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Purpose: Xp11.2 translocation renal cell carcinoma (Xp11.2 tRCC) is a rare subtype of renal cell carcinoma (RCC), characterized by translocations of Xp11.2 breakpoints, involving of the transcription factor three gene (TFE3). The aim of our study was to comprehensively characterize the clinical characteristics and outcomes, and to identify risk factors associated with OS and PFS in Xp11.2 tRCC patients.
Methods: Literature search on Xp11.2 tRCC was performed using databases such as pubmed EMBASE and Web of Science. Studies were eligible if outcomes data (OS and/or PFS) were reported for patients with a histopathologically confirmed Xp11.2 tRCC. PFS and OS were evaluated using the univariable and multivariable Cox regression model.
Results: There were 80 eligible publications, contributing 415 patients. In multivariable analyses, the T stage at presentation was significantly associated with PFS (HR: 3.87; 95% CI: 1.70 to 8.84; p = 0.001). The median time of PFS was 72 months. In the multivariable analyses, age at diagnosis (HR: 2.16; 95% CI: 1.03 to 4.50; p = 0.041), T stage at presentation (HR: 4.44; 95% CI: 2.16 to 9.09; p < 0.001) and metastasis status at presentation (HR: 2.67; 95% CI: 1.12 to 6.41; p = 0.027) were all associated with OS, with a median follow-up time of 198 months.
Conclusion: T stage at presentation is the only factor that is associated with both PFS and OS in patients with Xp11.2 tRCC. Also, patients over 45 or with metastases are more likely to have poorer OS.
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INTRODUCTION
Since being listed as a new type of renal cell carcinoma (RCC) by the World Health Organization (WHO) in 2004 [1], Xp11.2 translocation renal cell carcinoma (Xp11.2 tRCC) has received wide attention around the world [2]. It’s a rare subtype characterized by several different chromosomal translocations of Xp11.2 breakpoints and involves the formatting of the transcription factor three gene (TFE3), leading to a fusion gene with a significant overexpression of TFE3 protein in tumor cells [3]. It’s reported that, compared with Xp11.2 tRCC, RCC associated with t (6; 11) (p21; q12)/TFEB gene fusions has similar epidemiology pathology, and genetics characteristics [4]. In 2016, WHO newly designated Xp11.2 tRCC as microphthalmia-associated transcription (MiT) family translocation RCC since both TFE3 and TFEB belong to MiT factor family [5].
Xp11.2 tRCC, which predominantly occurs in children and young adults, is more aggressive than other conventional RCC due to its advanced stages and invasive clinical courses in adults, regardless of its low incidence [6]. Microscopically, it is difficult for pathologists to distinguish Xp11.2 tRCC from other types of RCC. Although immunohistochemistry (IHC) can detect the overexpression of TFE3 protein that is involved in TFE3 gene, serving as the basic method for diagnosis of Xp11.2 tRCC, high false-positive rates and low predictive values were reported [7]. Thus, the fluorescent in situ hybridization (FISH) provides a way which is more accurate in identifying the TFE3 gene rearrangement with higher sensitivity [7].
However, the prognosis of Xp11.2 RCC is still controversial due to the low appearance of series with enough number of patients and the short follow-up period. Also, the rarity of this disease and its under-recognition lead to few articles on Xp11.2 tRCC progressing that have been published, most of which were performed in the form of single case report and small series, limiting the generation of definitive conclusions regarding clinical characteristics, risk factors, prognosis and treatment. Therefore, it is necessary to identify the OS and PFS, as well as the factors that are associated with prognosis in patients with Xp11.2 tRCC.
In this study, we have systematically reviewed the studies on Xp11.2 tRCC to comprehensively characterize the clinical characteristics and outcomes, and to identify risk factors associated with OS and PFS in Xp11.2 tRCC patients.
PATIENTS AND METHODS
Search Strategy
The following databases were searched by October 2020: PubMed, EMBASE, Web of Science and other specialty meeting abstracts. The search terms used are as follow: (TFE3 OR XP11.2 OR MITF translocation) AND (renal cell carcinoma OR RCC). There were no limitations on the language or published time of studies. Reference lists were also checked for relevant articles. The most recent publications were chosen when they included updates to prior ones.
Inclusion and Exclusion Criteria
Two reviewers (Wu and Liu) independently screened the identified abstracts for eligibility and full articles for detailed evaluation. Studies were eligible if outcomes data (OS and/or PFS) were reported for patients with a histopathologically confirmed Xp11.2 tRCC, which was diagnosed by TFE3-IHC or FISH. When the result of TFE3-IHC was different from FISH, the result of FISH was taken to decide the final diagnosis.
Studies were excluded if they were 1) lack of available outcomes data; 2) with ambiguous inclusion criteria; 3) reviews; 4) not performed in human. When same group of patients were reported from one institution in different studies, the most recent data were chosen.
