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Abbreviations

and Acronyms

ABL1 ¼ ABL proto-oncogene 1

ANXA10 ¼ annexin 10

BCa ¼ bladder cancer

BCG ¼ bacillus Calmette-Gu�erin

CIS ¼ carcinoma in situ

CRH ¼ corticotropin releasing
hormone

Ct ¼ cycle threshold

IGF2¼ insulin-like growth factor 2

NPV ¼ negative predictive value

PPV ¼ positive predictive value

ROC ¼ receiver operating
characteristic

RT-qPCR ¼ reverse transcriptase-
quantitative polymerase chain
reaction

TUR ¼ transurethral resection

UPK1B ¼ uroplakin 1B

UTI ¼ urinary tract infection
Purpose: Despite suboptimal sensitivity urine cytology is often performed as an
adjunct to cystoscopy for bladder cancer diagnosis. We aimed to develop a
noninvasive, fast molecular diagnostic test for bladder cancer detection with
better sensitivity than urine cytology while maintaining adequate specificity.

Materials and Methods: Urine specimens were collected at 18 multinational
sites from subjects prior to cystoscopy or tumor resection, and from healthy and
other control subjects without evidence of bladder cancer. The levels of 10 uri-
nary mRNAs were measured in a training cohort of 483 subjects and regression
analysis was used to identify a 5-mRNA model to predict cancer status. The
performance of the GeneXpert� Bladder Cancer Assay, an assay labeled for
investigational use only to detect the 5 mRNAs ABL1, CRH, IGF2, ANXA10 and
UPK1B, was evaluated in an independent test cohort of 450 participants.

Results: In the independent test cohort the assay ROC curve AUC was 0.87 (95%
CI 0.81e0.92). At an example cutoff point of 0.4 overall sensitivity was 73% while
specificity was 90% and 77% in the hematuria and surveillance patient pop-
ulations, respectively.

Conclusions: We developed a 90-minute, urine based test that is simple to
perform for the detection of bladder cancer. The test can help guide physician
decision making in the management of bladder cancer. Additional evaluation in a
prospective study is needed to establish the clinical usefulness of this assay.
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IN the United States BCa is the sixth most common Urine Testing
cancer with approximately 79,000 new cases and
17,000 disease specific deaths predicted in 2017.1

Most BCa cases present as nonmuscle invasive
lesions that are managed by TUR but a high
recurrence rate necessitates frequent surveillance.2

Cystoscopy, often with adjunct urine cytology, is
the current standard for the diagnosis and surveil-
lance of BCa.3 Cytology is the only urine based test
recommended for BCa diagnosis and surveillance in
AUA (American Urological Association) and EAU
(European Association of Urology) guidelines.3,4 A
review of 26 reports showed that the median
sensitivity and specificity of cytology for BCa sur-
veillance were 35% and 94%, respectively.5 Of
particular concern is the relatively poor 58% sensi-
tivity of cytology for high grade BCa. Comparatively
cytology is also more labor and time intensive and
subject to interobserver variability.6

Many molecular diagnostic tests have been
developed to complement or replace cytology and
cystoscopy.7 Assays that measure single protein
markers such as BTA stat�, BTA TRAK� and
NMP22� BladderChek� often show low sensitivity
and/or specificity. More complex assays such as
ImmunCyt/uCytþ (Scimedx, Dover, New Jersey),
UroVysion� Bladder Cancer Kit and Cxbladder�
are often more time-consuming and costly, and/or
the result of analysis is subjective.

The GeneXpert instrument system is a multiplex
polymerase chain reaction platform that integrates
and automates sample preparation and target
detection.8 The versatile system allows for the
development of assays that are simple to run and
provide objective results in 30 to 120 minutes
depending on the assay. Our goal was to develop a
noninvasive, fast and simple assay to detect BCa on
the GeneXpert system.
MATERIALS AND METHODS

