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Study Need and Importance: Hematuria evalua-
tion is recommended for most patients with micro-
hematuria but compliance with recommendations is
low, potentially delaying or missing diagnosis of
bladder cancer. We hypothesized that a urinary
biomarker with a high sensitivity/negative predic-
tive value, Cxbladder Triage (CxbT), could triage
patients who need evaluation by identifying those at
high risk and reducing evaluation in low-risk pa-
tients with negative marker.

What We Found: Patients included in the study
(Figure) were classified according to our criteria into
lower risk (LR; 3-29 red blood cells/high-power field
and smoking < 10 pack-years) and not low-risk pa-
tients (> 29 red blood cells/high-power field and/or
smoking > 10 pack-years). LR patients were ran-
domized into marker-based and standard of care
(SOC) arms. Of 390 eligible patients who enrolled
into the study, 135 were LR randomized to CxbT-
informed decision or SOC. In the LR arm, cystos-
copy was performed in 67% of SOC and 27% in the
marker group (relative risk 0.41, 95% CI 0.27-0.61)
resulting in a 59% decrease. Compared to cystos-
copy, CxbT had 90% sensitivity, 56% specificity, and
99% negative predictive value for urothelial cancer.

Limitations: Limitations included inability to
follow-up the entire cohort of patients in LR group,
impacting the ability to assess the long-term effects

of the decision. Additionally, as the study was
designed prior to 2020, our risk stratification did not
align with the current 2020 AUA microhematuria
guideline. Indeed, many of our LR patients would be
intermediate or even high risk (based on age alone)
in the current guidelines.

Interpretation for Patient Care: In this prospective
randomized controlled trial, use of CxbT in pa-
tients with LR hematuria resulted in a 59% rela-
tive reduction of cystoscopy use. This clinical
utility of CxbT can reduce the burden of unnec-
essary cystoscopies and thus improve overall pa-
tient care.

Figure. Diagram for lower-risk patients used in clinical utility

analysis. CxbT indicates Cxbladder Triage; QC, quality control.
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Purpose: AUA guidelines for patients withmicrohematuria (�3 red blood cells [RBC]/
high-power field [hpf]) include cystoscopy for most over age 40 due to risk of urothelial
cancer (UC). Cxbladder Triage (CxbT) is a urinary genomic test with UC negative
predictive value of 99%. In this prospective randomized controlled trial, we compared
cystoscopy use in a standard of care (SOC) arm vs a marker-based approach.

Materials and Methods: All patients with hematuria provided urine for a CxbT.
Those categorized as lower risk (LR), defined as 3 to 29 RBC/hpf and minimal
smoking history (<10 pack-years) were randomized between the test group

Submitted March 1, 2024; accepted April 12, 2024; published May 3, 2024.
Recusal: Dr Daneshmand is a member of The Journal of Urology� editorial committee and was recused from the editorial and peer review

processes. Drs Margulis and Cadeddu, editorial board members of The Journal of Urology�, were recused from the editorial and peer review
processes due to affiliation with the University of Texas.

Funding/Support: Pacific Edge Ltd.
Conflict of Interest Disclosures: Dr Lotan reports financial relationships with Nanorobotics, Photocure, Astra-Zeneca, Merck, Fergene,

Abbvie, Nucleix, Ambu, Seattle Genetics, Hitachi, Ferring Research, Verity Pharmaceutics, Virtuoso Surgical, Stimit, Urogen, Vessi Medical, CAPs
Medical, Xcures, BMS, Nonagen, Aura Biosciences Inc, Convergent Genomics, Pacific Edge, Pfizer, Phinomics Inc, CG Oncology, Uroviu, On Target
Lab, Promis Diagnostics, Valar Labs, and Uroessentials. Dr Daneshmand reports consultant/advisory roles with Photocure, Pacific Edge, Ferring,
BMS, Johnson and Johnson/Janssen, Protara, Urogen, Pfizer, and CG Oncology. Dr Black reports being a member of an advisory board or equivalent
with the following commercial organizations: AbbVie, AstraZeneca, Astellas, Bayer, BMS, CG Oncology, Combat, EMD-Serono, Ferring, Janssen,
Merck, Nonagen, Nanobot, NanOlogy, Pfizer, Photocure, Prokarium, Sumitomo, TerSera, Tolmar, verity; member of a speaker's bureaufor Janssen,
TerSera, Bayer, Pfizer. Dr Patel reports consulting and speaking for Angiodynamics. Dr Lough reports being an employee of and owning stock in
Pacific Edge Ltd. Dr Shoskes reports being an employee of Pacific Edge Ltd. Dr Raman reports stock options in United Medical Systems. No other
disclosures were reported.

Ethics Statement: This study received Institutional Review Board approval (IRB No. STU2019-1020). All human subjects provided written
informed consent with guarantees of confidentiality.

