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Abstract

Objective: To test whether a noninvasive urine-based multianalyte diagnostic readout assay that uses protein and DNA
biomarkers can risk stratify patients with hematuria into those who are or are not likely to have bladder cancer and
those who should receive standard care.

Patients and Methods: This prospective, observational, multicenter, single-assessment study was conducted between
June 12,2009, and April 15,2011. Eligible patients presented with hematuria and as part of their evaluation underwent
cystoscopy. Urine samples were analyzed for the presence of mutant FGFR3 and quantified matrix metalloproteinase 2
and the hypermethylation of TWIST1 and NID2. A patient’s chance of having (positive predictive value [PPV]) or not
having (negative predictive value [NPV]) cancer was determined by FGFR3 alone or by all 4 biomarkers, respectively.
Results: Cystoscopy/biopsy diagnosed 690 of 748 patients as negative and 58 as positive for bladder cancer. Of 21
patients identified by FGFR3 as highly likely to have cancer, 20 were also positive by cystoscopy/biopsy, resulting in a
PPV 0f 95.2% (20 of 21), with specificity of 99.9% (689 of 690). The 4-marker combination identified 395 patients as
having a low likelihood of cancer. Of these, 56.2% (388 of 690) also had negative biopsy/cystoscopy findings, resulting
in an NPV of 98.2% (388 of 395). In total, 416 of the 748 patients with hematuria (55.6%) were identified with
extremely high NPV and PPV to have or not have bladder cancer.

Conclusion: This multianalyte assay accurately stratified patients with high confidence into those who likely do or do

not have bladder cancer. This test was developed to enhance and not to eliminate referrals for urologic evaluation.
© 2012 Mayo Foundation for Medical Education and Research ® Mayo Clin Proc. 2012;87(9):835-842

rothelial cancer of the bladder is typically
associated with asymptomatic hematuria (ei-
ther gross or microscopic) and voiding
symptoms.' Up to 5% of patients with microscopic
hematuria and approximately 10% with gross hema-
turia have urinary tract cancer.”” Despite the risk of
urinary tract malignancy, the observed rate of referral
to a urologist for men is approximately 13% to 47%
and for women is approximately 27%."* The poor
referral rates for patients may, in part, be due to the fact
that hematuria is often seen in other non-life-threaten-
ing urologic conditions, including urinary tract infec-
tions, benign prostatic hyperplasia, and urolithiasis." >
The lack of evaluation for cancer in patients with he-
maturia can result in delayed diagnosis and worse
prognosis.' >
One strategy to identify early disease is to ensure
evaluation of patients at risk for bladder cancer.’
The American Urological Association (AUA) recom-
mends a full urologic evaluation for patients with 2
of 3 properly collected urine samples that meet the
criteria for microscopic hematuria and for high-risk
patients (>40 years of age).'® Currently, primary
care work-up of patients with hematuria involves
urine dipstick testing, microscopic urinalysis, urine
Gram stain/culture, and urine cytologic analysis.”
However, most of these methods have low sensitiv-

ity or specificity and an inability to detect early (low-
load) cancers.'""'* A false-negative diagnosis can
cause a wrong sense of security, and a false-positive
diagnosis can result in patient anxiety.'’

Although gross hematuria should always be eval-
uated by a urologist, a tool that might better stratify a
patient’s risk of bladder cancer and that eliminates the
confusion created by false-positive and false-negative
results would be helpful to primary care physicians in
deciding how to better assess the risk faced by a pa-
tient. In this multicenter study, we evaluated a diag-
nostic assay that uses the Clinical Intervention Deter-
mining Diagnostic (CIDD) approach'® to stratify
patients with hematuria into 3 groups: those with a
high likelihood of having urothelial cancer, those who
are unlikely to have cancer, and those who may be at
risk and should continue to be routinely monitored for
bladder cancer. Currently available biomarkers for de-
tecting bladder cancer rely on a single cutoff value to
define “cancer” vs “cancer free,” which results in either
low specificity or low sensitivity (high false-positive or
high false-negative results),'” and, therefore, fall short
of providing clinically relevant results.'® The CIDD ap-
proach uses 2 biomarker cutoff values in 1 noninvasive
assay (one that has high positive predictive value [PPV]
and one that has high negative predictive value [NPV])
to triage the population, reducing ambiguity. '
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Test population (used for
cutoff value determination):

