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Purpose

To investigate the role of circulating rare cells (CRCs), namely, circulating tumor cells (CTCs) and circulating endothelial cells (CECs), in aiding early intervention, treatment decision, and prognostication in bladder cancer.



Methods

A total of 196 patients with pathologically confirmed bladder cancer, namely, 141 non-muscle invasive bladder cancer (NMIBC) and 55 muscle invasive bladder cancer (MIBC) patients. There were 32 patients who received cisplatin-based neoadjuvant chemotherapy (NAC) followed by radical cystectomy (RC). Subtraction enrichment combined with immunostaining-fluorescence in situ hybridization (SE-iFISH) strategy was used for CTC/CEC detection. Kaplan–Meier analysis and Cox regression were used to evaluate the overall survival (OS) and recurrence-free survival (RFS). Receiver operator characteristic analysis was used to discriminate NAC sensitivity.



Results

CTCs and CECs were related to clinicopathological characteristics. Triploid CTCs, tetraploid CTCs, and total CECs were found to be higher in incipient patients than in relapse patients (P = 0.036, P = 0.019, and P = 0.025, respectively). The number of total CECs and large cell CECs was also associated with advanced tumor stage (P = 0.028 and P = 0.033) and grade (P = 0.028 and P = 0.041). Remarkably, tumor-biomarker-positive CTCs were associated with worse OS and RFS (P = 0.026 and P = 0.038) in NMIBC patients underwent TURBT. CECs cluster was an independent predictor of recurrence in non-high-risk NMIBC patients underwent TURBT (HR = 9.21, P = 0.040). For NAC analysis, pre-NAC tetraploid CTCs and small cell CTCs demonstrated the capability in discriminating NAC-sensitive from insensitive patients. Additionally, tetraploid CTCs and single CTCs elevated post-NAC would indicate chemoresistance.



Conclusion

CTCs and CECs may putatively guide in diagnosis, prognosis prediction, and therapeutic decision-making for bladder cancer.
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Introduction

Bladder cancer is a heterogeneous disease associated with various clinical outcomes. Non-muscle invasive bladder cancer (NMIBC) accounts for roughly 70–80% of bladder cancer and requires routine cystoscopy or even repeated resection (1). Muscle invasive bladder cancer (MIBC) patients have poor prognosis with approximately 50% of patients ultimately suffering from the disseminated micro-metastasis (2). To prevent early dissemination, medically fit patients with clinically localized MIBC are suggested to receive cisplatin-based combination neoadjuvant chemotherapy (NAC). Nonetheless, it still lacks solid biomarkers that can be used to determine whether NAC is necessary or beneficial.

Tissue biopsy is one of the most widely used diagnostic methods for determining the molecular phenotypes of tumors. However, invasive surgical intervention might result in trauma, metastatic risk, and high financial and time cost (3, 4). Liquid biopsy, defined as the capture of tumor-related biomarkers in a liquid sample, has been extensively explored because of its minimal intrusion, low consumption, and convenience of application. When compared to tissue biopsy, the liquid biopsy had the advantage of being easier to repeat over time in order to dynamically monitor disease progression (5). While liquid biopsies have shown potential in identifying MIBC patients for NAC, prospective trials investigating their true clinical applicability for therapy decision making are urgently needed (6, 7).

Circulating tumor cells (CTCs) and circulating endothelial cells (CECs) are the most representative of liquid biopsy due to their minimally invasively detection of cells in carcinoma patients (8). CTCs are malignant epithelial cells derived from primary tumors, representing micro-metastatic disease from the primary tumor or the propensity of evolving disease dissemination (9). CTCs have shown promise for predicting recurrence in high-risk NMIBC (10), evaluating prognosis of RC, and guiding decision-making in bladder-cancer adjuvant chemotherapy (11). However, the relevance of CTCs in NAC decision making remains unclear. CECs originate from the endothelial-cell detachment of the vessel wall and reflect endothelial injury. They have also been proposed as surrogate biomarkers for malignant cancers including colorectal, breast, pancreatic and lung cancers (12). Apart from CTCs/CECs, circulating free DNA (cfDNA) and exosomes are also significant targets for liquid biopsy (13). In bladder cancer patients, cfDNA and exosomes have been implicated in indicating cancer progression or even predicting the drug sensitivity (14, 15).

The most widely used techniques for detecting CTC/CECs include reverse transcriptase-polymerase chain reaction (RT-PCR), immunocytochemistry, flow cytometry immunofluorescence, cytomorphological criteria, and second-generation sequencing (16). Compared with subtraction enrichment combined with immunostaining-fluorescence in situ hybridization (SE-iFISH), these traditional detection techniques have different defects like RNA degradation or contamination during RT-PCR, reduced detection sensitivity in flow cytometry and high cost of second-generation sequencing. SE-iFISH integrates all three elements of nucleic acids, proteins, and cell morphology along the cellular bio-chain, allowing for the in situ phenotypic identification of tumor biomarkers (TBMs), cell-size identification and karyotypic characterization of chromosomal ploidy in CTCs/CECs (17). According to SE-iFISH analysis, CTCs/CECs are classified into diverse subtypes by chromosome ploidy and their identified TBMs including EpCAM and vimentin (8).

What remains unknown is the relationship between the CTCs/CECs and clinical diagnosis and also pathoanatomical responses to NAC in bladder cancer. The purpose of this study is to explore the utility of CTCs/CECs in the diagnosis and treatment of bladder cancer.



Materials and Methods


Study Population

Between November 2016 and October 2019, we enrolled a total of 196 patients at the First Affiliated Hospital of Nanjing Medical University. Patients have to fulfill the following criteria for inclusion: (1) pathologically confirmed bladder cancer, and (2) aged over 18. The major exclusion criteria were as follows: (1) developed other malignancies including upper tract urothelial carcinoma, and (2) refused to sign informed consent. CTC detection was performed on all patients, while CEC detection was performed simultaneously on 133 patients. Peripheral blood (6 ml) was collected prior to any treatment. Written informed consent forms were signed by all patients. The study was approved by the affiliated hospital of Nanjing Medical University (Ethical approval number: 2017-SRFA-016) and performed according to the Declaration of Helsinki principles. The pathological diagnosis was performed by the Union for International Cancer Control TNM classification system (2009), and grade was determined according to the World Health Organization (WHO) 2004 grading of urothelial papilloma (18). High-risk tumors were defined as including any of the following: ① T1 tumor, ② high-grade tumor, ③ CIS, and ④ multiple, recurrent, and large (>3 cm) TaG1G2/LG tumors (all features must be present) (19).



