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Objective
To evaluate the performance of the Xpert Bladder Cancer Monitor (Xpert; Cepheid, Sunnyvale, CA, USA) test as a
predictor of tumour recurrence in patients with non-muscle-invasive bladder cancer (NMIBC).

Patients and Methods
Patients (n = 429) undergoing surveillance for NMIBC underwent Xpert, cytology, and UroVysion testing. Patients with a
positive Xpert and a negative cystoscopy result (positive-negative [PN] group, n = 66) and a control group of double
negative patients (negative Xpert and cystoscopy results [NN] group) were followed for 12 months (�90 days).

Results
Histology-confirmed recurrences were detected in 58 patients (13.5%). Xpert had an overall sensitivity of 60.3% and a
specificity of 76.5%. The sensitivity for high-grade (HG) cancer was 87% with a negative predictive value (NPV) of 99%.
Urine cytology showed an overall sensitivity of 23.2% (47.6% sensitivity for HG tumours) and a specificity of 88.3%. In the
PN group, 32% (n = 21) developed a recurrence within 12 months, 11 of which were HG tumours. In the NN control
group, 14% (n = 9) developed a recurrence and only two were HG tumours. The hazard ratio for developing recurrence in
the PN group was 2.68 for all tumours and 6.84 for HG cancer.

Conclusions
The Xpert test has a high sensitivity for detecting the recurrence of cancer and a high NPV for excluding HG cancer. In
addition, the data suggest that patients with a positive Xpert assay in the setting of negative cystoscopy are at high risk for
recurrence and need close surveillance.
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Introduction
Frequent recurrences and the potential for progression of
non-muscle-invasive bladder cancer (NMIBC) demand close
and repeated follow-up to identify recurrences as early as
possible. The frequency and length of follow-up of patients
depend on their individual risk and might involve the use of
cystoscopy, cytology, urinary biomarkers, ultrasonography
and other methods [1,2]. However, all follow-up methods are
associated with limitations, either in sensitivity, specificity,
ease-of-use, cost and/or patient’s comfort. Therefore, a
combination of methods might improve and personalize the
surveillance strategy for patients with NMIBC [3].

The Xpert Bladder Cancer Monitor (Xpert; CE-IVD
[Conformite Europeene In-vitro Medical Device]; Cepheid,
Sunnyvale, CA, USA) measures the expression of five mRNA
targets that are frequently overexpressed in bladder cancer
and can be detected in voided urine [4]. The Xpert assay is
run in a self-contained cartridge using the GeneXpert
Instrument (Cepheid) with hands-on time of <2 min and a
turnaround time of 90 min. Previously, the assay has been
validated in 239 patients with a history of NMIBC and
demonstrated a sensitivity of 74% for all tumours and a
sensitivity of 83% for high-grade (HG) tumours with a
specificity of 80%. The negative predictive value (NPV) was
93% overall and 98% for HG tumours [5]. In addition,
independent single-centre studies have confirmed the overall
sensitivity and specificity and high NPV for HG tumours in
clinical routine [6,7].

In this prospective, multicentre study, the performance of the
Xpert assay was validated as a predictor of tumour recurrence
using pathological verification. The performance of the Xpert
assay was compared to cytology and the UroVysion
fluorescence in situ hybridization (FISH) assay [8]. We also
assessed the significance of a positive or negative marker
result in the setting of a negative cystoscopy. Since it is
known that standard white-light cystoscopy can miss disease,
especially carcinoma in situ [9], we also studied whether
patients with a positive Xpert result were more likely to have
recurrence than patients with a negative Xpert result in
patients with negative cystoscopy.

Materials and Methods
Objectives

The primary objective of this prospective, multicentre study
was to establish the clinical performance characteristics of
Xpert on the GeneXpert Instrument Systems to detect the
recurrence of bladder cancer in patients previously diagnosed
with bladder cancer. In addition, the performance of Xpert
was compared with the performance of UroVysion and
cytology as compared to clinical truth. The secondary

objective of the study was to assess the positive predictive
value (PPV) and NPV of Xpert for the likelihood of detecting
bladder cancer at an earlier time point than current standard
of care testing in patients who have recurrence with a positive
Xpert result and who present as disease-negative at the initial
visit.