Data Extraction
Two authors (Wu and Zhang) independently extracted the following data from included articles if available: 1) first author; 2) year of publication; 3) age at Xp11.2 tRCC diagnosis; 4) patient gender; 5) laterality of tumor; 6) clinical presentations at diagnosis; 7) disease history; 8) pathologic grade; 9) stage of disease at diagnosis; 10) primary treatment; 11) adjuvant treatment; 12) prognostic outcomes. Disagreements were resolved through discussion. Disease history was defined as kidney disease that patients had before.
Statistical Analysis
OS was defined as the time from the date of diagnosis of Xp11.2 tRCC to death. In the absence of confirmation of death, OS was censored at the last date when the patient was known to be alive. PFS was defined as the time interval between the date of surgery and date of disease recurrence or metastasis. Data on patient demographics, the characteristics of tumors, and treatment approaches were summarized using descriptive statistics. The associations between these factors and OS and PFS of Xp11.2 tRCC were evaluated using univariable and multivariable Cox regression models, and hazard ratios (HR) with 95% confidence intervals (95% CI) and p values are presented. Survival analyses of OS and PFS were generated using the Kaplan-Meier method, and the log-rank test was performed for the significance comparison. Generally, p < 0.05 (two-sided) was considered statistically significant. Statistical analyses on survival were performed using SPSS version 19.0 (SPSS, Chicago, IL).
RESULTS
Search Results and Characteristics of the Included Studies
Our search strategy yielded a total of 479 articles. After the screen of abstracts, 152 articles were considered to be relevant reports. After reviewing these articles, we found 80 that reported histopathologically confirmed Xp11.2 tRCC and fulfilled the inclusion criteria (Figure 1), giving a total of 415 patients [2], [8–10], [11–20], [21–30], [31–40], [41–50], [51–60], [61–70], [71–86]. Baseline characteristics are summarized in Table 1.
[image: Figure 1]FIGURE 1 | Flow diagram showing the selection process for the systematic review.
TABLE 1 | Patient and Tumor Characteristics at Xp11.2 tRCC Diagnosis.
[image: Table 1]Survival Analyses of OS and PFS
The median time of PFS was 72 months (range: 1–321 months; Figures 2 and 198 months for OS (range: 1–321 months; Figure 2). The OS was 74.5 and 69.8% for 3-years and 5-years, respectively.
[image: Figure 2]FIGURE 2 | Survival curves of overall survival (A) and progression-free survival (B).
Univariate and Multivariate Analyses for PFS and OS
In multivariable analyses, the T stage at presentation was significantly associated with PFS (HR: 3.87; 95% CI: 1.70 to 8.84; p = 0.001; Table 2), which was the only predictive factor for PFS. However, in the multivariable analyses for OS, age at diagnosis (HR: 2.16; 95% CI: 1.03 to 4.50; p = 0.041), T stage at presentation (HR: 4.44; 95% CI: 2.16 to 9.09; p < 0.001) and metastasis status at presentation (HR: 2.67; 95% CI: 1.12 to 6.41; p = 0.027) were all associated with OS (Table 3).
TABLE 2 | Univariate and multivariate analyses for variables considered for progression-free survival (Cox proportional hazard regression model).
[image: Table 2]TABLE 3 | Univariate and multivariate analyses for variables considered for overall survival (Cox proportional hazard regression model).
[image: Table 3]Cox Analyses for PFS and OS for Patients in Larger Series
For studies including more than 12 patients, a separate analysis was conducted, involving 11 studies with 218 patients [24, 25, 37, 52, 55, 59, 61, 67, 72, 74, 80]. In multivariable analyses, the T stage at presentation was significantly associated with PFS (HR: 7.73; 95% CI: 3.09 to 19.33; p < 0.001; Supplementary Appendix Table 1). In the [23, 24, 37, 52, 59, 70], multivariable analyses for OS, T stage at presentation (HR: 7.30; 95% CI: 3.55 to 15.02; p < 0.001) and metastasis status at presentation (HR: 2.16; 95% CI: 1.10 to 4.26; p = 0.026) were associated with OS (Supplementary Appendix Table 2).
DISCUSSION
Xp11.2 tRCC is characterized by several chromosomal translocations involving the TFE3 gene on chromosome Xp11.2. TFE3 gene can be fused by several genes, such as ASPL and SFPQ [87]. However, the same ASPL-TFE3 fusion gene is involved in alveolar soft part sarcoma, which may lead to differences in clinical and morphological features and an imbalance of the translocation mechanism [88, 89]. Also, the function of chimeric TFE3 fusion proteins varies a lot, which may lead to the different histological features in Xp11.2 tRCC [90].
Studies focusing specifically on patients with Xp11.2 tRCC are rare and limited by small samples. This study is the first one to collect the previous relevant studies and investigate the prognostic factors for PFS and OS in patients with Xp11.2 tRCC to our knowledge.
After being recognized as a distinct entity by WHO in 2004, the diagnosis of Xp11.2 tRCC usually depend on microscopic and THE3-IHC. Although Wang et al. in 2017 suggested only part of patients with positive reaction to TFE3-IHC were eventually pathologically diagnosed with Xp11.2 tRCC by FISH assay [80]. Compared with cytogenetics, THE3-IHC is equipped with higher speed and sensitivity of diagnosis, the sensitivity of specificity of which were found to be 97.5 and 99.6%, respectively [89]. Thus, TFE3-IHC can be conducted for screening, and FISH can be conducted for verification.