CTC and CEC Enrichment, Identification and Classification

SE-iFISH approach was utilized to enrich and identify CTCs and CECs. SE-iFISH is a novel approach for detection CTCs/CECs that combines differential phase enrichment, tumor-labeled immunofluorescence staining and i-FISH techniques. It utilizes differential phase enrichment to separate and enrich CTCs/CECs. The enriched CTCs/CECs were then subjected to tumor-labeled immunofluorescence staining and chromosomal fluorescence in situ hybridization simultaneously.

CTCs/CECs were enumerated as non-hematopoietic that had not CD45 expressed on the cell surface (CD45−) while aneuploid CECs showed positive CD31 expression on the cell surface (CD31+) and aneuploid CTCs did not express CD31 (CD31−) but TBMs. The identification criteria of CTCs were as follows (Figure 1D): aneuploid chromosome 8 with nucleus DAPI+/CD45−/CD31− or diploid chromosome 8 with nucleus DAPI+/CD45−/CD31− but positively immunofluorescent with two tumor TBMs (EpCAM+/vimentin+ and EpCAM+/vimentin−). Diploid chromosome 8 cells with EpCAM−/vimentin+ were not defined as CTCs due to vimentin being expressed often in white blood cells. The identification criteria of CECs included the following: aneuploid chromosome 8 with nucleus DAPI+/CD45−/CD31+. Two or more single CTCs or CECs grouped to produce a circulating tumor microembolus (CTM) or CEC cluster. CTC can be divided into large-cell and small-cell CTCs depending on their size in comparison to white blood cells and the same for the CECs. CTCs were classified as monoploid CTC, triploid CTC, tetraploid CTC, and polyploid CTC (≥5 ploidy CTC) according to the karyotypes of chromosomes 8. Depending on whether TBMs can be detected, CTCs can be divided into tumor-biomarker (TBM)-positive CTCs and TBM-negative CTCs. TBM-positive CTCs are EpCAM positive and/or vimentin positive CTCs. CTC positive was defined as CTC number ≥3 and/or CTM ≥1, whereas CEC positive was defined as CECs number ≥2 and/or CEC cluster ≥1.




Figure 1 | Detection+ and characteristics of CTCs and CECs by SE-iFISH in bladder-cancer patients. (A) Quantitative composition of diverse CTC subtypes among the total number of CTCs. (B) Detective rate distribution of CTC subtypes among all bladder-cancer patients. (C) Quantitative composition of CEC subtypes among the total number of CECs. (D) Identification of CTCs by SE-iFISH. Line a: Polyploid, large cell, and TBM negative CTCs; Line b: Polyploid, large cell, and TBM-positive (EpCAM+) CTCs; Line c: Monoploid, small cell, and TBM-positive (vimentin+) CTCs; Line d: Diploid, small cell, and TBM-positive (EpCAM+/vimentin+) CTCs; Line e: CTM.





Neoadjuvant Chemotherapy Regimen and Assessment

Generally, 70 mg/m2 cisplatin-based NAC regimens consisting of cisplatin combined with 1.0 g/m2 gemcitabine protocols were administered. NAC was recommended for patients with extravesical disease (≥cT2N0M0). At least two cycles of NAC were performed before RC. Blood was collected from patients prior to or after two cycles of NAC. To evaluate the clinical response, Response Evaluation Criteria in Solid Tumors guideline (Version 1.1) was used. Magnetic resonance imaging was conducted to determine the diameter and volume of tumors prior to and after NAC. Two radiologists were involved to assess tumor response using MRI. T2-weighted imaging, diffusion weighted imaging (DWI), and apparent diffusion coefficient (ADC) were implemented to evaluate therapeutic response to NAC.



Follow-Up Regimen

Outpatient service and phone calls were used for follow-up. For RC, patients were usually seen every 3 months during the first year following surgery, and every 6 months from the second to fifth years. Follow-up included history, serum, and urine chemistry evaluation, and also physical examination. Every 6 months, abdomen imaging including the urinary tract (CT or MRI of the abdomen/pelvis with intravenous contrast) and chest radiography were conducted. For TURBT, patients received an additional cystoscopy and urinary cytology every 3 months in the first year following surgery and every 6 months from the second to fifth years. The endpoints of the study were as follows: (1) overall survival (OS), defined as the time period between operation and death from any cause, and (2) recurrence-free survival (RFS), defined as the time period between operation and local failure or distant metastases.



Statistical Analysis

IBM SPSS package (SPSS Inc., Chicago, IL, United States) and GraphPad Prism software (GraphPad Prism Software Inc., San Diego, CA, United States) were used for all statistical analyses. Correlations between the CTC/CEC-positive rate and clinicopathological variables were analyzed by chi-square test. For continuous variables, Student’s t-test was used to compare normally distributed variables or the Wilcoxon rank-sum test was used to compare not normally distributed variables. The area under the curve (AUC) of different CTC subtypes in discriminating chemosensitivity was determined using receiver operator characteristic (ROC) analysis. The change in CTCs between pre- and post-NAC was analyzed by the paired-sample t-test. Kaplan–Meier survival plots were generated based on the numbers of different subtypes of CTCs/CECs, and survival curves were compared using log-rank tests. Hazard ratios (HRs) were derived from univariate and multivariate Cox proportional-hazard regression models. P <0.05 was statistically significant, and all statistical analyses were two-sided.




Results


Analysis of Quantified CTC and CEC Subtypes

The quantitative distribution of CTC subtypes according to different classification criteria among the entire CTCs is depicted in Figure 1A. The detected rate of CTC subtypes distribution indicated that CTCs, small cell CTCs, CTM, and TBM-positive CTCs were present in 94.90, 83.67, 21.94, and 17.86% of all 196 patients, respectively (Figure 1B). The distribution of CECs subtypes is depicted in Figure 1C.



CTCs and CECs in Relation to Clinicopathological Characteristics

Positive CTCs were present in 163 patients (83.2%), while positive CECs were detected in 105 patients (78.9%). No significant association was found between CTC/CEC positive rates and clinicopathological variables (Table 1). However, subgroup analyses revealed that incipient patients exhibited a higher level of triploid and tetraploid CTCs than relapse patients (P = 0.036 and P = 0.019) (Figure 2A).


Table 1 | Relationship between CTC/CEC positive rate and clinicopathological variables.






