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need the optimal way to identify the most aggressive clones and determine the aggres-
siveness of that lesion. Only then will they have the new “golden standard.”

The dilemma is that the tests being used currently to evaluate and diagnose pros-
tate cancer are being valuated against a less than “golden” standard. The clinical
unmet need that urologists must solve is that it has to be affordable and desirable.
With any biomarker project, it is important to sit down with team members and
clearly define if it meets this need.
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After you remove the prostate,
remove the doubt.

Only Decipher® delivers a clear answer about the
prognosis for metastasis after a radical prostatectomy.
With extensive evidence for its accuracy, Decipher is
the only post-op test covered by Medicare and many
private insurance payers.

If your post-surgery patients have pT3, positive margins,
or a detectable PSA rise, only Decipher provides clear
guidance on your next move.

Decipher accurately identifies which patients may benefit
from early or adjuvant radiotherapy from those who may
safely delay radiotherapy, allowing sufficient recovery time
after surgery.
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Urologists need something that can be obtained with minimal invasiveness,
preferably noninvasive. It should be ideally suitable early in the diagnostic triage
because the gray zone for serum PSA is not 3 or 4 to 10. It starts at 1.5. If every
biomarker with this indication had been developed in that way, it would have saved
a lot of time and money.

PCA3

Even though over 300 articles have been published since the first clinical study
16 years ago, some urologists are still not aware of the prostate cancer antigen 3
(PCA3). Compared to serum PSA, PCA3 has lower sensitivity, a better positive and
negative predictive value, and a higher specificity.

In 2002, my colleagues and I put forth the concept of detecting cancer cells in
urine. Known as molecular uroscopy, within one year proof of principle had been
demonstrated. As a result, a commercial kit called the Progensa PCA3 test was mar-
keted by Gen-Probe in 2006. One of the challenges for PCPs is when a man of 50,
an elevated PSA should he be referred to the hospital for a biopsy and, only when
no cancer is found, given another biopsy. This is where Progensa PCA3 can help
eliminate that dilemma. Of 350 papers written since 2005 concerning low PSA
values, only one systemically looked at urine tests, and in a very unusual population
of men with a fourth round of screening.

PCA3 was not developed as a prognostic biomarker. Five patients without cancer
were compared with five patients with cancer, and PCA3 came out as a very strong-
ly upregulated gene. Those values are on average 60 times higher in the cancer when
compared to the normal tissue. Figure 1 shows, from left to right, a normal prostate
BPH, low-grade cancer, high-grade cancer, CRPC and metastases. With PCA3, the
more aggressive the lesion the more dropouts can be found.

A stepwise approach for the identification and validation of a prognostic gene
panel is to do molecular profiling, test biomarkers on another cohort of tissue,
test biomarkers on a cohort of urinary sediments, and finally test biomarkers with
intention-to-treat cohort of urinary sediments.

In a recent clinical study testing eight new markers, urine sediments (post DRE) were
used as a diagnostic substrate, with PCA3 as a comparator, and GS = 7 as the primary
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Figure 1. The basis for both urine assays: Tissue gene expression profile of PCA3 and erg.



endpoint. Almost all of the eight candidates
selected for the second round of validation
had a good diagnostic potential. However,
the main interest was in the prognostic po-
tential — how well are they in separating

Gleason 6 from Gleason 7 and higher.

SelectMDx
The three-gene test is superior to PCA3,
and when combined with serum PSA, its
value is even better (Figure 2). The unique
thing about the urine test and the way
of selecting biomarkers is that in the low
PSA ranges the diagnostic accuracy of the
three-gene test is sustained. The three-
gene test can be run as LDT in a CLIA lab.
As with PCA3, after a digital rectal ex-
amination (DRE), the nucleic acid has
been isolated, and the gene expression is
quantified by RT-PCR. Statistical tools can
be done on the initial study, such as the lo-
gistic regression analysis and bootstrapping,
but the most convincing step is always an
independent validation study. In an inde-
pendent prospective multicenter study the
value of the new test was confirmed.
Comparing no prostate cancer to Glea-
son 6 to Gleason 10, there are significant
P values between the groups. If done with
PCA3, it will only be significant between
normal and the remainder of the group.
The clinical utility is that, taking a low
threshold value with a negative predictive
value for clinically significant prostate
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Figure 2. ‘SelectMDx” outperforms PCA3

