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Abstract.
BACKGROUND: Hematuria is the most frequent presenting symptom in the vast majority of bladder cancer (BC) patients.
The current recommended evaluation of hematuria includes cross sectional imaging and cystoscopy with possible high
negative results, expensive costs and substantial patient burden.
OBJECTIVES: To validate novel urine-based mRNA-dependant tests; Xpert test and urinary metabolomics assay (CRAT
and SLC 25A20genes expression) for BC detection in patients with hematuria.
METHODS: Patients presented with hematuria to our tertiary care hospital were evaluated by CT urogram and office white
light cystoscopy with subsequent inpatient biopsy for positive findings. Voided precystoscopy urine samples were prospectively collected. Xpert test, assay of targeted urinary metabolomics and cytology, were performed. The tests characteristics
presumably were calculated based on the ability to identify BC noninvasively.
RESULTS: Between March 2018 and June 2019, 181 patients were included in the final analysis with mean (±SD) age
62 (±10) years with 168 (92.8%) males. Macroscopic hematuria was encountered in 153 (84.5%) patients with irritative
bladder symptoms in 48 (26.5%) patients. BC was confirmed by cystoscopy/biopsy in 36 (19.9%) patients. The performance
characteristics of Xpert alone (SN: 73%, SP: 83%, NPV: 92%, PPV: 52%) (AUC 0.84, 95% CI 0.75–0.93, p = 0.001),
metabolomics assay alone (SN: 89%, SP: 93%, NPV: 97%, PPV: 78%) (AUC 0.91, 95% CI 0.85–0.98, p < 0.001) and
combination of both test results (SN: 66%, SP: 98%, NPV: 92%, PPV: 97%) (AUC 0.83, 95% CI 0.74–0.93, p = 0.001) were
notably superior to urine cytology (SN: 30%, SP: 84%, NPV: 83%, PPV: 33%) (AUC 0.58, 95% CI 0.47–0.69, p = 0.154) for
BC prediction. Cystoscopy-negative patients (CNP) were followed-up for a median (range) 12 (2–19) months. Re-cystoscopy
was done for 35 patients with persistent symptoms. BC was diagnosed in 6 patients. Xpert and urinary metabolomics results
were observably positive in those 6 patients.
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CONCLUSION: Xpert test and assay of urinary metabolomics (CRAT and SLC 25A20 genes expression) have the potential
for BC detection in hematuria patients. These non invasive urine based tests can help prioritization of the use of invasive
diagnostic tests in systems with long waiting times.
Keywords: Hematuria, bladder cancer, cystoscopy, urine cytology, mRNA, biomarkers

ABBREVIATIONS
BC
CNP
HG
LG
NMIBC
NPV
PPV
SN
SP
TURBT
WLC

Bladder cancer
Cystoscopy-negative patients
High-grade
Low-grade
Non muscle invasive bladder cancer
Negative predictive value
Positive predictive value
Sensitivity
Specificity
Transurethral resection of bladder tumor
White light cystoscopy

INTRODUCTION
Hematuria is the presenting symptom in the vast
majority of bladder cancer (BC) patients [1]. The
incidence of urological malignancies, primarily BC,
diagnosed after work up for hematuria varies from
2–5% in the setting of persistent asymptomatic
microscopic hematuria (AMH) in referred populations [2], reaching up to 10–20% in those with
macroscopic hematuria [3]. Prompt evaluation of
hematuria can lead to earlier BC diagnosis with possible improved survival [4].
Most guidelines strongly recommend computed
tomography (CT) and diagnostic cystoscopy in
patients with macroscopic hematuria and selected
cases with AMH [5, 6]. Despite its high diagnostic
performance, these tools (CT urogram and cystoscopy) are low yield (in cases of AMH-can miss
small lesions), expensive and painful procedure [7].
These aforementioned concerns call for rethinking the diagnostic strategy and to base the evaluation
of patients based on risk factors such as age, gender,
smoking history or carcinogen exposure [8, 9]. Therefore, recent research has focused on biomarkers that
can reliably predict which patients with hematuria are
at high risk for BC [10].
Nowadays, many biomarkers exist for BC detection [10]. Based on the target of their assessment,
these markers include soluble antigens (BTAStat, BTA/TRAK, NMP-22, BCLA-4, survivin),
cellular morphology (urine cytology) and cell