Figure 2 | CTC and CEC subtypes correlated with different clinical characteristics and prognosis. (A) Distribution of CTC subtypes in incipient and relapse bladder-cancer patients. (B) Distribution of CEC subtypes in incipient and relapse bladder-cancer patients. (C) Distribution of CEC subtypes in bladder-cancer patients according to tumor stage. (D) Distribution of CEC subtypes in bladder-cancer patients according to tumor grade. (E) TBM-positive CTC number ≥1 showed poor prognosis with shorter OS in NMIBC patients receiving TURBT. (F) TBM-positive CTC number ≥1 showed poor prognosis with shorter RFS in high-risk NMIBC patients receiving TURBT. (G) CEC cluster number ≥1 showed poor prognosis with shorter RFS in high-risk NMIBC patients receiving TURBT. (H) CECs number ≥6 showed poor prognosis with shorter RFS in MIBC patients receiving RC.



Incipient patients also had an increased CECs level compared to relapsing patients (P = 0.025) (Figure 2B). In addition, the number of total CECs and large-cell CECs were also associated with higher tumor stage (P = 0.028 and P = 0.033) (Figure 2C) and grade (P = 0.028 and P = 0.041) (Figure 2D).



CTCs and CECs Contributed to Predicting Oncological Outcomes

Among the 196 patients, 22 were lost to follow-up, 55 patients (31.6%) experienced recurrence and 24 patients (13.8%) died. CTCs demonstrated no significant association between NMIBC and MIBC patients, however, the number of CECs elevated significantly in MIBC patients (Supplementary Table 1).


TBM-Positive CTCs Predicted Poor Prognosis in NMIBC Patients Receiving TURBT

TBM-positive CTCs served as an unfavorable predictor of OS in NMIBC patients treated with TURBT (Figure 2E). Subsequently, we respectively evaluated the prognostic significance in high-risk NMIBC patients and non-high-risk NMIBC patients (Supplementary Table 2). As for high-risk NMIBC patients undergoing TURBT, RFS was significantly reduced in the TBM-positive CTC group (Figure 2F). While for non-high-risk NMIBC patients undergoing TURBT, there was no significant association between CTCs and prognosis (Supplementary Table 3).



CEC Cluster Showed a Reduced RFS in NMIBC Patients Receiving TURBT

Univariate analysis of CECs for OS and RFS prediction in all NMIBC patients receiving TURBT failed to reach statistical significance (Supplementary Table 4). Whereas, in non-high-risk NMIBC patients receiving TURBT, survival analysis demonstrated that positive CEC cluster did shorten RFS further (Figure 2G). While for MIBC patients treated with RC, CECs number ≥6 also showed a shorter RFS but without statistical difference (Figure 2H).



Association Between CTCs and NAC Response Rate

CTCs were quantified in a total of 32 patients prior to NAC followed by RC. A total of 18 of 32 patients were considered responsive, while the remaining 14 were considered insensitive. Pre-NAC single CTCs (P = 0.016), tetraploid CTCs (P = 0.001), and small cell CTCs (P = 0.031) were positively correlated with sensitivity to NAC (Figures 3A, B). ROC analysis was also performed to evaluate the ability of tetraploid CTCs, small cell CTCs, and CTCs in discriminating NAC-sensitive patients from resistant patients (Figure 3C). Results showed that the potential AUCs were 0.80 for tetraploid CTCs (95%CI = 0.62–0.92, P <0.001), 0.72 for small cell CTCs (95%CI = 0.54–0.87, P = 0.015), and 0.77 for CTCs (95%CI = 0.59–0.90, P = 0.002).




Figure 3 | Analysis of CTC subtypes in correlation with NAC sensitivity in 32 bladder-cancer patients. (A, B) NAC-sensitive patients had an increasing quantity of pre-NAC CTCs, tetraploid CTCs, and small cell CTCs compared with NAC-insensitive patients. (C) Receiver operator characteristic (ROC) curves analysis showed that pre-NAC CTCs, tetraploid CTCs, and small cell CTCs could differentiate NAC-sensitive patients (n = 18) from NAC-insensitive ones (n = 14). (D) Distribution of CTC subtypes before and after NAC.



Afterwards, a total of 22 patients received CTC detection after two cycles of NAC. A total of 14 of 22 were considered responsive, and the remaining 8 were considered insensitive. The proportion of polyploid CTCs elevated with the other three karyotypes CTC numbers declined (Figure 3D). Compared to 45 patients receiving RC without NAC, NAC group was associated with a decreased number of triploid, tetraploid and small cell CTCs (P = 0.032, P = 0.004, and P = 0.022) (Supplementary Table 5). Then we evaluated the consistency between CTC dynamics pre- and post-NAC with the NAC response rate, but no significant association was observed in the 22 patients (Supplementary Table 6). Increased count of tetraploid CTCs and single CTCs following NAC indicated its ineffectiveness (P = 0.042 and P = 0.031) (Table 2).


Table 2 | CTC subtypes and dynamics in bladder-cancer patients with neoadjuvant chemotherapy.







Discussion

The detection of CTCs/CECs is the most representative of liquid biopsy in carcinoma patients (20). The clinical implications of CTCs have been reported in bladder cancer; however, most of them are based on conventional strategies and provide conflicting results (21). CellSearch®, which utilized an immunomagnetic technique to detect EpCAM+ CTCs, was the only FDA-approved CTC-detection platform (22), but it was always associated with a low CTC detection rate (23, 24). Additionally to this method, size-based filtration technique could considerably improve the detection efficiency (25). While all these EpCAM based techniques inevitably underestimate the quantity of CTCs due to missing EpCAM− CTCs (26). Therefore, additional molecule markers like vimentin were investigated and exploited during CTCs detection (26, 27). In present study, SE-iFISH is anticipated to facilitate elucidating how these distinct categories CTCs/CECs functionally interplay with tumor angiogenesis and therapy (8).

With regard to clinical characters analysis, we found that incipient bladder-cancer patients exhibited more triploid CTCs, tetraploid CTCs and total CECs than relapsing patients. One possible explanation is that relapsing patients might receive more routine review than incipient ones, allowing physicians to detect tumors earlier. Of note, our data highlighted the positive correlation between CECs and advanced tumor stage and grade. These data indicated that CECs were more easily detected in more advanced bladder cancer.