P Enrolled and
consented: N=1148

Y

Non evaluable: n=6 (2.4%)

n=266
! 3
Eligible: n=252 Eligible: n=882
A4
\ \4 Non evaluable: n=134 (15.2)
Evaluable: n=246 (97.6%) Evaluable: n=748 (84.9%) * Missing biomarkers: n=40 (4.5%)
* FGFR3 inconclusive: n=32 (3.6%)
v v * Did not meet inclusion/exclusion

Final derivation population (n=288)
Without cancer: n=240 (83.3%)

With cancer: n=48 (n=6 from PBS-
002 and n=42 from PBS-001) (16.7%)

Final validation population
(n=748)

Without cancer: n=690 (92.2%)
With cancer: n=58 (7.8%)

criteria: n=72 (82.2%)
* Missing urine sample: n=5 (0.6%)
* Cystocopy not performed: n=17 (1.9%)

* Cystocopy positive for cancer not
cofirmed by biopsy: n=4 (0.5%)

FIGURE. Flowchart diagram showing selection of patients for study of the performance of the noninvasive MADR diagnostic assay
for urothelial cancer of the bladder in the evaluation of hematuria. MADR = mulitanalyte diagnostic readout; PBS 00| = Predictive
Biosciences study |; PBS 002 = Predictive Biosciences study 2.
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We developed a noninvasive urine-based test
that combines the robust performance of 3 DNA
biomarkers (TWISTI, NID2, and FGFR3) with a pro-
tein biomarker (matrix metalloproteinase 2 [MMP-
2]) into one multianalyte diagnostic readout
(MADR) with high PPV and high NPV to identify
patients with bladder cancer. The underlying idea is
that an assay with high PPV could be used to identify
patients who are likely to have cancer and who
could benefit from accelerated intervention. Various
studies have shown that sequence variations in
FGFR3 are associated with bladder cancer develop-
ment and that the mutant DNA can be detected in
the urine of patients with cancer.'” ' Based on
these studies and the one presented herein, a posi-
tive FGFR3 finding has high PPV for bladder cancer.

Likewise, an assay with high NPV that is associated
with high sensitivity could give the physician the
confidence to report that a patient with assay-nega-
tive results has an extremely low likelihood of hav-
ing cancer. In the case of the 4-marker combination,
patients are considered negative for cancer when the
results of all 4 biomarkers are negative. A third cohort
of patients negative for FGFR3 sequence variations but
not for any of the other 3 markers would not be con-
sidered to have elevated or reduced risk of bladder
cancer and would be referred for standard care.

PATIENTS AND METHODS
This was a prospective, observational, multicenter,
single-assessment, diagnostic test study performed

TABLE 1. MADR Assay Performance for the Derivation Population

Biomarker Negative assay criteria NPV (%)
TWISTI <I39 K ND
NID2 <680 K ND
MMP-2 <1.100 ng/mL ND
FGFR3 Negative ND
All 4 biomarkers 99.5

Biomarker PPV (%)
FGFR3 Positive 71

Sensitivity (% [range]) POE (% [range])

84 (71-94) 82 (76-86)
33 (20-48) 100 (99-100)
35 (22-51) 74 (68-79)
10 (3-23) 99 (97-100)
94 (83-99) 65 (58-71)
Specificity (% [range]) POE (% [range])
99 (97-100) 10 (3-23)

MADR = multianalyte diagnostic readout; MMP-2 = matrix metalloproteinase 2; ND = not determined; NPV = negative predictive

value; PPV = positive predictive value; POE = power of exclusion; POl = power of inclusion.
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in 27 academic and community-based urology clin-
ics between June 12,2009, and April 15,2011, that
was designed to assess the ability of the MADR assay
to stratify patients presenting with hematuria into
those likely to have or not have bladder cancer. The
study was conducted according to the principles es-
tablished by the Declaration of Helsinki. Appropri-
ate institutional review boards approved the proto-
col, and written informed consent was obtained
from the patients.