Author Contributions:
Conception and design: Lotan, Lough, Daneshmand.
Data analysis and interpretation: Lotan, Daneshmand, Shore, Black, Scarpato, Patel, Lough, Shoskes, Raman.
Data acquisition: Lotan, Daneshmand, Shore, Black, Scarpato, Patel, Raman.
Drafting the manuscript: Lotan, Shoskes.
Critical revision of the manuscript for scientific and factual content: Lotan, Daneshmand, Shore, Scarpato, Patel, Shoskes, Raman.
Supervision: Lotan, Lough.
This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0

(CCBY-NC-ND), where it is permissible to download and share the work provided it is properly cited. The work cannot be changed in any way
or used commercially without permission from the journal.

Corresponding Author: Yair Lotan, MD, Department of Urology, University of Texas Southwestern Medical Center, 5323 Harry Hines Blvd J
8.112, Dallas, TX 75390-9110 (yair.lotan@utsouthwestern.edu).

THE JOURNAL OF UROLOGY®

� 2024 The Author(s). Published on behalf of the

American Urological Association, Education and Research, Inc.

https://doi.org/10.1097/JU.0000000000003991

Vol. 212, 41-51, July 2024

Printed in U.S.A.

42 j www.auajournals.org/jurology

www.auajournals.org/journal/juro

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yair.lotan@utsouthwestern.edu
https://doi.org/10.1097/JU.0000000000003991
http://www.auajournals.org/jurology
http://www.auajournals.org/journal/juro
https://www.auajournals.org/servlet/linkout?type=rightslink&url=startPage%3D41%26pageCount%3D11%26copyright%3D%26author%3DYair%2BLotan%252C%2BSiamak%2BDaneshmand%252C%2BNeal%2BShore%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DWoltersKluwer%26volumeNum%3D212%26issueNum%3D1%26contentID%3D10.1097%252FJU.0000000000003991%26title%3DA%2BMulticenter%2BProspective%2BRandomized%2BControlled%2BTrial%2BComparing%2BCxbladder%2BTriage%2Bto%2BCystoscopy%2Bin%2BPatients%2BWith%2BMicrohematuria%253A%2BThe%2BSafe%2BTesting%2Bof%2BRisk%2Bfor%2BAsymptomatic%2BMicrohematuria%2BTrial%26numPages%3D11%26pa%3D%26oa%3DCC-BY-NC-ND%26issn%3D0022-5347%26publisherName%3DWoltersKluwer%26publication%3Djuro%26rpt%3Dn%26endPage%3D51%26publicationDate%3D05%252F03%252F2024


provided with the CxbT result vs the SOC control group. Negative CxbT patients were offered omission of
cystoscopy with surveillance. “Not lower risk” (NLR) patients (>30 RBC/hpf or >10 pack-year smoking his-
tory) had a CxbT but otherwise SOC. Patient decision and outcomes were recorded.

Results: Of 390 eligible patients, 255 were NLR and 135 were LR randomized to CxbT informed decision or
SOC. The median age was 62 years (range 18-94) and 54% were male. Overall, 63% of CxbT tests were
negative. For NLR patients, 82% had cystoscopy. In the LR control group, cystoscopy was performed in 67% of
SOC and 27% in the test group (relative risk 0.41 [95% CI 0.27-0.61]). Compared to cystoscopy, CxbT had 90%
sensitivity, 56% specificity, and 99% negative predictive value for UC.

Conclusions: In this prospective randomized controlled trial, use of CxbT in patients with LR hematuria
resulted in 59% reduction of cystoscopy use. This clinical utility of CxbT can reduce the burden of unnecessary
cystoscopies.

Key Words: hematuria, controlled clinical trials, randomized, genomics

UROTHELIAL carcinoma (UC) is one of the most lethal
cancers urologists treat and timely diagnosis prior
to muscle invasion or metastasis improves outcomes.
Because microscopic hematuria may be the first
presentation of UC, the mainstay of urologic practice
has been mandatory cystoscopy, even though at most
2% to 5% of patients with microhematuria have UC.1

While evaluation of hematuria occupies a significant
portion of urologic evaluation, the vast majority of
adults with microhematuria do not, in fact, undergo
adequate evaluation.2-4 As such, there is a potential
missed opportunity for early diagnosis. The AUA
microhematuria guideline1 directs providers
regarding evaluation of patients with hematuria
using a risk-based approach whereby low-risk pa-
tients may be offered the option of surveillance
rather than immediate cystoscopy.1 Nonetheless, UC
is found in about 0.8% of AUA low-risk patients,5

resulting in a heavy burden of potentially unnec-
essary negative cystoscopies.