The ROC curves for four models: Progensa PCAS3 (purple line, AUC = 0.688; 95% CI 0.63 - 0.75),
SelectMDx (red line, AUC = 0.78; 95% CI 0.72 — 0.84) and sPSA + SelectMDx (green line, AUC =
0.82; 95% Cl 0.73 - 0.87) for the prediction of Gleason score =7 PCa diagnosis upon biopsy

cancer more than 90%, urologists could
save 35% of biopsies.

CONCLUSION
Molecular urine tests are especially use-
ful in predicting biopsy outcomes of sig-

Molecular urine tests are especially useful in predicting biopsy outcomes

of significant prostate cancers. There must be, however, a careful

evaluation of its utility for early diagnosis with a new golden standard.

nificant prostate cancers. There must be,
however, a careful evaluation of its util-
ity for early diagnosis with a new golden
standard.

Urologists must agree upon what type
of risk to accept when using a test within
the PSA range of 2.5 to 10. If 35% of
those patients are not getting a biopsy, a
small group of significant cancers will be
missed. The question in terms of what is
acceptable should be discussed openly. It
is especially important in studies where
even lower PSA values are used as inclu-
sion criteria.
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EPIGENETICS

Epigenetics, as a textbook definition, is be-
ing able to activate certain functions in a
genome without changing the primary se-
quences. All the cells in the body have the
same genome yet do very different things.
Most of that is driven through epigenetic
decisions.

It was initially thought to be a passive
process of fitting the long stretch of DNA
into the nucleus. It is known now that
the decision to wind or to unwind defines
what is active or non-active (Figure 1).

The tissues of the body are defined by
all of these epigenetic decisions. If cancers
were only genetic in nature, the different
solid tumors would have a similar treat-
ment regimen. They are very different be-
cause the underlying epigenetic landscape
is extremely diverse.

There are certain diseases shared be-
tween identical and fraternal twins. All
central nervous system-type diseases
have a very large genetic component. On
the other hand, certain diseases, such as
RA, stroke, Crohn’s and cancer, are not
shared, and therefore are less genetically
defined. Historically, cancer was consid-
ered driven mostly by genetic changes. In
the past decade, it has been shown that

O Epigmeic factors

Gene Expression
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epigenetic changes are important in caus-
ing cancer (Figure 2).

Ten years ago, the University of Ghent
and John Hopkins University studied the
importance of genetics and epigenetics
within cancer genes. There is approxi-
mately 10% frequency of mutation across
all cancer genes. The best way to shut
down essential functions and pathways
is to use the endogenous mechanisms of
methylation, which is what primary can-
cers do.

Compared to competing biomarker
technologies, DNA Methylation is highly
stable especially relative to mRNA and
proteins. Tumor cell specific methylation
patterns are detectable in the background
of normal cells (i.e., higher sensitivity).

FUTURE EPIGENETIC
BIOMARKERS

In the last five to six years, many articles
have been published on employing next
generation sequencing methods. The
question that needs to be addressed is, can
we look at epigenetic signals in a genome-
wide context? Looking at different enrich-
ment strategies, there are approximately
3 to 4 million regulated sites within the
genome. There are also panel and deep se-

® Reversible changes in gene
expression/function without
changes in DNA sequence

® Can be inherited from
precursor cells

" Allows to (re)use one
genomes for different
purposes

® Allows to integrate intrinsic
with environmental signals

Figure 1. Defining Epigenetics



GENETIC EPIGENETIC
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Figure 2. Past decade has shown that epigenetic changes

are important in causing cancer.
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Figure 4. 3D image of sample areas.

quencing strategies, which are all based on
next or third generation sequencing.
There are two things happening, re-
search is moving into the clinical arena
and secondly, urologists are beginning
to combine epigenetics and genetics

(Figure 3). For biomarkers, the future will
have physicians looking at panels from dif-
ferent angles.