Patients

The study was conducted from December 2016 to May 2019
at medical clinics and reference laboratories in the USA,
Canada and the Netherlands. The appropriate institutional
review boards or ethics committee approved the study at all
sites. All patients gave informed consent as required and, for
California only, signed the Experimental Subjects Bill of
Rights. Inclusion criteria were initial diagnosis or recurrence
of NMIBC within 12 months of enrolment, with scheduling
for routine white-light cystoscopy for surveillance of disease.
Patients above the age of 40 years from 19 centres were
enrolled in the study. Exclusion criteria were first morning
void urine or a volume of <60 mL, and transurethral
resection of bladder tumour (TURBT) or other bladder
excision procedure within 42 days of cystoscopy. At baseline,
the same voided urine was aliquoted into the transport tubes
for Xpert, UroVysion and cytology assessment.

In total, 582 patients were screened at 19 clinical sites over 29
months. Of these, there were a number of screen failures who
were not enrolled for the following reasons: inability to
provide sufficient volume of urine (n = 42); not meeting one
or more of the inclusion criteria (n = 33); and not meeting
other protocol requirements (no biopsy of positive/suspicious
cystoscopy, TURBT >6 weeks after study visit, cystoscopy
>72 h after specimen collection, haematuria not evaluated,
Xpert testing >7 days after specimen collection; n = 65).
Three samples were excluded because of shipping damage
and 10 samples (1.7%) had an indeterminate Xpert result,
resulting in the enrolment of 429 patients for the baseline
analysis (Fig. 1).

Results from Xpert and UroVysion and cytology performed at
the reference laboratory were not used for patient
management. The operator(s) performing Xpert and
UroVysion and cytology performed at the reference
laboratory were blinded to patient status, cystoscopy,
UroVysion, cytology, and central histology results. The local
pathology review and the initial central pathology review were
independent and blinded to each other.

Xpert Bladder Cancer Monitor

Xpert detects five mRNA targets (ABL1, ANXA10, UPK1B,
CRH, IGF2) in a self-contained cartridge. The marker
expression levels combined in a linear discriminant analysis
are used to classify samples as negative or positive [4]. In
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addition, the cartridge contains multiple internal controls to
assure RT-PCR. The GeneXpert System automates and
integrates cell lysis, nucleic acid amplification, and detection
of the target sequences using real-time RT-PCR. Voided urine
samples (4.5 mL) were mixed with the Xpert urine transport
reagent within 1 h of urine collection, making the sample
stable for 1 week at 2–28°C, and then run on the GeneXpert
System. External positive and negative controls (Maine
Molecular Quality Controls, Inc., Saco, ME, USA) were run
on each day study specimens were tested.

Pathology, Cytology and UroVysion Procedures

For all positive or suspicious cystoscopies, tissue was
obtained through a cystoscopic biopsy or TURBT within 6
weeks of the original cystoscopy. All tissue specimens were
assessed by the local pathology laboratory. Two central

pathologists (V.R., D.G.) independently evaluated all biopsy
specimens using the same or an adjacent slide. If the central
pathologists did not agree, a concordance review was
scheduled with both pathologists to agree on tumour grade
and stage. Only if central pathology confirmed the presence
of tumour were patients classified as having recurrence. All
voided urine specimens were analysed by cytology and
UroVysion (Abbott Molecular, Des Plaines, IL, USA) at the
reference laboratory (J.B., N.Q.). Cytology categorization was
performed according to the Paris system within the reference
laboratory’s standard procedures. The Paris system was
developed to rule in/rule out HG urothelial carcinoma, which
is consistent with the goal of this study [10]. Positive and
suspicious results were considered positive; atypical and
negative results were considered negative. UroVysion testing
and reporting was performed according to the manufacturer’s
instructions.