A urinary biomarker with high sensitivity/negative
predictive value (NPV) could help to safely reduce the
burden of unnecessary cystoscopies in this population
and potentially enrich those evaluated with patients
who have cancer. Cxbladder Triage (CxbT) is a
biomarker that combines the mRNA expression of 5
genes with 4 clinical questions to produce a score that
classifies patients as low risk for UC or not low risk,
with a published sensitivity of 95.1% and NPV of
98.5%.6,7 The goal of this study was to evaluate the
impact of an up-front CxbT result on the decision to
proceed with cystoscopy in lower-risk patients
referred for microhematuria. The hypothesis was that
in a prospective randomized trial, knowledge of the
CxbT result would reduce the number of cystoscopies
done in lower-risk hematuria patients.

MATERIALS AND METHODS

Design
The STRATA: Safe Testing of Risk for Asymptomatic
Microhematuria trial compared standard-of-care (SOC)

evaluation for microhematuria in which patients were
offered cystoscopy and imaging as compared to a marker-
based strategy where lower-risk patients were offered a
marker along with imaging and higher-risk patients were
recommended cystoscopy and imaging.

In this multicenter prospective study involving 12
sites, patients > 18 years of age referred for evaluation of
microhematuria per AUA guidelines1 were offered
participation and signed an Institutional Review Board–
approved consent. Exclusion criteria included a prior
history of urologic malignancy or pelvic radiotherapy.

Patients were stratified into lower risk (LR) and not
lower risk (NLR) categories. To be classified as LR, patients
had to have a � 10 pack-year smoking history, no current
gross hematuria, and urine microscopy showing 3 to 29 red
blood cells (RBCs) per high-power field (hpf). As the trial
was developed prior to the AUA 2020 guidelines, the
categorization was based on number of RBCs per hpf on
urinalysis and smoking exposure which differ from current
guideline stratification. Those who didn’t fulfill all these
criteria were classified in the NLR category. All patients
provided an initial urine sample for CxbT. As seen in the
study schema (Figure 1), patients in the NLR category
group were not provided the result of their CxbT test and
proceeded with SOC evaluation per the site’s normal
practice. Patients in the LR category group were random-
ized 2:1 into those whose physicians received the CxbT
result prior to deciding on cystoscopy (test group) and those
who were not provided with the result (control group).

The primary objective was to evaluate the increase in
utility of using CxbT to guide hematuria evaluation
without compromising detection of UC, defined by the
reduction in cystoscopy procedures. A secondary objective
was to confirm the performance metrics of the test by
calculating sensitivity, specificity, NPV, and test negative
rate in patients who did have cystoscopy.

Procedures
The CxbT assay was performed as previously described at
Pacific Edge Diagnostics NZ (Dunedin, New Zealand), a
Clinical Laboratory Improvement Amendments–approved
laboratory. Briefly, quantitative reverse transcription poly-
merase chain reaction was used to measure mRNA expres-
sion of 5 genotypic biomarkers (MDK, CDK1, IGFBP5,
HOXA13, and CXCR2).6 Combined with clinical questions on
sex, age, smoking history, and visible hematuria, the

CXBLADDER TRIAGE UTILITY IN HEMATURIA 43

https://www.auajournals.org/servlet/linkout?type=rightslink&url=startPage%3D41%26pageCount%3D11%26copyright%3D%26author%3DYair%2BLotan%252C%2BSiamak%2BDaneshmand%252C%2BNeal%2BShore%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DWoltersKluwer%26volumeNum%3D212%26issueNum%3D1%26contentID%3D10.1097%252FJU.0000000000003991%26title%3DA%2BMulticenter%2BProspective%2BRandomized%2BControlled%2BTrial%2BComparing%2BCxbladder%2BTriage%2Bto%2BCystoscopy%2Bin%2BPatients%2BWith%2BMicrohematuria%253A%2BThe%2BSafe%2BTesting%2Bof%2BRisk%2Bfor%2BAsymptomatic%2BMicrohematuria%2BTrial%26numPages%3D11%26pa%3D%26oa%3DCC-BY-NC-ND%26issn%3D0022-5347%26publisherName%3DWoltersKluwer%26publication%3Djuro%26rpt%3Dn%26endPage%3D51%26publicationDate%3D05%252F03%252F2024


algorithm produces a score from 1 to 10. A score below 4 is
classified as low probability of UC with a sensitivity of 95.1%
and NPV of 98.5%. The test result was only reported prior to
the decision for cystoscopy to those patients with LR ran-
domized to the test group. For those patients with a positive
CxbT, their clinician was provided with the result of the
Cxbladder Detect assay, which is only based on the 5 bio-
markers and doesn’t include clinical questions. Cxbladder
Detect has a slightly lower NPV compared with CxbT but a
higher positive predictive value of 68%.8 Patients in all groups
who chose cystoscopy had conventional flexible white light
cystoscopy per SOC. For any lesions identified, pathology was
recorded from any subsequent transurethral resection.