UROLOGY AND PROSTATE
CANCERS

When core samples are taken from the
prostate, the cancer cells might be missed
(Figure 4). But with the halo or field ef-
fect, the sample might detect an epigenetic
change even though no cancer is detected
through a microscope.

Looking closer at the data, the basic
strategy has been the more genes meth-
ylated and the more positive cores, the
greater the probability of finding cancer.
MDxHealth has tried to develop a way
to score it by measuring the methylation
intensity, and seeing if there can be a risk
calculator for the presence of clinically sig-
nificant disease.

Figure 3. Next generation epigenetic profiling.

If negative repeat biopsies have lower
methylation intensity scores and if there
is clinical significant cancer, the scores are
higher. Adding DRE and histopath into

the score gives a better classifier.

CONCLUSION

In the prostate, repeat biopsies can be
avoided if a test is negative. If it is positive,
a risk-scoring algorithm can be applied
and compared.

A limited number of bladder cancer specific
methylation markers can be measured in urine
to accurately detect the presence of bladder
cancer in hematuria patients. ConfirmMDx
for bladder can be used as a rule in cystoscopy
(in case of hematuria) with a very high NPV
and very high sensitivity, thereby resulting in
a significant reduction in the number of cys-
toscopies. It represents a significant improve-
ment in PPV as compared to standard of care.

The question that needs to be addressed is, can we look at epigenetic signals in a genome-wide context?

grandroundsinurology.com
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Looking at the shifting paradigm in pros-
tate cancer care, the focus has been on the
use of clinical and pathologic features to
assess risk, Gleason score and PSA alone.
At present, there are very good discus-
sions about prognostic information based
on tumor genomics. The future question
becomes then, can urologists use this ge-
nomics to optimize targeted therapies?

Current patient management is to have
radical prostatectomy if adverse patholog-
ic features are present. There will always be
a major debate whether radiation should
be integrated, if so when, and what should
be the PSA thresholds. This uncertainty is
reflected in multiple guidelines, not just
the National Comprehensive Cancer Net-
work (NCCN). As a result, there is a lack
of clarity about patient selection.

The current deliberation about increas-
ing the role of genomics is, can urologists
use genomics to determine which patients
need further intensification of therapy? If
using a genomic test like Decipher®, urolo-
gists can show that low-risk patients can go
onto observation. Essentially, these are the
patients known from multdple-Phase III
clinical trials that surgery has cured even in
the presence of adverse pathologic features.
Those patients with high-risk genomic
scores that cannot be differentiated clini-
cally are the ones that need further therapy.

DECIPHER®
The GenomeDx test, which is trade-
marked Decipher®, is a 22-gene marker
panel that derives a result from formalin-
fixed, paraffin-embedded tissue samples.
RNA is extracted, put against a gene chip
and results are generated. The interest-
ing thing about this platform is that it
evaluates multple different biological
pathways, including cell proliferation, ad-
hesion, motility, immune system modula-
tion, cell cycle and androgen signaling —
all of which are very important.
Urologists know that timing matters.
There are benefits and disadvantages to
both adjuvant and salvage radiation. The
idea of adjuvant radiation is that urolo-

gists can delay or prevent metastasis, but
it comes at a cost of increasing acute and
long-term toxicities. With salvage radia-
tion, avoiding or delaying an irradiation
increases time to regain continence and
sexual function, but it can decrease PSA
survival, freedom from hormone therapy
and metastatic onset.

In a recent paper in the Journal of Clini-
cal Oncology, it was shown that by using a
clinical nomogram to look at all patients
receiving radiation therapy, it is very hard
to differentiate between patients who will
benefit from adjuvant radiation therapy
versus those that can be carefully watched
and undergo salvage radiation therapy.
According to the Cancer of the Prostate
Risk Assessment Score (CAPRA), all pa-
tients should receive adjuvant therapy,
although urologists know from clinical
practice and multiple clinical trials that
this is not the case.