As reported, the epithelial to mesenchymal transition (EMT) has been proven to play a role in the tumorigenic process (28). EMT may facilitate the cancer cells to disseminate from local tumors penetrate blood vessels to become CTCs (29–31). CTCs could be classified as epithelial, mesenchymal, or epithelial–mesenchymal hybrids (32). Epithelial markers (EpCAM and E-cadherin) and mesenchymal markers (vimentin and Twist) were used frequently in CTCs detection (33, 34). In the present study, TBM-positive CTCs were defined in the study as EpCAM positive and/or vimentin-positive CTCs. Consistent with a previous study, our results also indicated a relatively low detection rate of TBM-positive CTCs (<20%) (35). To our knowledge, the present study had the largest sample size focusing exclusively on NMIBC rather than T1HG or high-risk NMIBC only. We discovered for the first time that TBM-positive CTCs might be used to predict the prognosis of NMIBC patients. The NMIBC patients receiving TURBT who harbored detectable TBM-positive CTCs were at significantly increased risk of overall mortality. Gazzaniga et al. stated similar results that the presence of CTCs is associated with a short time to the first recurrence in 44 NMIBC patients (36). Notably, NMIBC is heterogeneous cancer and most CTC-related studies on NMIBC have concentrated on T1HG or high-risk NMIBC patients (10, 37). Consistently, according to our analysis on high-risk NMIBC patients receiving TURBT, TBM-positive CTC number ≥1 showed poor prognosis with shorter RFS. Other new biomarkers like PD-L1 expression in CTCs are also in hopes of expanding the role of liquid biopsy in cancer patients (38). Interestingly, BCa patients with type 2 diabetes mellitus (T2DM) suffered a higher risk of recurrence (39). T2DM and hyperglycemia have been shown to facilitate EMT process in various cancers (40–42). Therefore, we speculate that hyperglycemia may interfere with the production and detection of CTCs.

However, results data on the actual predictive and prognostic value of CECs in bladder cancer are scarce. Cox regression analysis in our study indicated that positive CEC cluster was an independent risk factor for non-high-risk NMIBC patients treated with TURBT. Intriguingly, although not statistically significant, CEC subtypes predicted poor prognosis of patients receiving RC. Hence, CEC subtypes would also be key players in bladder-cancer diagnosis and prognosis. And our report is also the first research to explore the utility of CECs in bladder cancer.

The cisplatin-based NAC is recommended, while it could provide a minor OS benefit of 5–6% after 10 years (43). Besides, non-responder patients with MIBC have a poor overall survival and are delayed in receiving effective treatment (44). Soave et al. found that bladder cancer patients with the presence of CTCs are more likely to receive adjuvant chemotherapy (11). Our results showed that tetraploid CTCs were the most predictive of NAC sensitivity, followed by single CTCs and small cell CTCs. We also investigated the predictive value of CTC dynamic variation before and after NAC treatment, and found that NAC-insensitive patients possessed an evident elevation of CTCs post-NAC. The number of polyploid CTCs increased most remarkably post-NAC. Thus, we postulated that polyploid CTCs could be an important factor in NAC insensitivity as it was more difficult to eliminate than other CTC subtypes. Interestingly, the most CTC subtypes were elevated post-NAC, which might be attributed to NAC induced shedding of tumor cells into the circulatory system. Several focal tumor cells will necrotize during the initial chemotherapy cycles, which could result in decreased tumor cell adhesion. Thus, the residual tumor cells might be discharged into the bloodstream. This phenomenon was also observed in breast cancer studies (45, 46). Besides, in metastatic urothelial carcinoma, Fina et al. also found that unfavorable trend of CTCs number alterations during chemotherapy may be useful to predict worse prognosis (47). From the above, CTCs may enable the evaluation of NAC response and may hold promise in screening of NAC sensitive patients, thereby allowing NAC insensitive patients to undergo RC earlier. To our knowledge, this study is the first to explore the association between CTCs and bladder cancer NAC.

The Vesical Imaging-Reporting and Data System (VI-RADS) has been demonstrated to accurately predict muscle invasion of BCa before operation (48–51). Although no correlation between CTCs/CECs and BCa stage was observed, the combination of VI-RADS and CTCs/CECs detecting may offer us a more valid judgment basis prior to surgery, particularly for patients with a VI-RADS score of 3. Apart from BCa, other prognostic factors also played a significant role in other hematuria-related genitourinary diseases, such as prostate cancer (52) and prostate surgery associated bleeding (53).

It should be noted that the results of relevant Cox analyses may be insufficiently significant due to the limited number of patients included, especially those who received NAC. While SE-iFISH is a novel CTC detection technique, its application is still limited compared to more established detection methods. As a result, the detection stability and consistency need to be further verified.



Conclusion

Taken together, based on SE-iFISH strategy, the amounts of single CTCs, small cell CTCs, and tetraploid CTCs could predict NAC sensitivity. Furthermore, the present study established for the first time a relationship between CECs and their subtypes with pathological stage, grade, and clinical outcome. Overall, our findings revealed that various CTCs/CECs subtypes may have diverse potential to guide the diagnosis, prognosis prediction, and therapeutic decisions in bladder cancer, but further analytical validations are still required.



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

All procedures conduct in studies involving human participants comply with the ethical standards of institutions and/or national research committee, as well as with the 1964 Helsinki Declaration and its subsequent amendments or comparable ethical standards.



Author Contributions

Conception: XY, PL, HYa, and QL. Interpretation or analysis of data: DF, RZ, BY, QW, QC, HYu, JH, and JCL. Preparation of the manuscript: XYu, DF, JL, and ZZ. Revision for important intellectual content: XY, DF, QL, HYa, and PCL. Supervision: QL, HYa, XY, PL, and MG. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Natural Science Foundation of China (grant nos. 82072832, 81772711, and 82073306), the “333” project of Jiangsu Province (LGY2016002 and 2018055), the Jiangsu Province’s Key Provincial Talents Program (ZDRCA2016006), the Provincial Initiative Program for Excellency Disciplines of Jiangsu Province (grant No. BE2016791), the Priority Academic Program Development of Jiangsu Higher Education Institutions (grant No. JX10231801) and the Clinical Research Cultivation Program, Construction Program of Jiangsu Provincial Clinical Research Centre Support System (BL2014084).



