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Abstract

Background/Objectives: Haematuria is a common presenting symptom of Urothelial Car-
cinoma (UC). Traditionally, the “triple workup”—comprising flexible cystoscopy, voided
urine cytology and upper tract imaging is used as the standard diagnostic approach for
evaluating these patients. However, these investigations can be invasive, time-consuming,
and costly. Cxbladder, a urine based genomic biomarker, utilises a non-invasive, singular
urine sample to calculate probability of UC based on a patient’s risk factors and gene
expression. The aim of Cxbladder is to establish patients with a high probability of no UC
being present, which suggests that the traditional investigations are not required. This
study evaluates the performance of Cxbladder Triage compared to the standard triple
workup in patients presenting with haematuria, excluding a diagnosis of UC. Methods:
A prospective, observational study was conducted at a single Australian tertiary hospital.
A total of 258 patients, who presented with haematuria from 2020 to 2023, underwent
both a Cxbladder Triage test and standard triple workup, comprising three urine cytology
samples, imaging and a flexible cystoscopy. Some patients required either a bladder biopsy
or tumour resection to further diagnose and treat a suspected UC. Diagnostic accuracy was
assessed using sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV) and the proportion of missed tumours. Results: Overall, 5.4% of patients,
presenting with haematuria were diagnosed with UC (n = 14). Cxbladder Triage demon-
strated a sensitivity of 92.9% (95% confidence interval [CI]: 66.0-99.8) and an NPV of 92.9%
(95% CI: 66.0-99.8). This was higher than cytology alone, which recorded a sensitivity of
42.9% (CI 9.9-81.6%) and NPV of 78.9% (95% CI: 54.4-94.0) for the detection of UC. When
cytology and imaging were combined to investigate UC, the sensitivity and NPV recorded
were 75.0% (95% CI: 42.8-94.5) and 80.0% (95% CI: 51.9-95.8), respectively. The proportion
of UC cases missed by Cxbladder Triage was 6.7% (1 = 1). Conclusions: In our cohort of
patients presenting with haematuria, Cxbladder Triage offers a non-invasive alternative to the
traditional workup for the detection of UC, with both a high sensitivity and NPV. Cxbladder
Triage offers an alternative diagnostic workup for low-risk patients, which has the potential to
reduce unnecessary invasive tests, procedures, and cost to the healthcare system.
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1. Introduction

Urothelial Carcinoma (UC) can affect any body surface where urothelium is present. It is
often divided into three categories, depending on the location it affects: bladder cancer (BC),
upper tract UC (UTUC) and urethral carcinoma. BC accounts for 90-95% of all UC, with UTUC
the next most common (5-10%), followed by urethral carcinoma (1%) [1]. BC is the tenth most
common cancer diagnosed worldwide when accounted for sex and has an incidence rate of
9.5 in men and 2.4 in women (per 100,000 person/years) [2]. The mortality rate for BC, when
standardised for age, is 3.3 in men and 0.86 in women (per 100,000 person/years) [2].

One of the most common presenting symptoms for UC is haematuria and when visible
haematuria (VH) is present it is associated with a higher stage of disease upon diagnosis,
compared to nonvisible haematuria [3]. When suspecting a diagnosis of UC, a thorough
history and physical examination should be undertaken along with upper tract imaging.
Computed tomography urography (CTU) is commonly performed to detect any filling
defects and /or hydronephrosis, which may represent the presence of UC [4,5]. Although,
when BC is diagnosed, the incidence of UTUC on baseline CTU is low (1.8%), leading some
to question its utility [6-8]. When BC is located near the trigone, the incidence of UTUC on
baseline imaging increases to 7.5% [7].

