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Abstract
Aims Cystoscopy and urine cytology represent the gold
standard for monitoring superficial bladder cancer (BC).
Xpert BC Monitor is a new urinary marker based on
the evaluation of five target mRNAs overexpressed in
patients with bladder cancer. The aim of our study was to
evaluate the diagnostic accuracy of Xpert BC Monitor in
follow-up of patients with non-muscle invasive bladder
cancer (NMIBC).
Methods 230 patients were included in this
prospective study. Xpert BC Monitor cut-off was set to
0.5. Sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) of cytology, Xpert
BC Monitor and their combination were calculated and
compared with cystoscopy/histology.
Results 52/230 patients showed a NMIBC recurrence,
45 low grade (LG) and 7 high grade (HG). Overall
sensitivity was 11.5% for cytology, 46.2% for Xpert
BC Monitor and 48.1% for the two tests combined.
Sensitivity of cytology increased from 4.4% in LG to
57.1% in HG tumours whereas for the Xpert BC Monitor
it was 40% in LG and 85.7% in HG tumours. Combined
cytology and Xpert BC Monitor yielded an overall
sensitivity of 42% for LG and 85.7% for HG. Overall
specificity was 97.2% for cytology, 77% for Xpert BC
Monitor and 75.8% for the two tests.
Conclusions Sensitivity for the Xpert BC Monitor
Test was significantly higher than for cytology. The test
performed very well in terms of specificity but could
not reach the value of cytology, while PPV and NPV
performed approximately the same for both tests.
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Almost 80% of superficial bladder cancers are
low grade and low stage and have a non-invasive
behaviour.1 Nevertheless, they are characterised by
a high recurrence rate, which distinguishes them
from other types of bladder cancer.
A prompt and correct diagnosis is essential to
ensure the adequate therapy and follow-up for
patients with superficial urothelial cancer. A big
challenge for the urologist is the detection of cancer
recurrence. Due to the high recurrence rates of
non-muscle invasive bladder cancer (NMIBC),
patients need a frequent, regular and close
follow-up. This is based on a risk group stratification into low risk, intermediate risk and high risk.2
However, the intermediate risk group is rather

heterogeneous and cases differ in their risk of recurrence and progression.
According to the in-use guidelines, cystoscopy
and urine cytology represent the gold standard for
monitoring superficial bladder cancer.3 Cystoscopy
is the most efficient method currently available for
the detection of primary or recurrent tumours, but
it is invasive and causes discomfort to the patients.
Nevertheless, the sensitivity of cystoscopy is limited
to the tumours that can be visualised. Tammela et al
showed that routine follow-up cystoscopy may miss
over 5% of the recurrent tumours. Even with negative cystoscopy, patients with positive urine marker
status and urine cytology should be considered at
risk for high-grade recurrence.4
The sensitivity of cytology in voided urine is
variable; depending on the studies, sensitivity of
cytology in low-grade tumours ranges from 4% by
Leyh et al5 up to 17% in a systematic review by van
Rhijn et al.6 Additionally, cytological evaluation is
always prone to examiner variation, as shown by
Ried et al, documenting a low interobserver agreement,7 as well as to different atypical cells, which
may complicate the definite diagnosis of bladder
cancer.
Therefore, the research for an adequate urine
tumour marker for the follow-up of patients with
NMIBC is continuing since the ideal one has not
yet been found.
As previously reported by Pichler et al,8 100
tumour markers described as differentially
expressed in bladder cancer were selected and
tested by quantitative real-time, reverse transcription PCR (RT-PCR) to identify markers that consistently show upregulation in urine specimens from
subjects with bladder cancer compared with urine
specimens from control subjects. After evaluation
of the 10 best biomarkers (UPK1B, IGF2, CRH,
ANXA10, ABL1, KRT20, AR, PIK3CA, UPK2
and MGEA5) within a training set of 444 urine
specimens, the best performing five markers were
further validated. The results of expression of
the five markers (UPK1B, IGF2, CRH, ANXA10,
ABL1) are combined in a linear model algorithm to
give a positive or negative result. The new mRNAbased Xpert BC Monitor measures the level of these
five target mRNAs by means of RT-PCR.
The aim of the present study was to test the
diagnostic value of this new mRNA-based test in
patients undergoing follow-up after NMIBC.
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Diagnostic predictive value of Xpert Bladder Cancer
Monitor in the follow-up of patients affected by nonmuscle invasive bladder cancer
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Demographical and clinical characteristics of the patients

Age

71.32+10.6

(%)

Age >65 years

169

73.5

176

76.5

54

23.5

 pTaG1

116

50.4

 pTaG2

32

13.9

 pTaG3

14

6.1

Gender
 Male
 Female

Cytology11 classifying the cytological specimens accordingly into
negative for high-grade urothelial carcinoma (NHGUC), atypical urothelial cells (AUCs), suspicious for high-grade urothelial
carcinoma (SHGUC), high-grade urothelial carcinoma (HGUC),
low-grade intraepithelial neoplasia (LGUN) and not diagnostic.
For the statistical analysis, NHGUC and AUC were grouped as
negative, and SHGUC, HGUC and LGUN as positive.