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.802188/full#supplementary-material

  

References

1. Sylvester, RJ, Rodríguez, O, Hernández, V, Turturica, D, Bauerová, L, Bruins, HM, et al. European Association of Urology (EAU) Prognostic Factor Risk Groups for Non-Muscle-Invasive Bladder Cancer (NMIBC) Incorporating the WHO 2004/2016 and WHO 1973 Classification Systems for Grade: An Update From the EAU NMIBC Guidelines Panel. Eur Urol (2021) 79(4):480–8. doi: 10.1016/j.eururo.2020.12.033

2. Yafi, FA, Aprikian, AG, Chin, JL, Fradet, Y, Izawa, J, Estey, E, et al. Contemporary Outcomes of 2287 Patients With Bladder Cancer Who Were Treated With Radical Cystectomy: A Canadian Multicentre Experience. BJU Int (2011) 108(4):539–45. doi: 10.1111/j.1464-410X.2010.09912.x

3. Labgaa, I, Villanueva, A, Dormond, O, Demartines, N, and Melloul, E. The Role of Liquid Biopsy in Hepatocellular Carcinoma Prognostication. Cancers (2021) 13(4):659. doi: 10.3390/cancers13040659

4. Bonde, A, Smith, DA, Kikano, E, Yoest, JM, Tirumani, SH, and Ramaiya, NH. Overview of Serum and Tissue Markers in Colorectal Cancer: A Primer for Radiologists. Abdom Radiol (2021) 46(12):5521–35. doi: 10.1007/s00261-021-03243-0

5. Cheung, AH, Chow, C, and To, KF. Latest Development of Liquid Biopsy. J Thorac Dis (2018) 10(Suppl 14):S1645–S51. doi: 10.21037/jtd.2018.04.68

6. Schardt, J, Roth, B, and Seiler, R. Forty Years of Cisplatin-Based Chemotherapy in Muscle-Invasive Bladder Cancer: Are We Understanding How, Who and When? World J Urol (2019) 37(9):1759–65. doi: 10.1007/s00345-018-2544-8

7. de Kruijff, I, Beije, N, Martens, J, de Wit, R, Boormans, J, and Sleijfer, S. Liquid Biopsies to Select Patients for Perioperative Chemotherapy in Muscle-Invasive Bladder Cancer: A Systematic Review. Eur Urol Oncol (2021) 4(2):204–14. doi: 10.1016/j.euo.2020.01.003

8. Lin, PP. Aneuploid CTC and CEC. Diagn (Basel Switzerland) (2018) 8(2):26. doi: 10.3390/diagnostics8020026

9. Aoki, M, Shoji, H, Kashiro, A, Takeuchi, K, Shimizu, Y, and Honda, K. Prospects for Comprehensive Analyses of Circulating Tumor Cells in Tumor Biology. Cancers (Basel) (2020) 12(5):1135. doi: 10.3390/cancers12051135

10. Nicolazzo, C, Busetto, GM, Gradilone, A, Sperduti, I, Del Giudice, F, Loreni, F, et al. Circulating Tumor Cells Identify Patients With Super-High-Risk Non-Muscle-Invasive Bladder Cancer: Updated Outcome Analysis of a Prospective Single-Center Trial. Oncologist (2019) 24(5):612–6. doi: 10.1634/theoncologist.2018-0784

11. Soave, A, Riethdorf, S, Dahlem, R, von Amsberg, G, Minner, S, Weisbach, L, et al. A Nonrandomized, Prospective, Clinical Study on the Impact of Circulating Tumor Cells on Outcomes of Urothelial Carcinoma of the Bladder Patients Treated With Radical Cystectomy With or Without Adjuvant Chemotherapy. Int J Cancer (2017) 140(2):381–9. doi: 10.1002/ijc.30445

12. Hayashi, T, Fujita, K, Hayashi, Y, Hatano, K, Kawashima, A, McConkey, D, et al. Mutational Landscape and Environmental Effects in Bladder Cancer. Int J Mol Sci (2020) 21(17):6072. doi: 10.3390/ijms21176072

13. Zhang, W, Xia, W, Lv, Z, Ni, C, Xin, Y, and Yang, L. Liquid Biopsy for Cancer: Circulating Tumor Cells, Circulating Free DNA or Exosomes? Cell Physiol Biochem (2017) 41(2):755–68. doi: 10.1159/000458736

14. Herranz, R, Oto, J, Plana, E, Fernandez-Pardo, A, Cana, F, Martinez-Sarmiento, M, et al. Circulating Cell-Free DNA in Liquid Biopsies as Potential Biomarker for Bladder Cancer: A Systematic Review. Cancers (Basel) (2021) 13(6):1448. doi: 10.3390/cancers13061448

15. Liu, YR, Ortiz-Bonilla, CJ, and Lee, YF. Extracellular Vesicles in Bladder Cancer: Biomarkers and Beyond. Int J Mol Sci (2018) 19(9):2822. doi: 10.3390/ijms19092822

16. Palmela Leitao, T, Miranda, M, Polido, J, Morais, J, Corredeira, P, Alves, P, et al. Circulating Tumor Cell Detection Methods in Renal Cell Carcinoma: A Systematic Review. Crit Rev Oncol Hematol (2021) 161:103331. doi: 10.1016/j.critrevonc.2021.103331

17. Zhang, L, Zhang, X, Liu, Y, Zhang, T, Wang, Z, Gu, M, et al. PD-L1(+) Aneuploid Circulating Tumor Endothelial Cells (CTECs) Exhibit Resistance to the Checkpoint Blockade Immunotherapy in Advanced NSCLC Patients. Cancer Lett (2020) 469:355–66. doi: 10.1016/j.canlet.2019.10.041

18. Oosterhuis, JW, Schapers, RF, Janssen-Heijnen, ML, Pauwels, RP, Newling, DW, and ten Kate, F. Histological Grading of Papillary Urothelial Carcinoma of the Bladder: Prognostic Value of the 1998 WHO/ISUP Classification System and Comparison With Conventional Grading Systems. J Clin Pathol (2002) 55(12):900–5. doi: 10.1136/jcp.55.12.900

19. Babjuk, M, Burger, M, Compérat, EM, Gontero, P, Mostafid, AH, Palou, J, et al. European Association of Urology Guidelines on Non-Muscle-Invasive Bladder Cancer (TaT1 and Carcinoma In Situ) - 2019 Update. Eur Urol (2019) 76(5):639–57. doi: 10.1016/j.eururo.2019.08.016

20. Cheng, J, Tang, Q, Cao, X, and Burwinkel, B. Cell-Free Circulating DNA Integrity Based on Peripheral Blood as a Biomarker for Diagnosis of Cancer: A Systematic Review. Cancer Epidemiol Biomarkers Prev (2017) 26(11):1595–602. doi: 10.1158/1055-9965.EPI-17-0502

21. Yan, H, Dittmar, F, Schagdarsurengin, U, and Wagenlehner, F. The Clinical Application and Potential Roles of Circulating Tumor Cells in Bladder Cancer and Prostate Cancer. Urology (2020) 145:30–37. doi: 10.1016/j.urology.2020.06.039

