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According to the guidelines, transurethral resection of bladder tumor (TURBT) followed by intravesical therapy remains the standard strategy for the management of non-muscle invasive bladder cancer (NMIBC). However, even if patients receive standard strategy, the risk of postoperative recurrence and progression is high. From the clinical perspective, the standard strategy needs to be optimized and improved. Compared to conventional TURBT, the technique of en bloc resection of bladder tumor (ERBT) removes the tumor tissue in one piece, thus following the principles of cancer surgery. Meanwhile, the integrity and spatial orientation of tumor tissue is protected during the operation, which is helpful for pathologists to make accurate histopathological analysis. Then, urologists can make a postoperative individualized treatment plan based on the patient’s clinical characteristics and histopathological results. To date, there is no strong evidence that NMIBC patients treated with ERBT achieve better oncological prognosis, which indicates that ERBT alone does not yet improve patient outcomes. With the development of enhanced imaging technology and proteogenomics technology, en bloc resection combined with these technologies will make it possible to achieve precise diagnosis and treatment of bladder cancer. In this review, the authors analyze the current existing shortcomings of en bloc resection and points out its future direction, in order to promote continuous optimization of the management strategy of bladder cancer.
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Introduction

According to the latest cancer statistics, the incidence of bladder cancer (BCa) ranks tenth among malignant tumor diseases. In 2020, there will be approximately 573,000 new cases of BCa and 213,000 deaths, making it the second most common urological malignancy after prostate cancer (1). About 70% of newly diagnosed BCa present as early-stage (Tis, Ta, and T1) lesions confined to the mucosa or submucosa, termed non-muscle invasive bladder cancer (NMIBC) (2). Relevant guidelines recommend that the standard management strategy for NMIBC is transurethral resection of bladder tumor (TURBT) combined with postoperative individual intravesical chemotherapy or Bacillus Calmette-Guérin (BCG) immunotherapy based on risk stratification (3–5). TURBT is the first and most critical step in the diagnosis and treatment of NMIBC, as complete initial resection is essential for accurate risk stratification and good prognosis (6). Immediate postoperative intravesical instillation can kill exfoliated tumor cells and residual tumor tissue to reduce tumor recurrence (7).

One purpose of TURBT is to remove all visible tumor lesions in the bladder. During surgery, urologists mainly rely on indirect visual feedback and clinical experience to judge the depth and boundary of tumor invasion, but this subjective judgment is often inaccurate. A systematic review of clinical data from 8409 patients with high-grade Ta or T1 BCa showed that 17%-67% of Ta and 20%-71% of T1 patients were found to have residual tumors at the time of repeated transurethral resection (reTUR), and most of the residual tumors (36%-86%) were located at the original resection site (8). Due to the high incidence of residual tumors after initial resection, reTUR is recommended for patients diagnosed with primary T1 BCa and incomplete resection within 2-6 weeks (2). Previous studies or meta-analyses have shown that patients who have received reTUR benefit in terms of treatment, diagnosis and prognosis (9–11). A recent observational study based on a population of 7666 T1 BCa patients explored the association between reTUR and oncological prognosis. The results showed that reTUR is absolutely necessary for patients without detrusor samples after the initial resection, and that reTUR is likely to be beneficial to all patients diagnosed with T1 BCa regardless of the detrusor samples (12). The other purpose of TURBT is to obtain tumor samples for histopathological analysis. During conventional TURBT, piecemeal resection of tumor tissue obviously violates the principle of oncologic surgery (13). Meanwhile, the use of “incise and scatter” technique leads to thermal damage of tumor samples and fragmentation of tumor tissue, which makes accurate histopathological analysis of fragmented specimens difficult (14).

To overcome the drawbacks of conventional resection, en bloc resection of bladder tumor (ERBT) has emerged and has received increasing public attention over the past decade. Unlike piece-by-piece resection performed during TURBT, ERBT removes the tumor tissue in one piece, thereby alleviating the amount of exfoliated cancer cells that are suspected of causing out-of-field recurrence and migrating into the circulatory system (15). Unfortunately, to date, there is no strong clinical evidence that ERBT is superior to conventional resection in oncological outcomes (16). From a recent review on the recurrence mechanisms of NMIBC, undetected tumor tissue upon cystoscopy, local residual disease after initial resection and exfoliated cancer cells re-implantation might cause early disease recurrence, whereas drop metastasis from upper tract urothelial carcinoma and field change cancerization effects could lead to late disease recurrence (17). Therefore, we speculate that compared with conventional TURBT, ERBT cannot achieve a better prognosis for NMIBC patients by addressing some possible recurrence mechanisms, and this common aim of reducing the recurrence rate can only be achieved by tackling all possible recurrence mechanisms in a comprehensive manner. With the application and development of enhanced imaging technology and proteogenomics technology in BCa, en bloc resection combined with these technologies may tackle all possible recurrence mechanisms and achieve precise diagnosis and treatment of NMIBC.



The technique of ERBT

Briefly, the surgical procedure of ERBT is to make a circular incision on the mucosa surrounding the tumor, and then perform blunt en bloc resection of the whole tumor, including detrusor muscle (18). Due to its potential advantages, ERBT has increased in popularity over recent years, especially in Europe and Asia. First, ERBT is considered to improve the quality of tumor specimens that allowing pathologists to better evaluate margin status for completeness of resection and depth of invasion (19). Second, the more controlled and refined en bloc resection may reduce the risk of perioperative complications such as obturator nerve reflex and bladder perforation (20). Third, the reduction in tumor fracturing leads to fewer floating tumor cells in the bladder, theoretically reducing the risk of tumor re-implantation and improving recurrence-free survival (RFS) rates (15, 21).

The main purpose of ERBT is to improve the quality of transurethral resection. It is believed that high-quality tumor resection can reduce the frequency of reTUR and the risk of recurrence. A surrogate for surgical quality is the presence of detrusor muscle (DM) within the tumor specimens (14). Compared to conventional TURBT, ERBT was associated with a higher percentage of DM present in histopathological specimens (22). The muscularis mucosa (MM) is composed of discontinuous smooth muscle bundles in the submucosa of the bladder wall, and the depth of tumor cell infiltration in the MM can be used for tumor T1a/b/c substaging. The recognition rate of MM was increased in specimens after ERBT compared with TURBT (23). A retrospective study used ERBT samples to analyze the correlation between T1 substaging and prognosis. The results showed that ERBT provided high-quality tumor specimens for MM recognition, and the prognosis of T1c BCa patients was poor (24). Pathologists were assigned to perform pT1 substaging on the TURBT and ERBT specimens, and the diagnostic time and diagnostic concordance rate of these pathologists were assessed. Compared with the use of TURBT samples, the use of ERBT samples shortened the diagnosis time of T1 substaging, and the diagnostic concordance rate was significantly better (25).

