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Abstract

:

Simple Summary


Non-muscle invasive bladder cancer (NMIBC) accounts for three quarters of newly detected bladder tumors. NMIBC can be treated conservatively with a bladder transurethral resection (bTUR), although recurrences are common despite adjuvant treatments. High-risk recurrent NMIBC can progress to muscle invasive bladder cancer (MIBC) and decrease survival. Therefore, close invasive surveillance, based on cystoscopy and washing cytology, is currently recommended, especially in high-risk recurrent tumors. Urine biomarkers have been investigated unsuccessfully to avoid or postpone the invasive surveillance of NMIBC. Xpert Bladder Cancer Monitor® (XBM) is a new genetic urine biomarker that assesses the expression of five miRNA profiles. In the present study, XBM was not sensitive enough to detect all high-risk recurrences and avoid cystoscopy and washing cytology. However, false positive XBM results can predict early high-risk recurrences.




Abstract


XBM was prospectively assessed in spontaneous urine collected just before flexible cystoscopy and washing cytology carried out within the first 2 years follow-up of 337 patients with NMIBC. Recurrences were pathologically confirmed in 49 patients (14.5%), 22 of them being high-risk (6.5%). The XBM sensitivity for detecting any type of recurrence was 69.4% and 63.6% in the cases of high-risk NMIBC. Negative predictive value (NPV) for XBM was 93% for all recurrences and 96.2% for high-risk recurrences. XBM could have avoided 213 invasive controls but missed the detection of 15 recurrences (30.6%)–8 of them of high-risk (36.4%). XBM false positive elevations were detected in 90 patients (26.7%), whereas 10 patients with the invasive method had a false positive result (3%), p <0.001. However, early detection of recurrences during the first year’s follow-up after an XBM false positive result was observed in 18 patients (20%). On the other hand, 19 recurrences were detected during this period among the rest of the patients (7.7%)—p = 0.003, and odds ratio (OR) 3.0 (95% CI 1.5–6.0). Regarding one-year follow-up recurrences, 10% were high-risk recurrences in the XBM false positive group and 3.2% in the rest of the patients—p = 0.021, and OR 3.3 (95% CI 1.2–8.9). Additionally, 11.3% of the patients without false positive results developed a recurrence, p = 0.897, for any recurrence, being 10% and 5.2%, respectively, and high-risk and low-risk recurrences, p = 0.506. After searching for the best XBM cutoff for detecting the 38 high-risk initial recurrences and the early high-risk recurrences after a one-year follow-up, a linear discriminant analysis (LDA) of 0.13 could have avoided 11.3% of cystoscopies and bladder wash cytologies, as this cutoff missed only 1 high-risk recurrence (2.6%). More extensive and well-designed studies will confirm if XBM can improve the surveillance of NMIBC.
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1. Introduction


Bladder cancer is the sixth most common cancer in men, the seventeenth in women, and the tenth most frequent cancer in both sexes worldwide, with an estimated 573,278 new cases and 212,536 deaths in 2020 [1]. Europe has the highest incidence rate in the world, 11 cases per 100,000 persons per year, with the Spanish age-standardized incidence rate being one of the highest, 39 cases per 100,000 habitants in men [2,3]. In Spain, the crude mortality rate is 12/100,000, with significant differences in terms of gender comparison. In men, this mortality rate is 8.1 per 100,000, which is one of the highest in Europe [4,5].



Three quarters of newly diagnosed bladder tumors are non-muscle invasive bladder cancer (NMIBC), which are confined to the bladder mucosa (Ta stage and carcinoma in situ CIS) or the submucosa (T1 stage) [6]. NMIBC has a higher survival expectancy than muscle-invasive bladder cancer (MIBC) (T2-T4 stages), despite the treatment with radical cystectomy [7]. However, the overall recurrence rate of NMIBC is high, requiring frequent endoscopic controls with associated bothers and costs. Cystoscopy is an invasive procedure with a risk of side effects, such as painful micturition (50%), urinary frequency (37%), and macroscopic haematuria (19%) [8]. In addition, white light cystoscopy is not 100% sensitive to non-exophytic lesions or erythematous areas where CIS is suspected [9]. On the other hand, the cytological sensitivity is low, especially for low-grade tumors [10,11]. In addition, most biomarker studies use voided cytology rather than bladder washing, which is more sensitive and specific [12].



Cytology has a high interobserver variability and sometimes differentiates atypical changes, and inflammatory or infectious changes can be challenging for the pathologist [13]. The high NMIBC recurrence rate, usually defined by the European Organization for Research and Treatment of Cancer (EORTC) risk score, ranges from 31 to 78% [14]. It requires a precise surveillance program for early detection and treatment related to increased cancer-specific survival and overall survival [15]. The European Association of Urology (EAU) and the American Urological Association (AUA) guidelines recommend a combination of cystoscopy and cytology for the follow-up of patients with NMIBC [16,17], depending on its frequency on the EORTC risk group [14]. The Food and Drug Administration (FDA) approved urine biomarkers that have lower sensitivity and specificity [18], making their implementation in daily clinical practice challenging.