surface antigens (Ucyt, UroVysion and cytokeratins)
[10]. However, most of these tests are associated with
significant limitations, namely, low sensitivity (SN),
specificity (SP), negative predictive value (NPV) and
lacking the capacity for prediction of future risk of
BC [11].
Recently, genomic markers detection tests as
Cxbladder (measures five gene expression; IGF,
HOXA, MDK, CDC and IL8R) were investigated as
a potential detection modality of urothelial BC that
can help triage full urological work up in patients with
hematuria [12].
Xpert test is a novel mRNA-based urine test that
measures five mRNA targets (CRH, IGF2, ANXA10,
ABL1 and UPK1B) in urine. Previous studies had
investigated the feasibility and performance of Xpert
for surveillance of non muscle invasive bladder cancer (NMIBC) [13, 14]. It demonstrated a high SN and
NPV in relation to urine cytology.
On the other hand, metabolic dysfunction has
been implicated in a wide variety of human diseases including BC [15]. Division of tumor cells
is associated with an increased activity of a variety of metabolic pathways. Significant alterations
in the carnitine-acylcarnitine metabolic pathways
were detected in urine speci-mens from BC patients
compared to those of healthy controls [16]. The
expression of six tissue mRNA genes involved in the
carnitine-acylcarnitine metabolic pathway (CPT1A,
CPT1B, CPT1C, CPT2, SLC25A20, and CRAT)
was assessed by Won and colleagues. CRAT and
SLC25A20 were found to be significantly down regulated in BC patients [17].
In this context, we prospectively assessed the performance of Xpert test and urinary metabolomics
assay (mRNA genes expression CRAT and SLC
25A20) for BC detection in patients with hematuria.
DESIGN, SETTINGS, AND PARTICIPANTS
Study population
After approval of the Institutional Review Board
(ID: 18.02.140), patients with hematuria (macroscopic or microscopic) were assessed for eligibility
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to this prospective study. Patients who met these
criteria were asked to participate in this trial and
were included after providing an informed consent
form.
Inclusion and exclusion criteria
Inclusion criteria included patients with gross
hematuria (single or recurrent attacks) or microscopic hematuria (persistent AMH or symptomatic
with irritative bladder symptoms) within 4 weeks of
enrollment. Exclusion criteria involved patients who
had history of BC, pelvic irradiation, coagulopathy or
receiving anticoagulants and patients with upper tract
neoplasm or urolithiasis detected by CT urogram.
Urine cytology, Xpert test and urinary
metabolomics evaluation
Urine cytology evaluation
Precystoscopy voided urine samples were collected form study participants and evaluated
according to the Paris classification system [18].
Suspicious and malignant samples were considered
positive results, while, hyperplastic and negative samples for malignancy were considered negative results.
Xpert test
Precystoscopy voided urine sample was added
to an equal volume of GeneXpert Urine Transport
Reagent within 1 hour of specimen collection. Transferring 4 ml to Xpert cartridge and inserting the
cartridge into the GeneXpert instrument were done.
In the cartridge the urine cells were filter captured
and lased by sonication. The released nucleic acid
was eluted and mixed with dry RT-qPCR reagents,
and the solution was transferred to the reaction tube
for RT-qPCR and detection [19].
Samples were tested to measure5 targets, including ABL1, CRH, IGF2, ANXA10, and UPK1B. ABL1
served as a sample adequacy control for each assay
to ensure sufficient assay input.
Assay of urinary metabolite biomarkers (genes
expression; CRAT and SLC25A20)
RNA was purified with the selected RNA extraction kits: Norgen Total RNA kit, RNA extraction
was performed following the manufacturer’s instructions, the urine samples was incubated with the
Norgen slurry resin and after sedimentation the liquid
supernatant was eliminated and the resin-containing
volume will be preserved with the preservation
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solution. Then the RNA was reverse transcript by
a total volume of 50  l containing 25 l From 1×
TaqMan® Universal PCR with 25 l from 20×
TaqMan® Gene Expression Assay Mix and 22.5 l
of cDNA diluted in RNase-free water. The real-time
PCR conditions was as follows: 1 cycle for 20 seconds (sec) at 96◦ C, followed by 40 cycles of 2 sec at
96◦ C for denaturation, 15 sec at 60◦ C for annealing,
and 15 sec at 72◦ C for extension.
The melting program was performed at 72–95◦ C
with a heating rate of 1◦ C per 45 sec. Data analysis
will be carried out using step one plus RT-PCR, using
the equation 2- ct.Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was analyzed as an
endogenous RNA reference gene and gene expression was normalized to the expression of GAPDH.
The primers used for gene amplification are shown in
(Supplement table). Samples from 50 control healthy
volunteers were retrieved and assessed for CRAT and
SLC 25A20 in the same way. Comparison of results
are illustrated in (Supplement table) showing a significant down regulation in BC patient (p < 0.001).
Upper tract imaging and ofﬁce cystoscopy
procedures
All study participants were thoroughly evaluated
by CT urogram (unless contraindicated; Magnetic
resonance imaging was done) to exclude upper tract
neoplasm or urolithiasis.
All office cystoscopy procedures were done using
flexible white light cystoscopy (WLC). Precise scanning of the bladder was done. Cystoscopy negative
patients (CNP) were defined as patients with no
gross, suspicious bladder lesions or bloody efflux
from ureteral orifices. For all positive or suspicious
cystoscopies, biopsy or TURBT was done within 4
weeks from office cystoscopy.
CNP were followed-up consequently according
to the predetermined protocol (surveillance telephone call every 3 months and advice for clinic
visit for any new hematuria episode). Those with
recurrent hematuria, persistent/aggravated irritative
bladder symptoms were scheduled for re-cystoscopy.
Positive/suspicious re-cystoscopy was evaluated by
biopsy to confirm or exclude malignancy.
Outcome measures
The primary outcome included assessment of the
diagnostic performance of urine cytology, Xpert test
and urinary metabolomics (gene expression CRAT
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Table 1
Patients demographics