Compared with conventional TURBT, ERBT has its own advantages, but there are some limitations in the successful implementation of ERBT in reality. The major limitation in performing ERBT is the size of the tumor (26). In clinical practice, when stratified by tumor size, the technical success rates of ERBT for bladder tumors ≤3 cm and > 3 cm in size were 84.3% and 29.6%, respectively. Multivariate analysis showed that tumor size was the only significant factor predicting the success of ERBT surgery (27). Thus, in order to ensure a complete resection, urologists should accept modified approaches of ERBT, such as retrieval of tumor sample in several pieces (28–30), or piecemeal resection of the exophytic part of tumor tissue followed by en bloc resection of the tumor base (31). Meanwhile, several researchers have employed new devices to retrieve large tumor specimens. BCa with diameter ≤45 mm can be retrieved with Collins loop and laparoscopic forceps (32), and the tumor with diameter ≤75 mm can be retrieved with endo-bag commonly used in gastroenterology (33). The Chinese University of Hong Kong is currently conducting an exploratory study to investigate the feasibility of modified ERBT in patients with BCa more than 3 cm in diameter (ClinicalTrials.gov Identifier: NCT04081246) (34).

Like conventional TURBT, urologists can only rely on indirect visual feedback and clinical experience to judge the depth and boundary of tumor invasion during ERBT. En bloc re-resection was performed after the initial ERBT, and 6.41% of patients was found to have residual tumors (35). The detection rate of residual tumors during reTUR after ERBT and TURBT were 7% and 27.7%, respectively. There was no difference in RFS between the two groups during the follow-up period, but most tumor recurrence after ERBT occurred outside the original resection site (36, 37). The reason why RFS was not improved after ERBT may be partly because there was no difference between the two groups in identifying micro tumors during surgery, especially carcinoma in situ (CIS) (38). A systematic review was recently conducted to observe the results of random bladder biopsies in more than 10000 NIMBC patients, and the overall incidence of concurrent CIS was 17.35% (39). Furthermore, the rate would be reach up to 50% in patients with high-risk or sessile tumors (39, 40). Retrospective analysis showed that multifocality and T1 stage were independent prognostic factors for postoperative recurrence in high-risk NMIBC patients who underwent en bloc resection (41).



Cooperate with pathologist to make accurate histopathological analysis

Pathological stage and histological grade, concurrent CIS, lymphovascular invasion (LVI) and histological variation play an important role in risk stratification of NIMBC (42). Tumor stage and grade, tumor status (primary or recurrent), previous intravesical chemotherapy, tumor size (<3cm vs. 3cm), and tumor focality (single vs. multiple) were often used as indicators of the scoring models to predict tumor recurrence (43). According to the International Collaboration on Cancer Reporting guidelines, apart from the pathological stage and histological grade, the pathological report of BCa specimens obtained by biopsy or transurethral resection should include the status of muscularis propria, histological variation, LVI and T1 substaging (44). Therefore, for the tumor specimens collected after ERBT, pathologists should focus on pathological stage, histological variation, LVI and related auxiliary techniques, such as immunohistochemistry, to evaluate these characteristics (45, 46). Meanwhile, the whole specimen section should be considered in the histopathological analysis to determine the status of the tumor margins (47).

The architecture and spatial orientation of tumor specimens were well preserved during en bloc resection, which was helpful for histopathological assessment. Close cooperation and comprehensive information sharing between urologists and pathologists are advocated to evaluate the clinicopathological characteristics of BCa and make an accurate risk stratification, and then formulate an optimal management strategy for patients with NMIBC. Despite ERBT failed to improve the recurrence rate, the more accurate histopathological analysis is likely to improve clinical decision-making and care delivery (48). T1 substaging provides important prognostic information on patients with primary high-risk NIMBC treated with BCG. Patients with extensive invasion of MM have a higher risk of BCG failure than patients with micro invasion. High-risk T1 substaging BCa has the potential to guide treatment decisions with BCG and alternative strategies at diagnosis (49). LVI is an important step in the cell dissemination of BCa, so it must be reported in histopathological analysis of biopsy and TURBT specimens. A meta-analysis including 65 studies found that LVI was positively correlated with disease recurrence and cancer-specific mortality regardless of pathological stage and node status (50). Integration of LVI status into predictive models might aid clinical decision-making regarding intravesical instillation regimens and schedules, early radical cystectomy (RC) in patients with high-risk T1 BCa and perioperative chemotherapy (51).

Whole slide image (WSI) system converts histopathological slides into digital high-resolution images with magnifications similar to conventional microscopy. WSI provides the possibility to create a digital three-dimensional (3D) histopathological reconstruction of BCa based on stacks of two-dimensional WSIs. 3D reconstructions show the added value of tumor morphology and may improve insight into the architectural changes and refine the risk stratification of BCa by providing detailed spatial and structural information (52). Meanwhile, 3D reconstruction can effectively identify the states of horizontal and vertical margins. pT1 residue was seen only in cases with positive vertical margins at the time of reTUR, whereas in patients with positive horizontal margins, pTa/pTis residues were seen at the original surgical site. Positive horizontal margins were not associated with RFS, but requires careful evaluation of residual tumors. A reTUR should be considered in patients with pT1 BCa with positive horizontal and vertical margins (53). En bloc resection provides sufficient specimens for tumor molecular pathology detection. Over the past few years, major insights have been gained into the molecular changes that occur during BCa development, but no consensus has been reached on how to incorporate these data into daily practice (54). Continuous multidisciplinary cooperation among urologists, pathologists, and oncologists have led to standards in the pathological reporting and microscopic diagnosis of BCa specimens. Emerging tumor molecular insights already affect the understanding and reporting of BCa by healthcare workers, and are likely to have a greater impact with increasing data and standardization of analysis.