Research in new genetic urine biomarkers is increasing exponentially. However, most published studies compare voided cytology with the biomarker, which is not the real clinical gold standard. Furthermore, 2022 EAU Guidelines do not recommend using biomarkers in a surveillance protocol for high-risk NMIBC, because their performance cannot improve cystoscopy and cytology performance [19]. In the intermediate and low-risk groups, they suggest that, although there is no high-quality evidence, some of the newly available biomarkers could be used to replace or postpone cystoscopies. Recurrences in these groups are usually low grade, and biomarkers can identify with high sensitivity and negative predictive value the rare high-grade recurrence in this scenario [16].



Due to the lack of clinical alternatives to cystoscopy and cytology as surveillance methods for high-risk NMIBC, there is a trend towards developing new urinary biomarkers [20]. In fact, some of these available urine biomarkers have been recently approved by the FDA, but unfortunately, none have been incorporated into the clinical practice guidelines [21,22]. New modern biomarkers’ sensitivity and negative predictive value for high-grade recurrences reach over 90%, but their specificity and positive predictive value are usually low [23,24,25,26,27].



In recent years, due to their reproducibility, reliability, effortless performance, and objectivity, genetic biomarkers have become a promising investigation field in NMIBC surveillance. Genetic material quantification (DNA, RNA, miRNA, and lncRNA) and epigenetic changes, such as DNA hyper- and hypomethylation and histone mutations, have been studied [28]. Genetic biomarkers in bladder cancer have constantly been evolving and encompassing other phases of the disease due to its multiple possibilities for surveillance, screening, diagnosis, follow-up, treatment response, and prognosis. In addition, urine is an easy, harmless, fast liquid biopsy that contains stable genetic material.



The Xpert Bladder Cancer Monitor (XBM) test is a novel urinary biomarker that measures a panel of five micro-RNA targets (ANXA10, CRH y IGF2, ABL1, and UPK18) by qRT-PCR [29]. Micro RNAs (miRNA) are short, simple chains of 22 non-coding nu-cleotides that can induce posttranscriptional gene silencing by tethering an RNA-induced silencing complex to partly complementary sequence motifs in target mRNAs predominantly found within the 3′ untranslated regions [30]. MiRNAs are involved in multiple physiological and pathological events, including cell proliferation, survival, differentiation, growth, apoptosis, and immune activation [31]. miRNA expression in fluids like blood or urine is stable, allowing its quantification with qRT-PCR [32]. The first study exploring miRNA in bladder cancer was reported in 2007 by Gottardo et al. [33]; they identified the overexpression of ten miRNAs involved in the bladder carcinogenic pathway. Several pathological studies have suggested that low-grade and high-grade NMIBC have different molecular pathways activated, with low-grade tumors associated with the under-expression of some miRNAs. In contrast, the overexpression of miRNA is more common in high-grade tumors [34,35].



This study aimed to compare the urine genetic biomarker XBM with the gold standard methods of follow-up NMIBC based on white light flexible cystoscopy and urine cytology.




2. Materials and Methods


2.1. Design, Setting, and Participants


A prospective head-to-head comparison was made between XBM and the gold standard method of surveillance of NMIBC based on cystoscopy and washing bladder cytology [36] in 352 patients diagnosed between August 2018 and October 2020 in one academic institution. Follow-up evaluations were carried out for one year after XBM measurement to assess the early detection recurrences [37]. This project was approved by the institutional ethical committee (PRAG: 304/2018), and written consent was obtained from all participants.




2.2. Diagnostic Procedure


Bladder transurethral resection (bTUR) of the initial or recurrent tumor was performed. Randomized cold cup biopsies of the bladder and prostatic urethra were performed after bTUR in all initial bladder tumors as part of our hospital’s protocol, and in those patients with suspected high-risk tumors to assess simultaneous CIS [19]. Specimens were sent under the protocol to the pathology department. An experienced uro-pathologist analyzed them according to the 2017 T classification of urinary bladder cancer and graded them according to the 1973 and 2004/2016 World Health Organization grade classification [38].




2.3. Adjuvant Preventive Treatment for Recurrences


Postoperative intravesical Mitomycin C (40 mg) was instilled in the recovery room within the first 60 min after surgery if there were clinical indications and no postoperative contraindications based on the guideline’s recommendations [16]. Once NMIBC was diagnosed, intravesical recurrence prevention was scheduled according to the EORTC risk of recurrence and progression [39]. Nine patients received systemic immunotherapy in the context of a clinical trial (Table 1).




2.4. Follow-Up for Detection of Recurrences


The follow-up protocol included white light flexible cystoscopy under local anaesthesia in combination with bladder wash cytology obtaining 20 ccs of urine at the end of the procedure from the bladder neck with adequate fixation [16]. The frequency of follow-up cystoscopies and upper urinary tract imaging was based on the current EAU guidelines [16], with at least four cystoscopies and washing cytology per year in the first two years after bTUR in high-risk patients. In low-risk patients, cystoscopy and washing cytology were performed at three and nine months after bTUR and then yearly. In the intermediate-risk group, cystoscopy and washing cytology were performed every four months within the first two years.