Patients characteristics
Mean age in years (±SD)
Sex n (%)
• Male
• Female
Hematuria type n (%)
• Macroscopic
• Microscopic
◦ Asymptomatic
◦ Symptomatic
Diabetes mellitus n (%)
• No
• Yes
Concurrent irritative bladder symptoms n (%)
• No
• Yes
History of urological disorder n (%)
• No
• Yes
◦ Urolithiasis
◦ BOO
◦ UTI
Patients with chronic indwelling bladder FB n (%)
• No
• Yes
◦ Catheter
◦ Bladder stone
Smoking history n (%)
• Never
• Former
• Current
Cytology result n (%)
• Negative
• Positive
Xpert result n (%)
• Negative
• Positive
Metabolomics assay n (%)
• Normal/upregulated
• Down regulated
Cystoscopy findings n (%)
• Free
• bladder lesion
Biopsy findings in positive cystoscopy n (%)
Stage (TNM)
◦ Ta, T1, Tis
◦ ≥T2
Grade (WHO/ISUP 2004)
◦ Low grade
◦ High grade

62 (±10)
168 (92.8)
13 (7.2)
153 (84.5)
28 (15.5)
11 (6)
17 (9.5)
143 (79)
38 (21)
133 (73.5)
48 (26.5)
131 (72.4)
50 (27.6)
15 (8.3)
22 (12)
13 (7.1)
163 (90)
18 (10)
11 (6)
7 (4)
31 (17.1)
92 (50.8)
58 (32)
148 (81.8)
33 (18.2)
131 (72.4)
50 (27.6)
140 (77.3)
41 (22.7)

in terms of number (percentages) or medians
(range)/means (±SD) for categorical and continuous variables, respectively. Chi-square and Fisher
exact tests are used to detect the association between
categorical variables, for the comparison of cytology Xpert monitor, urinary metabolomics as regard
to cystoscopy, McNemar test was utilized. Independent samples t-test or Mann-Whitney U-test was used
whenever appropriate to compare continuous variables. Cox proportional hazards regression was used
for multivariate analysis of hematuria recurrence and
BC detection. A critical two-sided P-value <0.05 was
used for statistically significant differences.
RESULTS
Base line demographics
From March 2018 and June 2019, 204 patients
met the study criteria. After exclusion of patients
with insufficient urine volume, invalid Xpert results
or error in processing of the samples, 181 patients
(168 males, 13 females) with a mean (±SD) age of
62(±10) years were included in the analysis of whom
36 (19.9%) patients showed BC on cystoscopy and
biopsy. Figure (1) demonstrates the study flow chart
while baseline patients’ demographics are illustrated
in Table (1).
Urine cytology, Xpert test, urinary metabolomics
assay and cystoscopy results

30 (83.3)
6 (16.7)

As shown in Table (1), negative cytology was found
in 148 (81.8%) and positive cytology in 33 (18.2%)
patients. Xpert test and (CRAT and SLC25A20) urinary metabolomics assay came to convey negative
results in 131 (72.4%), 129 (71.3%) patients and
positive results in 50 (27.6%), 52 (28.7%) patients,
respectively.