First diagnosis

 pT1G2

3

1.3

 pT1G3

11

4.8

 CIS

54

23.5

 Previous BCG

75

32.6

 Previous MMC

7

3.3

Xpert BC Monitor

BGC, Bacillus Calmette-Guérin; CIS, carcinoma in situ; MMC, mitomycin.

Materials and methods

After approval of the local institutional ethics committee
(47-2017) and following informed consent, 231 patients under
follow-up for NMIBC in our outpatient department were
enrolled in the present study.
Patients were routinely evaluated by voided urine cytology, by
the Xpert BC Monitor (Cepheid Srl, Italy) and by white light
cystoscopy, according to the current European Association of
Urology (EAU) guidelines.3 We reserved photodynamic cystoscopy for patients with positive cytology and no visible bladder
tumour; in our series, none of our patients underwent photodynamic cystoscopy in an outpatient setting.
Any cystoscopically suspicious lesion was biopsied or removed
trans-urethrally and specimens were evaluated according to the
2017 TNM classification of urinary bladder cancer and graded
according to both the 1973 and the 2004 WHO grade classification.9 10 We defined a patient as negative when white light
cystoscopy, cytology and histology were negative.
Of the voided urine of every patient, 4.5 mL was added to the
Xpert Urine Transport Reagent Kit (Cepheid), a RNA stabilising
reagent, and inverted three times in order to mix it properly.
Stabilised samples were stored at 4°C and analysed within 7 days
after collection.
The residual urine was added to 15 mL Cytolyt fixation liquid
(Hologic, Malborough, Massachusetts, USA) in a Falcon tube
and sent to the laboratory along with the stabilised urine for the
Xpert BC Monitor test (Cepheid).

Cytology

The tubes were centrifuged for 10 min at 2000 rpm. The
resulting cell pellets were re-suspended in ThinPrep vials
containing PreservCyt solution and processed by the TP 5000
System (Hologic).
Cytological evaluation was performed using the Papanicolaou
staining procedure and the Paris System for Reporting Urinary
Table 2

According to the manufacturer, the Xpert BC Monitor, performed
on the Cepheid GeneXpert Instrument Systems (Cepheid), is a
qualitative in vitro diagnostic test created to monitor the recurrence in patients previously diagnosed with bladder cancer.
This test analyses 4.5 mL of stabilised voided urine and
measures the level of five target mRNAs (ABL1, CRH, IGF2,
UPK1B, ANXA10) by RT-PCR. The results are interpreted by
the GeneXpert Instrument System from measured fluorescent
signals and embedded calculation algorithms. The Test Result,
linear discriminant analysis (LDA) totals and Analyte Results are
shown on the Test Report. A cut-off is set at a LDA of >0.5.

Statistical analysis

The sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) of cytology, Xpert BC Monitor
and their combination were calculated and compared with
cystoscopy/histology. Statistical analysis was performed using
the Pearson χ2 test. A p value of less than 0.05 was considered
statistically significant. Area under the curve under the receiver
operating characteristic curve was calculated and tested for
significance using the z-test.

Results

Of the 231 patients enrolled in the study, one patient had to
be excluded because of a not diagnostic cytology due to artefacts and error sign in the Xpert BC Monitor. Mean age of the
remaining 230 patients (176/230 men and 54/230 women) was
71.32 years (range 28–95).
At the time of first diagnosis, 116 cases (50.4%) were diagnosed with pTaG1 bladder cancer, 32 cases (13.9%) with pTaG2,
14 (6.1%) with pTaG3, 3 cases (1.3%) with pT1G2, 11 cases
(4.8%) with pT1G3 and in 54 cases (23.5%) with carcinoma
in situ (CIS). A total of 74 patients (32.2%) were treated with
an intravesical therapy of BCG and 7 (3%) with mitomycin.
Fifty-two out of the 230 patients (22.6%) showed a NMIBC
recurrence, 45 (86.5%) low-grade NMIBC and 7 (13.5%) highgrade NMIBC. Demographical and clinical characteristics of the
patients are given in table 1.
Overall sensitivity was 11.5% for cytology, 46.2% for Xpert
BC Monitor and 48.1% for the two tests combined. The sensitivity of cytology increased from 4.4% in low grade (LG) to
57.1% in high grade (HG) tumours, whereas for the Xpert
BC Monitor, the sensitivity was 40% in LG and 85.7% in HG