Follow-Up
Patients who were not diagnosed with UC had a records
review at least 3 months after their visit up to 24 months.
Patients in the LR category group who were CxbT negative

and did not have cystoscopy were offered bladder ultra-
sound, urinalysis, urinary cytology, and repeat CxbT.

Monitoring and Data Inclusion
Following independent monitoring of the data collected,
there were 2 different thresholds for including patients in
the analysis for calculating the primary endpoint (clinical
utility) vs the secondary endpoint (clinical validity). To be
included in the calculation of CxbT performance charac-
teristics for clinical validity (Figure 2, A), they required
accurate risk classification, a CxbT result, and documen-
tation of the cystoscopy outcome (270 patients). To
calculate clinical utility (Figure 2, B), LR patients ran-
domized to the test arm had to have a valid CxbT result
with documentation that the result was available and
reviewed prior to the decision to proceed with cystoscopy
(135 patients total). Therefore, the patient totals in each
group vary according to the analysis reported.

Figure 1. Study schema. CxbT indicates Cxbladder Triage; HPF, high-power field; RBC, red blood cells.
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Statistical Analysis
The sample size of approximately 180 LR subjects was
calculated to provide 90% power to detect a reduction in
cystoscopy rates of at least 15%-points by using CxbT with
an assumed cystoscopy rate in the control group of 77%.
Descriptive statistics were calculated for all demographic
variables. We derived estimates and confidence intervals
for the absolute and relative reduction in cystoscopy rates,
comparing the groups. Confidence intervals for the abso-
lute change are based on the test of equal proportions
(prop.test in R). Confidence intervals for the difference in
the relative risk are based on the formula for the standard
error of the log relative risk ratio.9 The difference between
the LR test and LR control groups was considered sta-
tistically significant if the confidence interval did not
include the value 0 (absolute rate) or 1 (relative risk). For
those subjects where both the CxbT result and the
cystoscopy result (confirmed by pathology) were known,
we calculated the sensitivity, specificity, NPV, positive
predictive value, and their binomial exact confidence
intervals.

All confidence intervals are 95%. Analysis was done in
R, version 4.2.10

RESULTS
Overall, 538 patients were consented and 390 pa-
tients completed the protocol. The demographic in-
formation is summarized in Table 1 for the group as
a whole and stratified by clinical group. Age ranged
from 18 to 94 years (median 62) and 53.7% were
male. The predominant racial groups included
White/European at 67.5%, African American at
9.7%, and Asian at 8.9%.

There were 255 NLR category patients and 209
(82%) proceeded with cystoscopy. In this group,
there were 22 tumors found (10.5%) including 12
stage Ta (5 high grade), 8 stage T1, and 1 stage T2b.
There was no carcinoma in situ.

There were 135 LR category patients with 54
randomized to the control group (CxbT result not
provided to doctor or patient) and 81 to the test
group (result provided prior to cystoscopy deci-
sion). In the test group, the CxbT negative rate was
71/81 (87.7%) as opposed to the overall test nega-
tive rate of 63%. In this test-negative group 14 out

A

B

Figure 2. CONSORT diagrams. A, diagram for all patients used in performance calculations for Cxbladder Triage. B, diagram for lower-

risk patients used in clinical utility analysis. CxbT indicates Cxbladder Triage; QC, quality control.
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of 71 (19.7%) chose to have a cystoscopy, and in the
test-positive group 8/10 (80%) chose to have a
cystoscopy. For the primary study endpoint, the
proportion of LR patients having cystoscopy in the
control arm was 67% as compared to 27% in
the test arm, a reduction of 59%. As seen in
Table 2, the absolute reduction in cystoscopy was
statistically significant comparing LR test patients
with LR control patients, LR test patients between
those with a negative or positive CxbT result, and
overall between the LR and NLR groups. The
change in cystoscopy rates between groups is rep-
resented in Figure 3.

In the LR category group as a whole 58/135 (43%)
had cystoscopy and 1 tumor was found (1.7%), which
was a multifocal high-grade stage T1, and in this
patient the CxbT result was positive.

For the 22 tumors found in total, imaging results
are available for 21 patients. In 14 (67%) there was
a finding in the bladder suspicious for tumor by
ultrasound7 and/or CT scan11 and 1 patient with
unilateral hydronephrosis.

There were 270 patients total who had both a
cystoscopy done and a CxbT result. Table 3 shows
the CxbT results for these patients as well as sub-
group analysis by risk. For the patients who had
cystoscopy, the calculated sensitivity of CxbT for UC
was 90% (95% CI 70%-99%), the specificity was 56%

(49%-56%), the NPV was 99% (95%-100%), and the
positive predictive value was 15% (9%-22%). For
high-grade disease, sensitivity was 100% (78%-
100%), specificity 56% (49%-62%), NPV 100% (97%-
100%), and positive predictive value 12% (7%-19%).
For the subset of LR patients who had both the
CxbT and cystoscopy (75 patients), sensitivity was
100% (3%-100%), specificity 77% (66%-86%), NPV
100% (94%-100%), and positive predictive value
5.6% (0.1%-27.3%).

