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Objective

To evaluate the safety and efficacy of overnight continuous saline bladder irrigation (CSBI) for patients who have received thulium laser en bloc resection of bladder tumor (TmLRBT) combined with immediate intravesical chemotherapy previously.



Methods

From October 2014 to June 2018, 235 patients with newly diagnosed non-muscle invasive bladder cancer (NMIBC) were included in this retrospective study. All patients received intravesical instillation of pirarubicin immediately after TmLRBT. The patients were divided into two groups according to the duration of postoperative bladder irrigation with normal saline. After immediate intravesical chemotherapy, patients in group 1 received overnight CSBI, while patients in group 2 did not receive overnight CSBI. Data on the time of initial tumor recurrence, recurrence-free survival (RFS) and progression-free survival (PFS) rates, and perioperative complications were collected and analyzed.



Results

Of 235 included patients (129 in group 1 and 106 in group 2), the median follow-up periods were 42 and 38 months, respectively. There were no significant differences in patients’ baseline characteristics between the two groups. The RFS rates of patients in group 1 were 90.7, 82.7, and 76.8% at the end of the first, third, and fifth years, while the corresponding RFS rates of patients in group 2 were 87.7, 78.9, and 73.3%, respectively. Four patients in group 1 and five patients in group 2 experienced tumor progression. No significant differences between the two groups were observed in the time of initial tumor recurrence, RFS, and PFS rates. Only Grade I complications occurred in the two groups, and no significant difference was reached between the two groups.



Conclusions

For patients with NMIBC who have previously received TmLRBT combined with immediate intravesical chemotherapy, overnight CSBI may not improve oncological outcomes and reduce perioperative complications.
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Introduction

Bladder cancer (BC) is the tenth most common cancer disease worldwide with 474,000 new incident cases and 197,000 deaths annually, and it is also the second most common malignant disease of the urinary system after prostate cancer (1). Approximately 75% of newly diagnosed BC presents as malignant lesions confined to the mucosa or submucosa, which are collectively referred to as non-muscle invasive bladder cancer (NMIBC) (2). For these patients, transurethral resection of bladder tumor (TURBT) combined with individualized intravesical chemotherapy or immunotherapy that is tailored to tumor risk stratification is recommended as the routine treatment model by the major international guidelines (2–5). However, piecemeal resection of tumor tissue in conventional TURBT results in exfoliated tumor cell dissemination and seeding, which goes against the recognized principle of oncological surgery and partly contributes to increasing the out of field recurrence (6, 7).

Initially, after transurethral tumor resection, continuous saline bladder irrigation (CSBI) was used to prevent the formation of blood clots and achieve excellent hemostasis. Meanwhile, in theory, CSBI can flush out exfoliated tumor cells effectively and prevent them from implanting in the bladder mucosa, thereby reducing the risk of tumor recurrence after conventional resection (8). However, CSBI has no therapeutic effect on the residual tumors at the initial resection site, so it is necessary to perform high-quality and complete tumor resection to make sure that the tumor specimens contain the lamina propria and superficial muscular layer (9).

In the past decade, en bloc resection of bladder tumor (ERBT) served as a valuable alternative technique that has obtained increasing interest among urologists worldwide (10). As a “no touch” surgical technique for the treatment of NMIBC, ERBT shows the potential to minimize the number of exfoliated tumor cells and reduce the risk of tumor cell reimplantation. The use of thulium laser as the energy source for ERBT does not generate high-frequency current and has excellent hemostatic effect. Therefore, the incidence of perioperative complications, such as obturator nerve reflex (ONR), bladder perforation (BP), and acute bleeding will be reduced (11). Then, we tested the hypothesis that overnight CSBI has little effect on improving oncological outcomes and reducing the incidence of perioperative complications for patients with NMIBC who have received thulium laser en bloc resection of bladder tumor (TmLRBT) combined with immediate intravesical chemotherapy.