ERBT combined with enhanced imaging technology

Performing ERBT under white light cystoscopy (WLC) may ignore the small or occult malignant lesions, especially CIS. Surgical margin status affects prognosis and reTUR outcomes. Patients with negative tumor margins of pT1 BCa can omit reTUR after ERBT, while patients with positive horizontal or vertical margins should be recommended for reTUR until proven otherwise (55). CIS is a high-risk NMIBC confined to the mucosa, which is easily confused with inflammatory lesions due to its similar structural appearance (56). The presence of DM in tumor specimens, the absence of concomitant CIS and en bloc resection were able to predict a negative histology at reTUR, which opens the door to avoid reTUR in a very carefully selected patient cohort (57).

As an auxiliary means of WLC, new optical enhanced imaging technologies such as photodynamic diagnosis (PDD) and narrow-band imaging (NBI) have shown the potential to improve the detection rate of BCa and highlight the tumor boundary (58, 59). Compared with WLC-assisted TURBT, PDD or NBI-assisted TURBT can improve the sensitivity of intraoperative diagnosis and reduce the postoperative recurrence rate (60). The results of a recent network meta-analysis support the combination of PDD-assisted TURBT and concomitant single immediate intravesical chemotherapy as the optimal initial treatment for patients with NMIBC (61). Even with high-quality TURBT, when PDD is routinely used for transurethral resection, PDD-assisted TURBT seems to be associated with a significantly lower recurrence rate after 3 years of “real-life” experience, especially in high-risk patients (62). Photosensitizers can promote the generation of reactive oxygen species inside cells under specific wavelength irradiation, and then play the role of photodynamic therapy (PDT). Studies have shown that the combination of PDD-assisted TURBT and PDT is an effective and safe option for the first-line treatment for NMIBC (63, 64). Compared with PDD-assisted TURBT, adequate histopathological assessment of muscle invasion was significantly better in postoperative tumor specimens after PDD-assisted ERBT, suggesting its clinical potential to reduce the rate of early reTUR (65).

Real-time intraoperative guidance is essential for complete and safe tumor resection during transurethral resection. The rapid development of fluorophores with excellent physicochemical characteristics, detection instruments and targeting strategies led to the first clinical trials of targeted near-infrared (NIR) fluorophores for intraoperative tumor detection in the early 2010s (66). Fluorescence-guided imaging shows the potential to guide surgeons during complex surgical interventions, which can provide real-time guidance for surgeons to delineate tumor boundary and help surgeons find residual diseases invisible to the naked eye or computed tomography (67–69). CD47, a member of the immunoglobulin superfamily, is overexpressed in more than 80% of bladder tumor cell membranes, but not in normal urothelium (70). Our previous studies showed that CD47 antibody conjugated to a NIR fluorophore can be used for fluorescence imaging of BCa (71, 72). CD44 is a cancer stem cell marker, which is highly expressed on the cell membrane of BCa and participates in cell adhesion, cell migration, tumor progression and metastasis (73). The results of the first human experiment showed that the fluorescence-guided imaging based on the NIR fluorescence probe targeting CD44v6 is a safe and effective method, which can improve the detection rate of BCa, and may enable complete resection to prevent recurrence (74). The pH-low insertion peptide (pHLIP) is a C-helix derived from the bacteriorhodopsin protein that targets the acidic microenvironment in the tumor matrix (75). pHLIP conjugated to a NIR fluorophore can be used for ex vivo fluorescence imaging of BCa. The results showed that the sensitivity and specificity of tumor lesions detection were 97% and 100%, respectively (76). Therefore, en bloc resection assisted by the new optical enhanced imaging technology draws on the advantages of both, and is expected to improve the quality and completeness of transurethral resection.



ERBT combined with proteogenomics technology

At a median follow-up of 3-8 years, 21% of high-risk NMIBC developed disease progression, and the overall survival rate after disease progression was 35% (77). The current management standard for T1 BCa consists of induction and maintenance of intravesical BCG or early RC. Guidelines recommend intensive postoperative follow-up with cystoscopy and cytology, and periodic cross-sectional imaging (3–5). In recent years, genomic and transcriptomic analysis have perfected precision medicine in oncology care. Molecular classification of high-risk T1 BCa may improve the poor RFS and progression-free survival by adjusting surveillance schedules and escalating discussions regarding RC. Due to the inherent complexity and interaction of tumor genetics, the tumor immune microenvironment and the responsiveness of host immune factors to BCG treatment, no biomarker of T1 BCa has been identified so far (78). Therefore, there is an urgent need to find biomarkers that distinguish different T1 molecular subtypes (79).

Next generation sequencing of untreated NMIBC demonstrated that the majority of NMIBC had at least one potentially actionable alteration that could serve as a target in rationally designed trials of intravesical or systemic therapy. DNA damage response and repair gene alterations were frequent in high-grade NMIBC and were associated with increased mutational burden, which may have therapeutic implications for BCG immunotherapy and immune checkpoint inhibitor therapy. ARID1A mutations were associated with an increased risk of recurrence after BCG therapy. For such patients, close follow-up, immune checkpoint inhibitor therapy or early RC can be recommended (80). Integrative multi-omics analysis was performed on patients diagnosed with NMIBC, and transcriptomic analysis identified four categories (1, 2a, 2b and 3) that reflect tumor biology and disease aggressiveness. High chromosomal instability, p53-pathway disruption and APOBEC-related mutations were significantly associated with transcriptomic class 2a and inferior oncological prognosis (81). To better understand the molecular heterogeneity of T1 BCa, transcriptome profiling and unsupervised clustering were performed and five consensus subtypes of T1 tumors were identified. T1-Myc and T1-Early subtypes had the highest median MYC expression rate, and RFS was significantly lower than the other three subtypes (82).



Future perspectives

BCa is a common malignant tumor of the genitourinary system and one of the tumors with the highest treatment cost (83). High-grade NMIBC is a heterogeneous disease, and treatment modalities include intravesical maintenance BCG and RC. Intravesical maintenance BCG therapy can preserve the bladder, with little change in health-related quality of life during treatment, but there is a risk of delaying treatment due to disease progression. As such, urologists should inform patients about the relative risks of each treatment modality and recommend the use of an individualized risk-adaptive approach (84). In principle, scientists fully agree with the prediction that molecular classification of BCa will become the “gold standard” of precision medicine in the future. However, given the reality of the currently available genomic data on BCa (most of the work is done in muscle invasive bladder cancer, but very little in NMIBC) and the utility of clinically available patient-specific data, there is an urgent need for further exploration of genomic data from NMIBC patients (85).