Subjects and Specimens
Institutional review board approval was obtained from
each of the 18 study sites (supplementary table, http://
jurology.com/). Voided urine specimens and correspond-
ing clinical information were collected. Subjects with
gross hematuria or UTI were not excluded from analysis.
Surveillance subjects were defined as those with a history
of BCa. Subjects with hematuria were defined as those
with gross or microscopic hematuria who were undergoing
initial evaluation for BCa. Urine specimens were collected
prior to office white light cystoscopy or tumor resection. In
BCa positive cases cancer stage and grade were estab-
lished by histopathological examination of resected tissue.
The control group included healthy subjects and subjects
with noncancerous urological diseases such as UTI,
nephrolithiasis and ureteral stricture.
Voided urine specimens were added to an equal volume of
GeneXpert Urine Transport Reagent within 1 hour of
specimen collection. The reagent lyses red and white blood
cells present in urine but preserves urothelial cells and
their RNA content, facilitating use of the test in speci-
mens with gross hematuria or UTI.

The preserved urine samples were tested by trans-
ferring 4 ml to the GeneXpert cartridge and inserting
the cartridge into the GeneXpert instrument. All re-
agents required for sample preparation and RT-qPCR
analysis were preloaded in the cartridges by the manu-
facturer. In the cartridge the urine cells are filter
captured and lysed by sonication. The released nucleic
acid is eluted and mixed with dry RT-qPCR reagents,
and the solution is transferred to the reaction tube for
RT-qPCR and detection.9

Urine samples in the training cohort were tested with 2
separate cartridge assays to measure all 10 targets,
including ABL1, CRH, IGF2, ANXA10, KRT20, AR,
PIK3CA, UPK1B, UPK2 and MGEA5. ABL1 served as a
sample adequacy control for each assay to ensure suffi-
cient assay input. Primer and probe sets were tested with
human genomic DNA to ensure that only mRNA was
significantly amplified. Probes were labeled with one of 6
dye and quencher combinations, enabling multiplex
detection. Each reaction contained 0.25 U/ml AptaTaq�,
0.38 U/ml M-MLV Reverse Transcriptase (Roche Custom-
Biotech, Indianapolis, Indiana), 0.4 U/ml ribonuclease
inhibitor (Roche), 75 mM KCl, 3.5 mM MgCl2 and 20 mM
tris, pH 8.5. Thermal cycling conditions were 45C for 10
minutes for reverse transcription and then 45 cycles at
95C, 60C and 72C for 5, 20 and 20 seconds, respectively.

Test cohort urines were tested with a 5-mRNA Gene-
Xpert assay that contained primers and probes to detect
ABL1, CRH, IGF2, ANXA10 and UPK1B, and an internal
control RNA. The concentration of the salts and enzymes
was the same as in the training cohort assays but the 45C
hold time for reverse transcription was extended to 15
minutes.

Statistical Analysis
Descriptive statistics were calculated for the training
cohort. Ct and DCt, calculated as ABL1 Ct e target Ct,
were standardized by subtracting the average Ct or DCt
and dividing by the SD of that mRNA target. Stepwise
logistic regression was done on a preliminary data set to
identify a reduced set of 5 mRNAs for the prediction
model. The final regression model was then fit using
training cohort DCt data for IGF2, UPK1B, CRH and
ANXA10, and Ct data for ABL1. Model performance was
assessed on the test cohort using ROC curves, AUCs and
measures of diagnostic sensitivity and specificity. Anal-
yses were performed with JMP�, version 12.
RESULTS

Initial Marker Selection

We first identified more than 100 mRNA candidate
markers from the published literature andmeasured
expression by RT-qPCR in urine specimens from

http://jurology.com/
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subjects with and without BCa (data not shown). We
chose 10 mRNAs that are over expressed in BCa,
including ABL1, CRH, IGF2, ANXA10, KRT20, AR,
PIK3CA, UPK1B, UPK2 and MGEA5, for further
evaluation in the training cohort.

Training Cohort

Characteristics. The training cohort consisted of urine
specimens from 483 subjects recruited between 2012
and 2014 at a total of 18 multinational sites
(supplementary table, http://jurology.com/). A total of
11 specimens were excluded from further analysis
because the Ct value of ABL1, the sample adequacy
control, was greater than 36, indicating insufficient
mRNA to give reliable RT-qPCR results. Of the
specimens 28 were excluded due to negative,
inconclusive or no histology results. Table 1 lists the
demographic and clinicopathological characteristics
of the remaining 444 subjects. The surveillance and
hematuria subgroups included specimens from 80
and 45 subjects, respectively, with histologically
confirmed BCa.
Table 1. Training and test cohort demographic and clinicopathologic