Overall, 367 patients in all cohorts had follow-up
data and the median time between the initial
consultation and records review was 372 days. For
the 57 LR patients who were CxbT negative and
chose not to have cystoscopy, some follow-up data
were available in 48 and a follow-up CxbT was done
in 29. There was one such patient who 13 months
later had a CxbT that was then positive, and
cystoscopy showed a single high-grade Ta tumor. In
the NLR cohort, there was 1 patient whose initial
cystoscopy was negative (diagnosis made of benign
prostatic hypertrophy) and who had a repeat
cystoscopy 4 months later which found a high-grade
tumor (stage not reported).

DISCUSSION
This is the first randomized trial comparing a
marker-based approach to evaluating hematuria with
SOC. We found that in LR patients (by our definition
pre-AUA 2020 guidelines) the CxbT result reduced
the rate of cystoscopy from 67% to 27%. Indeed, those
patients with a CxbT negative result had a cystoscopy
rate of only 20%. Furthermore, the performance
characteristics of CxbT was confirmed in the 270
patients having both CxbT and cystoscopy, showing a
sensitivity of 90% and NPV of 99%. Finally, for those
CxbT-negative patients who avoided cystoscopy only
1 bladder tumor was subsequently found over 1 year
later, and this was presaged by a conversion of CxbT
from negative to positive.

The approach to microhematuria is important due
to the high prevalence of this finding in adults, as
well as the significant but rare risk of potentially
lethal malignancy. The current paradigm is prob-
lematic because the vast majority of adults with
microhematuria fail to undergo any evaluation even
if they have risk factors for bladder cancer including

Table 1. Demographics

Overall LRC LRT NLR

No. 538 54 81 255
Age, mean (SD), y 60.1 (14.7) 57.1 (14.5) 55.6 (14.3) 63.4 (14.0)
Gender, No. (%)

Female 247 (45.9) 32 (59.3) 46 (56.8) 95 (37.3)
Male 289 (53.7) 22 (40.7) 35 (43.2) 159 (62.4)
Unknown 2 (0.4) 0 (0.0) 0 (0.0) 1 (0.4)

Race, No. (%)
African American 52 (9.7) 4 (7.4) 7 (8.6) 22 (8.6)
Asian 48 (8.9) 6 (11.1) 10 (12.3) 23 (9.0)
White/European 363 (67.5) 37 (68.5) 51 (63.0) 190 (74.5)
Other 73 (13.6) 7 (13.0) 13 (16.0) 19 (7.5)
Unknown 2 (0.4) 0 (0.0) 0 (0.0) 1 (0.4)

Nonsmoker
(10 pack-y or less),
No. (%)

412 (76.6) 54 (100) 80 (98.8) 153 (60.0)

At-risk occupation
(present), No. (%)

132 (24.5) 5 (9.3) 19 (23.5) 70 (27.5)

Abbreviations: LRC, low-risk control; LRT, low-risk test; NLR, not lower risk; SD,
standard deviation.

Table 2. Incidence of Cystoscopy in the Study Groups

Groups No. cystoscopies/No. subjects

Cystoscopy incidence
Change in cystoscopy incidence (%-points)

First group Second group Estimate (95% CI)

LR test vs LR control 22/81 vs 36/54 0.27 0.67 �0.4 (�0.57:�0.22)
LR vs NLR 58/135 vs 209/255 0.43 0.82 �0.39 (�0.49:�0.29)
LR test Cxb� vs Cxbþ 14/71 vs 8/10 0.20 0.80 �0.6 (�0.92:�0.28)

Abbreviations: CI, confidence interval; Cxb, Cxbladder; LR, lower risk; NLR, not lower risk.
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age, sex, smoking, and occupational exposures. The
AUA microhematuria guideline, which recommends
cystoscopy for the majority of patients, is not followed
consistently by primary care or other nonurologic
physicians. The impact of the missed opportunity to
detect bladder cancer is unknown but there has been
no significant change in stage of diagnosis of bladder
cancer in the last 30 years, suggesting that timing of
detection has not improved. This is compounded by
the lack of screening for the disease in high-risk
patients. As such, the current paradigm for detect-
ing bladder cancer in a timely fashion depends on
timely referral for cystoscopy by referring physicians.
An accurate urine-based tumor marker may offer a
noninvasive method to detect bladder cancer, reduce
unnecessary evaluations, and enrich evaluation with
a population of patients at higher risk for having
disease.