429  
eligible 
patients 

582 
patients 
screened

65 
patients 

NN

66 
patients 

PN

Ineligible and Excluded Patients

42 = Insufficient urine volume

33= Did not meet inclusion/ exclusion criteria

65 = Did not meet other protocol requirements

3 = Shipping damage of sample

10 = Indeterminate Xpert result

Results

284 = Negative Xpert/ Negative Cystocoypy (NN)

87 = Positive Xpert/ Negative Cystoscopy (PN)

35 = Positive Xpert/ Positive Cystocopy & biopsy (PP)

23 = Negative Xpert/ Positive Cystoscopy & biopsy (NP) 

Longitudinal Study 

87 = Positive Xpert/ Negative Cystoscopy

21 = lost during follow-up
66= Followed for 12 months

284 = Negative Xpert/ Negative Cystoscopy (NN) 

65= patients randomly chosen for follow-up
219 = not followed

Fig. 1 Subject accountability in the baseline and longitudinal Xpert Monitor Study.
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Longitudinal Study

The secondary objective for this study was to determine if
patients with a negative cystoscopy and a positive Xpert assay
were more likely to experience recurrence than patients with
a negative cystoscopy and negative Xpert result. All patients
with a positive Xpert and a negative cystoscopy result
(positive-negative [PN] group) were followed for 12 months
(�90 days). As a control, a random subset of patients with a
negative Xpert and negative cystoscopy result at the baseline
visit (negative-negative [NN] group) was also enrolled in the
longitudinal cohort. Since this was a random sample we did
not match for prior stage and grade.

Statistical Analysis

Sensitivity, specificity, PPV and NPV, including 95% CIs,
were calculated for all and HG recurrences to assess clinical
test performance. Bladder cancer recurrence status was
determined by cystoscopy alone (if negative) or histology (if
cystoscopy was suspicious or positive) as determined by
central pathology. The longitudinal cohort was analysed with
a Kaplan–Meier analysis. The Kaplan–Meier method, or
product limit estimator, is a non-parametric statistic used to
estimate time-to-event, and can take censored data into
account such as patient withdrawal, loss to follow-up, or
alive without event occurrence at last follow-up. In our
Kaplan–Meier analysis, the two groups were analysed
separately (PN vs NN at baseline). The two groups were
compared using a log-rank test in SAS.

Sample Size Calculation

We chose the superiority design to prove that Xpert would
perform equally, or better than the UroVysion test in sensitivity,
while being non-inferior in specificity. The minimum overall
sample size for primary and secondary objectives would beN =
40 disease-positive cases (minimum 40 patients with low-grade
(LG) or HG tumours) for our sensitivity claims and N = 210
disease-negative cases for our specificity claims. Assuming that
the difference in the sensitivity of Xpert and UroVysion is 24%,
the power to detect the difference would be 80%. Given
historical prevalence rates in similar sampling populations, we
predicted accrual of a total sample size of between 250 and 530
patients in the study. The specificity requirement would be that
the lower two-sided 95% CI be >65%. However, because of the
low prevalence, the number of reference disease-negative cases
was expected to be much greater than needed to power the test.

Results
Patient Characteristics

Table 1 shows the patient characteristics. The average patient
age was 71 years and most were men (80%) and White

(95%). Almost 68% of patients were current or former
smokers. Before enrolment, 178 patients (41.5%) had been
diagnosed with HG tumours and 230 patients (53.6%) with
LG tumours (4.9% had missing grade information). Most
patients had a stage Ta tumour (n = 324). Microscopic
haematuria was detected in 31% of patients at enrolment.
Half of the patients had no BCG or intravesical
chemotherapy treatment before enrolment (n = 213), 63
patients received only intravesical chemotherapy and 149
patients received BCG before enrolment (four patients had
missing information).