22. Allard, W, Matera, J, Miller, M, Repollet, M, Connelly, M, Rao, C, et al. Tumor Cells Circulate in the Peripheral Blood of All Major Carcinomas But Not in Healthy Subjects or Patients With Nonmalignant Diseases. Clin Cancer Res: Off J Am Assoc Cancer Res (2004) 10(20):6897–904. doi: 10.1158/1078-0432.CCR-04-0378

23. Bidard, F, Huguet, F, Louvet, C, Mineur, L, Bouché, O, Chibaudel, B, et al. Circulating Tumor Cells in Locally Advanced Pancreatic Adenocarcinoma: The Ancillary CirCe 07 Study to the LAP 07 Trial. Ann Oncol: Off J Eur Soc Med Oncol (2013) 24(8):2057–61. doi: 10.1093/annonc/mdt176

24. Okubo, K, Uenosono, Y, Arigami, T, Mataki, Y, Matsushita, D, Yanagita, S, et al. Clinical Impact of Circulating Tumor Cells and Therapy Response in Pancreatic Cancer. Eur J Surg Oncol: J Eur Soc Surg Oncol Br Assoc Surg Oncol (2017) 43(6):1050–5. doi: 10.1016/j.ejso.2017.01.241

25. Khoja, L, Backen, A, Sloane, R, Menasce, L, Ryder, D, Krebs, M, et al. A Pilot Study to Explore Circulating Tumour Cells in Pancreatic Cancer as a Novel Biomarker. Br J Cancer (2012) 106(3):508–16. doi: 10.1038/bjc.2011.545

26. Handra-Luca, A, Hong, S, Walter, K, Wolfgang, C, Hruban, R, and Goggins, M. Tumour Epithelial Vimentin Expression and Outcome of Pancreatic Ductal Adenocarcinomas. Br J Cancer (2011) 104(8):1296–302. doi: 10.1038/bjc.2011.93

27. Satelli, A, Mitra, A, Brownlee, Z, Xia, X, Bellister, S, Overman, M, et al. Epithelial-Mesenchymal Transitioned Circulating Tumor Cells Capture for Detecting Tumor Progression. Clin Cancer Res: Off J Am Assoc Cancer Res (2015) 21(4):899–906. doi: 10.1158/1078-0432.CCR-14-0894

28. Brabletz, T, Kalluri, R, Nieto, M, and Weinberg, R. EMT in Cancer. Nat Rev Cancer (2018) 18(2):128–34. doi: 10.1038/nrc.2017.118

29. Guarino, M. Epithelial-Mesenchymal Transition and Tumour Invasion. Int J Biochem Cell Biol (2007) 39(12):2153–60. doi: 10.1016/j.biocel.2007.07.011

30. Książkiewicz, M, Markiewicz, A, and Zaczek, A. Epithelial-Mesenchymal Transition: A Hallmark in Metastasis Formation Linking Circulating Tumor Cells and Cancer Stem Cells. Pathobiology (2012) 79(4):195–208. doi: 10.1159/000337106.

31. Pantel, K, and Brakenhoff, R. Dissecting the Metastatic Cascade. Nat Rev Cancer (2004) 4(6):448–56. doi: 10.1038/nrc1370

32. Nel, I, Baba, H, Ertle, J, Weber, F, Sitek, B, Eisenacher, M, et al. Individual Profiling of Circulating Tumor Cell Composition and Therapeutic Outcome in Patients With Hepatocellular Carcinoma. Transl Oncol (2013) 6(4):420–8. doi: 10.1593/tlo.13271

33. Liu, Y, Hu, B, Li, Z, He, X, Li, Y, and Lu, L. An Improved Strategy to Detect the Epithelial-Mesenchymal Transition Process in Circulating Tumor Cells in Hepatocellular Carcinoma Patients. Hepatol Int (2016) 10(4):640–6. doi: 10.1007/s12072-016-9732-7

34. Wu, S, Liu, S, Liu, Z, Huang, J, Pu, X, Li, J, et al. Classification of Circulating Tumor Cells by Epithelial-Mesenchymal Transition Markers. PLoS One (2015) 10(4):e0123976. doi: 10.1371/journal.pone.0123976

35. Ye, Z, Ding, Y, Chen, Z, Li, Z, Ma, S, Xu, Z, et al. Detecting and Phenotyping of Aneuploid Circulating Tumor Cells in Patients With Various Malignancies. Cancer Biol Ther (2019) 20(4):546–51. doi: 10.1080/15384047.2018.1538000

36. Gazzaniga, P, Gradilone, A, de Berardinis, E, Busetto, GM, Raimondi, C, Gandini, O, et al. Prognostic Value of Circulating Tumor Cells in Nonmuscle Invasive Bladder Cancer: A CellSearch Analysis. Ann Oncol: Off J Eur Soc Med Oncol (2012) 23(9):2352–6. doi: 10.1093/annonc/mdr619

37. Busetto, GM, Ferro, M, Del Giudice, F, Antonini, G, Chung, BI, Sperduti, I, et al. The Prognostic Role of Circulating Tumor Cells (CTC) in High-Risk Non-Muscle-Invasive Bladder Cancer. Clin Genitourin Cancer (2017) 15(4):e661–e6. doi: 10.1016/j.clgc.2017.01.011

38. Boffa, DJ, Graf, RP, Salazar, MC, Hoag, J, Lu, D, Krupa, R, et al. Cellular Expression of PD-L1 in the Peripheral Blood of Lung Cancer Patients Is Associated With Worse Survival. Cancer Epidemiol Biomarkers Prev (2017) 26(7):1139–45. doi: 10.1158/1055-9965.EPI-17-0120

39. Ferro, M, Katalin, MO, Buonerba, C, Marian, R, Cantiello, F, Musi, G, et al. Type 2 Diabetes Mellitus Predicts Worse Outcomes in Patients With High-Grade T1 Bladder Cancer Receiving Bacillus Calmette-Guerin After Transurethral Resection of the Bladder Tumor. Urol Oncol (2020) 38(5):459–64. doi: 10.1016/j.urolonc.2020.02.016

40. Rahn, S, Zimmermann, V, Viol, F, Knaack, H, Stemmer, K, Peters, L, et al. Diabetes as Risk Factor for Pancreatic Cancer: Hyperglycemia Promotes Epithelial-Mesenchymal-Transition and Stem Cell Properties in Pancreatic Ductal Epithelial Cells. Cancer Lett (2018) 415:129–50. doi: 10.1016/j.canlet.2017.12.004