The historical and current paradigms for evalu-
ating microhematuria are driven by concern for
missing significant and potentially life-threatening
UC, but result in a large proportion of unnec-
essary negative cystoscopies. Although it’s a rela-
tively benign and quick procedure, there is still a
small but persistent incidence of iatrogenic urinary
tract infection, trauma, false passage, and subse-
quent urethral stricture disease. In addition, pa-
tients report significant pain and anxiety.11,12 There

are also unmeasured costs of time off work, trans-
portation, child care, and other burdens. There is
finite access to clinic and procedure space, resulting
in delays for patients with more serious pathology.
Finally, there is the cost of all these negative cys-
toscopies, with significant medical waste and envi-
ronmental footprint.13 While UC is expected in no
more than 5% of these patients, we have made little
progress in reducing the burden for the 95% who
could be managed noninvasively. The 2020 AUA
guidelines first introduced the concept of offering
low-risk patients the choice between cystoscopy and
urinalysis surveillance, but in practice only 5% of
patients referred to urologists actually fulfill the
criteria for low risk.5

One of the challenges with designing a random-
ized trial to evaluate a marker-based approach to
hematuria is how to prove a negative. In prior
clinical validation studies, all patients underwent
cystoscopy and one could state that patients with a
negative marker were “true” negatives and could
have avoided cystoscopy. There are multiple such
trials that all demonstrate a very high NPV for
Cxbladder (>95%).6-8 These trials are not prospec-
tive randomized controlled trials, and thus don’t
offer level 1 evidence. However, designing a prag-
matic trial comparing a marker to cystoscopy re-
quires the marker arm to either follow patients
longitudinally to try to demonstrate that they don’t
develop bladder cancer over time or require every
patient to undergo cystoscopy at some interval. It is
impractical to convince patients to proceed with
cystoscopy if they are at low risk of disease. Indeed,
the cystoscopy rate in our NLR group was only 80%
despite the recommendation by guidelines that all
have the procedure done. There is an inherent lim-
itation that a small number of cancers could be

Figure 3. Comparison of cystoscopy rates between study groups. LR indicates lower risk.

Table 3.

CxbT result

Lower risk Not lower risk All

TotalNegative Positive Negative Positive Negative Positive

No UC, No. 57 17 82 93 139 110 249
UC, No. 0 1 2 18 2 19 21
Total, No. 57 18 84 111 141 129 270

Abbreviations: CxbT, Cxbladder Triage; UC, urothelial cancer.
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unrecognized in a marker study. Prior data support
the fact that if a cancer is missed then it most likely
would be low grade.7 In this study, there was 1
cancer discovered over a year later associated with
the Cxbladder test becoming newly positive.

All of the tests in the Cxbladder suite are based
on the mRNA expression of 5 genes, 4 related to
growth and proliferation and 1 to inflammation.8

Cxbladder Monitor is designed for nonmuscle-
invasive surveillance,14 Cxbladder Detect is
designed for higher-risk hematuria patients seeing
a urologist,8 and CxbT is designed for low-risk he-
maturia patients, specifically calibrated to maxi-
mize NPV at the expense of specificity and positive
predictive value to make it a useful rule-out test.6 In
the most recent study of 804 hematuria patients,
CxbT had a sensitivity of 89%, an NPV of 99%, and a
test negative rate of 59% for UC.7 Indeed, incorpo-
ration of CxbT in a clinical pathway in New Zealand
(which included gross hematuria) estimated a
reduction of cystoscopy in about one-third of pa-
tients.15 The tests can be done at home prior to the
office visit, and patient compliance and satisfaction
with the process is very high.16 Innovations
improving care often come at a cost, but a recent
decision tree analysis actually calculated that using
the Cxbladder Detect test to guide investigation of
microhematuria reduced costs to payers by $559 per
patient, on average, with no impact on the number
of cancers diagnosed.17

There are several limitations to the study. The
willingness of patients who did not have cystoscopy
to return for follow-up was lower than expected, so
in this study many didn’t have the requested repeat
CxbT values or ultrasounds. As previously
mentioned, our risk stratification did not align with
the current 2020 AUA microhematuria guidelines,
and indeed many of our LR patients would be in-
termediate or even high risk (based on age alone) in
the current guidelines. We cannot, therefore, give
risk-specific performance data, either for outcomes
or cystoscopy reduction, under the current AUA risk
stratification scheme. We are beginning a clinical
utility study for the enhanced DetectD assay, which
combines the mRNA markers with single nucleotide

polymorphisms for FGFR3 and TERT gene muta-
tions,7 that will offer omission of cystoscopy for all
microhematuria AUA risk groups. There was an
unusually high number of patients whose complete
data could not be source verified and was therefore
lost to analysis. Finally, the 10 LR patients in the
test arm who had a positive CxbT also were pro-
vided with their Cxbladder Detect result, a test
that has a higher positive predictive value.7 It is
possible that without that additional information,
some of the 8 patients who chose cystoscopy might
not have.