For patients with suspected NMIBC, when the tumor diameter is less than 3cm, the whole tumor tissue is resected under the guidance of enhanced optical imaging. The urologist can completely remove tumor tissue under the guidance of enhanced optical imaging, and the pathologist can make accurate histopathological analysis after obtaining tumor samples. Complete transurethral tumor resection and accurate tumor risk stratification are beneficial to reducing the risk of recurrence and progression after surgery. When the tumor was larger than 3 cm in diameter or those with solid appearance, multiparametric MRI (mpMRI) should be considered before operation to determine the depth of tumor invasion (86). For the tumor tissue with no sign of detrusor invasion on mpMRI, the exophytic part of the tumor was first removed in a whole piece, collected in an elastic bag and crushed into several pieces, and then taken out from the bladder for proteogenomics analysis. The tumor base containing DM was then en bloc resected for histopathological analysis. The whole tumor exophytic part collected in the elastic bag provides sufficient pathological specimens for proteogenomics analysis, while the tumor base containing DM facilitates histopathological analysis by pathologists, including T1 substaging, LVI, and histological variation (Figure 1).




Figure 1 | Schematic diagram of the precise diagnosis and treatment of NMIBC. (Left). For patients with suspected NMIBC, when the tumor diameter is less than 3cm, the whole tumor tissue is resected under the guidance of enhanced optical imaging. The urologist can completely remove tumor tissue under the guidance of enhanced optical imaging, and the pathologist can make accurate histopathological analysis after obtaining tumor samples. Complete transurethral tumor resection and accurate tumor risk stratification are beneficial to reducing the risk of recurrence and progression after surgery. (Right). When the tumor was larger than 3 cm in diameter, the exophytic part of the tumor was first removed in a whole piece, collected in an elastic bag and crushed into several pieces, and then taken out from the bladder for proteogenomics analysis. The tumor base containing DM was then en bloc resected for histopathological analysis. The whole tumor exophytic part collected in the elastic bag provides sufficient pathological specimens for proteogenomics analysis, while the tumor base containing DM facilitates histopathological analysis by pathologists, including T1 substaging, LVI, and histological variation.



Overall, as an adjunct to WLC, the new optical enhanced imaging technology has shown the potential to improve the detection rate of BCa and highlight the tumor boundary, leading to high-quality and completeness of transurethral tumor resection. Proteogenomics analysis of tumor specimens provides urologists with insight into molecular classification and therapeutic targets, leading to successful clinical translation. Our hope is that ERBT combined with this technologies may provide precise diagnosis and treatment for patients with NMIBC.



Author contributions

YY wrote the first draft of the manuscript. CW, ZL, QL, and YL edited sections of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This review was supported by the Natural Science Foundation of Hunan Province (No.2021JJ40513), Hunan Provincial Inclusive Policy and Innovative Environment Construction Plan (2020SK50902), Excellent Youth Project of Hunan Provincial Department of Education (22B0099), and Doctoral Foundation of Hunan Provincial People’s Hospital (No.BSJJ202116).



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.



References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Lenis, AT, Lec, PM, Chamie, K, and Mshs, MD. Bladder cancer: A review. JAMA (2020) 324(19):1980–91. doi: 10.1001/jama.2020.17598

3. Babjuk, M, Burger, M, Capoun, O, Cohen, D, Compérat, EM, Dominguez Escrig, JL, et al. European Association of urology guidelines on non-muscle-invasive bladder cancer (Ta, T1, and carcinoma in situ). Eur Urol. (2022) 81(1):75–94. doi: 10.1016/j.eururo.2021.08.010

4. Flaig, TW, Spiess, PE, Agarwal, N, Bangs, R, Boorjian, SA, Buyyounouski, MK, et al. Bladder cancer, version 3.2020, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw (2020) 18(3):329–54. doi: 10.6004/jnccn.2020.0011

5. Chang, SS, Boorjian, SA, Chou, R, Clark, PE, Daneshmand, S, Konety, BR, et al. Diagnosis and treatment of non-muscle invasive bladder cancer: AUA/SUO guideline. J Urol. (2016) 196(4):1021–9. doi: 10.1016/j.juro.2016.06.049

6. Campi, R, Seisen, T, and Roupret, M. Unmet clinical needs and future perspectives in non-muscle-invasive bladder cancer. Eur Urol Focus. (2018) 4(4):472–80. doi: 10.1016/j.euf.2018.08.010

7. Babjuk, M, Burger, M, Compérat, EM, Gontero, P, Mostafid, HA, Palou, J, et al. European Association of urology guidelines panel on non–muscle-invasive bladder cancer. indication for a single postoperative instillation of chemotherapy in non-muscle-invasive bladder cancer: What factors should be considered? Eur Urol Focus. (2018) 4(4):525–8. doi: 10.1016/j.euf.2018.07.023

8. Cumberbatch, MGK, Foerster, B, Catto, JWF, Kamat, AM, Kassouf, W, Jubber, I, et al. Repeat transurethral resection in non-muscle-invasive bladder cancer: A systematic review. Eur Urol. (2018) 73(6):925–33. doi: 10.1016/j.eururo.2018.02.014

9. Naselli, A, Hurle, R, Paparella, S, Buffi, NM, Lughezzani, G, Lista, G, et al. Role of restaging transurethral resection for T1 non-muscle invasive bladder cancer: A systematic review and meta-analysis. Eur Urol Focus. (2018) 4(4):558–67. doi: 10.1016/j.euf.2016.12.011

10. Gordon, PC, Thomas, F, Noon, AP, Rosario, DJ, and Catto, JWF. Long-term outcomes from re-resection for high-risk non-muscle-invasive bladder cancer: A potential to rationalize use. Eur Urol Focus. (2019) 5(4):650–7. doi: 10.1016/j.euf.2017.10.004

11. Palou, J, Pisano, F, Sylvester, R, Joniau, S, Serretta, V, Larré, S, et al. Recurrence, progression and cancer-specific mortality according to stage at re-TUR in T1G3 bladder cancer patients treated with BCG: not as bad as previously thought. World J Urol. (2018) 36(10):1621–7. doi: 10.1007/s00345-018-2299-2