Study Patients

Eligible patients (=50 years of age) were undergo-
ing evaluation for bladder cancer owing to a finding
of gross or microscopic hematuria. Patients under
50 had a family history of bladder cancer and/or had
more than 20-year history of smoking. All had an
intact bladder. Patients were required to provide 25
mL of urine and were excluded from the study if
they had any current cancer or history of cancer, an
autoimmune disease, or a diagnosis of human im-
munodeficiency virus, hepatitis C, hepatitis B, or a
sexually transmitted disease. Patients were also ex-
cluded if they had active tuberculosis or any other
systemic infection.

The patient population was divided: one group
was used to establish the cutoff values for the differ-
ent biomarkers to maximize clinical performance
(derivation group) and another group was used to
validate the assay (validation group). For the deriva-
tion group, 252 eligible patients from this study
(Predictive Biosciences study 2 [PBS-002]) were
randomly chosen to establish a cutoff value for the 4
biomarkers: TWIST1, NID2, FGFR3, and MMP-2
protein. Six patients had inconclusive results; con-
sequently, 246 patients were used for the analysis
(Figure). It was estimated that approximately 10%
of the randomly selected population would have
bladder cancer. However, only 6 patients (2.4%) of
the original derivation group had cancer, and this
was not sufficient for determining cutoff values.
Therefore, urine samples from 42 patients with
known bladder cancer from a separate independent
study (PBS-001) with similar demographic charac-
teristics as the present trial were included in the
derivation group, which brought the population of
patients with bladder cancer to 16.7%.

Study Design

At the study visit, urine samples were collected for
MADR assay, cystoscopy was performed, and demo-
graphic data were collected. The results of the
MADR assay were blinded to the patients and phy-
sicians. Based on the results of cystoscopy and,
when available, a biopsy report, patients were cate-
gorized as having or not having urothelial carci-

TABLE 2. Baseline Demographic and Disease Characteristics by Evidence

of Disease®®

Biopsy/cystoscopy result

Characteristic Positive® (n=58)

Age (y), mean (SD) 71 (10.0)
Age

<70y 29 (50.0)

=70y 29 (50.0)
Male sex 48 (82.8)
Smoking status

Yes 47 (81.0)

No I'1(189)

Unknown 0
Hematuria

Gross 43 (74.1)

Microscopic I5(25.9)
Determination of disease diagnosis®

Biopsy 58 (100)

Cystoscopy 0
TNM staging

Ta 36 (62.1)

Tis 2 (34)

Tl 15 (25.9)

T2 2 (34)

T3 3(52)
Grade

I 28 (48.3)

2 4 (6.9)

3 25 (43.1)

Unknown I (1.7)

#NA = not applicable.
®Data are given as No. (percentage) unless indicated otherwise.
“Results by cystoscopy/biopsy = positive or evidence of disease.

dResults by cystoscopy/biopsy = negative or no evidence of disease.

Negative® (n=690)
64 (9.6)

494 (71.6)
196 (28.4)
402 (58.3)

397 (57.5)
289 (41.9)
4(06)

217 31.4)
473 (68.5)

20 (2.9)
670 (97.1)

NA
NA
NA
NA
NA

NA
NA
NA
NA

¢ Determination of disease diagnosis refers to the method by which the determination of disease

absence (cystoscopy negative) was made. The hierarchy of test results is biopsy, rigid cystoscopy,

and flexible cystoscopy. The determination of disease presence (cystoscopy positive) can be

made only by biopsy.

noma of the bladder. A patient was considered neg-
ative for bladder cancer if the biopsy results
indicated benign tissue or, in the absence of a bi-
opsy, the cystoscopy showed no evidence of disease.
All cancers were confirmed by biopsy. Patients with
indeterminate cystoscopic findings and no biopsy
results were omitted from the analysis.

MADR Assay
The MADR assay was performed by trained staff
without knowledge of the cystoscopic or biopsy re-
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sults. All the urine samples were collected before
cystoscopy, bladder biopsy, or transurethral resec-
tion. Urine samples were stored at —80°C, and for
DNA analysis, samples were stabilized with EDTA
(25 mmol/L). For DNA analysis, genomic DNA was
isolated using the QIAamp MinElute virus vacuum
kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Purified DNA was
stored in either buffer (AVE buffer; Qiagen) or water
at —20°C.