41. Yang, T, Zhou, Y, Wang, H, Chen, S, Shen, M, Hu, Y, et al. Insulin Exacerbated High Glucose-Induced Epithelial-Mesenchymal Transition in Prostatic Epithelial Cells BPH-1 and Prostate Cancer Cells PC-3 via MEK/ERK Signaling Pathway. Exp Cell Res (2020) 394(1):112145. doi: 10.1016/j.yexcr.2020.112145

42. Xia, B, Hou, L, Kang, H, Chang, W, Liu, Y, Zhang, Y, et al. NR2F2 Plays a Major Role in Insulin-Induced Epithelial-Mesenchymal Transition in Breast Cancer Cells. BMC Cancer (2020) 20(1):626. doi: 10.1186/s12885-020-07107-6

43. Witjes, JA, Bruins, HM, Cathomas, R, Compérat, EM, Cowan, NC, Gakis, G, et al. European Association of Urology Guidelines on Muscle-Invasive and Metastatic Bladder Cancer: Summary of the 2020 Guidelines. Eur Urol (2021) 79(1):82–104. doi: 10.1016/j.eururo.2020.03.055

44. Vollmer, T, Schlickeiser, S, Amini, L, Schulenberg, S, Wendering, DJ, Banday, V, et al. The Intratumoral CXCR3 Chemokine System is Predictive of Chemotherapy Response in Human Bladder Cancer. Sci Transl Med (2021) 13(576):eabb3735. doi: 10.1126/scitranslmed.abb3735

45. Onstenk, W, Kraan, J, Mostert, B, Timmermans, M, Charehbili, A, Smit, V, et al. Improved Circulating Tumor Cell Detection by a Combined EpCAM and MCAM CellSearch Enrichment Approach in Patients With Breast Cancer Undergoing Neoadjuvant Chemotherapy. Mol Cancer Ther (2015) 14(3):821–7. doi: 10.1158/1535-7163.MCT-14-0653

46. Karagiannis, G, Pastoriza, J, Wang, Y, Harney, A, Entenberg, D, Pignatelli, J, et al. Neoadjuvant Chemotherapy Induces Breast Cancer Metastasis Through a TMEM-Mediated Mechanism. Sci Trans Med (2017) 9(397):eaan0026. doi: 10.1126/scitranslmed.aan0026

47. Fina, E, Necchi, A, Giannatempo, P, Colecchia, M, Raggi, D, Daidone, MG, et al. Clinical Significance of Early Changes in Circulating Tumor Cells From Patients Receiving First-Line Cisplatin-Based Chemotherapy for Metastatic Urothelial Carcinoma. Bladder Cancer (2016) 2(4):395–403. doi: 10.3233/BLC-160069

48. Del Giudice, F, Leonardo, C, Simone, G, Pecoraro, M, De Berardinis, E, Cipollari, S, et al. Preoperative Detection of Vesical Imaging-Reporting and Data System (VI-RADS) Score 5 Reliably Identifies Extravesical Extension of Urothelial Carcinoma of the Urinary Bladder and Predicts Significant Delayed Time to Cystectomy: Time to Reconsider the Need for Primary Deep Transurethral Resection of Bladder Tumour in Cases of Locally Advanced Disease? BJU Int (2020) 126(5):610–9. doi: 10.1111/bju.15188

49. Del Giudice, F, Pecoraro, M, Vargas, HA, Cipollari, S, De Berardinis, E, Bicchetti, M, et al. Systematic Review and Meta-Analysis of Vesical Imaging-Reporting and Data System (VI-RADS) Inter-Observer Reliability: An Added Value for Muscle Invasive Bladder Cancer Detection. Cancers (Basel) (2020) 12(10):2994. doi: 10.3390/cancers12102994

50. Panebianco, V, Del Giudice, F, Leonardo, C, Sciarra, A, Catalano, C, and Catto, JWF. VI-RADS Scoring Criteria for Alternative Risk-Adapted Strategies in the Management of Bladder Cancer During the COVID-19 Pandemic. Eur Urol (2020) 78(1):e18–20. doi: 10.1016/j.eururo.2020.04.043

51. Yuan, B, Cai, L, Cao, Q, Wu, Q, Zhuang, J, Sun, X, et al. Role of Vesical Imaging-Reporting and Data System in Predicting Muscle-Invasive Bladder Cancer: A Diagnostic Meta-Analysis. Int J Urol (2021). doi: 10.1111/iju.14748

52. Sciarra, A, Gentilucci, A, Silvestri, I, Salciccia, S, Cattarino, S, Scarpa, S, et al. Androgen Receptor Variant 7 (AR-V7) in Sequencing Therapeutic Agents for Castratrion Resistant Prostate Cancer: A Critical Review. Medicine (Baltimore) (2019) 98(19):e15608. doi: 10.1097/MD.0000000000015608

53. Busetto, GM, Giovannone, R, Antonini, G, Rossi, A, Del Giudice, F, Tricarico, S, et al. Short-Term Pretreatment With a Dual 5alpha-Reductase Inhibitor Before Bipolar Transurethral Resection of the Prostate (B-TURP): Evaluation of Prostate Vascularity and Decreased Surgical Blood Loss in Large Prostates. BJU Int (2015) 116(1):117–23. doi: 10.1111/bju.12917




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.

Copyright © 2022 Yang, Lv, Zhou, Feng, Zhou, Yuan, Wu, Yu, Han, Cao, Gu, Li, Yang and Lu. 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-11-802188-g001.jpg
CTM (3.9%) n=196
CTCs(96.1%) 94.90%

CTCs
Polyploid CTCs (39.7%)
Tetraploid CTCs (19.5%)
Triploid CTCs (36.3%)
Monoploid CTCs (4.2%)

CTCs

Large cell CTCs (64.4%)
Small cell CTCs (35.6%)

CTCs
CTCs subtypes distributuon TBM negative CTCs (96.7%)
TBM positive CTCs (3.3%)

N N
o @
o o
I=1 =]

83.67%

®
=]

-]
=1

B
[=}

21.94%

= -
o o @
o =] o
k=] =] S

17.86%

in BCa patients (%)
n
o

Number of CTCs subtypes

0
Total CTCs CTCs CTCs CTCs
(n=2219) (n=2132) (n=2132) (n=2132)

Detection rate of CTCs subtypes

-
o
o
=]

Total CECs
CECs (98.9%)
CECs cluster (1.1%)