12. Wettstein, MS, Baxter, NN, Sutradhar, R, Mamdani, M, Song, P, Qadri, SR, et al. Oncological benefit of re-resection for T1 bladder cancer: a comparative effectiveness study. BJU Int (2022) 129(2):258–68. doi: 10.1111/bju.15622

13. Mori, K, D'Andrea, D, Enikeev, DV, Egawa, S, and Shariat, SF. En bloc resection for nonmuscle invasive bladder cancer: review of the recent literature. Curr Opin Urol. (2020) 30(1):41–7. doi: 10.1097/MOU.0000000000000697

14. Kramer, MW, Altieri, V, Hurle, R, Lusuardi, L, Merseburger, AS, Rassweiler, J, et al. Current evidence of transurethral en-bloc resection of nonmuscle invasive bladder cancer. Eur Urol Focus. (2017) 3(6):567–76. doi: 10.1016/j.euf.2016.12.004

15. Huang, H, Wang, T, Ahmed, MG, Zhu, L, Yang, C, Li, W, et al. Retrograde en bloc resection for non-muscle invasive bladder tumor can reduce the risk of seeding cancer cells into the peripheral circulation. World J Surg Oncol (2020) 18(1):33. doi: 10.1186/s12957-020-1808-0

16. Yanagisawa, T, Mori, K, Motlagh, RS, Kawada, T, Mostafaei, H, Quhal, F, et al. En bloc resection for bladder tumors: An updated systematic review and meta-analysis of its differential effect on safety, recurrence and histopathology. J Urol. (2022) 207(4):754–68. doi: 10.1097/JU.0000000000002444

17. Teoh, JY, Kamat, AM, Black, PC, Grivas, P, Shariat, SF, and Babjuk, M. Recurrence mechanisms of non-muscle-invasive bladder cancer - a clinical perspective. Nat Rev Urol. (2022) 19(5):280–94. doi: 10.1038/s41585-022-00578-1

18. Herrmann, TR, Wolters, M, and Kramer, MW. Transurethral en bloc resection of nonmuscle invasive bladder cancer: trend or hype. Curr Opin Urol. (2017) 27(2):182–90. doi: 10.1097/MOU.0000000000000377

19. Chang, CW, Tang, TY, Geng, JH, Jhan, JH, Wang, HS, Shen, JT, et al. The safety and efficacy of vela laser en-bloc endoscopic resection versus conventional transurethral resection of bladder tumor-a single center experience. J Clin Med (2022) 11(17):5233. doi: 10.3390/jcm11175233

20. Zhang, D, Yao, L, Yu, S, Cheng, Y, Jiang, J, Ma, Q, et al. Safety and efficacy of en bloc transurethral resection versus conventional transurethral resection for primary nonmuscle-invasive bladder cancer: A meta-analysis. World J Surg Oncol (2020) 18(1):4. doi: 10.1186/s12957-019-1776-4

21. Grimberg, DC, Shah, A, and Inman, BA. En bloc resection of bladder tumors: Style or substance? Eur Urol (2020) 78(4):570–1. doi: 10.1016/j.eururo.2020.05.019

22. Poletajew, S, Krajewski, W, Stelmach, P, Adamowicz, J, Nowak, Ł, Moschini, M, et al. En-bloc resection of urinary bladder tumour - a prospective controlled multicentre observational study. Wideochir Inne Tech Maloinwazyjne. (2021) 16(1):145–50. doi: 10.5114/wiitm.2020.95399

23. Liang, H, Yang, T, Wu, K, He, D, and Fan, J. En bloc resection improves the identification of muscularis mucosae in non-muscle invasive bladder cancer. World J Urol. (2019) 37(12):2677–82. doi: 10.1007/s00345-019-02672-3

24. Yasui, M, Ohta, JI, Aoki, S, Tajirika, H, Terao, H, Funahashi, M, et al. Prognosis of patients with T1 bladder cancer after en bloc transurethral resection of bladder tumor stratified by invasion to the level of the muscularis mucosa. Int Urol Nephrol. (2021) 53(6):1105–9. doi: 10.1007/s11255-020-02772-9

25. Yanagisawa, T, Yorozu, T, Miki, J, Iwatani, K, Obayashi, K, Sato, S, et al. Feasibility and accuracy of pathological diagnosis in en-bloc transurethral resection specimens versus conventional transurethral resection specimens of bladder tumour: evaluation with pT1 substaging by 10 pathologists. Histopathology (2021) 78(7):943–50. doi: 10.1111/his.14307

26. Teoh, JY, MacLennan, S, Chan, VW, Miki, J, Lee, HY, Chiong, E, et al. An international collaborative consensus statement on en bloc resection of bladder tumour incorporating two systematic reviews, a two-round Delphi survey, and a consensus meeting. Eur Urol. (2020) 78(4):546–69. doi: 10.1016/j.eururo.2020.04.059

27. Teoh, JY, Mayor, N, Li, KM, Lo, KL, Ng, CF, and Mostafid, H. En-bloc resection of bladder tumour as primary treatment for patients with non-muscle-invasive bladder cancer: routine implementation in a multi-centre setting. World J Urol. (2021) 39(9):3353–8. doi: 10.1007/s00345-021-03675-9

28. Chen, J, Zhao, Y, Wang, S, Jin, X, Sun, P, Zhang, L, et al. Green-light laser en bloc resection for primary non-muscle-invasive bladder tumor versus transurethral electroresection: A prospective, nonrandomized two-center trial with 36-month follow-up. Lasers Surg Med (2016) 48(9):859–65. doi: 10.1002/lsm.22565

29. Sureka, SK, Agarwal, V, Agnihotri, S, Kapoor, R, Srivastava, A, and Mandhani, A. Is en-bloc transurethral resection of bladder tumor for non-muscle invasive bladder carcinoma better than conventional technique in terms of recurrence and progression?: a prospective study. Indian J Urol. (2014) 30(2):144–9. doi: 10.4103/0970-1591.126887

30. Migliari, R, Buffardi, A, and Ghabin, H. Thulium laser endoscopic en bloc enucleation of nonmuscle-invasive bladder cancer. J Endourol. (2015) 29(11):1258–62. doi: 10.1089/end.2015.0336

31. Zhang, KY, Xing, JC, Li, W, Wu, Z, Chen, B, and Bai, DY. A novel transurethral resection technique for superficial bladder tumor: Retrograde en bloc resection. World J Surg Oncol (2017) 15(1):125. doi: 10.1186/s12957-017-1192-6

32. Naselli, A, Introini, C, Germinale, F, Spina, B, and Puppo, P. En bloc transurethral resection of bladder lesions: a trick to retrieve specimens up to 4.5 cm. BJU Int (2012) 109(6):960–3. doi: 10.1111/j.1464-410X.2012.10982.x

33. Fritsche, HM, Otto, W, Eder, F, Hofstädter, F, Denzinger, S, Chaussy, CG, et al. Water-jet-aided transurethral dissection of urothelial carcinoma: A prospective clinical study. J Endourol. (2011) 25(10):1599–603. doi: 10.1089/end.2011.0042

34. U.S. National Library of Medicine. Transurethral modified en bloc resection for large bladder tumours . Available at: https://clinicaltrials.gov/ct2/show/NCT04081246.