Xpert Bladder Cancer Monitor Performance

In the eligible patients, 58 patients (13.5%) had recurrence, of
whom 35 had LG and 23 had HG recurrence of cancer. The
sensitivity of Xpert to detect recurrences was 60.3% with a
specificity of 76.5%. The NPV was 92.5%. In the analysis of

Table 1 Patient information of patients at baseline (n = 429).

Category Type

Sex, n (%) F 85 (19.8)
M 344 (80.2)

Race, n (%) Asian 4 (0.9)
Black/African
American

8 (1.9)

Other 3 (0.7)
Two or more races 6 (1.4)
White 408 (95.1)

Smoking history, n (%) Current 52 (12.1)
Former 239 (55.7)
Never a smoker 138 (32.2)

Haematuria at
baseline, n (%)

Missing data 1 (0.2)
Macroscopic
haematuria

3 (0.7)

Microscopic
haematuria

131 (30.5)

None 294 (68.5)
Age, years Overall 71.4 � 9.5 (40–93)

F 69.8 � 9.6 (45–91)
M 71.8 � 9.4 (40–93)

Treatment before
enrolment, n (%)

BCG 149 (34.7)
Intravesical
chemotherapy

63 (14.7)

No treatment 213 (49.7)
Missing data 4 (0.9)

Tumour grade before
enrolment, n (%)

HG 178 (41.5)
LG 230 (53.6)
Missing/other 21 (4.9)

Tumour stage before
enrolment, n (%)

Ta (HG) 94 (21.9)
Ta (LG)* 228 (53.1)
Ta (other) 2 (0.5)
T1/T2 (HG) 46 (10.7)
TIS (HG) 37 (8.6)
Tx (HG) 1 (0.2)
Tx (LG) 2 (0.5)
Missing 19 (4.4)

Median time from last tumour to enrolment 5 months

HG, high grade; LG, low grade. Data are mean �SD (range) unless
otherwise stated. *PUNLMP (Papillary Urinary Neoplasm of Low
Malignant Potential) is classified as LG.
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only HG tumours, the sensitivity to detect recurrences was
87%, the specificity was 76.5% and the NPV was 99%
(Table 2a,b). The sensitivity to detect LG tumours was 43%.
The sensitivity to detect T1, T2 and TIS tumours was 100%,
100% and 80%, respectively (Table 3).

The sensitivity to detect recurrences in patients who received
BCG within the last 3 months before enrolment (n = 90 with
nine recurrences) was 78%, with a specificity of 69%. The
sensitivity to detect recurrences in patients who received BCG
at any time before enrolment (13 recurrences) was 69%, with
a specificity of 73% (NPV 96%). The performance of Xpert in
patients who had received no treatment before enrolment (37
recurrences) was reflected in a 57% sensitivity with a
specificity of 81%.

Performance of UroVysion and Cytology

Of the 429 patients enrolled at baseline, eight had no valid
cytology results and UroVysion results were not available or
indeterminate for 17 patients. To best compare results among
the biomarkers, a performance analysis was conducted in
only those patients with all biomarker results (n = 405). In
this study cohort, 35 patients had an LG recurrence and 21
an HG recurrence. The overall sensitivity of Xpert,
UroVysion and cytology to detect any recurrence was 59%,
45% and 23%, with a specificity of 76%, 73% and 88%,
respectively (Table 4). The Xpert assay had a higher

sensitivity for LG tumours (43%) compared to 29% and 8.6%
for UroVysion and cytology. The Xpert assay also had a
higher sensitivity for HG tumours (86%) compared to 71%
and 48% for UroVysion and cytology in this study cohort.

Combining Xpert with cytology did not increase the
sensitivity of detecting tumours (data not shown). Combining
Xpert with UroVysion would have identified one additional
HG/TIS tumour.