Training

NonCa

No. subjects 319 125
Median age (range) 67 (33e94) 71
No. M/F/gender unknown 220/87/12 111/
No. collection sites 16 15
No. controls: Not a
Healthy 64
Other* 4

No. surveillance (%) 154 80

BCG thera

No. pts 6 7
Clinical stage (%): Not applicable
CIS only 6
CIS þ Ta or T1 4
Ta 42
T1 9
Greater than T1 17
Unknown 2

No. grade (%):‡ Not applicable
Low 31
High 49

Hematur

No. pts (%) 97 45
No. clinical stage (%): Not applicable
CIS only 2
CIS þ Ta or T1 3
Ta 22
T1 8
Greater than T1 7
Unknown 3

No. grade (%):‡ Not applicable
Low 12
High 33

*Four subjects with UTI in training cohort, and 9 with kidney stones and 1 with uretera
†Within 3 months of study enrollment.
‡Sauter G et al: Tumours of the urinary system: non-invasive urothelial neoplasias. In: WH
pp 29e34.
Results. Ct data on the 10 mRNAs measured in the
training cohort were used to build a model to predict
cancer status as described. Table 2 shows parameter
estimates of the final model. Univariate analysis
was performed on the 10 mRNAs, although it was
not used to build the prediction model or eliminate
markers from the model (fig. 1).

Test Cohort

Characteristics. The prediction model developed in
the training cohort was evaluated in an independent
test cohort of urine specimens from 450 subjects.
Subjects were recruited from 2012 to 2015 at 7 sites
(supplementary table, http://jurology.com/). We
excluded 68 specimens due to insufficient input,
defined as ABL1 Ct greater than 36, of which 45
were from healthy subjects. Another 12 specimens
were excluded due to negative, inconclusive or no
histology results. Table 1 lists the demographic
and clinicopathological characteristics of the
remaining 370 subjects in the cohort. There were
27 specimens in the surveillance group and 22 in
al characteristics

Test

Ca NonCa Ca

321 49
(42e95) 64 (18e92) 71 (53e87)
13/1 232/88/1 47/2/0

6 4
pplicable Not applicable

169
10

(34) 71 27 (28)

py†

3 2
Not applicable

(8) 2 (7)
(5) 1 (4)
(53) 23 (85)
(11) 1 (4)
(21)
(3)

Not applicable
(39) 18 (67)
(61) 9 (33)

ia

(31) 71 22 (24)

(4) 1 (5)
(7) 1 (5)
(49) 14 (64)
(18) 2 (9)
(16) 3 (14)
(7) 1 (5)

(27) 8 (36)
(73) 14 (64)

l stricture in test cohort.

O Classification of Tumours of the Urinary System and Male Genital Organs; 2004;
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Table 2. Linear model parameter estimates of prediction
model fit using training cohort data

Term Estimate SE t Ratio
Probability

Greater Than jtj
Intercept 0.28 0.015 18.8 <0.0001
Standardized:

ABL1 �0.20 0.016 �12.5 <0.0001
ANXA10 DCt 0.045 0.017 2.7 0.0082
CRH DCt 0.065 0.017 3.8 0.0001
IGF2 DCt 0.15 0.017 8.7 <0.0001
UPK1B DCt 0.066 0.016 4.2 <0.0001
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the hematuria group from subjects with histology
confirmed BCa.

Results. Based on the prediction model identified
with the training cohort (table 2), the assay was
reconfigured to measure 5 mRNAs, including ABL1,
CRH, IGF2, ANXA10 and UPK1B, in a single
cartridge. The design was then locked. Performance
of the 5-mRNA assay with the integrated prediction
model was evaluated in the test cohort. Figure 2
shows the ROC curve with respect to cancer status
(AUC 0.87, 95% CI 0.81e0.92). Healthy control
subjects were excluded from ROC curve analysis to
evaluate assay performance in an intent to treat or
diagnose population.

