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There is great interest in the field of liquid biopsies across
the field of oncology. They hold exciting promise as a
tool to study circulating tumour cells, nucleic acids and
extracellular vesicles, which may aid cancer screening/early
detection, monitoring response to therapies and detecting
minimal residual disease. Urine is a particularly attractive
non-invasive liquid biopsy for urological malignancies,
due to its ease of (serial) collection and direct proximity to
primary tumour cells of the prostate, bladder and kidney.

In prostate cancer, the field of urine biomarkers is
vibrantly active. Several urinary tests are already available
for patients and doctors to aid risk-stratification and guide
decision to biopsy (1-3). Notably, these all operate by
measuring the expression of a small number of protein
coding genes. The advent of Movember’s Global Action
Plan on urine biomarkers (GAP1) led to the international
co-ordinated development of several other urine biomarker
panels for high-grade prostate cancer that were recently
described, namely epiCaPture, PUR and Procure (4-6).

One of the most attractive features of liquid biopsies,
such as urine, is the “holistic” nature of the analyte.
Prostate cancer boasts extreme molecular heterogeneity,
with frequencies of individual gene point mutations
typically <13% (7). Structural rearrangements such as the
TMRPSS2-ERG gene fusion are more common, found in
~50% cases (8), whilst certain epigenetic alterations (such
as hypermethylation of GSTPI) are more prevalent again,
detected in >80% of tumours (9). This heterogeneity,
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together with the multi-focal nature of prostate cancer
and the sampling bias of needle biopsies, pose a significant
hurdle for tissue-based prognostic assays. Could liquid-
based biomarkers provide the solution? Perhaps. However,
we require more certainty around the reproducibility
and intra-individual robustness of liquid biopsy (urine)
biomarkers.

This study by Jeon and colleagues goes some way to
tackling this very complex issue by evaluating the temporal
stability of urine biomarkers. Focusing on microRNAs
(miRs), they longitudinally profiled the expression of 673
miRs (at two time points several months apart) in a small
cohort of men with low-risk prostate cancer to answer the
questions of i) stability within individuals (intra-individual)
and ii) variability between individuals (inter-individual), over
time. Unsurprisingly, the authors found that urinary miR
expression profiles were more similar within individuals
than between individuals. The main difference between
different urine samples collected from the same man was
the absolute number of miRs counted, rather than subtle
expression changes over time. The authors next considered
the relationship of genomic location on the spatial
variability of miR expression. This is relevant because there
are multiple examples of miR gene clusters, which encode
miRs that co-ordinately regulate cellular processes, such as
miR-152a-16-1 (10). Notably, it was observed that the most
intrastable miRs were localised to copy number variation
(CNV) neutral loci, such as regions of chromosomes
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6 and 17. Intrastable miRs were also predicted to have
more mRNA targets than intravariable miRs, although
the significance of this remains unknown; the biological
functions of predicted target genes were mostly the same
between intrastable and -variable miRs.

The authors used this knowledge of the most stable and
robustly detectable miRs in the urine of men with low-
risk prostate cancer to inform the design of a urine miR
biomarker panel for aggressive disease. They hypothesised
that the most intrastable miRs could serve as potential
prognostic biomarkers to risk-stratify patients into low- and
high-risk disease. In a second cohort of 99 men, with low-
risk, Gleason 6 disease (n=49) and high-risk Gleason >7
(n=50), they identified 6 miRNA, whose urinary expression
could differentiate between high-risk and low-risk disease,
and which largely consisted of intrastable miRs. Using
cross validation and feature selection, they built prognostic
models of aggressive disease, which they validated in a small
third cohort. The model consisting of 7 intrastable miRs
(miR-3195, let-7b-5p, miR-144-3p, miR-451a, miR-148a-
3p, miR-512-5p, and miR-431-5p) was found to distinguish
between low- and high-risk disease at an AUC of 0.74,
which outperformed all other models that consisted of
either intervariable or randomly generated 7 miR panels.
Finally, it was shown that urinary detection of the 7 miR
panel was highly correlated with presence in matched
primary tumour in nine men.

In conclusion, Jeon et /. employed urinary miR
transcriptomics to show that microRNAs could serve
as a liquid biopsy tumour surrogate to non-invasively
distinguish between aggressive and non-aggressive prostate
cancer. Utilizing three different cohorts of patients, in
addition to analysis with TCGA data, the study produced
a 7 miR panel prognostic for high-risk prostate cancer.
However, their validation cohort consisted of only 11
high-grade patients and thus caution should be taken not
to over-interpret the potential prognostic utility of these
findings. Other prognostic miR panels have previously been
reported in liquid biopsies (11-15). What distinguishes this
study is the experimental design; most other studies inform
their selection of a handful of candidate prognostic miRs
purely on tumour tissue profiling. This study includes two
important advantages. Firstly, the urinary transcriptome was
profiled, albeit in a small group of clinically homogenous
men. This omic style approach showed that broadly
speaking, urinary miR transcriptomes of men with low-risk
prostate cancer are representative of those miR expression
patterns observed in low-risk tumours (80% of miRs
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detected in at least one urine sample were observed in low-
risk tumours from TCGA). Further work in a much larger
and (physiologically, pathologically, ethnically) diverse
cohort is needed to fully landscape the urinary miRINA
transcriptome and the relative contributions from different
anatomical sources. Secondly, and unique to this study
design, was the inclusion of serial sampling of urines to
allow measurement of temporal stability of miR abundance
in individuals over time. Although only two time points
were available for all but one man, this study shows the
value of this knowledge in the selection of high-performing
prognostic biomarkers. Indeed the findings suggest that
such a consideration should be factored into the design of
all liquid biopsy biomarkers.

The report also raises some interesting questions. It
is quite intriguing how miRNAs robustly detected in the
urine of men with low-risk prostate cancer and on Active
Surveillance are highly discriminatory between low- and
high-risk disease. It is unclear whether the 7 miR panel
is a signature of low-risk disease. It would be interesting
to take the alternative approach and to measure the
temporal urinary stability and reproducibility of bone-
fide microRNAs of aggressive prostate cancer. A further
question regarding reproducibility of urine biomarker data
surrounds the need for a digital rectal examination (DRE).
The prostate DRE is renowned for inter-subject variability
in terms of performance and interpretation. This study,
as with most other urinary prostate cancer biomarkers,
utilised post-DRE samples, because it is a valuable means to
increase the presence of prostate cells in urine. It is unclear
if all subjects in this study were subject to DRE performed
by one individual and what contribution, if any, this made to
the robust longitudinal detection of miRs within individuals.
It is difficult to imagine how interoperable DRE can be
standardised and yet it is an almost obligatory feature of
most prostate cancer urine biomarkers.

This work by Jeon et 4/. nicely demonstrates that liquid
biopsy investigators all need to consider the reproducibility
of their potential biomarkers. The prognostic value of the
specific 7 miR panel for risk stratification of early stage
prostate cancer will need to be proven in much larger
independent studies.
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