Longitudinal Study

To investigate whether patients with a positive Xpert result
but a negative cystoscopy (PN group) had a higher risk of
recurrence than patients with a negative cystoscopy and
negative Xpert assay (NN), 131 patients (66 PN and 65 NN
patients) with at least 12 months (�90 days) of follow-up
were observed. At baseline, there were 284 NN patients, 65 of
whom were randomly chosen to be followed for 12 months.
A comparison of patient characteristics between the 65
randomly chosen NN patients and the 219 not-chosen NN
patients showed that the two groups did not differ in any
variable analysed (age, smoking status, previous stage or
grade of tumour). This indicates that the 65 NN patients
represented the total of all NN patents in the study
(Table S1).

The patient characteristics of the 65 NN patients and the 66
PN patients are shown in Table S2. Patients with a positive
Xpert result and negative cystoscopy were more likely to have
had an HG tumour before enrolment (P = 0.004) and prior
intravesical therapy. Of the 131 specimens in patients who
completed the longitudinal study, 129 specimens had valid
cytology test results. Patients in the PN group were more
likely to have positive cytology than those in the NN group,
with 22.7% (15/66) vs 6.3% (4/63), respectively.

The median time since last tumour, age and smoking status
were similar in the two groups. In the NN group, nine
patients (14%) experienced a recurrence of their tumour

Table 2 (A) Performance of the Xpert Bladder Cancer Monitor to detect
all tumours and (B) to detect high-grade tumours with using cystoscopy/
histology as the ’gold standard’.

Cystoscopy/histology

Positive Negative Total

(A)
Xpert
Positive 35 87 122
Negative 23 284 307
Total 58 371 429

Sensitivity, % 60.3 (95% CI 47.5–71.9)
Specificity, % 76.5 (95% CI 72.0–80.6)
PPV, % 28.7 (95% CI 21.4–37.3)
NPV, % 92.5 (95% CI 89.0–95.0)
Accuracy, % 74.4 (95% CI 70.0–78.3)
Prevalence, % 13.5 (95% CI 10.6–17.1)
(B)
Xpert
Positive 20 87 107
Negative 3 284 287
Total 23 371 394

Sensitivity, % 87.0 (95% CI 67.9–95.5)
Specificity, % 76.5 (95% CI 72.0–80.6)
PPV, % 18.7 (95% CI 12.4–27.1)
NPV, % 99.0 (95% CI 97.0–99.6)
Accuracy, % 77.2 (95% CI 72.8–81.0)
Prevalence, % 5.8 (95% CI 3.9–8.6)

NPV, negative predictive value; PPV, positive predictive value; Xpert,
Xpert Bladder Cancer Monitor.

Table 3 Sensitivity of the Xpert Bladder Cancer Monitor to detect tumour
subgroups.

Stage Sensitivity

n/N (%) 95% CI

ALL 35/58 (60) 47.5–71.9
Ta, HG 7/9 (78) 45.3–93.7
Ta, LG 15/35 (43) 28.0–59.1
T1 5/5 (100) 56.6–100.0
T2 4/4 (100) 51.0–100.0
TIS 4/5 (80) 37.6–96.4
Grade
HG 20/23 (87) 67.9–95.5
LG 15/35 (43) 28.0–59.1

HG, high grade; LG, low grade; NPV, negative predictive value; PPV,
positive predictive value.
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within 1 year of follow-up: seven patients had an LG tumour
and two patients had an HG Ta recurrence. In the PN group,
21 patients (32%) had recurrence, 10 of whom had an LG
and 11 an HG recurrence Ta (n = 2), T1 (n = 4) and TIS (n
= 5).

The hazard ratio (HR) for experiencing a recurrence in the
PN group was 2.7 (95% CI 1.2–5.9) with a P value of 0.0098
(Fig. 2a). The HR for experiencing an HG recurrence in the
PN group was 6.8 (95% CI 1.5–30.9) with a P value of 0.0037
(Fig. 2b). The results indicate that patients with a positive
Xpert result are more likely to experience an HG recurrence,
even if cystoscopy is negative. There was no difference in
recurrence rates for patients who had LG tumours in the PN
and NN groups (Fig. 2c).

