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Objective: Bladder cancer is the 10" most common cancer worldwide. The investigation and surveillance commonly involve
a combination of upper tract imaging along with visual assessment of the bladder via cystoscopy. This study determined the validity
of using Cxbladder® Triage (CxbT) and Cxbladder® Monitor (CxbM) as a suitable adjunct in ruling out urothelial carcinoma (UC)
when investigating haematuria or monitoring for recurrence.

Materials and methods: A single centre prospective study where the patients have been referred for investigation of UC or those on
routine surveillance of known UC. All patients were counselled with consent obtained prior to midstream urine collection pre-
cystoscopy in line with local protocol for urine-analysis to screen for infection with the residual specimen collected for the CxbT or
CxbM test. De-identified patient demographic data along with smoking status, risk of environmental exposures, family history, type of
hematuria or last date of last recurrence were collected, and the planned cystoscopy would then proceed. The data pertaining to
exposure to smoking and type of haematuria are the symptoms and risk factors that are taken into account with CxbT or CxbM to
calculate a score, which can then be correlated with the outcome at the end with cystoscopic and imaging investigations.

Results: A combined 236 patients were recruited (CxbT = 134, CxbM = 102) with results showing excellent negative predictive value
0f 96.43% and 95.16%, respectively. A key result showed that CxbT in combination with upper tract imaging done as routine was able
to rule out UC completely in low-risk patients.

Conclusion: We have validated the use of Cxbladder as an adjunct in the investigation and surveillance of UC. It is a non-invasive,
accurate and reproducible test that can aid in ruling out UC, specifically for low-risk patients.
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Introduction
Urothelial carcinoma (UC) is the tenth most common malignancy and manifests with visible haematuria or non-visible
haematuria."* Individuals with non-visible haematuria, defined as blood that is only detectable in urinalysis, corresponds
to a detection of 1.6%—5% with urothelial bladder cancer, and an estimate of 9% of the individuals have presented with
visible haematuria.>” Cystoscopic evaluation of the bladder has been the gold standard for evaluation of bladder
malignancy.” Additional investigations for haematuria also include imaging with computed tomography (CT), urine
biomarkers and urine cytology.” There is an increased prevalence of non-visible haematuria in the aging population, with
an estimated 20% of the men aged over 60.° The investigations undertaken for haematuria are not without risks, such as
radiation exposure to computed tomography and potential infections with cystoscopy.® Equally, however, delays in
diagnosis of urothelial cancer can lead to worse health outcomes.”

Validated urinary biomarkers, including UroVysion FISH, NMP22, Bladder EpiCheck, and BTA, have been exten-
sively studied for the detection and surveillance of bladder cancer.* UroVysion FISH has been shown to effectively detect

chromosomal abnormalities, aiding in recurrence monitoring.*> Bladder EpiCheck, a DNA methylation-based test, has
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been validated for detecting bladder cancer and monitoring recurrence, demonstrating strong sensitivity and specificity in
clinical trials.° The current standard of utilising urine cytology has advantages in detecting high-grade tumours and
carcinoma in situ, and urine cytology has poor sensitivity in detecting low-grade tumours.’

Cxbladder could be an adjunct to the investigation of haematuria to reduce the economic cost, reduce risks from
invasive procedure and reduce radiation exposure, as it measures mRNA expression of 5 genotypic biomarkers in
samples of urine provided and combined with 4 clinical questions, a score is provided to ascertain the risk of urothelial
cancer.”® The clinical questions revolve around age, sex, smoking history, visible haematuria and history of previous
UC, combined with the assay to produce a score from 1 to 10.”'° With Cxbladder Triage (CxbT) A score of less than 4
with Cxbladder Triage (CxbT) and a score less than 3.5 with Cxbladder Monitor (CxbM) has have low probability of
urothelial cancer with a negative predictive value of 98.5% and 97% and sensitivity a sensitivity of 95.1% and 93%,
respectively.®

The primary aim of the study was to validate the performance of the Cxbladder assay in detecting UC in both newly
suspected cases (Triage) and in patients under surveillance (Monitor) for recurrence.

It is important to note that smoking is a well-established risk factor for bladder cancer, with both active and passive
exposure significantly increasing the risk. A 2022 meta-analysis found a dose—response relationship between smoking
intensity and bladder cancer risk, highlighting that higher consumption correlates with greater risk.'' Passive smoking is
a risk factor that can increase the risk of bladder cancer.'> Occupational exposure to aromatic amines, such as benzidine
and B-naphthylamine, found in industries like dye manufacturing, rubber production, and petrochemicals, has been
strongly associated with an increased risk of bladder cancer. A cohort study observed a significant excess of bladder
cancer mortality among workers exposed to these chemicals."

Methods
Study Design
This was a single-centre, prospective study. All new referrals to the Urology Department for suspected urothelial cancer

(UC), as well as patients under surveillance for confirmed UC, were considered for inclusion in the study from June 2022
till September 2023.