The gold standard for diagnosis of BC is cystoscopy followed by histopathological
diagnosis of any suspicious tissue with a bladder biopsy or transurethral resection of
the bladder (TURBT) [9]. However, these procedures are not without risks and is an
invasive endoscopy, which requires local and systemic anaesthetic, equipment, theatre time,
trained staff and can also cause patient discomfort [10]. Alongside cystoscopy and upper
tract imaging, voided urine cytology is used to complete the traditional triple workup of
haematuria. Using the Paris System, which was developed in 2022, cytology results are
classified as negative for UC, atypical, suspicious for high grade (HG) UC, malignant or
inadequate for diagnosis [11]. It is less invasive than other investigations and is useful
for the detection of HG UC, with a high specificity at 98% [12,13]. Yet, cytology poses
a problem for detecting low grade (LG) UC and carcinoma in situ (CIS) due to its low
sensitivity, reported at 40% and between 28-100%, respectively, for LG UC and CIS [13,14].
Lastly, cytology results. which are either atypical or negative, do not exclude the presence
of UC, requiring patients to still undergo cystoscopy to further assess [15]. Together, this
negates the use of cytology as a standalone diagnostic test and draws attention to other
investigations, which could reduce unnecessary and costly procedures.

Subsequently, there has been a focus on the role of non-invasive biomarkers in the
diagnostic workup of UC, although none have yet been accepted as routine clinical prac-
tice [16]. Ideally, this biomarker has a high sensitivity and high negative predictive value
(NPV), which in the workup of haematuria, could be used to exclude a diagnosis of UC. A
negative result for the biomarker may also reduce the need for traditional investigations,
such as cystoscopy and biopsy and/or resection, if UC can be safely excluded. One of these
biomarkers is the Cxbladder test (Pacific Edge Ltd., Dunedin, New Zealand), which measures
the concentrations of five genes in a urine sample via a messenger ribonucleic acid (mRNA)
test (quantitative reverse transcription polymerase chain reaction) [17,18]. There are different
subtypes of this biomarker, which can be used for the evaluation of patients presenting with
haematuria (Cxbladder Detect and Cxbladder Triage) and to investigate for a recurrence of UC
(Cxbladder Monitor) [19]. This study investigated the utility of Cxbladder Triage, which uses
a mathematical equation to calculate a Cxbladder score, representing the probability of UC
being present [20]. The score incorporates the level of biomarker expression and a patient’s
risk factors for UC (age, smoking and gender) [20]. The Cxbladder score is categorised as
either having a low probability of UC or requiring further investigation with a standard
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workup [18,20]. The aim is to determine patients with a low probability of UC being present,
safely excluding the need to undergo further investigations for haematuria workup.

2. Materials and Methods

This study was designed to compare the traditional workup of haematuria to Cxblad-
der Triage for excluding the diagnosis of UC. A prospective, observational study was
performed at a single Australian tertiary hospital and ethics approval was granted by
the Western Health Ethics Panel (HREC/19/WH/57718). A total of 258 patients, who
presented with haematuria, were consecutively recruited from 2020 to 2023. Inclusion
criteria comprised patients > 18 years referred for evaluation of haematuria without a
previous diagnosis of UC. Exclusion criteria consisted of recent instrumentation of the
urinary tract, urinary tract infection (UTI) and/or positive urine culture or ongoing VH.
Eligible patients with a positive urine culture and/or symptoms of a UTI were treated
with antibiotics before clear urine specimens were obtained for evaluation with cytology
and Cxbladder Triage. Patients underwent both a Cxbladder Triage test and the standard
workup for haematuria, comprising three urine cytology tests, upper tract imaging (most
commonly CTU) and a flexible cystoscopy. For patients that required additional TURBT or
bladder biopsy, tissue specimens were categorised as either benign or UC. The stage of UC
was classified according to tumour—node-metastasis (TNM) classification, and the grade of
UC was determined by the 2004 World Health Organization (WHO)/International Society
of Urological Pathology (ISUP) classification system for urothelial neoplasms. Diagnostic
accuracy was assessed using sensitivity, specificity, positive predictive value (PPV) and
NPV as well as documenting the proportion of missed tumours. Patients recruited were
asked to provide a midstream urine (MSU) sample for both urine cytology and Cxbladder
Triage tests. These were analysed in the same laboratory at a single tertiary centre. The re-
sults of the Cxbladder Triage test were recorded but did not influence clinical management
of patients being investigated for haematuria. The traditional triple workup was performed
for all patients, regardless of the Cxbladder Triage result.