In conclusion, in this prospective multicenter
randomized controlled trial, use of CxbT to inform
the decision for cystoscopy in patients with LR he-
maturia resulted in a 59% reduction in cystoscopy.
This demonstrated clinical utility of CxbT to safely
reduce the burden of unnecessary cystoscopies in
this population, theoretically resulting in less pa-
tient morbidity and discomfort, improved access to
care, and reduced environmental impact.
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EDITORIAL COMMENTS

I do approximately 500 office cystoscopies per year.
Recently after performing a negative office cystos-
copy for bladder cancer surveillance, I sent my pa-
tient out to the front desk to schedule their next one
and they were told my “next available” cystoscopy
slot was not for 6 months! (I overbooked him for 3
months). But this really got me thinking: how did
we get to this place where clinic space and access
have become such scarce resources? I doubt that my
clinic is an outlier, having discussed similar issues
with colleagues around the country.

Lotan and colleagues are doing important work to
try and move the needle so we can spend our precious
time and resources doing invasive procedures on
patients where we are more likely to find something.1

If I did 20 cystoscopies in clinic next week on index
patients with microscopic hematuria, I would likely
only discover something actionable in 1 patient. If
one peruses Centers for Medicare & Medicaid Ser-
vices claims data, there are roughly 800 to 900,000
cystoscopies (Current Procedural Terminology code

52000) done every year in the US, 20% of which are
done for hematuria (based on diagnosis codes). Is
there a way that we can identify which of those
180,000 patients benefit the most from office cystos-
copy and which could avoid it?

The Cxbladder Triage test appears to be a step in
the right direction. Its value is primarily its high
negative predictive value (99%). None of the pa-
tients in the low-risk group had cancer if their
Cxbladder Triage test was negative. It was also good
to see that patients were open to omitting cystoscopy
if their test was negative, suggesting that the real-
world potential exists to roll this out. Given
ongoing issues with access, space, and workforce,
the time is right for strategies to eliminate waste in
medicine and rethink our paradigms.

Kyle A. Richards1
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When working up microscopic hematuria (MH), “it
costs a lot to win, but even more to lose.” Since the vast
majority of patients who are evaluated for MH do not
have any significant pathology found, the number

needed to cystoscope/image (and the cost) to find a
single cancer remains unacceptably high.1 Conversely,
patients diagnosed with bladder cancer during
asymptomatic MH evaluations have traditionally been
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lower stage than those with symptoms or found as
part of gross hematuria workups. As a field, I think we
can safely agree that there is a benefit to remaining
proactive about finding bladder cancers. However, due
to an absence of high-level data to help guide our
diagnostic efforts toward those at highest risk, we
remain in the unenviable situation we’re currently in.

Lotan and colleagues report the results of a
recent multicenter randomized study that aims to at
least partially address this problem.2 Using
Cxbladder Triage, a commercially available urinary
assay that helps predict the likelihood of discovering
a urothelial carcinoma with cystoscopy for patients
with MH, they demonstrate that providing the re-
sults of this assay to patients and urologists reduced
the number of cystoscopies performed by 59%
without any significant “missed” cancers. Second-
arily, they also further validate the strong negative
predictive value of the assay in this setting as
another step toward wider use.

The authors should be commended for these ef-
forts and for the important contribution to the
literature. However, any potential biomarker that
may be used in the MH setting will have an
exceedingly high bar to cross before truly effecting a
change in practice. We already know that only a
small but select subset of patients with MH are ever
referred for evaluationdthese tend to be older, male

patients, who have risk factors for bladder cancer,
such as a significant smoking history. Even among
this enriched cohort of referred patients, bladder
cancer is found in w1% of all comers. So, if in the
future no patients with MH ever receive an evalu-
ation, we could similarly and correctly avoid cys-
toscopies without any missed cancer in 99% of
themdthis is what we’re up against.

While this extreme example simply reflects the
basics of diagnostic testing and disease prevalence,
it suggests that our efforts may be best spent
working toward developing a population-level
screening strategy, which may include helpful uri-
nary biomarkers like Cxbladder, as a means of
identifying patients at highest risk of having early-
stage occult bladder cancer. Beyond being a far
more systematic approach to diagnosing bladder
cancer than the current “Swiss cheese” model of
evaluating whoever ends up on your clinic schedule,
this strategy would have the additional benefit of
promoting a more equitable and optimal use of re-
sources given all that we know about disparities in
our current approach to the evaluation of MH.3

Richard S. Matulewicz 1
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Among patients with microhematuria referred to
urologists, the rate of cancer ranges between 0.4%
and 2.6% depending on risk factors (age, smoking
intensity, sex).1 Unfortunately, there are signifi-
cant inconsistencies with referrals to urologists
and many patients at risk of harboring disease are
not adequately evaluated. This represents a missed
opportunity for early detection of bladder cancer.
While the low prevalence of disease means that any
test including no testing would have a high nega-
tive predictive value, it misses the potential bene-
fits of a high-performing test. In this study, the
Cxbladder Triage test had a 99% negative predic-
tive value and reduced cystoscopies by 59%.2

However, equally importantly, the test found the

only cancer in the lower-risk group and all the
high-grade cancers in the entire cohort, missing
only 2 low-grade cancers.