Patient Selection

Patients who were newly referred for suspected UC or were under surveillance to confirm UC were screened for
eligibility. Inclusion criteria included patients above the age of 18 able to consent with symptoms or risk factors
suggestive of UC or those with a confirmed history of UC. Patients provided informed consent before participating in
the study with written information about Cxbladder given to the patient prior to the procedure.

Data Collection

Following consent, patient demographics were recorded, including age and gender, smoking history (current, former
>100 cigarettes, or non-smoker), risk of environmental exposure (eg, occupational exposure to carcinogens), type of
haematuria (macroscopic, microscopic, none) and previous urothelial carcinoma (date of last recurrence or initial
diagnosis). The data recorded was stored on a password secure local Microsoft Excel spreadsheet.

Diagnostic Procedures
Three Diagnostic Modalities Were Utilized in the Study
1. Urine Collection: A sterile midstream urine sample was collected from all patients, to assess the risk of a urinary
tract infection on the day of, prior to planned cystoscopy. If a suspected infection was present, the patient was
postponed with empirical antibiotics provided and the urine sent for microscopy, culture and sensitivity testing.
The urine was sent for either CxbT or CxbM assay either as investigation for suspected UC or surveillance of UC.
2. Flexible Cystoscopy: Patients underwent a flexible cystoscopy to visually assess the bladder for any suspicious
lesions.
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3. Imaging: Appropriate imaging studies such as computer tomography (CT), intravenous pyelogram or ultrasound
kidney ureter, and bladder scans (KUB) were performed based on clinical suspicion either prior or following
clinical review and patient presentation to assess the urinary tract for urothelial cancer.

Cxbladder Assay

Urine samples were subjected to the Cxbladder assay, which provided a probability score for the presence or recurrence
of UC. Importantly, the results of the Cxbladder assay did not influence clinical decision-making during the study. The
treating clinicians were blinded to the assay results, which were reviewed retrospectively and independently after final
diagnoses were made using cystoscopy and imaging.

Outcome Measures

The primary outcome measure was the diagnostic accuracy of the Cxbladder assay. Results were compared retro-
spectively to the final diagnosis determined by a combination of cystoscopy, imaging results or histopathology; if an area
of concern was identified during their cystoscopic investigations, the patient proceeded to transurethral resection of
bladder tumour (TURBT). Diagnostic performance was assessed by calculating sensitivity, specificity, and negative
predictive value (NPV).

Statistical Analysis

Descriptive statistics were used to summarize patient demographics and clinical characteristics. The diagnostic
performance of the Cxbladder assay was compared to the final diagnosis. Sensitivity, specificity, PPV, and NPV
were reported with 95% confidence intervals. The sample size was sufficient to achieve a 99% power at a 95%
significance level.

Ethical Considerations

The study was approved by the local Human Research Ethics Committee (HREC) at East Metropolitan Health Service in
Western Australia which is the overarching organization for Royal Perth Hospital and conducted in accordance with the
National Statement on Ethical Conduct in Human Research (2007), the CPMP/ICH Note for guidance on Good Clinical
Practice and consistent with the principles that have their origin in the Declaration of Helsinki. Compliance with these

principles provides assurances that the rights, safety and well-being of the trial participants are respected. Ethics approval
number RGS0000004314.

Results
In Table 1, the study highlighted a 1:3.25 (24:78), Female-to-Male ratio for those with previous UC within the CxbM
group and a 1:2.35 (40:94) ratio within the CxbT group for those investigated for UC. This ratio is in keeping with well-
established sex disparity within the incidence of bladder cancer.'*

The key results from the study, shown in Tables 2 and 3, demonstrate the diagnostic performance of the Cxbladder
assay as a rule out test for UC. The primary focus was on achieving a high negative predictive value (NPV). In both

Table | Demographic and Risk Profile of Sample Population

Overall | Cxbladder Triage | Cxbladder Monitor
Age (years), mean (+- Standard Deviation) 68 + 16 66 + 17 72 + 14
Male, n (%) 172 (72.9) 94 (70.2) 78 (76.5)
Female, n (%) 64 (27.1) 40 (29.8) 24 (23.5)
(Continued)
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Table | (Continued).

Overall | Cxbladder Triage | Cxbladder Monitor

Smoking status, n (%)

Never 71 (53)

>100 Cigarettes in lifetime 63 (47)
Haematuria

Never, n (%) 6 (4.5)

Microscopic, n (%) 35 (26.1)

Macroscopic, n (%) 93 (69.4)

Last Diagnosed Urothelial Carcinoma

Primary 65

Recurrence 37

Highest Previous Stage of Disease

TalG 49
TaHG 18
s I

TIHG 24
TIHG + CIS 2
T2HG 5
T2HG + CIS |

Neuroendocrine Tumour + CIS |

Other I

Abbreviation: LG, Low Grade; HG, High Grade; CIS, Carcinoma in-situ.