Descriptive statistics recorded for our patient cohort comprised age, gender and smok-
ing status (pack-years). The number of pack-years was defined as the product of the
number of packs of cigarettes smoked per day and duration of time (years smoked). One
pack of cigarettes was defined as 20 cigarettes. Cytology, upper tract imaging and Cxblad-
der Triage results were analysed with sensitivity and NPV for histologically confirmed
diagnoses of UC. For comparison of Cxbladder Triage with traditional investigations for
haematuria, three cohorts were described. A cohort was each described for patients with
either positive or negative Cxbladder Triage and cytology results. An additional cohort
was described to include both imaging and cytology results to further compare its utility
with the Cxbladder Triage test. For this cohort, a positive result was defined as a positive
cytology result or imaging that was suspicious for malignancy. A negative result was
defined as a patient having both negative cytology and imaging findings that were not
suspicious for malignancy. For simplification of the cytology results, a binary system was
employed to classify cytology as either positive or negative. A positive result was defined
as either atypical, suspicious or malignant urine cytology. A negative result was defined
as negative urine cytology. Similarly, Cxbladder Triage results were classified as either
positive or negative. A positive Cxbladder Triage result was defined as a score requiring
further investigation to evaluate the presence of UC and a negative result was defined as a
score which had a low probability for the presence of UC. For upper tract imaging results,
a positive or negative result was determined based on findings suspicious for malignancy.
A positive imaging result was defined as the presence of any of the following: mass, filling
defect, hydronephrosis or thickening of urothelium or signs of metastasis. A negative result
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was defined as the absence of any suspicious findings. Only patients who had cytology,
upper tract imaging and Cxbladder Triage results were eligible for analysis and those with
incomplete data were excluded.

Statistical analysis was undertaken for patients who met the inclusion criteria as
described above. Patient demographics including age and gender were summarised
with descriptive statistics. Categorical variables were described using frequencies and
percentages. The sensitivity and NPV were calculated using a 95% confidence interval (CI).
All analyses were performed using Excel (Microsoft Corporation, Redmond, CA, USA) and
SPSS version 30.0 (SPSS Inc., IBM Corp., Armonk, NY, USA).

3. Results

The median age of the study population was 60 years old. In total, 60.1% of patients
were male (n = 155) and 39.9% were female (n = 103). Overall, 38.0% of patients had a
smoking history of >5 pack years (1 = 98). Most patients were investigated for macroscopic
haematuria (83.3%, n = 215) and 16.7% (n = 43) presented with microhaematuria. The most
common type of upper tract imaging was CTU (n = 256, 99.6%), with only two patients
undergoing an ultrasound of the renal tract instead. These patients were younger in age
without high-risk features of UC and were presented with microscopic haematuria; 58.1%
of patients (n = 150) had a negative Cxbladder Triage result and 38.4% (n = 99) were
positive; 3.5% (n = 9) of patients recorded a Cxbladder Triage failure result, which meant
a risk stratification for UC could not be generated; 76.0% of patients recorded a negative
cytology result (n = 196) and 7.0% (n = 18) were positive; 15.5% of patients (n = 40) did not
produce a urine cytology result; 4.3% (n = 11) of patients had suspicious imaging findings
for malignancy and 74.4% of patients (n = 192) had unremarkable imaging; 9.7% of patients
(n = 25) failed to complete upper tract imaging.

The sensitivity for histologically confirmed UC cases for Cxbladder Triage, cytology
alone and combined cytology and imaging results in all patients presenting with haematuria
were 92.9% (95% CI: 66.0-99.8), 42.9% (95% CI: 9.9-81.6) and 75.0% (95% CI: 42.8-94.5),
respectively. The NPVs for the same groups were, respectively, 92.9% 95% CI: 66.0-99.8),
78.9% (95% CI: 54.4-94.0) and 80.0% (95% CI: 51.9-95.8). Sensitivity and NPV values were
also calculated for the subset of patients presenting with microscopic and macroscopic
haematuria separately (Table 1).

