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We thank the Translational Andrology and Urology (TAU) 
editors for providing us this opportunity to reply to the 
insightful commentary by Conner et al. on our article 
“Temporal stability and prognostic biomarker potential 
of the prostate cancer urine transcriptome” (1). Liquid 
biopsies are one path leading to the future of personalized 
medicine. One of their most attractive features (pluralize), 
amongst many, is their non-invasive nature. From a small 
sample of blood or urine as much information can be 
gleaned as from a tumor biopsy, while sparing patients 
the risks of significant side effects like pain, bleeding and 
infection (2). Liquid biopsies have often been conjectured 
to yield a more representative picture of the significant 
spatial heterogeneity within an individual’s tumor, although 
the quantitative support for that statement has not yet 
been developed for any solid cancer type, even those as 
spatially heterogeneous as prostate cancers (3). We showed 
that urine miRNA abundances correlate well with those in 
tissue derived from tumor tissue from the same patients, 
demonstrating their ability to represent true tumor 
biology (1). These features of liquid biopsies have not 

been overlooked: the field has exploded with a plethora of 
academic and commercial studies developing and evaluating 
non-invasive fluid biomarkers for cancer diagnosis, 
prognosis and monitoring of relapse. But quantity is not 
quality. A high-quality biomarker must be stable over time 
for successful downstream clinical application. The urinary 
miRnome demonstrates temporal stability, with hundreds of 
miRNAs showing similar abundances in longitudinal urine 
samples collected over at least several years.

A clinical setting where non-invasive biomarkers is 
especially needed is in Active Surveillance of prostate 
cancer. For patients with low-risk disease, close patient 
follow-up with repeat biopsies is used to monitor disease 
progression, sparing patients the costs and morbidities 
of definitive local therapy. While this procedure is highly 
effective, the use of repeat biopsies carries the inherent 
risk of complications mentioned above. We addressed this 
clinical need by identifying and validating a urinary miRNA 
signature for aggressive prostate cancer that distinguished 
low-risk (Gleason 6) from high-risk (Gleason ≥7) prostate 
cancer with an AUC of 0.74 (95% CI,  0.55–0.92). Our 
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signature may provide a non-invasive approach to improve 
the detection of aggressive disease in the context of active 
surveillance.

The anatomical placement of the prostate is a double-
edged sword. By virtue of its location, the prostatic urethra 
is removed during radical prostatectomy, which can result 
in urinary incontinence and negatively impact quality of 
life. But for biomarker development, the prostate’s location 
around the urethra is a key advantage for non-invasively 
collecting prostate-specific markers from the urine. It has 
been well established by Pellegrini et al. and others that 
a digital rectal exam (DRE) preceding urine collection 
enriches prostate-specific gene transcripts (4). This 
highlights the importance of post-DRE urine collection 
for tumor interrogation. Although Conner et al. question 
the requirement of a DRE, our data supports the idea that 
it is imperative to provide enrichment of prostate-specific 
markers that might otherwise be missed. As such, all urine 
samples were obtained post-DRE and performed by two 
oncologists, Drs. S. Liu and D. Vesprini. This mitigates 
concerns of whether DREs were performed by only one 
individual, although of course it may be the case that more 
sensitive molecular technologies might eventually obviate 
the need for physical disruption of the prostate through a 
DRE. Conner et al. also thoughtfully raise the question of 
whether having multiple physicians performing the DRE 
could alter the longitudinal robustness of the signature. Our 
miRNA signature was temporally stable within individuals, 
with different physicians performing the DRE, so we would 
not expect to see any differences from DRE performance. 
But as they suggest, additional evidence of this in large 
multi-institutional cohort of pathologically, physiologically, 
and ethnically diverse patients will be essential to firmly 
demonstrate that any inter-clinician variability in DRE 
procedures does not reduce signature performance below 
clinically-relevant accuracies.

Many promising liquid biopsies exist for prostate cancer 
management, both as circulating blood-based assays and 
urine-based tests. Beyond our urinary miRNA signature, 
other urine-based tests for prostate cancer risk stratification 
include PCA3 (5,6), ExoDx (7), TMPRSS2:ERG (8), and 
ProCUrE (9). PCA3 is a post-DRE test used to guide 
physicians on whether a patient requires a biopsy or not 
(5,6). Similar to PCA3, the ExoDx Prostate IntelliScore 
test is used to identify patients who should undergo a 
prostate biopsy. ExoDx uses the mRNA in non-DRE 
urine exosomes to differentiate patients with benign or 
low-risk (Gleason 6) vs. high-risk (Gleason ≥7) prostate 

cancer (7). TMPRSS2:ERG is a post-DRE urine mRNA 
assay used to identify clinically-significant prostate  
cancer (8). ProCUrE is a post-DRE urine test utilizing 
DNA methylation signatures of six genes for detection and 
prognosis of prostate cancer (9) with an AUC of 0.795. 
Heads-up comparison of these tests in a controlled cohort 
powered for a specific well-defined clinical question is 
urgently needed to assess their relative performance and 
complementarity. Indeed studies integrating these tests with 
existing radiologic, clinical, genetic and epidemiologic risk 
information to develop multi-modal nomograms or other 
risk-assessment tools are key.

Monitoring with minimally invasive methods such as 
urine-based tests can increase patient compliance with 
Active Surveillance monitoring, reduce sampling bias and 
morbidity associated with repeat biopsies. What all these 
liquid biopsy tests—except ExoDx—have in common is the 
use of post-DRE urine samples. This consensus highlights 
the importance of the DRE for urinary biomarkers and 
demonstrates the feasibility of implementing a post-DRE 
urine-based biomarker test, and the urgent clinical need. 
The rapid aging of global populations is rapidly increasing 
the number of prostate biopsy procedures performed 
annually, with concomitant financial costs and patient risks.

The landscape of non-invasive biomarkers for prostate 
cancer risk stratification is rapidly evolving as promising 
signatures are continually discovered. From epigenomics to 
proteomics, we are no longer confined to one level of the 
genomic hierarchy when searching for biomarkers. A multi-
omic approach, which entails integrating individual ‘-omics’ 
into a combined signature, boasts improved accuracy 
compared to their individual counterparts (10). This will 
require large-scale collaboration between healthcare 
professionals and interdisciplinary scientists to successfully 
develop and implement liquid biopsies for improved cancer 
management and patient outcomes.
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