Cytology was evaluated by dedicated cytopathologists. Falcon tubes were centrifuged for 5 min at 2800 rpm. The resulting cell pellets were resuspended in ThinPrep vials (Hologic Inc., Santa Clara, CA, USA) containing a methanol-based PreservCyt solution (Hologic Inc.) and processed using the ThinPrep 5000 System (Hologic Inc.). Cytological specimens were stained in Papanicolaou staining (QCA Química Clinica Aplicada S.A., Amposta, Spain) according to the Papanicolaou staining procedure. Upper urinary tract imaging with a CT scan urography was performed yearly in high-risk tumors [16].




2.5. Recurrence Suspicion and Diagnosis


The recurrence suspect was based either on bladder lesions detected by flexible cystoscopy and/or positive bladder wash cytology. The diagnosis was confirmed after the pathological analysis of bTUR material and/or bladder biopsies. Disease-negative patients had negative cystoscopy and washing cytology or negative pathological biopsy in those with suspicious lesions detected with the cystoscopy in the bladder.



In patients with positive bladder wash cytology but no visible tumor in the cystoscopy, investigation of extravesical locations using CT urography was performed. If no upper urinary tract tumor was detected by imaging, mapping biopsies of the bladder and prostatic urethra biopsy were performed based on the EAU Guidelines algorithm [40].



Recurrences were classified using the 2006 EORTC scoring model and divided into low, intermediate, and high risk [14].




2.6. XBM Assessment


The XBM biomarker was assessed prior to cystoscopy in spontaneously voided urine. Urine was collected the same day of the scheduled cystoscopy. Patients were requested to avoid first void in the morning and asked to collect at least 10 to 20 mL of their spontaneous micturition, preferably of the middle of the voiding. The Xpert Bladder Cancer Monitor® (CE-IVD) was measured with the in vitro diagnostic Cepheid device (Sunnyvale Inc., Santa Clara, CA, USA). A 4.5 mL urine sample was added to the XBM urine transport reagent and mixed. Then, 4 mL of treated urine was transferred to the cartridge sample chamber, where cells in the urine sample were captured on a filter and lysed by sonication. The released nucleic acid was eluted and mixed with dry qRT-PCR reagents, and the solution was transferred to the reaction tube for RT-PCR and detection. The time to result was approximately 90 min. The XBM cartridges were preloaded with all reagents for the sample preparation, qRT-PCR analysis, and detection of five miRNA targets (ABL1, ANXA10, UPK1B, CRH, and IGF2). The cartridge also contained three controls: sample adequacy control (SAC), probe check control (PCC), and cepheid internal control (CIC) for sample-associated inhibition. The qualitative test provided a negative or positive result from the LDA algorithm, with a pre-set cutoff value at LDA ≥ 0.5 by the manufacturer, which used the cycle threshold results of these 5 miRNA targets.



Invalid XBM results were not considered, and missing data were not replaced. The XBM result was blinded for the urologist who performed the surveillance control and for the uropathologists.




2.7. XBM “False Positives” Follow-Up


All cohort participants were followed up for one year after the XBM assessment to evaluate early recurrences during this period and the possible anticipatory effect of the biomarker. All early recurrences and early high-risk recurrences were analyzed according to the XBM false positive, and incidents were compared to the rest of the cohort.




2.8. Statistical Analyses


Quantitative variables were expressed as the median and interquartile range (25 to 75 percentile). Qualitative variables were expressed as percentages. The association between quantitative variables was assessed with the Man Witney U test and between qualitative variables with the Chi-square test. The performance was analyzed with sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy. Avoided diagnostic procedures, missed recurrences, and high-risk recurrences were also analyzed. Binary logistic regression analysis assessed the predictive value of XBM, cystoscopy, and washing cytology for recurrences and high-risk recurrence. Odd ratios (OR) and 95% confidence intervals (95% CI) were also estimated. Finally, a p-value of less than 0.05 (two-tailed) was considered significant. This analysis was carried out with the SPSS v.25 (IBM, Armonk, NY, USA).





3. Results


3.1. Characteristics of Analyzed Population


A total of 352 urine samples from patients with previous NMIBC were prospectively collected within the first 24 months of follow-up after their last NMIBC diagnostic performed by bTUR. Of these, eight patients were excluded due to invalid tests and five patients due to the absence of pathology. Another two patients were excluded due to the absence of histological confirmation of recurrence. Finally, 337 patients were included in the statistical analysis. The demographical and clinical characteristics of the patients are described in Table 1. A flowchart showing patient selection is described in Figure 1.



The median age of the cohort was 73 years (interquartile range 65–80 years); 81.1% were males; 77.2% were smokers or former smokers; 68.3% were primary tumors, and 54.7% were high-grade tumors; 38% of the patients received postoperative mitomycin C; and 47% of the cohort received a full dose of BCG adjuvant therapy for one year.



During follow-up, 49 recurrences were detected (14.5% of the samples), with 5.5% being high-risk recurrences. During the one year follow-up, 33 recurrences were diagnosed—16 of them of high-risk. The median follow-up of the cohort was 13.5 months.