35. Hurle, R, Casale, P, Lazzeri, M, Paciotti, M, Saita, A, Colombo, P, et al. En bloc re-resection of high-risk NMIBC after en bloc resection: Results of a multicenter observational study. World J Urol. (2020) 38(3):703–8. doi: 10.1007/s00345-019-02805-8

36. Hashem, A, Mosbah, A, El-Tabey, NA, Laymon, M, Ibrahiem, EH, Elhamid, MA, et al. Holmium laser en-bloc resection versus conventional transurethral resection of bladder tumors for treatment of non-muscle-invasive bladder cancer: A randomized clinical trial. Eur Urol Focus. (2021) 7(5):1035–43. doi: 10.1016/j.euf.2020.12.003

37. Kramer, MW, Rassweiler, JJ, Klein, J, Martov, A, Baykov, N, Lusuardi, L, et al. En bloc resection of urothelium carcinoma of the bladder (EBRUC): A European multicenter study to compare safety, efficacy, and outcome of laser and electrical en bloc transurethral resection of bladder tumor. World J Urol. (2015) 33(12):1937–43. doi: 10.1007/s00345-015-1568-6

38. Fan, J, Wu, K, Zhang, N, Yang, T, Liu, N, Jiang, Y, et al. Green-light laser en bloc resection versus conventional transurethral resection for initial non-muscle-invasive bladder cancer: A randomized controlled trial. Int J Urol. (2021) 28(8):855–60. doi: 10.1111/iju.14592

39. Subiela, JD, Palou, J, Esquinas, C, Fernández Gómez, JM, and Rodríguez Faba, O. Clinical usefulness of random biopsies in diagnosis and treatment of non-muscle invasive bladder cancer: Systematic review and meta-analysis. Actas Urol Esp (Engl Ed). (2018) 42(5):285–98. doi: 10.1016/j.acuro.2017.10.001

40. Golabek, T, Palou, J, Rodríguez, O, Gaya, JM, Breda, A, and Villavicencio, H. Is it possible to stop follow-up of patients with primary T1G3 urothelial carcinoma of the bladder managed with intravesical bacille calmette-guérin immunotherapy? World J Urol (2017) 35(2):237–43. doi: 10.1007/s00345-016-1856-9

41. Xu, S, Cao, P, Wang, K, Wu, T, Hu, X, Chen, H, et al. Clinical outcomes of reresection in patients with high-risk nonmuscle-invasive bladder cancer treated with en bloc transurethral resection: A retrospective study with a 1-year follow-up. J Endourol. (2021) 35(12):1801–7. doi: 10.1089/end.2021.0008

42. Jordan, B, and Meeks, JJ. T1 bladder cancer: current considerations for diagnosis and management. Nat Rev Urol. (2019) 16(1):23–34. doi: 10.1038/s41585-018-0105-y

43. Krajewski, W, Aumatell, J, Subiela, JD, Nowak, Ł, Tukiendorf, A, Moschini, M, et al. European Association of urology- young academic urologists (EAU-YAU): Urothelial carcinoma working group. accuracy of the CUETO, EORTC 2016 and EAU 2021 scoring models and risk stratification tables to predict outcomes in high-grade non-muscle-invasive urothelial bladder cancer. Urol Oncol (2022) 40(11):491.e11–491.e19. doi: 10.1016/j.urolonc.2022.06.008

44. Varma, M, Srigley, JR, Brimo, F, Compérat, E, Delahunt, B, Koch, M, et al. Dataset for the reporting of urinary tract carcinoma-biopsy and transurethral resection specimen: recommendations from the international collaboration on cancer reporting (ICCR). Mod Pathol (2020) 33(4):700–12. doi: 10.1038/s41379-019-0403-9

45. Hansel, DE, Amin, MB, Comperat, E, Cote, RJ, Knüchel, R, Montironi, R, et al. A contemporary update on pathology standards for bladder cancer: transurethral resection and radical cystectomy specimens. Eur Urol. (2013) 63(2):321–32. doi: 10.1016/j.eururo.2012.10.008

46. Mazzucchelli, R, Marzioni, D, Tossetta, G, Pepi, L, and Montironi, R. Bladder cancer sample handling and reporting: Pathologist's point of view. Front Surg (2021) 8:754741. doi: 10.3389/fsurg.2021.754741

47. Galosi, AB, Cheng, L, Lopez-Beltran, A, Montorsi, F, Scarpelli, M, Mazzucchelli, R, et al. Precise morphologic documentation with large-format histology of clinical findings in a bladder cancer patient. Eur Urol. (2013) 64(3):519–21. doi: 10.1016/j.eururo.2013.06.001

48. Li, Z, Zhou, Z, Cui, Y, and Zhang, Y. Systematic review and meta-analysis of randomized controlled trials of perioperative outcomes and prognosis of transurethral en-bloc resection vs. conventional transurethral resection for non-muscle-invasive bladder cancer. Int J Surg (2022) 104:106777. doi: 10.1016/j.ijsu.2022.106777

49. de Jong, FC, Hoedemaeker, RF, Kvikstad, V, Mensink, JTM, de Jong, JJ, Boevé, ER, et al. T1 substaging of nonmuscle invasive bladder cancer is associated with bacillus calmette-guérin failure and improves patient stratification at diagnosis. J Urol. (2021) 205(3):701–8. doi: 10.1097/JU.0000000000001422

50. Compérat, E, Oszwald, A, Wasinger, G, Hansel, DE, Montironi, R, van der Kwast, T, et al. Updated pathology reporting standards for bladder cancer: biopsies, transurethral resections and radical cystectomies. World J Urol. (2022) 40(4):915–27. doi: 10.1007/s00345-021-03831-1