Through integrating the Decipher®
score, urologists were actually able to dis-
tinguish patients that benefit from adju-
vant radiation therapy versus those that
could be carefully watched with salvage
radiation therapy. There was no difference
in the development of metastasis with
those that were low risk by the Decipher
score. It is very important to stress that
this was a metastasis endpoint, which is
a clinically significant endpoint for those
patients with low risk whether they re-
ceived adjuvant or salvage. Whereas for
those that were high risk, there was a clear
80% reduction in hazard with receiving
adjuvant radiation therapy (Figure 1).
This is perhaps the first indication that
these tests not only are prognostic but also
predictive of therapeutic intervention.

A subsequent analysis was done in a
larger cohort. This brought other groups
together particularly in the setting of only
salvage radiation therapy, which is the cur-
rent trend within the genitourologic com-
munity. Urologists found that early salvage
versus late salvage in the low risk patients
has no difference, whereas for high-risk
patients early salvage clearly has an advan-
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Figure 1. Decipher® identifies those who may benefit from earlier intervention with radiation therapy

GRID™ jdentified Treatment pathway Potential treatment option
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SPINKA1 EGFR inhibitor Gefitinib
c-MET Tyrosine kinase inhibitor Cabozantinib
PD-L1 PD-1 inhibitor Pembrolizumab

Figure 2. Using genomics to deliver tumor-specific targeted therapy.

tage. This data speaks to the challenge urolo-
gists will face in the future when thinking
about the clinical trials being looked at in
this post-prostatectomy space and how do
urologists understand and interpret the data.

For men with high-risk disease, there is
clear evidence to support aggressive early
treatment but urologists know that there is
likely a need for further systemic therapy.
The real unmet need is to determine the op-
timal treatment for this patient’s particular
prostate cancer.

The question is, can urologists use ge-
nomics to find that ideal targeted therapy
and could this platform be used to help with
that? When looking at this platform, there

are over one million expression markers.

The future for urologists will be
how to carefully select biomarkers
and apply this information to

the right patient to diminish the

number of trials.

However, when used only for its prognostic
and predictive value as Decipher®, there are
only 22 of those markers. Granted many of
the markers on the platform may be unin-
formative, but if 1% of those markers are

informative that is 100,000 or 10,000. If
it is 0.1%, it is a thousand. The power in
being able to look for other expression sig-
natures and to try to find other ways to ad-
vance precision therapy is obvious.

Thomas Jefferson University has part-
nered with GenomeDx in order to access
the Genomic Research Information Data-
base (GRID™) format of genomic research
information database (GRID) to acquire
the entire spectrum of the genomic analysis
for patients. This spectrum can be shown in
multiple ways depending on the level and
sophistication that is needed. One could
query for specific genes to see if they have
been upregulated or downregulated, or see
the raw expression values in order to do
more advanced bioinformatics.

The goal is to discover novel biomarkers
and signatures for true patient care. For ex-
ample, to find a hormone therapy biomark-
er panel would allow determining if the
patient should be receiving radiation and
hormone therapy. Should they be receiving
only hormone therapy alone, or should they
be going directly to something like chemo-
therapy? Can urologists use this biomarker-
base for clinical trial selection, discover nov-
el cancer pathways, and discover new drug
targets within urologic cancers?

There are several ways to use genomics to
deliver tumor-specific targeted therapy (Fig-
ure 2). The future for urologists will be how
to carefully select biomarkers and apply this
information to the right patient to diminish
the number of trials.

CONCLUSION

The Decipher® metastasis signature is cov-
ered by Medicare and has been validated for
intermediate and high-risk men following
prostatectomy in determining the need and
timing of postoperative radiation. Its foun-
dational platform serves as a rich genomic
resource accessible by researchers through
the Decipher GRID™. It enables efficient
biomarker research and may help deliver
better future tumor-specific targeted treat-
ment options.

grandroundsinurology.com
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DR. KIM: More than likely there are two
decades of markers research in terms of
blood markers, urine markers, and tis-
sue markers. However, knowing all that
you know about the biomarkers, what is
the relationship between apoptosis and
methylation?

DR. SCHALKEN: Certainly the studies I
have presented were not designed to even
come to a conclusion on that aspect. The
one thing that we learned on using urine
is that probably the most important effect
is that at a certain volume or at a certain
aggressiveness, cells start to coming to the
prostatic ducts and shed into the urine.
We never could understand why PCA3
would be a progression marker. It is pretty
much the same level, while the markers I
mentioned were more selected as being a
progression marker.