Patients and Methods


Patients

From October 2014 to June 2018, all patients with newly diagnosed NMIBC, who underwent a TmLRBT combined with immediate intravesical instillation of pirarubicin were retrospectively included. Cystoscopy, ultrasonography, intravenous pyelography, and computed tomography were performed to select the appropriate patients before TmLRBT. The inclusion criteria were as follows: 1) patients who underwent TmLRBT successfully without switching to conventional TURBT; 2) patients were diagnosed with NMIBC for the first time; 3) detrusor muscle was contained in the tumor specimens. The exclusion criteria were as follows: 1) preoperative examinations revealed distant metastasis or pelvic lymph node metastasis; 2) carcinoma in situ (CIS) and upper urinary tract neoplasms were accompanied; 3) the intact tumor specimens were cut into two or three parts longitudinally in the bladder before being retrieved; 4) histopathological analysis of the tumor specimens showed that the muscle layer of the bladder was invaded. This study protocol was approved by the Ethics Committee of the First Hospital of Shanxi Medical University. All patients were informed and agreed to participate in the study.



Surgical Procedure

The surgical procedure of white light cystoscopy-assisted TmLRBT was performed by the same urologist with rich experience in endoscopy. All patients were placed in a lithotomy position under combined spinal and epidural anesthesia. Sterile normal saline was used for continuous bladder irrigation, and the Revolix™ thulium laser system (LISA Laser Products, Lindau-Katlenburg, Germany) was used as the energy source during TmLRBT. Firstly, the urologist examined the entire bladder mucosa thoroughly and recorded the tumor location, number, size, and appearance. Then, a circular mucosal incision was made at a safe distance of 5–10 mm from the base of the tumor tissue, and the visible blood vessels near the tumor tissue were coagulated and blocked at the same time. At the circular incision line, the urologist first made a vertical incision from the bladder mucosa to the deep muscular layer and then removed the whole tumor tissue by vapor resection with the thulium laser and blunt dissection with the tip of the resectoscope. In order to minimize the cautery artifacts of the tumor specimens, laser vapor resection was mainly used to cut off the muscle fibers around the tumor. Finally, the intact tumor specimens were retrieved with an Ellick’s evacuator via out sheath of the resectoscope. For the larger-size tumor specimens, an additional medical device, such as laparoscopic forceps, was required to complete the work.



Intravesical Chemotherapy

Immediate intravesical chemotherapy with 30 mg pirarubicin was administered within 6 h after TmLRBT. The duration of pirarubicin in the bladder was 1 h, and then patients in group 1 received overnight CSBI (2,000 ml/h for first 1 h, then 1,000 ml/h for 3 h, and then 250 ml/h for 12 to16 h) after intravesical chemotherapy, while patients in group 2 did not receive overnight CSBI. After discharge from the hospital, patients with intermediate- and high-risk NMIBC received maintenance intravesical chemotherapy with pirarubicin for one year. The detailed scheme of intravesical instillation of pirarubicin was once a week for 8 weeks, followed by monthly intravesical chemotherapy to 12 months. Based on the European Association of Urology (EAU) guidelines, a second transurethral resection was performed in patients with T1 and/or high-grade bladder tumor (12).



Follow-Up Strategies

Patients with low-risk NMIBC were followed up every 3 months in the first year, every 6 months in the second year, and then once a year. For patients with intermediate- and high-risk NMIBC, the follow-up strategy was every 3 months for the first two years, then every 6 months until the fifth year, and then once a year. Routine examination items included ultrasonography, urine cytology, and cystoscopy.

The time of initial tumor recurrence was defined as the time interval between TmLRBT and the date of initial tumor recurrence. When cystoscopy showed space-occupying lesions in the bladder, tumor recurrence should be considered. Tumor progression was defined as an increase in pathological stage. All recurrent and progressive tumor lesions were further confirmed by histopathological assessment. Histological grade and pathological stage of the tumor specimens were evaluated according to the 2004 World Health Organization (WHO) grading system and the 2009 version of TNM staging system, respectively.



Statistical Analysis

Continuous data were expressed as median and tested using unpaired t-test. Qualitative data were described as numbers and percentages and compared through Chi-square test or Fisher’s exact test. The patients’ baseline characteristics and CSBI were included in multivariate Cox proportional hazard models to determine which variables correlate to recurrence-free survival (RFS). The RFS and progression-free survival (PFS) curves were estimated by the Kaplan–Meier method, and the difference between survival curves was analyzed by the log-rank test. Statistical analysis was performed using GraphPad Prism statistical software package, version 7.0 for Windows and IBM SPSS statistics, version 19.0 for Windows. All tests were two-sided, and statistical significance was reached when the P value <0.05.