7 (19.5)
29 (80.5)

Outcome measures

145 (80.1)
36 (19.9)

UTI, Urinary tract infection; BOO, Bladder outlet obstruction; FB,
Foreign body.

and SLC25A20) for BC detection in patients with
hematuria. Subsequently, SN, SP, NPV and positive
predictive value (PPV), were determined.
Statistical analysis
All data were computed using IBM statistical
software v. 20. Descriptive statistics were reported

The clinical performance characteristics of Xpert
monitor, urinary metabolomics assay and urine cytology is clarified in Table (2). The overall SN and SP
of Xpert monitor are 73.7% (95% CI: 67–79), 83.4%
(95% CI: 79–88), while for urinary metabolomics
assay, it is88.9% (95% CI: 85–92), 93.8% (95% CI:
91–96), respectively. The NPV of Xpert test and urinary metabolomics assay are 92.4% (95% CI: 89–96)
and 97.1% (95% CI: 85–99), respectively.
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Fig. 1. Study flow chart.

Combination of both Xpert and metabolomics
assay did not showed an improvement of performance
characteristics in terms of SN and NPV (Table 2).
On multivariate analysis in Table (3), positive Xpert
test and urinary metabolomics assay were independently associated with BC in study participants
(p < 0.001).
As shown in Fig. (2), receiver operator characteristics (ROC) curve showed superiority of Xpert alone,
metabolomics assays alone or combination of both
tests for BC prediction as compared to urine cytology.

CNP (145) were monitored by regular cystoscopy
according to the predetermined protocols for a
median (range) period of 12 (2–19) months. Out
of 119 patients who completed the follow up,
persistent /aggravated symptoms (hematuria or irritative bladder symptoms) were encountered in 35
(29.5%) patients. Re-cystoscopy was repeated in
those patients, showing BC in 6patients. The pathology in all of these 6 patients were NMIBC (Ta/1T1
in 5 patients and CIS in 1 patient) while the tumor
grade was low and high grade in 4 and 2 patients,
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Table 2
Cross table of Xpert monitor, urinary metabolomics, combination and urine cytology in comparison to cystoscopy result in study participants
Bladder cancer by
cystoscopy and biopsy

Diagnostic characteristics

Positive

Negative

Total

Xpert monitor alone
Positive Count
Negative Count
Total Count

26
10
36

24
121
145

50
131
181

Urinary metabolomics (gene expression CRAT, SLC25A20) alone
Down regulated Count
Normal/Upregulated Count
Total Count

32
4
36

9
136
145

Combination of Xpert and metabolomics assay
Positive Count
Negative Count
Total Count

22
14
33

Urine cytology
Positive Count
Negative Count
Total Count

11
25
36

% (95%CI)
SN
SP
PPV
NPV

73.7% (95%CI: 67–79)
83.4% (95%CI: 79–88)
52% (95%CI: 24–37)
92.4% (95%CI: 89–96)

41
140
181

SN
SP
PPV
NPV

88.9% (95%CI: 85–92)
93.8% (95%CI: 91–96)
78% (95%CI: 75–81)
97.1% (95%CI: 95–99)

2
143
145

24
157
181

SN
SP
PPV
NPV

66.7% (95%CI: 63–70)
98% (95%CI: 97–100)
97.6% (95%CI: 95–99)
92.8% (95%CI: 89–95)

22
123
145

33
148
181

SN
SP
PPV
NPV

30.6% (95%CI: 27–44)
84.8% (95%CI: 79–88)
33.6% (95%CI: 30–37)
83.1% (95%CI: 80–86)

CRAT, carnitine O-acetyltransferase; SLC25A20, solute carrier family 25 [carnitine/acylcarnitine translocase (CACT)]; SN, sensitivity; SP,
specificity; PPV, positive predictive value; NPV, negative predictive value.

respectively. Notably, Xpert test and (CRAT and
SLC25A20) urinary metabolomics assays were positive in these 6 patients.