MMP-2 Protein Quantitation. The urine level of
MMP-2 was quantified by enzyme-linked immu-
nosorbent assay using a modification of the manu-
facturer’s instructions (R&D Systems, Minneapolis,
MN). Samples were assayed in duplicate using an
input of 50 uL of neat urine.

FGFR3 Mutation Assay. Genomic DNA isolated
from 4 mL of urine was amplified in a multiplex,
real-time polymerase chain reaction (PCR) with
primers and dual-labeled fluorescent probes specific
for human FGFR3 exons 7, 10, and 15 (Supplemen-
tal Table [available online at http://www.mayoclinic
proceedings.org]) using the Roche LightCycler 480
system (Roche Applied Science, Indianapolis, IN) un-
der standard conditions.

After purification of these PCR products, a sec-
ond multiplexed PCR was performed to identify
FGFR3 sequence variations using primers and
probes listed in the Supplemental Table (available
online at http//www.mayoclinicproceedings.org).
The PCR contained primers encoding wild-type se-
quences with locked nucleic acid bases surrounding
and including a known sequence variation site in ex-
ons 7, 10, or 15 and real-time PCR primers specific for
each exon with dual-labeled fluorescent probes. The
locked nucleic acid primers have a higher annealing
affinity to wild-type DNA than to mutant DNA, result-
ing in inhibition of amplification of wild-type DNA
and preferential amplification of mutant DNA. As a
control for the amount of DNA included in each reac-

TABLE 3. MADR Assay Performance Compared With Cystoscopy/Biopsy for the

Validation Population®®

Combined biomarkers
intermediate/positive

Combined biomarkers
negative

Total

Biopsy positive Biopsy/cystoscopy negative Total
51 (144) 302 (85.6) 353

7 (1.8) 388 (98.2) 395

58 (7.8) 690 (92.2) 748

*MADR = multianalyte diagnostic readout.
Data are presented as No. (percentage).

838

MAYO CLINIC PROCEEDINGS

tion, PCR amplification was performed in the absence
of locked nucleic acid—containing primers. The ratio
of the amplification cycles of positive controls (plas-
mids containing known FGFR3 sequence variations)
to those of negative controls (wild-type DNA) was in-
cluded in each assay to determine whether a sample
did or did not contain a sequence variation. All the
PCRs were performed in duplicate. Samples that did
not have sufficient DNA after the initial real-time PCR
were excluded from further analysis.

TWIST1 and NID2 Methylation Analysis. Conven-
tional methylation-specific PCR was used to detect
methylation of TWISTI and NID2. A maximum of 2 ug
of genomic DNA isolated from 8 mL of urine was bisul-
fite converted using an EpiTect bisulfite kit (Qiagen)
following the manufacturer’s directions. The resulting
converted DNA was eluted into 30 uL of molecular-
grade water and was stored at —20°C. Conventional
methylation-specific PCR was performed using meth-
ylation-specific primers to the promoter regions of
TWISTI and NID2 (Supplemental Table, available on-
line at http://www.mayoclinicproceedings.org) in a
thermal cycler (C1000; Bio-Rad Laboratories, Hercu-
les, CA) under standard conditions. Methylation
thresholds for TWISTI and NID2 were established by
densitometry (units shown in thousands, K). To en-
sure that a negative experimental result was accurate,
the minimum input of DNA (10 ng), as determined
by unmethylated ACTIN-B quantitation, was re-
quired. Real-time PCR was performed using the
Roche LightCycler 480 system under standard con-
ditions. Samples negative for hypermethylation that
did not meet the minimum DNA inputs were ex-
cluded from further analysis.

