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Background: The efficacy of intravesical chemotherapy maintenance for patients with non-muscle invasive bladder cancer (NMIBC) is inferior compared to intravesical bacillus Calmette–Guerin (BCG). How intravesical chemohyperthermia (CHT) compares with BCG is under investigation.

Objective: To compare the oncological outcomes and safety profile between intravesical CHT and BCG treatment for intermediate- and high-risk NMIBC.

Methods: We performed a systematic review and meta-analysis of clinical studies comparing CHT with BCG for intermediate- and high-risk NMIBC patients. A comprehensive literature search on OVID MEDLINE, EMBASE, and Cochrane Library was conducted. Risk of bias was assessed by the Cochrane RoB tool and ROBINS-I. Certainty of evidence was rated using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology.

Results: A total of 2,375 articles were identified and five studies were finally included. Among them, four randomised trials comprising 327 patients (CHT group: 156 patients; BCG group: 171 patients) were included in the meta-analysis. There were no significant differences in the 24–36 months recurrence rates (CHT: 29.5%, BCG: 37.4%; RR: 0.83, 95% CI 0.61–1.13; moderate certainty of evidence) and the 24–36 months progression rates (CHT: 4.4%, BCG: 7.6%, RR = 0.62, 95% CI 0.26–1.49; low certainty of evidence). There were also no significant differences in grade 1–2 adverse events (CHT group: 59.9%, BCG group 54.5%; RR = 1.10, 95% CI 0.93–1.30; moderate certainty of evidence) and grade 3 or above adverse events (CHT group: 23.2%, BCG group 22.5%; RR = 0.99, 95% CI 0.69–1.43; low certainty of evidence).

Conclusions: Intravesical CHT had equivalent oncological outcomes and similar safety profile when compared to BCG maintenance therapy for patients with intermediate- and high-risk NMIBC. CHT is a possible alternative treatment in the times of BCG shortage.
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INTRODUCTION

Bladder cancer is the 11th most common cancer worldwide, and more than 75% of the patients present with non-muscle invasive bladder cancer (NMIBC) (1, 2). Transurethral resection of bladder tumour (TURBT) is a potentially curative surgery, yet the oncological control of NMIBC is unsatisfactory with a one-year recurrence rate of up to 31%, and a five-year recurrence rate of up to 78% (3, 4).

NMIBC is classified into low-risk, intermediate-risk, and high-risk disease based on its clinical and pathological factors (5, 6). For intermediate- and high-risk NMIBC, intravesical bacillus Calmette–Guerin (BCG) therapy has been shown to be effective in reducing disease recurrence and progression (7). On the other hand, intravesical BCG therapy is associated with local and systemic toxicities, and it may not be well-tolerated throughout the whole treatment course (8, 9). Moreover, BCG shortage is a significant global problem (10). There is an urgent need to seek for an alternative treatment that is at least equally effective, and with better tolerability and secured availability for patients with intermediate- and high-risk NMIBC (11).

Intravesical maintenance chemotherapy has long been investigated in patients with NMIBC. Although it was associated with a lower rate of adverse events, its treatment efficacy has been proven to be inferior to intravesical maintenance BCG therapy (12, 13). In recent years, there has been increasing use of adjuvant intravesical chemohyperthermia in NMIBC patients. By increasing the temperature of chemotherapy (Combat System) or the bladder wall (Synergo system) to 42–43°C degrees, may enhance its drug absorption and cytotoxic effects (14). Although intravesical CHT is a promising treatment, its distinction of treatment outcome comparing with BCG is not well-known. In this systematic review, we aim to investigate the treatment efficacy and adverse events of intravesical CHT vs. BCG in patients with intermediate- and high-risk NMIBC.



METHODS AND MATERIALS

A systematic review and meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (15). The study protocol was registered on the international prospective register of systematic reviews (PROSPERO) (Registration number: CRD42020223277).


Literature Search

We conducted a comprehensive literature search on OVID MEDLINE, EMBASE, and Cochrane Central Controlled Register of Trials (CENTRAL), using Medical Subject Headings (MeSH) terms and keywords related to “Bladder cancer,” “Bacillus Calmette-Guérin,” and “Chemohyperthermia.” The search was performed from database inception up to the 1st of September 2020. All full-text publications, conference abstracts and proceedings in English language were included. Reference lists of the included studies were sought for additional articles. The search strategy is presented in Supplementary Material.



Selection Criteria

Randomised controlled trials (RCTs) and observational studies comparing the use of CHT and BCG instillation in intermediate- or high-risk NMIBC patients post-TURBT were included. Only human studies were included and there was no limit to the type of CHT device used. Editorials, commentaries, reviews, case reports, case series and single arm studies were excluded. Studies comparing the use of CHT and normothermic chemotherapy were also excluded.