We compared UroVysion-positive patients with negative
cystoscopy (N = 43) and UroVysion-negative patients with
negative cystoscopy (N = 82) and found a higher recurrence
rate in those with a positive Urovysion result (Fig. S1).

Of the 429 patients in the study, 80 patients had a suspicious
cystoscopy, which was followed by TURBT or a cytoscopic
biopsy. Eight additional patients with a suspicious cystoscopy
did not have a follow-up TURBT or biopsy for reasons
related to their particular clinical situation. Of these 80
patients, 25 were classified as negative by central pathology
(31.2%). When evaluating the results by Xpert in those 25
patients who were false-positive by cystoscopy, Xpert had a
true-negative rate of 64%, i.e. 16 of those 25 patients were
negative by Xpert.

Discussion
This multicentre trial found that Xpert had a high sensitivity
for detecting HG recurrences of 87%, with an NPV of 99%.
These results were not impacted by use of intravesical
therapies such as BCG. The sensitivity was also superior to
the UroVysion FISH assay and cytology for both LG and HG
disease. Overall the specificity was 76.5% and was not
impacted significantly by use of intravesical BCG, where
overall specificity was 73%. This multicentre cohort validates
prior studies of the Xpert test and demonstrate that it can be

effective at detecting bladder cancer recurrence during
NMIBC surveillance [5–7].

One of the goals of the present study was to evaluate the
significance of a positive Xpert assay in the setting of a
negative cystoscopy. The use of enhanced cystoscopy has
highlighted the fact that white-light cystoscopy can miss up
to 10–30% of cancers, especially carcinoma in situ, but also
lower-grade disease [11–13]. There is also recognition that
urine-based tumour markers may be able to identify cancer
early prior to visual detection. This has led to the term
‘anticipatory positive’ which implies that a positive urine
marker in the setting of ‘normal’ cystoscopy is really a true-
positive marker that has yet to be detected cystoscopically
[8,14]. In this study, patients with a positive Xpert assay and
negative cystoscopy were 2.7 times more likely to have
recurrence than patients with a negative Xpert and negative
cystoscopy result. More importantly, the HR for experiencing
an HG recurrence in the PN group was 6.8. This means that
PN patients were much more likely to have a missed HG
tumour than a missed LG tumour. While, this trial was not
designed to assess how to evaluate patients with a positive
Xpert assay, it would seem reasonable to consider enhanced
cystoscopy at the time of the next evaluation or to have a
closer surveillance if not already scheduled at 3-month
intervals. One limitation of this longitudinal analysis was that
a higher proportion in the PN group had a positive cytology
(22.7% vs 6.3%) which may have contributed to higher
recurrence. The study was underpowered to study PN vs NN
when excluding these patients.

Prior studies evaluating anticipatory positives for UroVysion
found that patients with a positive UroVysion result in the
setting of a normal cystoscopy had a shorter time to
recurrence but similar recurrence rates when compared to
patients with a negative UroVysion result [8]. Two studies in
patients who underwent BCG therapy found that UroVysion-
positive patients were more likely to have recurrence than
patients with a negative UroVysion result in the setting of
normal cystoscopy [15,16]. In the present study, we also
found that UroVysion-positive patients with negative
cystoscopy were more likely to have recurrence compared

Table 4 Performance of the Xpert Bladder Cancer Monitor, UroVysion and cytology in the subset of patients with results for all three biomarkers (N =
405).