Statistical Analyses

The primary end point was the ability of the MADR
assay to triage a patient population undergoing
screening for bladder cancer due to the presence of
hematuria using the 2—cutoff value CIDD approach
(one cutoff value includes all the markers and the
other includes only FGFR3). Performance of the
combined 4-biomarker assay was focused on sensi-
tivity and NPV for the purpose of identifying pa-
tients who are unlikely to have bladder cancer, and
performance of FGFR3 alone was focused on speci-
ficity and PPV for the purpose of identifying patients
with bladder cancer. The results of the MADR assay
were compared with those of cystoscopy and bi-
opsy. Secondary end points included subgroup
analyses such as smokers vs nonsmokers and age
associations. Retrospective analysis evaluated the
sensitivity, specificity, and PPV of combined cytol-
ogy and FGRE3 for determining whether a patient
had bladder cancer.
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Negative Predictive Value. The assessment of NPV
used a composite of cutoff values for the 4 biomark-
ers. Cutoff values were selected to achieve approxi-
mately 90% sensitivity. A patient was classified as
negative for cancer if the findings were below the
cutoff value for all 4 biomarkers (TWISTI, <139 K;
NID2, <680 K; MMP-2, <1.100 ng/mL; and
FGFR3, negative). A patient was classified as inde-
terminate/positive for cancer if 1 of the 4 biomarkers
did not meet the cutoff criteria. The NPV was calcu-
lated as follows: NPV = true-negative/all MADR as-
say negatives.

Positive Predictive Value. The evaluation of PPV
used FGFR3 sequence variation status. A patient was
considered positive for cancer if the FGFR3 result
was positive. A patient was considered indetermi-
nate/negative for cancer if the FGFR3 result was neg-
ative. The PPV was calculated as follows: PPV =
true-positive/all FGFR3 assay positives. For the eval-
uation of PPV using a combination of FGFR3 se-
quence variation status and cytologic testing, a pa-
tient was considered positive for cancer if either
FGFR3 or cytologic findings were positive. The PPV
was calculated as follows: PPV = true-positive/all
FGFR3 or cytology positive.

RESULTS

Of the 1148 patients enrolled in the study, 266 were
used for the derivation population to determine the
optimum cutoff values for the MADR assay and 748
were evaluable and composed the validation popu-
lation (Figure). The major reasons that patients were
not evaluated included not meeting the inclusion or
exclusion criteria or having 1 or more marker results
that were inconclusive or missing (Figure).

Derivation Patient Group: Establishing Assay
Cutoff Values
The derivation group of patients was used to estab-
lish marker combinations, cutoff values, and ex-
pected performance. The derivation group con-
sisted of 240 patients with hematuria but not
bladder cancer and 48 patients with bladder cancer.
The assay evaluated the performance of all 4
biomarkers (TWIST1, NID2, FGFR3, and MMP-2)
individually and in combination. Individual marker
cutoff values were established to maximize sensitiv-
ity (=90%) and NPV when combined. Given
FGFR3'’s high specificity and the large body of evi-
dence linking FGFR3 sequence variations to bladder
cancer,' "' FGFR3 was used to identify patients
who likely have cancer. For the purpose of identify-
ing patients who are unlikely to have cancer, the
maximum NPV of 99.5% was obtained using a com-
bination of all 4 biomarkers with the following cut-
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TABLE 4. MADR Assay Performance Characteristics (NPV) for the
Validation Population

Sensitivity Specificity NPV PPV

Combined biomarkers
No. (%) 51/58 (87.9)  388/690 (56.2)  388/395(98.2) ND
95% Cl 76.0-94.5 52.4-60.0 96.1-99.3 ND

ClI = confidence interval; MADR = multianalyte diagnostic readout; ND = not determined; NPV =
negative predictive value; PPV = positive predictive value.

off values: TWISTI, <139 K; NID2, <680 K;
MMP-2, <1.100 ng/mL; and FGFR3, negative. This
resulted in sensitivity of 94% and specificity of 65%
(Table 1). Although the sensitivity of FGFR3 alone in
this sample set was low, FGFR3 resulted in high PPV
(71%) and specificity (99%) (Table 1). In total, 165
of the 294 patients with hematuria (56.1%) were
identified as having extremely high NPV and PPV to
have or not have bladder cancer.

Validation Patient Group

Of the 748 evaluable patients, 690 (92.2%) did not
have cancer and 58 (7.8%) were diagnosed as hav-
ing bladder cancer by biopsy. Baseline demographic
and disease characteristics in patients with and
without bladder cancer are given in Table 2. Most
patients with cancer had stage Ta tumors (noninva-
sive papillary carcinoma) (36 of 58 [62.1%]) and
either grade 1 (28 of 58 [48.3%]) or grade 3 (25 of
58 [43.1%]) (Table 2).