Screening and Data Extraction

All identified articles were initially screened by two independent reviewers by title and abstract. Conflicts were resolved by a third senior author. Full texts of potentially eligible studies were then retrieved for further screening in the same manner. Finally, a standardised and piloted data extraction form was devised to capture data such as baseline characteristics of studies, details of intervention and control, along with outcomes of interest. The corresponding authors of each study with missing data were contacted in order to retrieve any missing data.



Data Synthesis and Statistical Analysis

The primary outcomes of our study included recurrence and progression rates at 24–36 months. Secondary outcomes included recurrence-free survival (RFS), progression-free survival (PFS), grade 1–2 and grade 3 or above adverse events (AEs) according to the National Cancer Institute Common Terminology Criteria (16). Meta-analyses were only performed when there were two or more RCTs reporting the same outcome under the same definition. Rates of recurrence, progression and AEs were analysed as dichotomous events using the Mantel-Haenszel method, and were reported as risk ratios (RR), 95% CIs and p-values. For RFS and PFS, hazard ratios (HR) and 95% Confidence Interval (95% CI) derived by the Cox Proportional hazards model were pooled using the inverse variance method, and were reported as HRs, 95% CIs and p-value. In studies where Hazard Ratios were not reported, HRs are estimated using validated methods outlined by Tierney et al. (17) as recommended by the Cochrane Collaboration (18). The random effects (RE) model was used to take into account substantial heterogeneity where identified, otherwise, the fixed effects (FE) model was used. Heterogeneity was assessed using the Cochran's I2, and substantial heterogeneity was defined as an I2 value >50% or a Chi2 p-value <0.10. Owing to the potential source of heterogeneity originating from the types of CHT used, subgroup differences were tested between the major types of CHT used, and was defined as a Chi2 p-value <0.10. Planned sensitivity analyses were also performed on patients without BCG failure and without carcinoma in situ (CIS) diseases. All data-analyses were performed using Review Manager v.5.4. Results from non-randomised studies were summarised narratively. Risk of bias of RCTs was assessed using the Risk of Bias 2.0 tool as recommended by the Cochrane Collaboration (19, 20). Risk of bias in non-randomised studies were assessed using the non-randomised studies–of interventions (ROBINS-I) tool (21). Summary of findings for all outcomes, along with the certainty of evidence which was rated according to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach (22) were tabulated using the GRADEpro tool (23).




RESULTS


Literature Search Results

The PRISMA flow diagram is shown in Figure 1. A total of 2,956 records were identified upon the literature search. No additional records were identified during screening of reference lists of included articles. 2,361 abstracts remained after removal of duplicates. A total of 2,277 articles were excluded upon initial screening, and 79 studies were further excluded upon full-text screening. Finally, four RCTs (24–27) were included for meta-analysis, and one observational retrospective study (28) was retrieved and included for qualitative synthesis. Two studies included both intermediate- and high-risk NMIBC patients (24, 25), and the other three studies included high-risk NMIBC patients only (26–28). All studies were non-inferiority trials and did not specifically focus on primary or recurrent cases. All five studies had similar follow-up durations of 24–36 months. The study information of the five studies is shown in Table 1. The risk of bias assessment and the GRADE summary of finding profiles are included in Supplementary Material.


[image: Figure 1]
FIGURE 1. PRISMA flow diagram.



Table 1. Characteristics of the included studies.
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Study Outcomes
 
Recurrence Rate at 24–36 Months

Four RCTs with 327 patients were included (24–27). There was no significant difference between the two groups (RRFE 0.80, 95% CI 0.59–1.08; moderate certainty of evidence) (Figure 2). No significant heterogeneity (I2 = 1%, p = 0.38) was detected. Upon subgroup analysis, no differences were found between the use of conductive hyperthermia and radiofrequency-induced thermochemotherapeutic effect (RITE). Sensitivity analysis after excluding BCG failure patients from the HYMN study shows CHT has a significantly lower recurrence rate when compared to BCG group (RRFE: 0.64, 95% CI 0.42–0.98, p = 0.04) (Supplementary Material). Of note, in the RCT by Sousa et al. (26), the conductive CHT group had significantly lower rate of recurrence when compared to the BCG group (20.5% vs. 38.2%, p <0.02). However, a retrospective matched cohort study by Ekin et al. (28) found a significantly higher recurrence rate in patients receiving conductive CHT compared to those who received BCG (35.9% vs. 20.5%, p <0.05).


[image: Figure 2]
FIGURE 2. 24–36 months recurrence rate stratified by the type of chemohyperthermia device.