3.2. Performance of XBM


Sensitivity for any type of recurrences for XBM and cystoscopy plus bladder-wash cytology were 69.4% and 100%, respectively. Specificity for any type of recurrences of XBM and cystoscopy plus bladder-wash cytology were 68.8% and 96.5%, respectively. The NPV of XBM was 93%. Furthermore, the accuracy of XBM and cystoscopy plus bladder-wash cytology were 68.8% and 97%, respectively. In high-risk recurrences, the sensitivity of XBM and cystoscopy plus bladder-wash cytology were 63.6% and 100%, respectively. Specificity in the high-risk scenario for XBM and cystoscopy plus bladder-wash cytology were 65.1% and 88.3%, respectively. In high-risk, the NPV of XBM reached 96.2%. The accuracy of XBM and cystoscopy plus bladder-wash cytology for high-risk recurrences was 65% and 89%, respectively. These results are given in Table 2.




3.3. Prediction of Risk of Recurrence


Univariate XBM analysis, bladder wash cytology and flexible cystoscopy showed statistical significance for detecting recurrences for the three suspicion methods. A logistic multivariant regression was performed with the same three methods. Cystoscopy showed statistical significance for all high-risk recurrences and washing cytology only for high-risk recurrences (Table 3).



Univariate and multivariable analysis have been performed, selecting the three follow-up tests (Table 4).




3.4. Follow Up on False Positives of XBM


False positive patients (positive biomarker and negative cystoscopy plus washing cytology, as defined from protocol) were followed up for one year to evaluate the possibility of an anticipatory effect of the biomarker in detecting early recurrences. Of the 90 (23.7%) false positive patients, 18 (20%) developed a recurrence that year, including 8 low-grade, 8 high-grade, and 2 upper urinary tract tumors. Statistically significant differences (p < 0.001) were found with XBM-negative patients that presented a recurrence rate of 6.1%. The odds ratio of patients with positive biomarkers but negative cystoscopy and cytology was 3 (1.494–6.023) and 3.3 (1.239–8.890) for high-risk disease.




3.5. Searching for a Clinically Useful XBM Cutoff


The performance of XBM with the manufacturer LDA recommended a cutoff of 0.5 and exhibited a sensitivity of 63.6 for high-risk recurrences. Therefore, it was necessary to search for an XBM cutoff with higher sensitivity for high-risk recurrence discrimination at the time of its assessment and those early diagnosed high-risk recurrences within the first-year follow-up. The area under the curve (AUC) of XBM was 0.725 (95% CI: 0.620–0.829), Figure 2. Table 5 presents the LDA cutoff values of XBM of sensitivities between 100 and 75, its specificities, and the sensitivity and specificity corresponding to the 0.5 cutoff proposed by the manufacturer. We selected 0.1294 as the XBM cutoff with 95% sensitivity because it only missed 5% of high-risk recurrences, which is clinically reasonable for a biomarker that aspires to replace the gold standard surveillance protocol of NMIBC based on cystoscopy and cytology.



The sensitivity of XBM increased to 96.3%, but the specificity decreased to 13.7%. NPV was 92.1% and PPV 26.4%. For high-risk recurrences, the sensitivity was 97.4%, specifically 12.4%, NPV 97.4% and PPV 12.4%. The accuracy for XBM was 33.8% and 22% for all recurrences and high-risk recurrences, respectively. What seems more important from a clinical point of view is that 11.3% of cystoscopies and bladder wash cytologies could be avoided, as this cutoff missed only 2.6% of high-risk recurrences (Table 6).



The univariate analysis for predicting high-risk recurrences showed a significant XBM, cystoscopy, and bladder wash-cytology value. However, XBM was not an independent predictor in the multivariable analysis, as described on Table 7.





4. Discussion


Although increasing evidence suggests that new urine biomarkers have good performance for NMIBC surveillance, none has been consolidated as an actual alternative to the gold standard of cystoscopy and washing bladder cytology [41]. EAU Guidelines of 2021 [42] confirm that urinary markers cannot replace cystoscopy during follow-up or reduce the cystoscopy frequency. However, for the first time, the possibility of using biomarkers or bladder ultrasounds in patients initially diagnosed with TaG1-2/LG bladder cancer for surveillance has been noted in the case where cystoscopy was not possible or refused by the patient [43]. In the EAU Guidelines of 2022 [36], the potential role of four promising and commercially available urine biomarkers, Cx-Bladder [25], ADX-Bladder [44], Xpert Bladder [45], and EpiCheck [46], have been highlighted [3]. These markers have not been tested in randomized trials, so this novel approach cannot routinely replace cystoscopy during follow-up or lower cystoscopy frequency. Nevertheless, their high sensitivities and negative predictive values in the referenced studies, mainly for high-grade tumors and diseases, make these biomarkers attractive in avoiding cystoscopies in the follow-up of low/intermediate NMIBC [47]. This new step for biomarkers opens an alternative to the classical follow-up. It points out the option to individualize the surveillance protocols, considering the tumor characteristics and the patient’s age and performance status.