DISCUSSION
Hematuria is a considerable health problem that
can imply serious underlying pathology with an incidence of urinary tract malignancies in approximately
2–5% in patients with microscopic hematuria [20]
and 10–20% in those with macroscopic hematuria
[21]. Most of the available recommendations for
investigating a patient with hematuria follow much
the same way. As a first step, a detailed history is taken
and search for glomerular disease is exhausted. Further urological evaluation with imaging of the upper
tract and cystoscopy is recommended on the basis of
further risk calculation (Age, macroscopic hematuria,
smoking history) [22].
These invasive diagnostic tools (CT and cystoscopy) are limited by its financial cost, emotional
impact and potential adverse events [23, 24]. In addition, possible delay between initial presentation and
scheduling of these diagnostic procedures may negatively influence the outcomes for BC patients [25].

The introduction of such a non invasive test that can
triage patients with hematuria, might be a helpful step
in improving practice among those peculiar group of
patients (prioritization for invasive work up).
Urine cytology is a non-invasive adjunct to cystoscopy. It has a high SN for detecting high-grade
(HG) urothelial BC, but SN for detection of lowgrade (LG) tumors ranged from only 4 to 31%
[26]. Furthermore, the accuracy of cytology is
pathological-dependent and is thus not of high quality in all places. Other urine-based markers (BTA stat,
BTA TRACK, Survivin) and cell-based (UrovysionuCyt+™, DD23) assays were evaluated over the last
decades to assess its performance characteristics for
BC detection [27].
In this study, we evaluated the diagnostic performance characteristics of two novel urine-based RNA
tests; Xpert and urinary metabolomics assay (gene
expression CRAT and SLC25A20) as a preliminary
step for triage patients with hematuria. In addition, the
performance of voided urine cytology was assessed
in our cohort.
Xpert showed a higher SN (73% vs. 30%) and NPV
(92% vs. 83%) when compared to urine cytology. On
the other hand, the SP of Xpert was slightly lower than
cytology (83% vs. 84%). Our results go hand in hand
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Table 3
Univariate and multivariate analyses for predictors of positive cystoscopy for bladder malignancy
Patient and tumor characteristics

Mean age in years (±SD)
Gender n (%)
• Male
• Female
Hematuria type n (%)
• Macroscopic
• Microscopic
Concurrent irritative bladder symptoms n (%)
• No
• Yes
History of urological disorder n (%)
• No
• Yes
Patients with chronic indwelling bladder FB n (%)
• No
• Yes
Smoking status n (%)
• Never
• Former
• Current
Cytology result n (%)
• tNegative
• Positive
Xpert result n (%)
• Negative
• Positive
Metabolomics result n (%)
• Normal
• down regulated
Combination of Xpert and Metabolomics results n (%)
• Negative
• Positive

Bladder cancer by
cystoscopy
and biopsy
No
N (%)

Yes
N (%)

63.1 (1.1)

58 (2.1)

136 (93.8)
9 (6.2)

34 (88.9)
4 (11.1)

123 (84.8)
22 (15.2)

30 (83.3)
6 (16.7)

122 (84.1)
23 (15.9)

11 (30.5)
25 (69.5)

107 (73.8)
38 (26.2)

24 (66.7)
12 (33.3)

131 (90.3)
14 (9.7)

32 (88.9)
4 (11.1)

26 (17.9)
72 (49.7)
47 (32.4)

5 (13.9)
20 (55.6)
11 (30.5)

123 (84.8)
22 (15.2)

25 (69.5)
11 (30.5)

121 (83.4)
24 (16.6)

10 (27.8)
26 (72.2)

118 (81.4)
27 (18.2)

11 (30.5)
25 (69.5)

143 (98.6)
2 (1.4)

14 (38.9)
22 (61.1)