Results

The study population included 254 patients with newly diagnosed NMIBC who received TmLRBT. After reviewing the patients’ clinical data, 19 cases were excluded due to the following reasons: six cases were accompanied with CIS, the intact tumor specimens of eight cases were cut into pieces in the bladder before being retrieved, and five cases switched to conventional TURBT during surgery. The remaining 235 patients were divided into two groups according to the duration of postoperative bladder irrigation with normal saline. Patients in group 1 (n = 129) received overnight CSBI after intravesical chemotherapy, while patients in group 2 (n = 106) did not receive overnight CSBI. The patients’ baseline characteristics in the two groups were compared in terms of age, gender, smoking history, tumor diameter, number, grade and stage, and EAU risk stratification. The results showed that no significant differences existed between the two groups (Table 1).


Table 1 | Baseline characteristics of patients in the two groups.



Median follow-up period was 42 months (range 5–65 months) in group 1 and 38 months (range 5–63 months) in group 2. Twenty-six (20.2%) cases in group 1 and twenty-five (23.6%) cases in group 2 developed tumor recurrence during the follow-up period. In group 1, the RFS rates were 90.7, 82.7, and 76.8% at the end of the first, third, and fifth years. In group 2, the RFS rates were 87.7, 78.9, and 73.3% at the end of the first, third, and fifth years, respectively. The Kaplan–Meier curve of the RFS rate of all patients showed no significant difference between the two groups (log-rank test: P = 0.51) (Figure 1A). The RFS rates of patients with low-, intermediate- and high-risk NMIBC also did not reach a significant difference between the two groups (log-rank test: P = 0.68, 0.74 and 0.67, respectively) (Figures 1B–D). In multivariate analysis, overnight CSBI was not an independent predictor of RFS (HR 0.76, P = 0.357) (Table 2).




Figure 1 | Kaplan-Meier plot of the recurrence-free survival rates of all (A) and low-risk (B), intermediate-risk (C) and high-risk (D) patients treated with overnight continuous saline bladder irrigation or not after thulium laser en bloc resection of bladder tumor combined with immediate intravesical chemotherapy.




Table 2 | Multivariate Cox proportional hazard analyses of recurrence-free survival in all patients.



The median period of initial tumor recurrence was 13 months in group 1 and 12 months in group 2, and no significant difference was observed between the two groups (unpaired t-test: P = 0.96). Four (3.1%) cases in group 1 and five (4.7%) cases in group 2 developed tumor progression during the follow-up period. There was no significant difference in PFS rates between the two groups (log-rank test: P = 0.50) (Figure 2).




Figure 2 | Kaplan-Meier plot of the progression-free survival rates of all patients treated with overnight continuous saline bladder irrigation or not after thulium laser en bloc resection of bladder tumor combined with immediate intravesical chemotherapy.



Perioperative complications were recorded in all 235 patients. Based on the modified Clavien classification system for surgical complications (13), only Grade I complications happened in the two groups. The incidence of Grade I complications were 9.3% (12/129) and 12.3% (13/106) in group 1 and group 2, respectively. Although the incidence of complications in group 1 was less, there was no significant difference between the two groups (Fisher’s exact test: P = 0.53). No patient experienced ONR and BP during operation (Table 3).


Table 3 | Perioperative complications.





Discussion

The well-known principle of oncological surgery is to resect the tumor tissue in one piece with negative surgical margins and prevent iatrogenic tumor cells scattering and local implantation. However, during conventional TURBT, the tumor tissue is resected piece by piece from the exophytic part of the tumor to the superficial muscular layer by a wire loop. The integrity of the tumor tissue is destroyed, and tumor cells are dispersed, which may increase the risk of exfoliated tumor cell dissemination and implantation. Compared with conventional TURBT, ERBT adheres to the basic principle of cancer surgery and provides pathologists with an intact tumor specimen for accurate histopathological analysis (14, 15). Meanwhile, as a “no touch” technique for the treatment of NMIBC, ERBT shows the potential to minimize the number of exfoliated tumor cells, and then may reduce the risk of tumor cell reimplantation.