The combination of all 4 biomarkers identified
395 of the patients as unlikely to have cancer, of
which 388 were confirmed negative by biopsy/cys-
toscopy (Table 3), resulting in a 98.2% NPV (Table 4). If
the cancer prevalence was identical to that of the
entire study population (6.4% prevalence) before
samples were split into derivation and validation
sets, then the prevalence-adjusted NPV would be
98.5%. FGFR3 mutant DNA was found in the urine
of 21 patients, of which 20 were confirmed by
biopsy (Table 5), indicating that FGFR3 had PPV of

TABLE 5. FGFR3 Assay Performance Compared With Cystoscopy/Biopsy for
the Validation Population®

Biopsy Biopsy/cystoscopy

positive negative Total
FGFR3 positive 20 (95.2) | (4.8) 21
FGFR3 negative 38(5.2) 689 (94.8) 727
Total 58 (7.8) 690 (92.2) 748
#Data are presented as No. (percentage).
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TABLE 6. FGFR3 Assay Performance Characteristics (PPV) for the
Validation Population

Sensitivity Specificity NPV PPV
FGFR3
No. (%) 20/58 (34.5) 689/690 (99.9) ND 20/21 (95.2)
95% ClI 22.5-48.1 99.2-100.0 ND 76.2-99.9

Cl = confidence interval; ND = not determined; NPV = negative predictive value; PPV =
positive predictive value.

95.2% and specificity of 99.9% (Table 6) and sug-
gesting that these patients likely have cancer and
should receive accelerated intervention. Of the 58
patients diagnosed by biopsy as having bladder cancer,
51 (87.5%) were above the 4-marker combination cut-
off values. Twenty of these 58 patients (34.5%) had
mutant FGFR3 DNA in their urine, indicating that they
likely had bladder cancer (Table 5). Subgroup analysis
did not find an association of MADR assay findings
with smoking status or age (data not shown).

Since FGFR3 sequence variations are associated
with noninvasive tumors of low stage and grade'®
and since cytology has poor sensitivity for low-stage
tumors but high sensitivity for high-grade and high-
stage cancer,” we asked whether urine cytologic
findings might complement the FGFR3 results. This
would result in more patients with bladder cancer
receiving accelerated intervention. Cytologic data
were available for 423 patients (24 with cancer and
399 without). In this subset of patients, FGFR3 had
a sensitivity of 33.3% (8 of 24) and a specificity of
100% (Table 7). If cytologic results were limited to
those having a negative or positive finding, cytologic
testing alone had sensitivity of 29.2% (7 of 24) and
specificity of 99.5% (397 of 399). Equivocal (atypi-
cal or suspicious) results (n = 41) were not included
in these analyses. In combination, FGFR3 and cyto-

TABLE 7. FGFR3 and Cytology for PPV

Sensitivity Specificity PPV

FGFR3

No. (%) 8/24 (33.3) 399/399 (100.0) 8/8 (100.0)

95% Cl 15.6-55.3 99.1-100.0 63.1-100.0
Cytology

No. (%) 7124 (29.2) 397/399 (99.5) 719 (77.8)

95% Cl 12.6-51.1 98.2-99.9 40.0-97.2
FGFR3 + cytology

No. (%) 14/24 (58.3) 397/399 (99.5) 14/16 (87.5)

95% Cl 36.6-77.9 98.2-99.9 61.7-98.4

Cl = confidence interval; PPV = positive predictive value.
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logic analysis identified 58.3% (14 of 24) of patients
with cancer for accelerated intervention, with spec-
ificity 0f 99.5% (397 of 399) and PPV of 87.5% (14
of 16) (Table 7).

DISCUSSION

In this study, we used a multianalyte approach to
stratify a population of patients with hematuria into
groups that represent different patients’ risk of hav-
ing bladder cancer. The 4-marker combination had
NPV of 98.2% for identifying patients who were not
likely to have bladder cancer. FGFR3 alone had high
PPV (95.2%) and high specificity (99.9%) for indi-
cating patients who likely had bladder cancer and
should receive accelerated intervention. Previous
studies have also found that urine-based analysis
of FGFR3 sequence variations is sensitive in detect-
ing cancer of urothelial origin.'”*' This assay tri-
aged 55.6% of the entire population presenting with
hematuria as either positive or negative for bladder
cancer. Although the remaining patients had inter-
mediate results, these patients would be considered
at standard risk for bladder cancer and could con-
tinue to be evaluated by standard methods. This
approach of triaging patients into 3 groups may al-
low the physician to more selectively apply invasive
procedures.