DR. KIM: Is there anything you can com-
ment about PSMA because you used to
focus so much on that?

DR. SCHALKEN: If you do the profiling,
PSMA will always come up as a “good”
cancer marker. What is remarkable is if
you go look at Gleason 6, 7, 8, 9, 10, they
go mildly up and it is a very heterogeneous
disease. Let’s ask Dr. Van Criekinge, who
is the expert on methylation apoptosis.

DR. VAN CRIEKINGE: Apoptosis is one
of these pathways that you need to “knock
down” because otherwise the cells will
eliminate themselves and wouldn’t sustain
themselves. For instance, quite a few of the
key enzymes in the BCL2 family from the
intrinsic apoptotic pathway are very heavily
methylated. I think one of the first things we
assume is that the DNA repair gets methyl-
ated, so the repair enzymes are off and then
you start accumulating genetic changes.

DR. KIM: There is an array of new tech-
nology coming out. How can you define
a very good apoptotic reaction, and then
define methylation?

FEATURE |

DR. VAN CRIEKINGE: Probably most
or all the other functional apoptotic read-
outs are superior, but they are just going
to be linked pretty heavily to the BCL2
members that are methylated. One of the
things one could do is use a methyltrans-
ferase inhibitor to see if the functional
apoptotic readout is going to produce a
differential signal.

DR. LUCIA: What is the future of tissue-
based tests versus a blood or urine-based
test? Do you think we will still need tissue-
based tests?

DR. SCHALKEN: The noninvasive tests
should be useful earlier in the disease, and
you should take that into your design. I
think it will be pretty optimistic to hope
that all the information that you have will
be in that urine because It is a mixture. If
you what ask me what percentage of the
cells in the urine are cancer cells, I could
not really answer the question. Most of
the RNA is not in the cells, but in the
exosomes and the proteins, so it is really
a mixture of cells. In my way of thinking,
it may be a very simplistic, pragmatic ap-
proach. Blood and urine in the cascade
and once you have tissue add to what you
already give the Gleason grading because
you could even want to have that informa-
tion from this area of the tumor. I think it
is increasing in complexity. The price will
increase and increasing information, so for
me they are perfectly complimentary.

DR. VAN CRIEKINGE: Yes, I totally
agree. Test blood and urine earlier, and for
prediction prognosis, probably the best
material at that point is the tissue.

DR. LUCIA: I think of the array of limit-
ing steps that is probably a “big elephant
in the room” that no one has really ad-
dressed is how things are handled. When
we were coming around to really under-
stand that how tissue is handled affects the
way biomarkers behave, there was a very
unfortunate thing that happened at the



NIH that made the news about ten years
ago. There was an ovarian test that looked
at a prognostic factor in the tissue looking
at prognosis of ovarian cancer, and data was
published. It turns out, that it was the way
the tissue was handled that the developer
was able to get a marker for it. They actually
showed a marker for having that tissue sit
on the table for an hour rather than really be
a cancer marker because the cancerous tis-
sue was handled completely differently than
the benign tissue that they used.

We have to understand that there needs
to be some kind of regulation on how tis-
sue is handled. Pathologists, me included,
need to be told there is a way tissue has to
be handled if were going to take tissue bio-
markers seriously.

The terminology that is coming
along to help us addyess this issue
is something called “informed

decision-making process.”

DR. CRAWFORD: How often has an ab-
normal epigenetic profile led to the diag-
nosis of an anterior tumor in a patient that
previously has had a negative biopsy?

DR. LUCIA: I think there are two parts
to that question. It is not only whether the
tests can locate and pick up an anterior tu-
mor, it is whether or not the urologist does
something different when they go into bi-
opsy the second time after having that ab-
normal tumor.

DR. CRAWFORD: The problem with that
approach is in how often when you do bi-
opsies, and then you do a radical prostatec-
tomy, and you see the cancer is on the other
side and has a nodule. Then you do a biopsy
and the nodule is negative, but the biopsy
on the other side is also negative.