Xpert UroVysion Cytology

Sensitivity, % 59 (95% CI 46–71) 45 (95% CI 32–58) 23 (95% CI 14–36)
Sensitivity LG, % 43 (95% CI 28–59) 29 (95% CI 16–45) 8.6 (95% CI 3.0–22)
Sensitivity HG, % 86 (95% CI 65–95) 71 (95% CI 50–86) 48 (95% CI 28–68)
Specificity, % 76 (95% CI 72–80) 73 (95% CI 68–78) 88 (95% CI 85–91)
PPV, % 28 (95% CI 21–37) 21 (95% CI 15–29) 24 (95% CI 15–37)
NPV, % 92 (95% CI 88–95) 89 (95% CI 85–92) 88 (95% CI 84–91)
Accuracy, % 74 (95% CI 69–78) 69 (95% CI 65–73) 79 (95% CI 75–83)
Prevalence, % 14 (95% CI 11–18) 14 (95% CI 11–18) 14 (95% CI 11–18)

HG, high grade; LG, low grade; NPV, negative predictive value; PPV, positive predictive value; Xpert, Xpert Bladder Cancer Monitor.
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with UroVysion-negative patients with negative cystoscopy.
Another study of 114 patients undergoing surveillance for
bladder cancer who had a negative cystoscopy evaluated
UroVysion, immunocytology and nuclear matrix protein 22
(NMP22) ELISA. Recurrence rates in patients with positive vs
negative cytology, FISH, uCyt+ and NMP22 were all more
likely to have recurrence [17].

Of the 582 patients, 88 had a positive or suspicious
cystoscopy and 80 underwent TURBT. Of these 80 patients,
25 were classified as negative by central pathology (31.2%).
Xpert was negative in 16 of these 25 negative cases. This
study did not collect data on what was deemed positive or
suspicious and relied on the judgement of the urologist as to
which patients to biopsy. It is known that many suspicious
lesions are found to be benign and there is a risk of biopsy
for many patients who are older and chronic smokers [11].

Previous studies have shown that markers may be able to
adjudicate indeterminate bladder lesions to try to avoid
unnecessary biopsies [18,19]. The fact that 64% of the
patients with negative biopsies and suspicious lesions had a
negative Xpert test suggests the possibility that this marker
could also be helpful in determining need for a biopsy if a
lesion is indeterminate. The NPV for patients with HG
disease was 99% and 96% overall in patients with prior BCG,
which supports this potential use.

Similarly to recent contemporary studies, the sensitivity of
cytology in the present study was poor overall and only
48% for HG disease. A recent study using three prospective
cohorts including 1487 urine samples from 1375 patients
found pooled sensitivity for cytology of 40.8%, and 54.3%
for HG/WHO grade 3 disease [20]. The reliance on
cytology is based on a high PPV, but a marker that misses
half of HG cancers is flawed. In this study, the Xpert assay
had a significantly higher sensitivity for HG tumours of
87%. Further evaluation will be necessary to determine the
PPV of the Xpert test since there would need to be
biopsies for patients with a positive marker to avoid
verification bias. However, as noted above, with blue-light
flexible cystoscopy it would be possible to evaluate these
patients further to determine if there are suspicious lesions
such as carcinoma in situ that were missed by white-light
cystoscopy.

The present study has some limitations. A total of 153
patients were excluded, mostly due to lack of biopsy of
patients with suspicious cystoscopy. This was necessary since
cancer presence was only based on pathological confirmation.
There were 42 patients with insufficient urine required for the
three biomarker tests. Only 10 patients had an indeterminate
Xpert result, which is <2% of the entire cohort. The other
issue was a difference between the PN and NN groups
resulting from the randomized nature of selecting NN
patients. Furthermore, patients with a positive Xpert result

were at higher risk because they were more likely to have
cancer. The marker positivity is selecting patients who are
more likely to have a false-negative cystoscopy. In fact, a
comparison of patient characteristics between the 65
randomly chosen NN patients and the 219 not-chosen NN
patients shows that the two groups did not differ in any
analysed parameter. This suggests that the difference between
the PN and NN groups is that the marker selects higher-risk
patients, not the study design itself. Finally, upper tract
evaluation was not included as part of this trial.

In conclusion, the Xpert test has a high sensitivity for
detecting the recurrence of tumours and a high NPV for
excluding HG tumours. In addition, the data suggest that
patients with a positive Xpert assay in the setting of a
negative cystoscopy are at high risk for recurrence and need
closer surveillance.
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