The current status quo for bladder cancer detec-
tion has resulted in 25% of patients presenting with
muscle-invasive bladder cancer or metastatic dis-
ease with approximately 50% survival at 5 years.
Unless we improve detection either by screening or
changing the paradigm around hematuria evalua-
tion, this is unlikely to change. Incorporating a
urine marker to enrich referral of higher-risk pa-
tients (either based on clinical or biologic factors)
could benefit many patients who would otherwise
not be referred and avoid cystoscopy in many who
are getting unnecessary testing.

50 CXBLADDER TRIAGE UTILITY IN HEMATURIA

https://orcid.org/0000-0003-0757-0885
http://dx.doi.org/10.1001/jamainternmed.2017.0739
http://dx.doi.org/10.1097/JU.0000000000003991
http://dx.doi.org/10.1097/JU.0000000000003991
http://dx.doi.org/10.1016/j.urolonc.2019.01.007
http://dx.doi.org/10.1016/j.urolonc.2019.01.007
https://www.auajournals.org/servlet/linkout?type=rightslink&url=startPage%3D41%26pageCount%3D11%26copyright%3D%26author%3DYair%2BLotan%252C%2BSiamak%2BDaneshmand%252C%2BNeal%2BShore%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DWoltersKluwer%26volumeNum%3D212%26issueNum%3D1%26contentID%3D10.1097%252FJU.0000000000003991%26title%3DA%2BMulticenter%2BProspective%2BRandomized%2BControlled%2BTrial%2BComparing%2BCxbladder%2BTriage%2Bto%2BCystoscopy%2Bin%2BPatients%2BWith%2BMicrohematuria%253A%2BThe%2BSafe%2BTesting%2Bof%2BRisk%2Bfor%2BAsymptomatic%2BMicrohematuria%2BTrial%26numPages%3D11%26pa%3D%26oa%3DCC-BY-NC-ND%26issn%3D0022-5347%26publisherName%3DWoltersKluwer%26publication%3Djuro%26rpt%3Dn%26endPage%3D51%26publicationDate%3D05%252F03%252F2024


REFERENCES

1. Woldu SL, Ng CK, Loo RK, et al. Evaluation of the new American Urological Association guidelines risk classification for hematuria. J Urol. 2021;205(5):1387-1393. doi:10.
1097/JU.0000000000001550

2. Lotan Y, Daneshmand S, Shore N, et al. A multicenter prospective randomized controlled trial comparing Cxbladder Triage to cystoscopy in patients with microhematuria: the
Safe Testing of Risk for Asymptomatic Microhematuria trial. J Urol. 2024;212(1):41-51. doi:10.1097/JU.0000000000003991

CXBLADDER TRIAGE UTILITY IN HEMATURIA 51

http://dx.doi.org/10.1097/JU.0000000000001550
http://dx.doi.org/10.1097/JU.0000000000001550
http://dx.doi.org/10.1097/JU.0000000000003991
https://www.auajournals.org/servlet/linkout?type=rightslink&url=startPage%3D41%26pageCount%3D11%26copyright%3D%26author%3DYair%2BLotan%252C%2BSiamak%2BDaneshmand%252C%2BNeal%2BShore%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DWoltersKluwer%26volumeNum%3D212%26issueNum%3D1%26contentID%3D10.1097%252FJU.0000000000003991%26title%3DA%2BMulticenter%2BProspective%2BRandomized%2BControlled%2BTrial%2BComparing%2BCxbladder%2BTriage%2Bto%2BCystoscopy%2Bin%2BPatients%2BWith%2BMicrohematuria%253A%2BThe%2BSafe%2BTesting%2Bof%2BRisk%2Bfor%2BAsymptomatic%2BMicrohematuria%2BTrial%26numPages%3D11%26pa%3D%26oa%3DCC-BY-NC-ND%26issn%3D0022-5347%26publisherName%3DWoltersKluwer%26publication%3Djuro%26rpt%3Dn%26endPage%3D51%26publicationDate%3D05%252F03%252F2024

	Outline placeholder
	reflink1
	reflink2
	reflink3
	reflink4