Table 3 and figure 3 show the results of the assay
by patient status. Samples above the cutoff point of
0.4, which could be adjusted depending on patient
population, and sensitivity and specificity goals,
CRHKRT20ANXA10

10

5

0

-5

-10

-15

-20

ΔC
t

Yellow = Ca, Blue = NonCa

Figure 1. mRNA markers vs cancer status in training cohort, including

except AR t-test p <0.05. Average expression of all other markers wa

which were lower in cancer in this cohort.
were considered positive for BCa. Using the 0.4
cutoff point assay sensitivity was 73% with 90%
specificity in the hematuria population, 77% in the
surveillance population and 98% in the healthy and
other controls. There were fewer false-positive and
false-negative findings in the hematuria population
than in the surveillance population (fig. 3). The BCa
prevalence in the surveillance and hematuria pop-
ulations in the test cohort was unusually high at
28% and 24%, respectively (table 1). Therefore, 10%
and 20% prevalence examples were used to calcu-
late PPV and NPV.
DISCUSSION
We developed a noninvasive assay to detect BCa
with good sensitivity and specificity. The 73%
overall sensitivity of the GeneXpert assay in the test
cohort was higher than most reported cytology
sensitivity values, which range from 13% to 75%
(median 35%).5 Sensitivity for high grade BCa was
83% while the median reported sensitivity for high
grade BCa using cytology is 58%.5 In addition to
improved sensitivity, the ease of use, objective test
results and 90-minute time to result are clear ad-
vantages of this test over cytology.

For clinical adoption a central aim in developing
new diagnostic tests for BCa is achieving specificity
comparable to standard urine cytology. The speci-
ficity of the current assay in the hematuria workup
MGEA5UPK2PIK3CAARUPK1BIGF2

Ct data on ABL1 and DCt data on other markers. For all markers

s higher in cancer than noncancer except MGEA5 and PIK3CA,
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Figure 2. ROC curve of GeneXpert assay of 98 surveillance and 93 hematuria specimens in test cohort, excluding healthy and other

control specimens (AUC 0.87, 95% CI 0.81e0.92). Diamond indicates 0.4 cutoff point.
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population was 90%, which is within current patient
treatment expectations. Specificity was 77% in the
surveillance population, which is lower than that
Table 3. Assay sensitivity and specificity in test cohort by
biopsied tissue cystoscopy and histopathology findings in
hematuria and surveillance groups

% Sensitivity (No. pts/total No.):
All grades 73 (36/49)
High grade* 83 (19/23)
Low grade 65 (17/26)

% Specificity (No. pts/total No.):
Hematuria workup 90 (64/71)
Surveillance 77 (55/71)
Healthy/other controls 98 (175/179)

% Pos predictive value:
10% Prevalence þ 90% specificity (hematuria) 45
20% Prevalence þ 77% specificity (surveillance) 44

% Neg predictive value:
10% Prevalence þ 90% specificity (hematuria) 97
20% Prevalence þ 77% specificity (surveillance) 92

*All 5 subjects with CIS findings, including 3 in surveillance group and 2 in he-
maturia group, had positive test results.
typically seen for cytology. However, it is possible
that at least some of these subjects had malignancy
that was missed by cystoscopy. Future studies will
follow patients longitudinally to determine whether
those with apparently false-positive assay results
are at increased risk for recurrence.

We found that the test performed better in the
hematuria population than in the surveillance
population. Consistent with better sensitivity for
high grade disease, the 64% level of high grade
disease among the cancer positive cases in the he-
maturia group of the test cohort compared to 33% in
the surveillance group could account for the per-
formance difference (table 1). However, further
testing is necessary to determine whether there are
significant assay performance differences between
these populations.

The GeneXpert test could help improve patient
treatment when visualization with white light
cystoscopy is challenging due to recent BCG therapy



Figure 3. GeneXpert assay results for test cohort show cancer status determined by cystoscopy and histopathological examination of

biopsied tissue for subjects in hematuria workup and surveillance populations. In hematuria population 3 specimens with false-

negative results were obtained from 1 subject with high grade and 2 with low grade disease. In surveillance population 10

specimens with false-negative results were obtained from 3 subjects with high grade and 7 with low grade disease. Horizontal line

indicates 0.4 cutoff point with values above line considered positive results.
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or the presence of CIS. The accuracy of our assay in
the small number of patients with recent BCG
therapy suggests that the assay could be used in
this patient population. In addition, all 5 subjects in
the test cohort who had CIS had positive GeneXpert
results. Further longitudinal studies are needed to
assess the diagnostic performance of the assay in
these challenging surveillance populations to pre-
dict the risk of recurrence.