The first study of altered miRNA expression in bladder cancer was published in 2007 and detected the upregulation of 10 miRNAs [48] and miRNA as a urine biomarker for bladder cancer, as initially described by Weber et al. [49]. This genetic material expression in bladder cancer varies with intravesical treatment exposure and tumor grade. The profile of altered miRNAs differs between low- and high-grade tumors. In fact, high-grade NMIBCs share similar miRNA profiling to muscle-invasive tumors [32]. Since then, many miRNAs have been tested to detect and monitor bladder cancer patients. Although low-grade tumors usually have downregulation of many miRNAs, upregulation is more common in high-grade bladder cancer [31].



XBM was first validated in a multicentric study by Wallace et al. [50]. Since then, XBM has been tested in 10 studies [29,50,51,52,53,54,55] with more than 3000 patients. Overall sensitivity and specificity varied from 29.8 to 84% and 73.7 to 94.1%, respectively. The negative predictive value was between 83 and 96.5%, and the positive predictive value was between 44 and 90.9% [24]. One of the strengths of the XBM is that the test is automated. XBM can be assessed at the point of care and gives a fast result, with an easy and short hands-on sample preparation time of less than five minutes and single-use available disposable cartridges. It should, therefore, give the same result wherever patients are managed, whereas cytology results are pathologist-dependent [56]. All the previous studies made a direct comparison between both urine biomarkers, cytology, and XBM. However, none attempt to compare the whole follow-up protocol based on cytology plus cystoscopy was carried out [57].



This study was the first to compare XBM in a real clinical setting. The performance of XBM was compared to the gold standard follow-up of NMIBC, which included cystoscopy and bladder washing cytology. Considering this head-to-head comparison, XBM had a 68.8% sensitivity, 93% negative predictive value for all recurrences, and 96.2% for high-risk recurrences. This was in line with previous studies [51,52,53]. Nevertheless, compared to our daily clinical practice, XBM seemed unable to substitute the combination of cystoscopy and washing cytology by itself. Due to this and considering the biomarker’s ROC curve, we had carried an ad hoc analysis to find a better cutoff for the biomarker that may help detect all the high-risk recurrences during the follow-up. The counterpart of modifying the XBM pre-set threshold was decreasing the test’s specificity, which is associated with more negative cystoscopies, increasing the cost of the follow-up program and the patient’s anxiety due to a higher risk of false positive results. With the LDA threshold of 0.1294, the sensitivity of XBM increased to 96.3%, with a negative predictive value of 92.1%. Using this new threshold, 11.3% of the cystoscopies could be avoided with only a 2.6% chance of missing a high-risk recurrence, which are parameters comparable to the gold standard follow-up. On the other hand, specificity for all recurrences decreased to 13.7%



Biomarkers’ usefulness for the follow-up of NMIBC is based on four main criteria according to the ICUD-EAU International Consultation consensus [58]. First, they must be better—i.e., superior in clinical aspects to the standard tests (more sensitive, better NPV). Secondly, they must be simple, reproducible, and avoid complex infrastructures that complicate their standardization and dissemination. Thirdly, they should be faster or, at least, the biomarkers’ results should be available in a short period time. Lastly, they must be cheaper or economically similar to the gold standard combination. Cost-efficacy studies of biomarkers are complex and usually based on non-clinical models [59]. Due to the significant variability between countries’ health care systems and the complexity of the evaluation of indirect costs of the cystoscopy (urologist time, nurse, material, and theatre time), the comparison between the standard protocol and biomarker follow-up had a high risk of bias. Nam et al. [60] demonstrated that a follow-up based exclusively on biomarkers was economically more efficient than the standard follow-up. However, their study did not take into account the costs and profiles of the most recent biomarkers. After evaluating the biomarker in a cohort study, a randomized control trial should be carried out comparing the gold standard method, cystoscopy plus cytology, and the urine biomarker in a real clinical scenario. If results confirm the non-inferiority performance, the next step to establish a new protocol based on biomarkers follow-up, subsidized by the National Health Care System, should include a cost-efficiency study.



Besides the four main criteria suggested by the ICUD-EAU International Consultation, another characteristic should be considered when changing the paradigm of NMIBC surveillance. Most of the biomarkers’ studies presuppose that patients will agree to change their follow-up protocol because this new tool is essentially as sensitive as cystoscopy and cytology. Flexible cystoscopy continues to be an invasive procedure, costly, bothersome, and painful for the patients; it increases the risk of urinary tract infection, and over 60% of the patients experience adverse psychological effects related to the procedure [61,62]. Moreover, this method has limitations for detecting small and flat lesions (post-TURBT, CIS) [63]. Nevertheless, a study by van Osch et al. [64] confirmed that half of the patients would not replace cystoscopy unless the biomarker was 100% sensitive, and 85% of the patients would only change if the biomarker performance achieved 99% of sensitivity. Moreover, research by Shen Tan et al. [65] confirmed that although patients experienced bothersome symptoms after cystoscopy, with hematuria in 51% or dysuria in 69% of them, they are more confident with a visual diagnosis of the bladder and would only accept the change if the biomarker had at least the same sensitivity as cystoscopy. This situation may not reflect a complete understanding of the concept of patient sensitivity and their fear of the possibility of missing a recurrence. An actual clinical scenario should be transmitted to the patients and the differences in the profile of the biomarkers; in the low-risk group, missing a single, small bladder tumor does not impact the patient´s overall survival or cancer-specific survival. However, in the high-risk group, early detection is mandatory, and a biomarker will never substitute the gold standard if it cannot detect small high-grade recurrences.



