 134 (51.7%) 88 (48.6%) 46 (59.0%)
Right 125(483%) 93 (514%)  32(41.0%)
Stage
1 78 (30.2%) 0.576
" gy DETH PE0W)
1t 88 (33.9%)

82(453%)  39(50.0%)
v 33 (12.7%)
Radiotherapy
Yes 210(8L1%) 147 (812%) 63 (80.8%)  0.999
No 49 (18.9%) 34 (18.8%) 15 (19.2%)
Chemotherapy
Yes 209(96.1%)  175(96.7%)  74(94.9%)  0.494
No 10 (3.9%) 6(3.3%) 4(5.1%)
Survival time (month)
Mean (SD) 73.4£802
Median [Min, Max] 38.0(1,344]
Outcome
Alive 206 (79.5%)

Dead 53 (20.5%)





OPS/images/fped-10-943141-g007.gif





OPS/images/fped-10-943141-t001.jpg
Author

Khalil, R. M.
Sahjpaul,R. L.
Kusumakumary, P.
Yumura-Yagi, K.
Parikh, S. H.

Yumura-Yagi,
D'Antiga, L.
Dundar, E.

Mazzoleni, S.

Wu, X.R.

Xiong, Z. H.

El Kababri, M.
Wang, H. M. 2003
Ng, A.

Wang, Z.
Zigman, A.
Radulescu, V. C.
Hannachi Sassi, S.
Li,H.X
Namaoui, R.Y.
Sugandhi, N.

Stefanowicz, J.

Franco, A.
Lal,N.
Kourti, M.
Hiradfar, M.
Wang, C. H.

Hartman J, R.J.

Zekri, W.

Sinha, S.
Sukdevjadhav, A.
Wang, C. B.
Hirose, M.

Kato, M.

Xu,H.Y.
Sheng, Q.
Weaver, .
Liu, F.
Ozdemir, Z. C.
Wang, G.N.
Zhang, H. CH.
Wang, . H.

Gao, N. K.
Chen, s
Hu, H. M.

Lin, J.
Wang, X. J.
Dong,J.J.

Friesenbichler, W.

Uchimura, R.

Year

1993
1993
1997
1998
1998
1998
2001
2001

2011
2011
2012
2012
2012
2013

2014

2014
2014
2014
2015

2015

2015
2016
2017
2017
2018
2018
2018
2019

2019
2020
2020

2020
2020
2021

2021
2021

Patients
included

10

10

12

Country

UsA
UK
India
Japan
UsA
Japan
UK

Turkey

Italy
China
China
Maroc
China
UK
China
USA
UsA
Tunisie
China
France
India

Poland

USA
India
Greece
Iran
China
UsA

Egypt

India
India
China

Japan
Japan

China
China
Usa
China
Turkey
China
China

China

China
China

China

China
China

China

Austria

Japan

Title

Clear cell sarcoma of the kidney. A case report
Brain metastasis from clear cell sarcoma of the kidney-a case report and review of the literature
Late recurrence of clear cell sarcoma of the kidney

Successful double autografis for patients with relapsed clear cell sarcoma of the kidney

Clear cell sarcoma of the kidney: an unusual presentation and review of the literature
Successful double autografts for patients with relapsed clear cell sarcoma of the kidney
Veno-occlusive disease with multi-organ involvement following actinomycin-D

Cerebellar metastasis from clear cell sarcoma of the kidney. A case report with
immunohistochemistry

Clear cell sarcoma of the kidney in a newborn

Renal clear cell sarcoma in children:3 cases report and review of literature

Clear cell sarcoma of kidney: a case report

Clear cell sarcoma of the kidney. A study of 13 cases

Diagnosis and treatment of extrarenal malignant tumors in children

Clear cell sarcoma: a dilemma on pathological staging and clinical management
Cli

icopathological and immunophenotypic characteristics of clear cell sarcoma of the kidney

Clear cell sarcoma of the kidney with cavo-atrial tumor thrombus: complete resection in a child
Treatment of recurrent clear cell sarcoma of the kidney with brain metastasis.

Clear-cell sarcoma of the kidney. Two pediatric cases

Clear cell sarcoma of kidney with lymph node metastasis around renal pedicle: a case report
Clear-cell sarcoma of the kidney: about a pediatric case

Pediatric clear cell sarcoma of the kidney with cavoatrial thrombus

Brain metastases in pediatric patients: characteristics of a patient series and review of

the literature

A case of clear cell sarcoma of the kidney

Clear cell sarcoma of kidney: A rare entity

Rare non-Wilms' tumors in children

Pediatric clear cell sarcoma of the kidney with atriocaval thrombus

Clear cell sarcoma of the kidney

child: a case report and review of lterature
Incidental capture of rarely diagnosed pediatric tumor: An infant boy with clear cell sarcoma of
the kidney

Clear cll sarcoma of the kidney: patients’ characteristics and improved outcome in

developing countries

Clear cell sarcoma of the kidney: report of two cases

Clear cell sarcoma of kidney in a neonate

Clinicopathologic analysis and literature review of clear cell sarcoma of the kidney in children
Clear cell sarcoma of the kidney distinguished from synovial sarcoma using genetic analysis: A
case report

Clear cell sarcoma of the kidney with calcification and a novel chromosomal abnormality: A
case report

Clear cell sarcoma of kidney in children: a clinicopathological analysis of 6 cases

Clinical treatment and follow-up of 7 children with renal clear cell sarcoma

Bladder Recurrence of Clear Cell Sarcoma of the Kidney 7 Years After Initial Presentation
Clinical analysis of clear cell sarcoma of the kidney in children

Renal clear cell sarcoma presenting as a spontaneous renal hematoma: A rare presentation
Diagnosis and treatment of clear cell sarcoma of the kidney in children

Clear cell sarcoma of kidney: a case report and literature review

Neoadjuvant transcatheter arterial chemoembolization and systemic chemotherapy for

treatment of clear cell sarcoma of the kidney in children
Report of 5 cases of renal clear cell sarcoma in children

Clear cell sarcoma of the kidney in children: a clinopathologic analysis of three cases
Diagnosis, treatment and prognosis of 10 children with clear cell sarcoma of the kidney in
middle and late stage

Detection of BCOR and YWHAE-NUTM2B/E genes in children’s renal clear cell sarcoma
Clinicopathological analysis of 10 cases with clear cell sarcoma of the kidney

Retrospective analysis of outcomes in patients with clear cell sarcoma of the kidney: A tertiary
single-institution experience

Clear cell sarcoma of the kidney in Austrian children: Long-term survival after relapse

Successful transcatheter arterial embolization to control intratumoral hemorrhage in clear cell

sarcoma of the kidney





OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics

Overall survival nomogram and
relapse-related factors of clear
cell sarcoma of the kidney: A
study based on published
patients





OPS/images/fped-10-943141-g001.gif
fe—
S
P ———
e
Ao
froted
BT
ey
piFa ety
eneoras P —_—
s [t
[ ———
e b e i
et e et
o ——
e 2o o
ey






OPS/images/fped-10-943141-g002.gif
- - ® = @ &
]
- B
Toutpois
D
e e
i sy 3 T
I o