Table 1. The sensitivity and negative predictive values for histologically confirmed UC cases for
Cxbladder Triage, cytology alone and combined cytology and imaging results in patients presenting
with haematuria. Separate calculations have been performed for macroscopic and microscopic
haematuria. Sensitivity and NPVs are presented as percentages with a 95% CI. UC = urothelial
carcinoma; NPV = negative predictive value. CI = confidence interval.

Cytology Cytology/Imaging CxBladder

Sensitivity NPV Sensitivity NPV Sensitivity NPV
Haematuri 42.9% 78.9% 75.0% 80.0% 92.9% 92.9%
aematuria 9 9_g1.6) (54.4-94.0) (42.8-94.5) (51.9-95.8) (66.0-99.8) (66.0-99.8)
Macroscopic  40.0% 75.0% 77.8% 75.0% 100% 100%
haematuria (11.9-79.4) (47.0-91.7) (40.0-97.2) (34.9-96.8) (71.5-100.0) (66.4-100.0)
Microscopic  66.7% 85.7% 66.7% 85.7% 66.7% 80.0%
Haematuria  (9.4-99.2) (42.1-99.6) (9.4-99.2) (42.1-99.6) (9.4-99.2) (28.4-99.5)

Patients who required further investigation for UC underwent additional procedures
with either a bladder biopsy or TURBT. No upper tract tumours were identified in this
population on CTU. Occasionally, cystoscopy revealed other causes for haematuria, for which
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clinicians recommended alternative procedures, such as transurethral resection of the prostate
(TURP), video urodynamic studies (VUDS) or cystolithopaxy. Most patients (82.5%, n = 212)
did not require any further investigation after an unremarkable cystoscopy. From the study
population, 51 patients underwent an additional procedure and 5.4% of patients (1 = 14) were
diagnosed with UC. 1 patient had carcinoma in situ (CIS), 4 with LG UC and 9 with HG UC.
A total of 29 patients that underwent an additional procedure had a benign tissue result with
no evidence of UC. Then, 1 patient was diagnosed with prostatic adenocarcinoma invading
into the bladder and 1 patient was recommended to undergo a TURBT based on cystoscopic
examination but declined surgery. Further classification of patients diagnosed with UC can be
visualised in the chart (Figure 1) and the different types of additional procedures performed
can be seen in the table below (Figure 2). The frequency of patients diagnosed with UC based
on investigations for haematuria is described below in Figure 3.

Distribution of Urothelial Carcinoma (n=14)

mlgla mlgll mHgTa mHgTl mHgT2 mCIS

Figure 1. Classification of UC as per the 2004 World Health Organization (WHO)/International
Society of Urological Pathology (ISUP) classification system for urothelial neoplasms. LgTa = low
grade non-invasive UC; LgT1 = low grade UC with lamina propria invasion; HgTa = high grade
non-invasive UC; HgT1 = low grade UC with lamina propria invasion; HgT2 = high grade UC with
muscularis propria invasion; CIS = carcinoma in situ; UC = Urothelial Carcinoma.

Frequency of Additional Procedures Performed After
Haematuria Workup

Cystectomy

Urethral Biopsy

Laser lithotripsy +/-stent insertion
Ureteric washings

VUDS

Flexible Cystoscopy Surveillance
Rigid cystoscopy alone

TURP

HoLEP

Bladder neck Incision

Cystolithopaxy
TURBT
Bladder Biopsy

o
v

10 15 20 25
Figure 2. The distribution of additional procedures performed following the standard triple workup

for haematuria. VUDS = video urodynamic studies; TURP = transurethral resection of the prostate;
HoLEP = Holmium Laser Enucleation of the Prostate; TURBT = transurethral resection of bladder tumour.
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Frequency of Urothelial Carcinoma Cases
Based on Investigations for Haematuria
Cxbladder- 1 13
13 16
Cxbladder +
i o i |2
Imaging and Cytology 3 - 10
Imaging or Cytology +
Cytology - 4 15
3 i
Cytology +
0 e 10 15 20 25 30 35

uc no uc

Figure 3. The frequency of positive and negative results for Cxbladder Triage, cytology alone and
combined cytology and imaging results, compared with the frequency of histologically confirmed
UC cases. UC = Urothelial Carcinoma.