A positive biomarker result had been demonstrated to increase the cystoscopies’ detection rate [32]. When analyzing the longitudinal effect, definitions are contradictory. Some recent studies suggested that enhanced image cystoscopies may improve the detection of small or plain lesions, hence decreasing false positive biomarker results [66]. It has also been suggested that the Studer’s algorithm should be applied to exclude extravesical recurrences in cases with negative cystoscopy but positive biomarkers, including cytology [67]. A previous XBM study by Cowan et al. [68] has explored this possible anticipatory effect. In their research, 131 patients were followed up for 1 year with negative cystoscopy, independently of the cytology result, comparing those with positive and negative biomarkers. It was found that the former had an increased risk of developing a high-grade recurrence.



As a secondary objective of this study, our patients were followed up for one year to evaluate if a false positive biomarker could have any anticipatory information about the risk of recurrence. Some positive urine biomarkers are associated with an increased risk of recurrence and progression, even if the patient had a negative cystoscopy at the time of the determination [69]. Gopalakrishna et al. [70] tried to define the positive anticipatory result for bladder cancer. They assumed a period of one year to define the possible anticipatory result. They demonstrated that a positive urine test does not always mean future tumor recurrence. Only 75% of the positive cytologies or 40% of the positive UroVysion FISH tests developed a tumor within one year.



It was unclear in the literature if this anticipatory effect should make us change our clinical practice protocol with these patients, such as a more intense cystoscopy follow-up, random biopsies, and upper urinary tract endoscopic exploration. In our cohort, false positive XBMs were followed for one year. The recurrence rate in the false positive XBM group was 20%, while only 6.1% of the patients with an XBM negative test experienced a recurrence. That means that when the biomarker was positive but gold standard methods were negative, the patient had a statistically increased odds ratio of 3 (1.5–6) with p < 0.003 for all recurrences, and an odds ratio of 3.3 (1.2–8.9) with p < 0.02 for high-risk recurrences within the following year. This study opened an option for a new interpretation of the genetic urine biomarkers. Until now, a negative or positive result was read transversally. Nevertheless, the biomarkers’ field still has many open questions, and one of those is how a positive result without macroscopic translation must be read. The one year follow-up in our study demonstrated that patients with positive XBM had a higher risk of developing a recurrence, and this information should be taken into account by clinicians to adjust the follow-up scheme. However, this data should be interpreted carefully, and information given to the patient must be based on evidence-based follow-up protocols to avoid anxiety and changes in the follow-up protocol weighted due to the lack of clear perspective and high-level data. If that information should change our protocol is a question that cannot be answered nowadays. Moreover, we assumed that the definition of a false positive biomarker’s result was based on a negative cystoscopy and cytology. Future studies may include a negative upper urinary tract study with a CT scan and/or bladder random biopsies with prostatic urethral biopsies as a confirmatory protocol.



This study had some limitations. On the one hand, negative and positive predictive values are parameters influenced by disease incidence prevalence. Selecting patients during the first two years of follow-up was not the actual clinical scenario and can increase the incidence prevalence of recurrences, hence overestimating both parameters. Moreover, the low recurrence rate in our study (14.5% of the cohort), may have had an impact on the difficulty of finding statistically significant differences. On the other hand, patients were monitored with cystoscopy, following the 2021 EAU Guidelines. The mean recurrence size was 0.8 cm (0.3–1.6 cm), which could be considered a low tumor burden detected by biomarkers. Different cytology specimens have also been used, such as spontaneous miction urine to avoid invasive follow-up methods for XBM and bladder wash cytology for cytopathologic study. That means that different samples were compared for urine biomarkers. Interestingly, although these are two different methods of obtaining the urine sample, sensitivity and NPV were still high for XBM.



Neither our study nor the previous papers had a real clinical design randomizing cystoscopy and XBM, which can complicate the implementation of daily clinical practice. Alternating biomarkers and cystoscopy plus cytology is another approach our study had not explored.