Although the AUA guidelines recommend that
all patients who meet the hematuria criteria be eval-
uated by a urologist, and despite the risk of urinary
tract malignancy, referral rates do not reflect com-
pliance with the guidelines.'™* The poor referral rates
for patients may, in part, reflect the fact that there are
multiple noncancerous underlying reasons for hema-
turia, some of which are not life threatening, making
diagnosis and treatment decisions difficult.

The MADR assay is a noninvasive urine-based
assay that stratifies patients with very low likelihood
of bladder cancer from those of higher risk who
should receive the standard of care or who are likely
to have the disease and should receive accelerated
intervention. The high NPV of the MADR assay
(98.2%) provides physicians with certainty that a
patient with a negative result has an extremely low
likelihood of having cancer. This could translate
into cystoscopy avoidance in properly selected pa-
tients, such as those with microhematuria and little
to no risk factors for bladder cancer. This is sup-
ported by previous work that found that after a thor-
ough evaluation, patients with hematuria who do
not have bladder cancer have little risk of develop-
ing the disease.'”***” Although this may not obvi-
ate the need for evaluation of other sources of vary-
ing degrees of hematuria with traditional methods, it
provides the physician with an additional tool that is
associated with high certainty. Also, because of
FGFR3’s high PPV (95.2%), a positive FGFR3 find-
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ing may increase the rate at which a patient is re-
ferred to urology services and may potentially im-
prove clinical outcomes. The MADR assay is unique
because it stratifies the patient population and elim-
inates the confusion created by having high num-
bers of false-positive and false-negative results that
are associated with many noninvasive assays.

Unlike other noninvasive assays, the MADR as-
say is not affected by the degree of hematuria or the
presence of other urinary tract diseases.”* Moreover,
it can reliably detect low-stage and low-grade dis-
ease and does not rely only on qualitative results or
require large volumes of urine or intact cells.

Since the FGFR3 assay can identify patients with
low-grade tumors, it might be used in conjunction
with cytologic testing for diagnosing bladder cancer.
This concept is supported by the findings that the
combination of FGFR3 and cytology had specificity
of 99.5% and PPV of 87.5%. Although the PPV for
the combination of FGFR3 and cytology was lower
than that for FGFR3 alone (95.2%), these results
demonstrate the usefulness of combining assays that
target tumors that differ in stage and grade. Incor-
porating a second molecular marker that has higher
sensitivity and specificity than cytologic testing and
that is not dependent on intact cells would comple-
ment FGFR3.

The AUA recommends that all patients at high
risk for bladder cancer (eg, age >50 years, a =10-
year smoking history, and =15 years of environ-
mental exposure) and 1 positive urinalysis result for
hematuria (3 red blood cells per high-power field)
be referred to a urologist for evaluation.'” However,
patients with hematuria represent a heterogeneous
population with only approximately 5% being pos-
itive for bladder cancer, and the evidence support-
ing this recommendation is scanty. Referring all at-
risk patients for a complete urologic assessment
could be costly and could unnecessarily use limited
resources.””*® The MADR assay could help with
stratification and better determine individual pa-
tient risk.

CONCLUSION

An assay to triage patients with hematuria for blad-
der cancer should be accurate and sufficiently sim-
ple so that samples can be collected and analyzed
easily and rapidly. This unique approach uses bio-
marker combinations and cutoff values to achieve
high NPV and PPV to stratify patient populations
into 3 groups: those without bladder cancer, those
who might have bladder cancer, and those who
should receive the standard care. This study showed
that the noninvasive urine-based MADR assay that
uses the best performances of 4 biomarkers can ac-
curately stratify patients into the different catego-
ries. The MADR test was developed with perfor-

mance features to serve as an adjunct to the initial
evaluation of patients with hematuria and not to
supplant appropriate urologic referrals.
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