Other promising urine based tests such as
Cxbladder and UROBEST (Biofina Diagnostics,
Madrid, Spain) measure mRNA targets in urine
specimens for BCa diagnosis. In subjects with gross
hematuria the Cxbladder test produced a ROC
curve with an AUC of 0.87,10 similar to the AUC of
the GeneXpert assay ROC curve produced in the
test cohort, a population that included subjects with
hematuria and those on surveillance (fig. 2). More
recently the evaluation of Cxbladder in surveillance
subjects produced a ROC curve with an AUC of
0.66.11

The UROBEST test was evaluated in subjects
enrolled at the time of TUR and in subjects with
nonneoplastic urological disease.12 To our knowl-
edge the sensitivity and specificity of UROBEST in
the surveillance and hematuria populations at the
time of cystoscopy has yet to be reported. Notably
Cxbladder and UROBEST require sending the
specimens to laboratories elsewhere while Gene-
Xpert platforms are available in many clinical lab-
oratories worldwide, significantly reducing cost and
turnaround time.

The GeneXpert assay measures 5 mRNAs,
including IGF2, UPK1B, CRH, ANXA10 and ABL1,
which have literature support for an association
with BCa. IGF2 mRNA is up-regulated in many
BCa tumors13 while IGF2 protein levels are high in
urine specimens of patients with BCa.14 UPK1B, a
structural protein of urothelial cells which can be
over expressed in BCa,15 has been used to detect
circulating tumor cells in patients with BCa.16

ANXA10 is a member of the calcium dependent
phospholipid binding protein family with a role in
the regulation of cellular growth and in signal
transduction pathways. High ANXA10 expression
was observed in BCa, and in adenocarcinoma of the
upper gastrointestinal tract and pancreatobiliary
system.17 CRH, which is secreted by the hypothal-
amus as a stress response, is associated with human
pituitary adenomas.18 IGF2, CRH and ANXA10
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were independently identified as BCa markers in
whole genome expression array studies.19 ABL1 is
a protein tyrosine kinase initially identified as a
driver of leukemia but emerging data have shown a
role of over expression of ABL family kinases in the
progression of several solid tumors.20 We found that
higher ABL1 levels correlated with cancer status
(fig. 1). The correlation was possibly due to
increased ABL1 expression and to increased uro-
thelial cellularity of urine specimens from subjects
with BCa.

Another observation in our study is the higher
than anticipated number of specimens (68 of 450) in
the test cohort with insufficient mRNA to provide
reliable RT-qPCR results. Of the 68 specimens with
insufficient mRNA 45 were from healthy subjects,
who tend to have fewer cells and mRNA in urine.
The percent of specimens with insufficient input
should be reduced in an intent to treat/diagnose
population and is planned to be determined in
future studies.

Limitations of our study include those related to
the imperfect sample cohorts that were used, the
lack of followup data and the lack of direct com-
parison to other urine tests, specifically cytology.
Including patients before TUR increased the
percent of cancer positive samples compared to the
typical BCa prevalence, limiting PPV and NPV
calculations. In addition, we pooled assay data on
surveillance, hematuria and control subjects, lead-
ing to heterogeneous training and test cohorts.
Improved prediction models may be possible if the
populations are evaluated separately.
To address some of these limitations we are
validating the 5-mRNA assay in a prospective
multicenter study. This study will allow for direct
comparison of the GeneXpert assay, cytopatho-
logical evaluation, and the UroVysion test in urine
specimens collected from surveillance and hematu-
ria populations. This approach will enable the
calculation of PPV, NPV and the nondeterminate
rate of the GeneXpert assay in each patient popu-
lation. Further, the broader study would better
define assay usefulness in challenging BCa pop-
ulations such as patients with recent BCG treat-
ment, CIS or UTI.
CONCLUSIONS
We describe the development of a 5-mRNA Gene-
Xpert assay for use in the detection of BCa. This
urine based test features minimal hands-on steps,
90-minute processing time and objective results
with improved sensitivity over that of urine
cytology, particularly for high grade BCa.
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