Univariate analysis
HR(95%CI) p value

Multivariate analysis
HR (95%CI) p value

1.01 (0.9–1.03) 0.47
1.7 (1.13–2.54) 0.29

1.4 (0.95–1.85) 0.8

2.2 (1.48–3.30)<0.001

1.9 (1.54– 2.44)<0.001

1.12 (4.6–1.98) 0.41
1.15 (0.68-1.94) 0.77

1.4 (0.87– 2.13) 0.77

1.17 (0.74–0.1.64) 0.55

with the findings of Valenberg et al. which showed
a higher SN (74%) and NPV (93%) of Xpert [14].
Valenberg and his co workers demonstrated a higher
NPV (98%) for HG tumors. In subgroup analysis of
our cohort, NPV for HG tumors reached 100%. These
matched findings confirm the fact that negative Xpert
allows to consistently exclude BC.
In LG tumors, Xpert demonstrated a high SN when
compared to urine cytology (71% vs. 21%). This outcome matches with the results of Pichler et al., which
showed a maintained high SN of Xpert in LG tumors
(77%) [13]. These -in line-findings confirm the superiority of Xpert over urine cytology in LG tumors,
and, provide a reliable non invasive method for BC
detection especially in those set of patients (low and
intermediate risk NMIBC).
Similarly, urinary metabolomics assays in our
study for BC detection achieved superior performance when compared to cytology (SN: 88% vs. 30%

2.38 (1.74– 2.95)<0.001

2.1 (1.78– 2.54) 0.006

2.47 (1.84– 3.12)<0.001

2.24 (1.81–2.71) 0.001

2.41 (1.79– 3.02)<0.001

2.19 (1.74–2.49) 0.003

and NPV: 97% vs. 83%). Notably, these diagnostic
characteristics were maintained in LG tumors (SN:
82% and NPV: 95%). The present data generated
by the use of urinary metabolomics (mRNA-based
gene expression CRAT and SLC25A20), externally
validated the previous presented data by Won et al
[17].
The need for repeated evaluation in patients
with hematuria after an initial negative work-up is
questionable. Although the data on which to base
recommendations for hematuria follow-up care is
limited, consideration may be given to reevaluating
any patient with gross hematuria or persistent AMH
with a smoking history at two to five years [28].
In our study, 119 initially CNP completed
median follow up of 12 months. Re-cystoscopy
was needed in 35 (29.5%) patients, of whom, 6
(5%) patients showed BC. Notably, Xpert and urinary metabolomics assays were positive in those 6
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Fig. 2. Receiver operator characteristics (ROC) curve for Xpert test alone, metabolomics assay alone, combination of both and urine cytology
for bladder cancer detection in study cohort.

patients. This can imply that these tests may have a
predictive role to consider more helpful diagnostic
tools as blue light cystoscopy or close surveillance for initial CNP with positive Xpert or urinary
metabolomics assay; however, larger sample studies
with long follow up are warranted to check this point.
These promising results of Xpert and urinary
metabolomics assays (high SN and NPV, possible
predictive capacity) may be additive tools for risk categorization of patients with hematuria, in addition to
other risk factors (smoking, occupational exposure),
to triage patients who are prior to invasive cystoscopy
and CT. Moreover, Xpert is an easy computerized test,
does not an expert lab or investigator to do. These
criteria alleviate the impact of training status and
experience of the laboratory staff on test performance.
Our work is the first study to assess the performance of these urine-based mRNA tests (Xpert and
urinary metabolomics assay) for BC detection in
hematuria patients with an average follow-up of CNP.
As well, single center nature of our study excluded
test handling and execution errors.
Our study is limited by inclusion of low number of
positive cases. Lack of follow up urinalysis in CNP is

another considerable limitation in our study, however
the nature of our institute (referral center covering a wide population area) was the main obstacle
in recruiting such clinically asymptomatic patients
for urinalysis (Compliance issues). Future prospective multicenter studies are warranted to validate our
results for heterogeneous populations and to determine any added value in the use of these tests, costs,
misinterpretation, and the emotional stress encountered by both patient and physician in assessing the
reliability of these markers before application in ‘routine’ clinical use.

CONCLUSIONS
Xpert test and assay of urinary metabolomics (gene
expression CRAT and SLC25A20) have the potential for BC detection in hematuria patients with high
performance compared to urine cytology. These non
invasive urine based tests can help prioritization the
use of invasive diagnostic tests in systems with long
waiting times. External validation and cost analysis
for wide popularization are warranted.
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