51. Mathieu, R, Lucca, I, Rouprêt, M, Briganti, A, and Shariat, SF. The prognostic role of lymphovascular invasion in urothelial carcinoma of the bladder. Nat Rev Urol. (2016) 13(8):471–9. doi: 10.1038/nrurol.2016.126

52. Jansen, I, Lucas, M, Savci-Heijink, CD, Meijer, SL, Liem, EIML, de Boer, OJ, et al. Three-dimensional histopathological reconstruction of bladder tumours. Diagn Pathol (2019) 14(1):25. doi: 10.1186/s13000-019-0803-7

53. Yanagisawa, T, Miki, J, Sakanaka, K, Fukuokaya, W, Iwatani, K, Sato, S, et al. Clinical significance of horizontal and vertical margin of en bloc resection for nonmuscle invasive bladder cancer. J Urol. (2021) 206(2):252–9. doi: 10.1097/JU.0000000000001735

54. Compérat, E, Varinot, J, Moroch, J, Eymerit-Morin, C, and Brimo, F. A practical guide to bladder cancer pathology. Nat Rev Urol. (2018) 15(3):143–54. doi: 10.1038/nrurol.2018.2

55. Yanagisawa, T, Sato, S, Hayashida, Y, Okada, Y, Iwatani, K, Matsukawa, A, et al. Do we need repeat transurethral resection after en bloc resection for pathological T1 bladder cancer? BJU Int (2022). doi: 10.1111/bju.15760

56. Subiela, JD, Rodríguez Faba, O, Guerrero Ramos, F, Vila Reyes, H, Pisano, F, Breda, A, et al. Carcinoma In situ of the urinary bladder: A systematic review of current knowledge regarding detection, treatment, and outcomes. Eur Urol Focus. (2020) 6(4):674–82. doi: 10.1016/j.euf.2019.03.012

57. Soria, F, D'Andrea, D, Moschini, M, Giordano, A, Mazzoli, S, Pizzuto, G, et al. Predictive factors of the absence of residual disease at repeated transurethral resection of the bladder. is there a possibility to avoid it in well-selected patients? Urol Oncol (2020) 38(3):77.e1–7. doi: 10.1016/j.urolonc.2019.08.010

58. Chen, C, Huang, H, Zhao, Y, Liu, H, Luo, Y, Sylvester, RJ, et al. Diagnostic accuracy of photodynamic diagnosis with 5-aminolevulinic acid, hexaminolevulinate and narrow band imaging for non-muscle invasive bladder cancer. J Cancer. (2020) 11(5):1082–93. doi: 10.7150/jca.34527

59. Lerner, SP, and Goh, A. Novel endoscopic diagnosis for bladder cancer. Cancer (2015) 121(2):169–78. doi: 10.1002/cncr.28905

60. Russo, GI, Sholklapper, TN, Cocci, A, Broggi, G, Caltabiano, R, Smith, AB, et al. Performance of narrow band imaging (NBI) and photodynamic diagnosis (PDD) fluorescence imaging compared to white light cystoscopy (WLC) in detecting non-muscle invasive bladder cancer: A systematic review and lesion-level diagnostic meta-analysis. Cancers (Basel). (2021) 13(17):4378. doi: 10.3390/cancers13174378

61. Sari Motlagh, R, Mori, K, Laukhtina, E, Aydh, A, Katayama, S, Grossmann, NC, et al. Impact of enhanced optical techniques at time of transurethral resection of bladder tumour, with or without single immediate intravesical chemotherapy, on recurrence rate of non-muscle-invasive bladder cancer: a systematic review and network meta-analysis of randomized trials. BJU Int (2021) 128(3):280–9. doi: 10.1111/bju.15383

62. Gallagher, KM, Gray, K, Anderson, CH, Lee, H, Stewart, S, Donat, R, et al. 'Real-life experience': recurrence rate at 3 years with hexvix® photodynamic diagnosis-assisted TURBT compared with good quality white light TURBT in new NMIBC-a prospective controlled study. World J Urol. (2017) 35(12):1871–7. doi: 10.1007/s00345-017-2077-6

63. Kustov, AV, Smirnova, NL, Privalov, OA, Moryganova, TM, Strelnikov, AI, Morshnev, PK, et al. Transurethral resection of non-muscle invasive bladder tumors combined with fluorescence diagnosis and photodynamic therapy with chlorin e6-type photosensitizers. J Clin Med (2021) 11(1):233. doi: 10.3390/jcm11010233

64. Lee, LS, Thong, PS, Olivo, M, Chin, WW, Ramaswamy, B, Kho, KW, et al. Chlorin e6-polyvinylpyrrolidone mediated photodynamic therapy–a potential bladder sparing option for high risk non-muscle invasive bladder cancer. Photodiagnosis Photodyn Ther (2010) 7(4):213–20. doi: 10.1016/j.pdpdt.2010.08.005

65. Gakis, G, Karl, A, Bertz, S, Burger, M, Fritsche, HM, Hartmann, A, et al. Transurethral en bloc submucosal hydrodissection vs conventional resection for resection of non-muscle-invasive bladder cancer (HYBRIDBLUE): a randomised, multicentre trial. BJU Int (2020) 126(4):509–19. doi: 10.1111/bju.15150

66. Zhang, RR, Schroeder, AB, Grudzinski, JJ, Rosenthal, EL, Warram, JM, Pinchuk, AN, et al. Beyond the margins: real-time detection of cancer using targeted fluorophores. Nat Rev Clin Oncol (2017) 14(6):347–64. doi: 10.1038/nrclinonc.2016.212

67. Madajewski, B, Judy, BF, Mouchli, A, Kapoor, V, Holt, D, Wang, MD, et al. Intraoperative near-infrared imaging of surgical wounds after tumor resections can detect residual disease. Clin Cancer Res (2012) 18(20):5741–51. doi: 10.1158/1078-0432.CCR-12-1188

68. Lauwerends, LJ, van Driel, PBAA, Baatenburg de Jong, RJ, Hardillo, JAU, Koljenovic, S, Puppels, G, et al. Real-time fluorescence imaging in intraoperative decision making for cancer surgery. Lancet Oncol (2021) 22(5):e186–95. doi: 10.1016/S1470-2045(20)30600-8