Performance of cytology, Xpert BC Monitor and combination of the two tests
Cytology (95% CI)

Xpert (95% CI)

Xpert+cytology (95% CI)

Xpert cut-off 0.48 (95% CI)

Sensitivity

11.5 (2.9 to 20.2)

46.2 (32.6 to 59.7)

48.1 (34.5 to 61.7)

50 (6.4 to 63.6)

Specificiy

97.2 (94.8 to 99.6)

77 (70.8 to 83.2)

75.8 (70 to 82.1)

76.4 (70.2 to 82.6)

PPV

54.5 (25.1 to 84)

36.9 (25.2 to 48.7)

36.8 (29.3 to 44.2)

38.2 (26.7 to 49.8)

NPV

79 (73.6 to 84.4)

83 (77.3 to 88.8)

83.3 (74.5 to 92.2)

84 (8.3 to 89.6)

NPV, negative predictive value; PPV, positive predictive value.
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Performance of the tests according to grading

n=52

Cytology (95% CI)

Xpert (95% CI)

Cytology+Xpert (95% CI)

Low grade (n=45)

4.4 (0.5 to 15.1)

40 (25.7 to 55.6)

42.2 (27.6 to 57.8)

High grade (n=7)

57.1 (18.4 to 90.1)

85.7 (42.1 to 99.6)

85.7 (42.1 to 99.6)

tumours. Combined cytology and Xpert BC Monitor yielded an
overall sensitivity of 42.2% for LG and 85.7% for HG tumours.
Overall specificity was 97.2% for cytology, 77% for Xpert
BC Monitor and 75.8% for the two tests combined. PPV for
cytology was 54.5% and for Xpert BC Monitor 36.9%. For the
two tests combined, it was 36.8%. NPV was very similar for the
two tests: 79% for cytology and 83% for Xpert BC Monitor and
83.3% for the two tests combined.
Detailed data are given in tables 2 and 3.
The final statistical analysis between the tests was highly significant (p<0.0001) with Pearson’s χ2 test. The diagnostic efficacy
of Xpert BC Monitor was fair, with an area under the curve
of 0.65 (95% CI 0.593 to 0.719) (figure 1). The area under
the curve gave 0.48 as best cut-off. Using this cut-off, overall

sensitivity for Xpert BC Monitor was 50%, specificity 76.4%,
PPV 38.2% and NPV 84%.

Discussion
Cystoscopy and urinary cytology represent the gold standard
follow-up strategy for NMIBC surveillance, for both EAU and
American Urological Association (AUA) Guidelines.3 12 White
light cystoscopy shows a poor capacity in the identification of
flat tumours; urinary cytology shows a high sensitivity in highgrade tumours but a poor one in low-grade tumours with a high
interobserver variability.13
Even though several urine markers have been studied to
improve the diagnostics of bladder cancer and to reduce the

Figure 1 Area under the curve of 0.65 (95% CI 0.593 to 0.719) for the Xpert Bladder Cancer Monitor.
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clinical settings.19 The ImmunoCyt test reported an overall sensitivity of 50%–100% and specificity ranging from 69% to 79%20;
however, ImmunoCyt is currently no longer in production.
Xpert BC Monitor is a fairly specific test (77%) even if our
study did not reach the excellent results of the two previous
studies.8 14 It is, furthermore, an easy-to-handle, non-invasive
test, which can be introduced easily into the daily routine.
This suggests the combination of both cytology and Xpert BC
Monitor in follow-up patients in order to achieve a higher sensitivity, thus maintaining the high specificity of cytology. The use
of both tests in combination may have the potential to reduce the
cystoscopies during the follow-up for low-risk bladder cancer.

Conclusion

In the present study, we report our first experience with the new
mRNA-based Xpert BC Monitor Test. Its sensitivity was significantly higher than for cytology in a LG predominant BC group.
The test performed very well in terms of specificity but could not
reach the high value of cytology, while PPV and NPV performed
approximately the same for both tests.
This new mRNA-based test is promising as a urinary marker
but needs further optimisation and evaluation in a more mixed
LG and HG setting. It may be used in combination with cytology
to reduce invasiveness in the follow-up of NMIBC, decreasing
discomfort for the patients and related costs.

Take home message
►► The Xpert BC Monitor Test is a promising urinary marker

that may be used in combination with cytology to reduce
invasiveness in the follow-up of non-muscle invasive bladder
cancer.
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