5. Conclusions


XBM had demonstrated an acceptable sensitivity and negative predictive value for high-risk recurrences of NMIBC. A change in the threshold proposed by the manufacturer increased its sensitivity and negative predictive value in our series, with a slight decrease of specificity. Although XBM did not guarantee the 100% prediction of high-risk recurrences, its positive result in absence of cystoscopic or cytologic confirmation of bladder tumors increased the probability of developing a tumor recurrence in the next year of its determination. Longitudinal and randomized studies are needed to identify the exact role of XBM in the surveillance of NIMBC.
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Figure 1. Flowchart of the patients’ recruitment process. 
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Figure 2. Discriminatory ability of XBM measurement to suspect high-risk recurrences at the time of its assessment and those diagnosed within the one-year follow-up. The 95% sensitivity of the XBM cutoff exhibits a 13% specificity, and the AUC is 0.725 (95% CI: 0.620–0.829). 
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Table 1. Demographic and clinical characteristics of the study cohort.
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	Parameter
	Value





	Median age, years (IQR)
	73 (65–80)



	Gender, n (%)
	



	Male
	274 (81.1)



	Female
	64 (18.9)



	Smoke habit, n (%)
	



	Smoker/former smoker
	261 (77.2)



	Non- smoker
	77 (22.8)



	Type of tumour, n (%)
	



	Primary
	231 (68.3)



	Recurrence within one year follow-up
	64 (18.9)



	Recurrence later than one year follow-up
	43 (12.7)



	Previous number of recurrences
	



	One
	63 (58.9)



	Two or more
	44 (41.1)



	EORTC * risk of recurrence and progression, n (%)
	



	Low
	84 (24.9)



	Intermediate
	67 (19.8)



	High
	187 (55.3)



	Pathological stage, n (%)
	



	Ta
	156 (47.1)



	T1
	115 (34)



	CIS **
	12 (3.6)



	Tx
	55 (16.3)



	Pathological grade, n (%)
	



	Low
	153 (45.3)



	High
	185 (54.7)



	Adjuvant treatment, n (%)
	



	Postoperative Mytomicin C
	128 (38)



	No
	152 (45)



	BCG ***
	159 (47)



	Mytomicin C
	18 (5.3)



	Systemic immunotherapy
	9 (2.7)



	Recurrences diagnosed at the time of XBM assessment, n (%)
	



	Any recurrence
	49 (14.5)



	High-risk recurrence
	22 (6.5)



	No recurrence
	266 (79)



	Recurrences diagnosed within one year follow-up, n (%)
	



	Any recurrence
	33 (9.8)



	High-risk recurrence
	16 (5.6)







* EORTC = European Organisation for Research and Treatment of Cancer; ** CIS = carcinoma in situ; *** BCG = Bacille Calmette-Guerin.
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Table 2. Incidence percentage of grade and stage diagnosed using the Xpert Bladder Monitor.






Table 2. Incidence percentage of grade and stage diagnosed using the Xpert Bladder Monitor.





	
Variable

	
Xpert Bladder Monitor






	
Grade

	
Positive

	
Negative




	
Low Grade, n (%)

	
20/27 (74.1)

	
7/27 (25.9)




	
High Grade, n (%)

	
14/22 (63.6)

	
8/22 (36.4)




	
Pathological stage

	

	




	
Ta, n (%)

	
19/27 (70.4)

	
8/27 (29.6)




	
Tx, n (%)

	
6/7 (85.7)

	
1/7 (14.3)




	
Tis *, n (%)

	
4/4 (100)

	
0/4 (0)




	
T1, n (%)

	
3/9 (33.3)

	
6/9 (66.7)




	
T2, n (%)

	
2/2 (100)

	
0/2 (100)








* Tis: Cacinoma in situ.
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Table 3. Performance of XBM compared with cystoscopy and washing cytology for the suspicion of any type of recurrence and high-risk recurrences at the time of XBM assessment.
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Parameter

	
All Recurrences

	
High-Risk Recurrences




	
XBM

	
Cystoscopy and

Washing Cytology

	
XBM

	
Cystoscopy and Washing Cytology






	
Sensitivity, n (%)

	
34/49 (69.4)

	
49/49 (100)

	
14/22 (63.6)

	
22/22 (100)




	
Specificity, n (%)

	
198/288 (68.8)

	
278/288 (96.5)

	
205/315 (65.1)

	
278/315 (88.3)




	
Positive predictive value, n (%)

	
34/124 (27.4)

	
49/59 (83.1)

	
14/124 (11.3)

	
22/59 (37.3)




	
Negative predictive value, n (%)

	
198/213 (93.0)

	
278/278 (100)

	
205/213 (96.2)

	
278/278 (100)




	
Accuracy, n (%)

	
232/337 (68.8)

	
327/337 (97.0)

	
219/337 (65.0)

	
300/337 (89)




	
Avoided diagnostic procedures, n (%)

	
213/337 (63.2)

	
0 (0)

	
213/337 (63.2)

	
0 (0)




	
Missed recurrences, n (%)

	
15/49 (30.6)

	
0 (0)

	
8/22 (36.4)

	
0 (0)
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Table 4. Univariate and multivariable analysis of XBM, cystoscopy, and washing cytology as suspicion methods for predicting any type of recurrence and high-risk recurrences diagnosed at the time of XBM assessment.






Table 4. Univariate and multivariable analysis of XBM, cystoscopy, and washing cytology as suspicion methods for predicting any type of recurrence and high-risk recurrences diagnosed at the time of XBM assessment.