69. Hernot, S, van Manen, L, Debie, P, Mieog, JSD, and Vahrmeijer, AL. Latest developments in molecular tracers for fluorescence image-guided cancer surgery. Lancet Oncol (2019) 20(7):e354–67. doi: 10.1016/S1470-2045(19)30317-1

70. Kiss, B, van den Berg, NS, Ertsey, R, McKenna, K, Mach, KE, Zhang, CA, et al. CD47-targeted near-infrared photoimmunotherapy for human bladder cancer. Clin Cancer Res (2019) 25(12):3561–71. doi: 10.1158/1078-0432.CCR-18-3267

71. Yang, Y, Yan, X, Li, J, Liu, C, and Yang, X. CD47-targeted optical molecular imaging and near-infrared photoimmunotherapy in the detection and treatment of bladder cancer. Mol Ther Oncolytics. (2022) 24:319–30. doi: 10.1016/j.omto.2021.12.020

72. Yang, Y, Yang, X, Liu, C, and Li, J. Preliminary study on the application of en bloc resection combined with near-infrared molecular imaging technique in the diagnosis and treatment of bladder cancer. World J Urol. (2020) 38(12):3169–76. doi: 10.1007/s00345-020-03143-w

73. Gaiteiro, C, Soares, J, Relvas-Santos, M, Peixoto, A, Ferreira, D, Paulo, P, et al. Glycoproteogenomics characterizes the CD44 splicing code associated with bladder cancer invasion. Theranostics (2022) 12(7):3150–77. doi: 10.7150/thno.67409

74. Shang, W, Peng, L, He, K, Guo, P, Deng, H, Liu, Y, et al. A clinical study of a CD44v6-targeted fluorescent agent for the detection of non-muscle invasive bladder cancer. Eur J Nucl Med Mol Imaging. (2022) 49(9):3033–45. doi: 10.1007/s00259-022-05701-3

75. Ding, GB, Zhu, C, Wang, Q, Cao, H, Li, BC, Yang, P, et al. Molecularly engineered tumor acidity-responsive plant toxin gelonin for safe and efficient cancer therapy. Bioact Mater (2022) 18:42–55. doi: 10.1016/j.bioactmat.2022.02.001

76. Golijanin, J, Amin, A, Moshnikova, A, Brito, JM, Tran, TY, Adochite, RC, et al. Targeted imaging of urothelium carcinoma in human bladders by an ICG pHLIP peptide ex vivo. Proc Natl Acad Sci U S A. (2016) 113(42):11829–34. doi: 10.1073/pnas.1610472113

77. van den Bosch, S, and Alfred Witjes, J. Long-term cancer-specific survival in patients with high-risk, non-muscle-invasive bladder cancer and tumour progression: a systematic review. Eur Urol. (2011) 60(3):493–500. doi: 10.1016/j.eururo.2011.05.045

78. Matulay, JT, Li, R, Hensley, PJ, Brooks, NA, Narayan, VM, Grossman, HB, et al. Contemporary outcomes of patients with nonmuscle-invasive bladder cancer treated with bacillus calmette-guérin: Implications for clinical trial design. J Urol. (2021) 205(6):1612–21. doi: 10.1097/JU.0000000000001633

79. Kamoun, A, de Reyniès, A, Allory, Y, Sjödahl, G, Robertson, AG, Seiler, R, et al. Bladder cancer molecular taxonomy group. a consensus molecular classification of muscle-invasive bladder cancer. Eur Urol. (2020) 77(4):420–33. doi: 10.1016/j.eururo.2019.09.006

80. Pietzak, EJ, Bagrodia, A, Cha, EK, Drill, EN, Iyer, G, Isharwal, S, et al. Next-generation sequencing of nonmuscle invasive bladder cancer reveals potential biomarkers and rational therapeutic targets. Eur Urol. (2017) 72(6):952–9. doi: 10.1016/j.eururo.2017.05.032

81. Lindskrog, SV, Prip, F, Lamy, P, Taber, A, Groeneveld, CS, Birkenkamp-Demtröder, K, et al. An integrated multi-omics analysis identifies prognostic molecular subtypes of non-muscle-invasive bladder cancer. Nat Commun (2021) 12(1):2301. doi: 10.1038/s41467-021-22465-w

82. Robertson, AG, Groeneveld, CS, Jordan, B, Lin, X, McLaughlin, KA, Das, A, et al. Identification of differential tumor subtypes of T1 bladder cancer. Eur Urol. (2020) 78(4):533–7. doi: 10.1016/j.eururo.2020.06.048

83. Leal, J, Luengo-Fernandez, R, Sullivan, R, and Witjes, JA. Economic burden of bladder cancer across the European union. Eur Urol. (2016) 69(3):438–47. doi: 10.1016/j.eururo.2015.10.024

84. Catto, JWF, Gordon, K, Collinson, M, Poad, H, Twiddy, M, Johnson, M, et al. Radical cystectomy against intravesical BCG for high-risk high-grade nonmuscle invasive bladder cancer: Results from the randomized controlled BRAVO-feasibility study. J Clin Oncol (2021) 39(3):202–14. doi: 10.1200/JCO.20.01665

85. Stenzl, A, McConkey, D, and Bellmunt, J. Does it matter whether a T1 high-grade tumor is molecularly classified? Eur Urol Oncol (2021) 4(5):837–42. doi: 10.1016/j.euo.2019.07.009

86. Wang, H, Luo, C, Zhang, F, Guan, J, Li, S, Yao, H, et al. Multiparametric MRI for bladder cancer: Validation of VI-RADS for the detection of detrusor muscle invasion. Radiology (2019) 291(3):668–74. doi: 10.1148/radiol.2019182506


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 © 2023 Yang, Wang, Li, Lu and Li. 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-13-1042552-g001.jpg
v

RNA Proteome

DNA






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Precise diagnosis and treatment of non-muscle invasive bladder cancer - A clinical perspective

      

        		

          Introduction

        



        		

          The technique of ERBT

        



        		

          Cooperate with pathologist to make accurate histopathological analysis

        



        		

          ERBT combined with enhanced imaging technology

        



        		

          ERBT combined with proteogenomics technology

        



        		

          Future perspectives

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2023.1042552_cover.jpg
, frontiers ‘ Frontiers in Oncology

Precise diagnosis and treatment
of non-muscle invasive bladder
cancer - A clinical perspective