Progression Rate at 24–36 Months

Four RCTs with 327 patients were included (24–27). There was no significant difference between the two groups (RRFE 0.60, 95% CI 0.26–1.41, p = 0.24; low certainty of evidence) (Figure 3). No significant heterogeneity was detected (I2 = 0%, p = 0.67). No significant difference between conductive hyperthermia and RITE was found upon subgroup analysis. When excluding patients with BCG failure, progression rate was also found to be similar in CHT patients when compared to BCG patients (RRFE 0.38, 95% CI 0.12–1.22, p = 0.10). Of note, in the RCT performed by Sousa et al. (26), T1 progression and T2 progression were significantly reduced in the conductive system CHT group when compared to the BCG group (p <0.05 and p <0.01 respectively). However, in a retrospective matched cohort study performed by Ekin et al. (28) the use of conductive CHT was associated with significantly higher progression rate when compared to BCG (15.4% vs. 7.7%, p <0.05).


[image: Figure 3]
FIGURE 3. 24–36 months progression rate stratified by the type of chemohyperthermia device.




Recurrence-Free Survival

Three RCTs were included in the meta-analysis (24, 25, 27). In terms of RFS, no significant difference was noted between the CHT group and the BCG group (HRRE 0.81, 95% CI 0.42–1.56, p = 0.53; very low certainty of evidence) (Supplementary Material). However, there was significant heterogeneity amongst the included studies (I2 = 68%, p = 0.04). Our subgroup analysis suggested that this heterogeneity did not originate from the type of CHT systems used; no differences were found between the conductive CHT group and the SRITE group. When performing a sensitivity analysis to exclude patients with BCG failure (i.e., patients from the HYMN trial), RFS is found to be significantly better in CHT patients than BCG patients (HRRE 0.57, 95% CI 0.33–0.98) with no significant heterogeneity (I2 = 0%, p = 0.91) (Supplementary Material), suggesting the potential source of heterogeneity to originate from BCG failure patients. Of note, in a retrospective study by Ekin et al. (28), it was found that the use of conductive CHT was associated with significantly worsened RFS when compared to BCG instillation (HR 4.18, 95% CI 1.37–12.71, p = 0.012). However, when performing sensitivity analysis by excluding the HYMN study, where only patients with BCG failures were considered, the remaining two studies show that CHT group has a better RFS when compared to the BCG group (HRFE 0.52, 95% CI 0.29–0.93; Supplementary Figure 1). However, when excluding patients with CIS disease, the RFS is both groups remained similar (HRFE 0.72, 95% CI 0.48–1.09) (Supplementary Material).



Progression-Free Survival

Two RCTs were included in the meta-analysis (24, 27). In terms of PFS, there was no significant difference between the CHT group and the BCG group (HRRE 0.92, 95% CI 0.25–3.40; very low certainty of evidence) (Supplementary Material). However, there was significant heterogeneity amongst the included studies (I2 = 73%, p = 0.06). The heterogeneity might originate from the different types of CHT device being used as evident by the test for subgroup differences (p = 0.06), but this should be interpreted with caution due to the limited number of studies being included. Furthermore, the study by Tan et al. also included BCG failure and CIS patients, which may have lead to a significantly lower PFS rate. In the retrospective study by Ekin et al. (28), no significant difference was found between the CHT group and the BCG group (HR 1.72, 95% CI 0.28–10.36, p = 0.550).



Adverse Events

Four RCTs with 368 patients were included (24–27). For Grade 1-2 AEs, there was no significant difference between the CHT group and the BCG group (RRFE 1.11, 95% CI 0.93–1.32, p = 0.26; moderate certainty of evidence), and no significant heterogeneity was detected (I2 = 0%, p = 0.96) (Figure 4). For grade 3 of above AEs, there was also no significant difference between the CHT group and the BCG group (RR 1.02FE, 95% CI 0.711.47, p = 0.92; low certainty of evidence), and no significant heterogeneity was detected (I2 = 0%, p = 0.69) (Figure 5).


[image: Figure 4]
FIGURE 4. Grade 1–2 adverse events stratified by the type of chemohyperthermia device.



[image: Figure 5]
FIGURE 5. Grade 3 or above adverse events stratified by the type of chemohyperthermia device.






DISCUSSION

Intravesical BCG therapy is a standard treatment for patients with intermediate- and high-risk NMIBC following TURBT (5). However, it is not without limitations. First, more than half of the patients might develop local and systemic toxicities, such as bacterial/chemical cystitis, frequency, haematuria, allergic reactions and BCG sepsis (8, 9, 29). While a minimum duration of 1-year treatment course is recommended, about half of the patients would withdraw from treatment prior to completion of BCG therapy (30, 31). Second, the supply of BCG has been unsteady in the past decade. Globally, there were only a few manufacturers of BCG, and the production of BCG is generally limited by the slow growth of mycobacteria (10). Therefore, it is imperative for researchers to look for alternative treatments for patients with intermediate- and high-risk NMIBC.