Table 2 Statistical Results of Cxbladder Triage

Cxbladder Triage Cx Score <4.0 Cx Score >4.0

Total (134) 55 79

No Malignancy (119) 53 66

Malignancy Proven (15) 2 13

Value 95% Confidence Interval

Sensitivity 86.67% 59.54 to 98.34
Specificity 44.54% 35.43 to 53.93%
Positive Predictive Value 16.46% 13.24% to 20.28%
Negative Predictive Value 96.43% 87.92-99.01%
Accuracy 49.25% 40.52% to 58.02%
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Table 3 Statistical Results of Cxbladder Monitor

Cxbladder Monitor Cx Score <3.5 Cx Score >3.5 Failed Test

Total (102) 62 32 8

No Malignancy (92) 59 26 7

Malignancy Proven (10) 3 6 |
Value 95% Confidence Interval

Sensitivity 66.67% 29.93% —92.51%

Specificity 69.41% 58.47-78.95%

Positive Predictive Value 18.75% 11.62% - 28.82%

Negative Predictive Value 95.16% 88.54% - 98.04%

Accuracy 69.15% 58.78% - 78.27%

CxbT and CxbM groups, the study showed an NPV of 96.4% and 95.16%, respectively, which, although slightly lower
than previous multicentre trials with NPVs of 98.5% and 97%, still maintained a high level of reliability and
comparability.

Discussion

Adjunct as Rule Out Test for Urothelial Carcinoma

Several studies have evaluated the effectiveness of Cxbladder in clinical settings. A study comparing Cxbladder to urine
cytology found that Cxbladder demonstrated a sensitivity of 100%, a negative predictive value (NPV) of 100%,
a specificity of 75%, and a positive predictive value (PPV) of 62% in predicting positive cystoscopy findings.'> These
results suggest that Cxbladder is highly effective in ruling out UC, potentially reducing the need for unnecessary
cystoscopies. In comparison, urine cytology tends to be more accurate in identifying high-grade urothelial carcinomas
but may yield false-negative results for low-grade lesions.'

Additionally, research has shown that Cxbladder Monitor significantly outperforms FDA-approved urine tests,
including cytology and UroVysion® FISH, in monitoring patients for recurrent UC. The study reported that Cxbladder
Monitor had a sensitivity of 91% and an NPV of 96%, surpassing the performance of existing urine-based tests.’

Cxbladder has shown to be useful as an adjunct to rule out UC. The high NPV in both CxbT and CxbM is in line with
previous multicentre trials conducted with negative predictive value of 98.5% and 97%. Our single centre results were
slightly lower than this at 96.4% and 95.16% but comparable and acceptable. Statistical pooling of the results of upper
tract imaging with CxbT has shown a slight increase in specificity and positive predictive value and overall accuracy.
However, as Cxbladder is a rule-out test, it does compromise and overall reduce the negative predictive value.

Low-Risk Patients

On subset analysis shown in Figure 1, of all the non-smokers within the study for CxbT. Of these, there were 23 patients
who were deemed low risk (non-smokers, with microscopic or no haematuria). From these patients, 3 were identified to
have superficial bladder cancer, and all were flagged with CxbT. This supports that in this subset of patients they could
have avoided a flexible cystoscopy.
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Figure | Subset Analysis of Cxbladder Triage low-risk patients (Non-smokers, Microscopic or No Haematuria).

False Negatives

In Table 2, within the CxbT, only two false negatives were captured within our trial, and the final histopathology was
superficial non-invasive low grade urothelial carcinoma (TaLG). Concurrent imaging appropriately saw a bladder mass in
one of the cases.

Similarly, in Table 3, within the CxbM, we had three false negatives, and all were TaLG. Two of the three cases
already had TaLG recurrence previously, and in one case, the highest staging of their previous histopathology was
superficial non-invasive high grade urothelial carcinoma (TaHG).

This again supports the idea that Cxbladder is safe and very effective in capturing higher risk cancer.

Limitations

Cxbladder being a specialised urine biomarker that is currently only processed in a laboratory in New Zealand. This can
lead to shipping delays which we did experience resulting in a few samples not reaching in a timely manner resulting in
them being voided and not included in our analysis. This limitation was overcome by discussions with shipping
companies to ensure timely pick-up and delivery.

Conclusion

Within our sample population, we have demonstrated Cxbladder to be a valuable non-invasive adjunctive test for ruling
out urothelial carcinoma, particularly in patients at low risk. Our findings reveal high negative predictive values for both
Cxbladder Triage and Cxbladder Monitor, aligning with prior multicentre trials and high sensitivity when suspecting
urothelial carcinoma.®'® The detection rates in our subset analysis of low-risk patients suggest that Cxbladder can
accurately identify superficial bladder cancer, potentially enabling these patients to avoid more invasive procedures such
as flexible cystoscopy.
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The occurrence of false negatives was minimal and exclusively comprised of low-grade, non-invasive urothelial
carcinomas (TaLG), which underscores the test’s efficacy in detecting higher-risk cancers. Despite logistical challenges
associated with the specialised processing of samples in New Zealand, the overall results affirm the safety and
effectiveness of Cxbladder. These findings collectively endorse Cxbladder as a reliable, non-invasive diagnostic tool,
capable of enhancing patient care by reducing the necessity for invasive procedures while maintaining high standards of
cancer detection.
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