4. Discussion

Our study found that Cxbladder performed better than both cytology alone as well as
cytology and imaging combined, in excluding a diagnosis of UC. This was demonstrated
by the Cxbladder test recording a higher NPV (92.9%, 95% CI: 66.0-99.8) and sensitivity
(92.9%, 95% CI: 66.0-99.8). This shows the utility of Cxbladder as a good rule-out test
for UC. Our findings are in keeping with those in the literature, including a multicentre
analysis of patients presenting with haematuria in Australasia (1 = 485), which found a high
sensitivity for CxBladder (81.8%) in the detection of UC, as compared to cytology (56%, 95%
CI: 48.3, 68.3) [20]. However, cytology had high specificity (94.5%, 95% CI: 91.9, 96.5), which
underscores the trade-off between sensitivity and specificity that exists for molecular tests.

Cxbladder also has downstream benefits for reducing invasive tests, and thus, reduce
the burden on healthcare systems. This concept was emphasised by Darling et al. [21],
which evaluated whether Cxbladder Triage and Detect modalities impacted the num-
ber of investigations originally recommended for patients presenting with microscopic
haematuria (n = 33). This study analysed 792 decision points in the haematuria workup
of 12 urologists and demonstrated that the addition of Cxbladder test results reduced the
number of cystoscopies and CTU performed by 44% and 20%, respectively [21]. Addi-
tionally, Cxbladder has demonstrated cost-effectiveness for implementation into clinical
pathways for patients presenting with haematuria and BC surveillance. In an Australian
study, which evaluated the use of CxMonitor for BC surveillance instead of cystoscopy
(n = 98), there was a reduction of 850 Australian Dollars (AUD) for each cystoscopy avoided
and an overall savings of AUD 78,200 [22].

A downside of cytology is that interpretation of results is user dependent and an
experienced cytopathologist is needed to improve accuracy [23]. Yet even if an experienced
pathologist is utilised, there is still a high rate of false-negative results for urine cytology [23].
In our study, urine cytology missed 57.1% (n = 4) of UC cases but Cxbladder only missed
7.14% (n = 1). In the DETECT 1 study that recruited patients referred for haematuria
investigation across 40 hospitals in England, 567 patients underwent urine cytology, and
there was a total of 21 BC and 5 UTUC cases missed [24]. Of the cases missed in this study,
19% (n = 4) were >pT2 and 38% of all missed cases were high-risk UC [24]. The sensitivity
of cytology in the DETECT 1 study was also low at 43.5% but did improve to 90.2% when
analysing patients with either suspicious imaging CTU results for UC or positive urine
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cytology [24]. In our cohort, when cytology was combined with imaging studies, there was
an increase in sensitivity (75.0%, 95% CI: 42.8-94.5) and NPV (80.0%, 95% CI: 51.9-95.8),
but 25% (1 = 3) of UC cases were missed. The only patient in our study diagnosed with UC
was missed by Cxbladder and also not correctly identified by cytology or imaging. Together,
we see that cytology will likely miss a proportion of muscle invasive BC and/or high-risk UC.
Yet, when combined with other modalities, such as CTU, the sensitivity of detection of UC
increases drastically, underlining cytology’s role as an adjunct in the workup of haematuria.