In several studies on ERBT, the duration of CSBI after operation was recorded. However, there were huge differences between the relevant data. Xu et al. analyzed the safety and efficacy of 1.9 µm Vela laser ERBT for the treatment of NMIBC in a retrospective study, and the mean duration of postoperative CSBI was 29.1 h (16). A European multicenter prospective study was conducted to compare the safety and efficacy of ERBT using different energy sources. After tumor resection with electrical current and laser energy, the mean periods of bladder irrigation were 0.76 and 0.63 days, respectively (17). Li et al. explored the safety and efficacy of TmLRBT for the treatment of NMIBC in a retrospective study, and the median duration of postoperative bladder irrigation with normal saline was 6.33 h (18). The monopolar current, initially used in conventional TURBT, was also applied as the energy source for en bloc resection. And the median time of bladder irrigation after ERBT was 1.16 days (19). While in a prospective study, no patient required bladder irrigation after 980 nm laser ERBT (20). Therefore, we question how to choose the best duration of bladder irrigation after ERBT. In this retrospective study, after TmLRBT combined with immediate intravesical chemotherapy, there were no significant differences in the time of initial tumor recurrence, RFS, and PFS rates between the patients who received overnight CSBI or not. Hence, when excellent hemostasis effect is obtained during ERBT, it is safe not to perform overnight CSBI after surgery.

The function of CSBI is to achieve excellent hemostasis and remove blood clots in the bladder. Meanwhile, continuous bladder irrigation after tumor resection can wash away exfoliated tumor cells and reduce the risk of tumor cell reimplantation in the injured bladder mucosa (21). However, CSBI has no therapeutic effect on the residual tumors at the initial resection site. Then, in order to achieve the effect of postoperative bladder irrigation to reduce tumor recurrence, the prerequisite is high quality and complete tumor resection. Unlike ERBT using electrical current as the energy source, no high-frequency current is generated during TmLRBT. Combined with more precise and controllable procedure of tumor resection, ONR and BP can be avoided (22). After surgery, patients can receive intravesical chemotherapy immediately without being restricted by perioperative complications, such as acute bleeding and BP. Thulium laser, as a diode pumped solid-state laser, works in continuous fashion at the wavelength of 2,013 nm and the penetration depth of 250 μm. Compared with pulsed holmium laser, ERBT using thulium laser as the energy source makes tumor resection more precise and controllable, and the hemostatic effect is excellent (23). Due to its excellent hemostatic effect, bladder irrigation may not be required after surgery to prevent the formation of blood clots in the bladder. In this trial, the results indicated that there were no significant differences in oncological outcomes and perioperative complications between patients who received overnight CSBI or not. Therefore, for well-selected patients with newly diagnosed NMIBC, TmLRBT combined with immediate intravesical chemotherapy can be performed in the day-surgery unit without the need of overnight CSBI. This is a better mode of allocating medical resources, which alleviates the logistical pressure caused by the expansion of the waiting number to a certain extent. It is also a process of reducing health-care costs and has a positive impact on medical expenses (24).

The main limitation of the trial is its retrospective design and relatively small patient population. However, we believe that our preliminary findings are very meaningful for urologists and patients with NMIBC. For patients with newly diagnosed NMIBC, urologists can choose to perform TmLRBT as day-surgery operation on them to shorten the waiting time outside the hospital, and then reduce the patient’s nervousness related to waiting outside the hospital (25). Further prospective randomized controlled trials with more patients are needed to confirm our results. Second, thulium is a less commonly used laser energy source in transurethral tumor resection, and ERBT is less commonly performed than conventional TURBT. Due to the excellent hemostatic effect of thulium and the theoretical benefits of ERBT, TmLRBT may gain more and more interest among urologists. Third, although pirarubicin is not as widely used in intravesical chemotherapy as gemcitabine or mitomycin C (MMC), in a systematic review, indirect comparisons could not detect any differences in efficacy between MMC and pirarubicin (26).



Conclusions

For patients with newly diagnosed NMIBC, after TmLRBT combined with immediate intravesical chemotherapy, overnight CSBI cannot improve oncological outcomes and reduce the incidence of perioperative complications. Therefore, TmLRBT may be performed as day-surgery operation for well-selected patients.
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