DR. LUCIA: How do you get excited for
ordering these tests with the current trends
in prostate cancer screening, especially when
you are dealing with primary care physicians?

DR. VESTAL: As a clinician, I have just a
couple of comments. One is you have to as-
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sume that the PSA never ordered for any of
this to be germane. That is the big problem.
Right now is urologists are seeing advanced
metastatic disease.

For the urologists that actually practice
out in the community and at the universi-
ties, the question is: “How do you see these
tests changing the way you do things?” With
the urinary test I can see a time when we do
not do cystoscopies because the urinary tests
are negative. Is that something that we are
looking forward to in the future? As practic-
ing urologists, we need to ask ourselves will
this change what we do ten years from now?

DR. CONCEPCION: If you are living in
the world where you are going to continue to
believe the practice of medicine will be fee for
service, I think we all know that that is not
the direction the government wants us to go.
They want us to go to disease management,
and they want us to go to episodic care. The
government is looking for bundling, and I
would say that as urologists we have to posi-
tion ourselves to better manage these patients
whatever these payment reform models look
like. To have a test that actually can be more
predictive and yes, it may be less cystoscopy,
it may be less biopsy, but we need to be posi-
tioned to be able to take on that risk.

DR. SOKOLOFF: It really starts out with
why are where we are now and it is because
PSA is a great test. It is highly sensitive but
not specific. The government came back to
us and told us through the United States
Preventive Services Task Force (USPSTF)
that it doesn’t work; harming four men to
find that aggressive disease in one man does
not work. The world has changed over three
years. PSAs are down, biopsies are down a
third, and today 94% of the PSAs that are
done out there are not done by urologists,
they are done by primary care physicians.
Urologists only do 6%. The questions are:
What tools are we going to use, and how are
we going to talk about it?

The terminology that is coming along to
help us address this issue is something called
“informed  decision-making process.” It
makes the patient and the physician together
talk about what is going on moving forward.
If the PSA is abnormal, however you define,
or suspicious, the next step should be a dis-
cussion with the patient about what should
be done. The answer could be imaging with
MRI. It could be some of these blood-based
markers, and if we are going to develop these

blood-based markers, we need to start talk-
ing about them a little differently.

For example, I think we should start talk-
ing about them like they are therapeutics.
In therapeutics we have efficacy and we
have safety. Efficacy means what is the risk.
What the patient does with that risk is up to
the patient based on their circumstances. A
90-year-old man versus a 40-year-old man
is going to look at life very, very differently
and that discussion will go very differently.

If your test is for high-grade disease, does
it pick up high-grade disease? And what is
the risk for that individual patient? Safety
means you are going to miss some. For ex-
ample if you believe that that PSA of 8 in
that patient was missed, and if that was a
drug almost all of our drugs kill people,
then we should not give a single drug be-
cause if you go look at death rates in most
of these drugs It is 2% to 5%.

Our decision-making with a diagnostic is
not that high. At some point you have to
say that is good enough because we are giv-
ing drugs including aspirin that are killing
patients about 7% of the time. There is a
risk level, and if you can start with clini-
cal validity, meaning if you are looking for
high-grade disease, you ask yourself how
well does your test find high-grade disease?
That is your number. What happens after
that is out of your hands. We should be en-
couraged to develop biomarkers and the bar
for biomarkers is exactly what the biomark-
ers are trying to do, detect cancer.

We use detection for prognosis and pre-
diction interchangeably. I would like to say
that detection means that you are detecting
something at biopsy and perhaps you are
detecting something at radical prostatec-
tomy, which are both surrogate markers of
what is going to happen to the patient going
forward. A biopsy of Gleason 7 does not kill
the patient. Having cancer outside the cap-
sule is not going to kill the patient. Painful
metastatic disease will kill the patient.

When we talk about prognosis, especially
with tissue base, we are really looking into
the future about what is going to happen
to that patient. Most of the blood-based
tests can do both, but I think we have to be
very sensitive if we are detecting cancer. If
we are detecting cancer then it is a different
legal argument. If we are trying to pick out
a prognosis, it is still yet another different
argument. I think we just need to put some
discipline around our biomarkers area and
we will go pretty far.
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