On the other hand, the current position of the European Association of Urology (EAU)
guidelines on urinary biomarkers recommends their use only as adjuncts to cystoscopy
rather than standalone diagnostic tests for UC [9]. In our cohort, we found that Cxbladder is
excellent for excluding patients that do not have UC, with the specificity and PPV of the test
remaining low at 55.2% and 44.8%, respectively. This area continues to be an area of active
research with other biomarkers, such as CellDetect and UroVysion, which show promise in
the primary detection of UC and like Cxbladder, have demonstrated superior sensitivity and
NPV results compared to cytology [21]. These other biomarkers do however tend to also
sacrifice specificity for increased sensitivity [11]. Other biomarkers have subsequently been
developed to improve on this limitation including Xpert®-BC-Detection (Cepheid, Sunnyvale,
CA, USA) and the Bladder EpiCheck test (Nucleix, Rehovot, Israel). For comparison, Xpert®—
BC-Detection, which evaluates five mRNA targets linked to BC, has been shown to have both
high sensitivity (90%) and NPV (98%) in a prospective study of 156 patients presenting with
haematuria [25]. The Bladder EpiCheck test instead analyses fifteen different methylation
biomarkers to generate an EpiScore and determine the likelihood of an underlying UC being
present [26,27]. This test has been evaluated in a review by Mancini et al. [28] of eight
prospective cohort studies (1 = 1993), highlighting a sensitivity of detecting all grades of UC
between 62.3 and 90% and a high NPV of 89.4-97.4%.

The trade-off between sensitivity and specificity is reflected in our study results, which
found that cytology had a higher specificity (68.2%) compared with Cxbladder (55.2%).
Together, we see the utility of the Cxbladder Triage test as an adjunct to cystoscopy in the
primary detection of UC for patients presenting with haematuria, which has been shown to
outperform cytology alone and cytology combined with imaging.

One limitation of this study was that the cytology results were not interpreted by the
same cytopathologist, which can lead to some variation in results. Cytology reporting de-
pends on the individual reporting, and a high level of experience can improve accuracy [23].
Additionally, positive voided urine samples included atypical cytology given that a portion
of these patients may be diagnosed with UC [29]. Atypical cytology can also result from
benign conditions such as stone disease or inflammation, yet it is important to not exclude
cases, which may represent underlying malignancy. With a larger sample size, future stud-
ies could restrict classification of a “positive” group to only include suspicious or positive
results for cytology. Without these constraints, the specificity of cytology for diagnosis of
UC may artificially deflated and the superiority of Cxbladder overemphasised. Further
limitations of this study include its monocentric design and small number of confirmed
cases of UC (n = 14), which limit its statistical power. Lastly, there was no cost-effectiveness
analysis performed to evaluate Cxbladder Triage in our health service. This may also be
useful to produce in future research to optimise the haematuria referral pathway.

5. Conclusions

In our study, Cxbladder Triage demonstrated a high diagnostic accuracy in excluding
low-risk patients who do not have UC. It offers a potential non-invasive alternative to reduce
unnecessary invasive procedures for the workup of haematuria. Future studies that incorpo-
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rate a larger number of UC cases in a multicentric design may provide deeper insight into the
utility of Cxbladder Triage when compared with the traditional evaluation of haematuria.
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Abbreviations

The following abbreviations are used in this manuscript:

ucC Urothelial Carcinoma
BC Bladder Cancer
PPV Positive Predictive Value

NPV Negative Predictive Value

UTUC  Upper Tract Urothelial Carcinoma

VH Visible Haematuria

CTU Computed Tomography Urography
TURBT Transurethral Resection of Bladder Tumour

HG High Grade
LG Low Grade
CIS Carcinoma in situ

mRNA  Messenger Ribonucleic Acid

Ltd Limited Company

MSU Midstream Urine

WHO  World Health Organisation

Isupr International Society of Urological Pathology

TURP Transurethral Resection of the Prostate

VUDS  Video Urodynamic Studies

LgTa Low Grade Non-Invasive Urothelial Carcinoma

LgT1 Low Grade Urothelial Carcinoma with Lamina Propria Invasion
HgTa High Grade Non-Invasive Urothelial Carcinoma

HgT1 High Grade Urothelial Carcinoma with Lamina Propria Invasion
HgT2 High Grade Muscle Invasive Urothelial Carcinoma

HoLEP  Holmium Laser Enucleation of the Prostate

CI Confidence Interval

EAU European Association of Urology
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