-
=)
=3
=]

B cecs

Large cell CECs (80.4%)
mm Small cell CECs (19.6%)

0
[
<3
>
2
2
=
]
73
o
& 500
-
=]
1
£
o
2
£
=]
=

Total CECs CECs
(n=1439) (n=1424)

CECs subtypes distributuon

CEP8 EpCAM CD31 Merge
a
CEP8 EpCAM CD31 Merge
o ’ . ]
b
CEP8 EpCAM CcD31 Merge
c
CEP8 EpCAM CD31 Merge
O J
d
CEP8 EpCAM CD31 Merge
e






OEBPS/Images/fonc.2021.802188_cover.jpg
’ frontiers
in Oncology

Clinical Application of Circulating
Tumor Cells and Circulating
Endothelial Cells in Predicting
Bladder Cancer Prognosis and
Neoadjuvant Chemosensitivity





OEBPS/Images/fonc-11-802188-g003.jpg
A B3 NAC-insensitive B E3 NAC-insensitive
B3 NAC-sensitive B3 NAC-sensitive
e P=0.016 »
8 35 —_— g 20 P=0.001 P=0.031
£ £ = .
320 I 3 15
0 7]
(&) [$]
by ; 5 10
k) 3 k)
5 £ s
2 4 E-1
£ E
El 2
CTCs CTM
(o] D
@ 800
2 pre-NAC vs. post-NAC
2
< 600 wn Monoploid CTCs
2 12.2%vs. 0.2%
&
] O
5 5 400 ~ Triploid CTCs
% 34.9% vs. 26.3%
2 200 Tetraploid CTCs
S 3 " 205%vs. 185%
~—— The number of tetraploid CTCs E
3 .
: 3 0 - Polyploid CTCs
TP e pre-NAC post-NAC 32.4%vs. 54.9%

(n=312) (n=T78)
CTCs subtypes distributuon





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

      		

        Clinical Application of Circulating Tumor Cells and Circulating Endothelial Cells in Predicting Bladder Cancer Prognosis and Neoadjuvant Chemosensitivity

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Population

          



          		

            CTC and CEC Enrichment, Identification and Classification

          



          		

            Neoadjuvant Chemotherapy Regimen and Assessment

          



          		

            Follow-Up Regimen

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Analysis of Quantified CTC and CEC Subtypes

          



          		

            CTCs and CECs in Relation to Clinicopathological Characteristics

          



          		

            CTCs and CECs Contributed to Predicting Oncological Outcomes

          

            		

              TBM-Positive CTCs Predicted Poor Prognosis in NMIBC Patients Receiving TURBT

            



            		

              CEC Cluster Showed a Reduced RFS in NMIBC Patients Receiving TURBT

            



            		

              Association Between CTCs and NAC Response Rate

            



          



          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
CTCs Subtypes Sensitive Insensitive P
(n=14) n=8)

Single -0.29 + 15.80 58.75 + 75.89 0.031
Monoploid -2.29 + 6.62 -0.50 + 1.41 0.853
Triploid 0.79£7.20 10.63 + 16.54 0.159
Tetraploid 0.00 + 4.39 10.00 + 16.756 0.042
Polyploid 1.21+£7.48 38.63 £51.29 0.074
Small cell 0.21 £ 8.45 11.00 £ 15.95 0.065
TBM positive 0.36 + 1.45 275+7.40 0.432
CT™M -0.21 £0.70 1756+ 4.65 0.179

Bold values provided in Table 2 means they are significant p values which were less than 0.05.





OEBPS/Images/fonc-11-802188-g002.jpg
Numbers of CECs subtypes Numbers of CTCs subtypes

Overall survival (%)

Recurrence free survival (%)

-
N

©

o

60

B3 Incipient patients
B3 Relapse patients

P=0.035 P=0.019

100

75

50

25

100

75

50

25

o

= NMIBC b
= MIBC
P=0.028 P=0.033
F
P=0.026
=~ TBM positive CTCs=1 (n=20)
=+~ TBM negative CTCs=0 (n=73)
15 30 45 60
Time (months)

P=0.039 H

= CECs cluster=1 (n=5)
=~ CECs cluster=0 (n=28)

0 15 30 45

Time (months)

Numbers of CECs subtypes Numbers of CECs subtypes

Recurrence free survival (%)

Recurrence free survival (%)

B3 Incipient patients
=2 Relapse patients

P=0.025

B3 Low-grade
B High-grade
a5 P=0.028 P=0.041

P=0.038
=~ TBM positive CTCs=1 (n=9)

=~ TBM negative CTCs=0 (n=29)

100

75

50

25

o

15 30 45
Time (months)

P=0.084
= CECs26 (n=17)

-~ CECs<6 (n=17)
100
75
50

25

o 10 20 30 40
Time (months)





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/table1.jpg
Variables CTCs CECs
Total Positive Negative P Total Positive Negative P
n n % n % n n % n %

Total 196 163 83.2 33 16.8 133 105 789 28 211

Gender
Male 159 131 82.4 28 17.6 0.549 113 92 81.4 21 18.6 0.097
Female 37 32 86.5 5 185 20 13 65.0 7 35.0

Age
>66 107 91 85.0 16 15.0 0.440 73 57 781 16 21.0 0.787
<66 89 72 80.9 17 19.1 60 48 80.0 12 20.0

Tobacco smoking
Yes 85 70 82.4 15 17.6 0.791 66 55 83.3 1" 16.7 0.218
No m 93 83.8 18 16.2 67 50 746 17 25.4

Alcohol drinking
Yes 67 59 88.1 8 11.9 0.187 49 43 878 6 12.2 0.057
No 129 104 80.6 25 19.4 84 62 738 22 26.3

Stage
NMIBC 141 17 83.0 24 17.0 0912 90 72 80.0 18 20.0 0.667
MIBC 55 46 83.6 9 16.4 43 33 76.7 10 23.3

CGrade
PUNLMP 8 8 100 0 0 0.376 3 3 100 0 0 0.459
Low 95 e 81.1 18 18.9 65 49 75.4 16 24.6
High 93 78 83.9 15 16.1 65 53 815 12 18.5

Lymph node metastasis
Yes 8 8 100 0 0 0.194 6 4 66.7 2 33.3 0.450
No 188 155 82.4 33 17.6 127 101 795 26 205

Bladder cancer history
Incipient 43 37 86.0 6 14.0 0.567 29 22 759 7 241 0.645
Relapse 153 126 82.4 27 17.6 104 83 79.8 21 20.2