Intravesical chemotherapy has been proven to be less effective than BCG (12, 13). However, the development of device-assisted technology could optimise the efficacy of chemotherapy and potentially maintaining its safety and tolerability. In particular, CHT has gained significant traction within the urological community leading to a steadily increasing use in the past decade. The cytotoxicity of chemotherapy can be accentuated when its temperature reaches 42 to 43 degrees (32). Several mechanisms of action of hyperthermia has been postulated to synergistically enhance the efficacy of intravesical chemotherapy. First, hyperthermia alone could cause the denaturation of cytoplasmic structures and enzymatic proteins, thus inducing cell death by apoptosis and necrosis (32–34). Second, temperature elevation could enhance the permeability of cell membrane and improve drug absorption (35, 36). Third, heat shock proteins could be released upon hyperthermia, thus stimulating an adaptive T cell response to induce both innate and adaptive immune system. Tumour chemosensitization may also be achieved via the heat shock proteins-mediated pathways (37, 38).

Delivery of hyperthermia can be achieved by two main methods, namely conductive hyperthermic chemotherapy (Combat system) and RITE (Synergo). For conductive hyperthermic chemotherapy, the chemotherapy solution was heated externally and recirculated to the bladder at a constant temperature. For RITE, microwave radiation was delivered to the bladderwall at a frequency of 915 MHz. Without the need of conductive delivery of energy, it has a potential benefit to penetrate low-conductive tissues (39).

In our study, we compared between intravesical CHT and BCG in patients with intermediate- and high-risk NMIBC. Our results showed that CHT could achieve an equivalent oncological outcome as BCG therapy in terms of recurrence and progression rates at 24–36 months. Our sensitivity analysis would suggest that efficacy was generally consistent across the two different types of CHT technologies, the Combat/ Unithermia system and the Synergo system. One study population was, however, too small to allow statistically powered comparison between the CHT devices. Intravesical CHT is a reasonable treatment option for intermediate- and high-risk NMIBC given its similar efficacy to BCG. Although the use of CHT was associated with additional costs, a more steady supply can be assumed without the worry of BCG shortage. On the other hand, our meta-analysis showed that the rates of grade 1–2, and grade 3 or above AEs were similar between intravesical CHT and BCG. In other words, based on the current evidence, we cannot assume that CHT is safer or more tolerable than BCG therapy. A realistic expectation should be given when we counsel patients on the usage of CHT.

In many parts of the world, intravesical maintenance chemotherapy is the mainstay of treatment for intermediate-risk, and even high-risk NMIBC (40). A recent meta-analysis showed that intravesical CHT was associated with a lower recurrence rate when compared to normothermic chemotherapy. The HIVEC I and HIVEC II studies are both multicentre RCTs comparing between CHT and normothermic chemotherapy in patients with intermediate-risk NMIBC. Initial results on safety and tolerability were comparable between the two groups (41); the final oncological outcomes are eagerly awaited.

To our knowledge, this is the first meta-analysis comparing between CHT and BCG in patients with NMIBC. It is based on a comprehensive literature search including conference abstracts and proceedings, therefore publication bias is minimised. Only data from RCTs were meta-analysed, and the certainty of evidence was determined using the GRADE methodology. On the other hand, there are several limitations in our study. First, only four RCTs were included and the sample size is still relatively limited. More RCTs comparing intravesical CHT to BCG are warranted. Second, some of the included RCTs are still on-going, so the collected data may be premature and may not be reflective of the final results. Third, significant heterogeneity does exist in some of our analysis. This may be due to the differences in the underlying patient cohort characteristics; the results should be therefore interpreted with caution. Further sources of heterogeneity may have been from the definition of high-risk bladder cancer, contributed by the recent change in guidelines as well as potentially different treatment regimens between studies. Finally, while carefully considered using sensitivity analyses, design studies incorporating CIS or papillary disease patients or BCG failure patients may be additional sources of heterogeneity. Nevertheless, our study did shed light on the utility of CHT in patients with intermediate- and high-risk NMIBC. Compared to BCG therapy, intravesical CHT could be an equally effective and tolerable treatment option. Although the utility of CHT implies additional cost, a more “comfortable” treatment regime for patients with a shorter overall treatment time may be preferred. Utility of CHT may also provide a solution to the problem of BCG shortage worldwide. The results have important implications in our clinical practise until higher level of evidence arises.



CONCLUSION

Our meta-analysis showed that intravesical CHT had equivalent oncological outcomes and similar safety profile when compared to BCG therapy for patients with intermediate- and high-risk NMIBC. In well-selected patients, i.e., those without BCG failure, CHT is even more superior than BCG maintenance in terms of recurrence rate. Intravesical CHT is a possible alternative treatment in the times of BCG shortage. More RCTs comparing intravesical CHT to BCG are warranted to develop a clearer image of the value-based utility of CHT in this patient population.
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sessions at 6-wk maintenance

intervals during ~ sessions at
the months 3, 6, and
restofyear 1. 12

Two 30-min
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