	
Method of Suspicion

	
Univariate Analysis

	
Multivariable Analysis




	
Odd Ratio (95% CI)

	
p Value

	
Odd Ratio (95% CI)

	
p Value






	
For any type of recurrence




	
XBM

	
4.987 (2.586–9.616)

	
=0.001

	
3.585 (0.820–15.675)

	
=0.090




	
Cystoscopy

	
615.524 (153.624–2466.212)

	
<0.001

	
1517.105 (175.210–13136.239)

	
<0.001




	
Washing cytology

	
15.975 (4.700–54.296)

	
<0.001

	
100.409 (7.207–1398.817)

	
=0.110




	
For high-risk recurrences




	
XBM

	
3.261 (1.327–8.014)

	
=0.007

	
0.723 (0.226–2.312)

	
=0.585




	
Cystoscopy

	
52.343 (14.720–186.124)

	
=0.001

	
53.712 (13.243–217.851)

	
<0.001




	
Washing cytology

	
24.033 (7.186–80.377)

	
=0.001

	
22.473 (3.530–143.048)

	
=0.001
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Table 5. Specificities corresponding to the cutoff sensitivities of 1.00 to 0.75 of XBM for the suspicion of high-risk recurrence at the time of its assessment and those diagnosed within the one-year follow-up. Sensitivity and specificity corresponding to the cutoff recommended by the manufacturer (LDA = 0.5) are 63% and 66.6%, respectively.






Table 5. Specificities corresponding to the cutoff sensitivities of 1.00 to 0.75 of XBM for the suspicion of high-risk recurrence at the time of its assessment and those diagnosed within the one-year follow-up. Sensitivity and specificity corresponding to the cutoff recommended by the manufacturer (LDA = 0.5) are 63% and 66.6%, respectively.





	Sensitivity (%)
	Specificity (%)
	Cutoff





	100
	7.1
	0.1117



	95
	13.4
	0.1294



	90
	15.4
	0.1459



	85
	17.1
	0.6661



	80
	38.1
	0.2950



	75
	51.2
	0.3950



	63
	66.6
	0.5000
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Table 6. Performance of XBM (using the 0.1294 cutoff) compared with cystoscopy and washing cytology for the suspicion of any type of recurrence and high-risk recurrences at the time of XBM assessment and within one year follow-up.






Table 6. Performance of XBM (using the 0.1294 cutoff) compared with cystoscopy and washing cytology for the suspicion of any type of recurrence and high-risk recurrences at the time of XBM assessment and within one year follow-up.





	
Parameter

	
All Recurrences

	
High-Risk Recurrences




	
XBM

	
Cystoscopy and

Washing Cytology

	
XBM

	
Cystoscopy and Washing Cytology






	
Sensitivity, n (%)

	
79/82 (96.3)

	
50/82 (61.0)

	
37/38 (97.4)

	
24/38 (63.2)




	
Specificity, n (%)

	
35/255 (13.7)

	
246/255 (96.5)

	
37/299 (12.4)

	
264/299 (88.3)




	
Positive predictive value, n (%)

	
79/299 (26.4)

	
50/59 (84.7)

	
37/299 (12.4)

	
24/59 (40.7)




	
Negative predictive value, n (%)

	
35/38 (92.1)

	
246/278 (88.5)

	
37/38 (97.4)

	
264/278 (95.0)




	
Accuracy, n (%)

	
114/337 (33.8)

	
296/337 (87.8)

	
74/337 (22.0)

	
288/337 (85.5)




	
Avoided diagnostic procedures, n (%)

	
38/337 (11.3)

	
278/337 (82.5)

	
38/337 (11.3)

	
278/337 (82.5)




	
Missed recurrences, n (%)

	
3/82 (3.7)

	
32/482 (39.0)

	
1/38 (2.6)

	
14/38 (36.8)
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Table 7. Univariate and multivariable analysis of XBM, cystoscopy, and washing cytology as suspicion methods to predict any type of recurrence, and high-risk recurrences diagnosed at the time of XBM assessment and those diagnosed within one year follow-up.






Table 7. Univariate and multivariable analysis of XBM, cystoscopy, and washing cytology as suspicion methods to predict any type of recurrence, and high-risk recurrences diagnosed at the time of XBM assessment and those diagnosed within one year follow-up.





	
Method of Suspicion

	
Univariate Analysis

	
Multivariable Analysis




	
Odd Ratio (95% CI)

	
p Value

	
Odd Ratio (95% CI)

	
p Value






	
For any type of recurrence




	
XBM

	
4.189 (1.253–14.004)

	
=0.090

	
2.178 (0.567–8.369)

	
=0.257




	
Cystoscopy

	
55.729 (22.200–139.897)

	
<0.001

	
49.818 (19.623–126.477)

	
<0.001




	
Washing cytology

	
11.667 (3.127–43.522)

	
<0.001

	
7.762 (1.597–37.711)

	
=0.110




	
For high-risk recurrences




	
XBM

	
5.225 (0.96–39.227)

	
=0.052

	
2.644 (0.337–20.714)

	
=0.355




	
Cystoscopy

	
10.307 (4.932–21.540)

	
< 0.001

	
8.182 (3.766–17.773)

	
<0.001




	
Washing cytology

	
15.680 (4.824–59.968)

	
< 0.001

	
9.504 (2.515–35.919)

	
=0.001
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