In reported cases, there was an observed prevalence of females (56.33%), patients under 45 years old (77.67%) and right side (57.99%) from all 80 studies with 415 cases, which is in line with the previous studies with case series [14, 23, 24, 37, 52, 59, 70, 80]. Liu et al. reported 34 patients with Xp11.2 tRCC, where females accounted for 61.8% and people under 18 for 88.2%. Also, in a report by Qu et al. [70], female and right-side cases accounted for 18 and 17 of 30 cases, respectively. Same pattern can be found in rest studies [14, 23, 24, 37, 52, 80]. Since the occurrence of Xp11.2 tRCC involves the translocation of Xp11.2 chromosome, and compared with males, females have one more X chromosome, which may cause higher incidence of this disease. However, it’s still not clear why predominance existed in right side.
According to previous studies, Xp11.2 tRCC is more common in children and young adults under 45 years old (low incidence of 0.2–5.0%) [2, 37, 49], but it was found to be more aggressive in adults [91]. In the present study, we found that the age is an independent predictor for the OS in patients with Xp11.2 tRCC (HR: 2.16; 95% CI: 1.03 to 4.50; p = 0.041). However, no standard treatment has been raised and radical nephrectomy (RN) is the first choice if possible [92], which accounts for 77.4% of 305 cases with reported surgery approach in the present study. Meanwhile, RN was reported to have beneficial outcomes in the treatment of patients as well. Dai reported eight patients with the treatment of RN who had a median PFS of 32 months in 2018 [25]. In multivariate analyses in present study, there is no significantly association between surgery approach and prognosis in Xp11.2 tRCC patients, and there’s still lack of long-time follow-up due to its late recurrence [93]. In a study of Liu et al. in 2017, all nine patients were treated with partial nephrectomy (PN), with a median PFS of 51 months [57]. In previous studies, RN was reported to be associated with an increased risk of postoperative complications, and PN has been proposed to achieve a better overall survival result in patients with RCC [94, 95]. Thus, PN can be considered as a main approach in the treatment of Xp11.2 tRCC.
In this study, we found that pT status, which was reported to contribute to the advanced TNM stage [96], is significantly associated with both PFS and OS in Xp11.2 tRCC patients. Furthermore, it’s suggested that TNM stage is the most significant factors associated with poor prognosis in Xp11.2 tRCC patients, in the study with 34 patients of Liu in 2016 [59]. Meyer reported three patients who were in the late stage of Xp11.2 tRCC and had metastasis, ending up with an average time of 18 months for OS regardless of the adjuvant therapy [63].
With regard to the adjuvant treatment, there is still no data mentioning the most optimal or reliable treatment for each individual patient. In univariate analyses in the present study, patients treated with targeted therapy seemed to achieve a better result in both OS and PFS. Due to the close relationship between the choice of adjuvant treatment and TNM stage, in order to reach a more reliable result, we didn’t include the adjuvant treatment into the multivariable Cox regression models. Targeted therapy, immunotherapy and chemotherapy are the main options in included studies, which accounts for 53.2, 40.3 and 6.5% in the cases with reported adjuvant treatment in the present study. Targeted therapy, including sunitinib and sorafenib, was more likely to be chosen in patients with metastases [70]. Malouf reported two groups of patients with metastatic Xp11.2 tRCC, where one group with seven patients were treated with sunitinib, and the other one with 14 patients treated with immune therapy, showing a median PFS of 8 and 2 months respectively. Moreover, in the study of Wang in 2018, the DNA and RNA sequencing of Xp11 tRCC were reported, revealing novel gene fusions and presenting other potential targets for treatment [87]. Recent studies have shown that vascular endothelial growth factor receptor-targeted agents and mammalian target of rapamycin inhibitors play an important role effects in the treatment of metastatic TFE3 RCC [97–101]. Other targeted agents and immune checkpoint inhibitors are currently being tested and developed [102–104].
There are some limitations in our study. First, we included cases diagnosed with TFE3-IHC or FISH both in order to obtain a sufficient sample size, which may also lead to potential misdiagnoses. Second, because Xp11.2 tRCC is unpopular and underestimated in adults, and the information provided in the studies were insufficient and retrospective, the results should be interpreted discreetly. Third, due to the insufficient data in previous studies, when only the status of PFS was provided and evidence showed that the patient was alive, the survival data was converted to OS, which may not be precise. Fourth, age was considered as a prognosis factor for OS in analysis for all cases, but wasn’t a significant factor in the separate analysis for larger series, which can be attributed to the selection bias brought by case reports. Also, variance may exist due to the different settings from researchers in different cases. However, the results of the present study are still beneficial for the further research and understanding of the factors associated with survival from Xp11.2 tRCC.
In conclusion, T stage at presentation is the only factor that is associated with both PFS and OS in patients with Xp11.2 tRCC. Also, patients over 45 or with metastases are more likely to have poorer OS. Additional studies are still needed for the identification of potential targets for novel therapies.
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