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COUNTERPOINTS

Current Controversies in Hematology and Oncology

Is There a Clinical Role for Molecular Phenotyping in Atypical
Presentation of Metastatic Castration-Resistant Prostate Cancer?

into molecular phenotyping for their patients with metastatic castration-resistant prostate cancer? Or should

Now that our understanding of potentially actionable mutations has increased, is it time for physicians to look

physicians be looking elsewhere for guidance on treating this heterogeneous disease? Here, Drs David J.
VanderWeele and Walter M. Stadler make the case for molecular phenotyping in these patients, whereas Dr Nicholas J.
Vogelzang argues that alternative approaches hold more promise.
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’ I Yhe treatment of advanced prostate cancer has
benefitted from the early use of targeted therapy;
that is, androgen ablation via surgical or chemical

castration.! The initial dependence of the vast majority

of prostate cancers on the androgen receptor (AR), and

a paucity of alternative treatment options, traditionally

have made further molecular testing for advanced pros-

tate cancer largely irrelevant. The number of genetic tests
incorporated into common clinical practice is zero.

Now, however, there is increased acknowledge-
ment of prostate cancer heterogeneity, and an increasing
number of treatment options are available. We also are
beginning to identify potentially targetable alterations.
The most comprehensive study performed to date has
estimated that more than 89% of patients with metastatic
castration-resistant prostate cancer (mCRPC) have a
potentially targetable alteration.? With the incorporation

(continued on page 581)
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‘ J nfortunately, there is no current role for molecu-
lar phenotyping in metastatic CRPC.

A major impediment to molecular pheno-
typing is the fact that prostate cancer shows tremendous
heterogeneity in its end stages. This heterogeneity has
been well demonstrated by several rapid (“warm”) autopsy
series.”? The study by Grasso and colleagues identified
low overall mutation rates even in heavily treated CRPC,
and was not able to identify any mutation with an inci-
dence of greater than 8%.

These data were confirmed in 2 studies presented at
the most recent American Society of Clinical Oncology
(ASCO) annual meeting, by Small and colleagues’ and
by Beltran and colleagues.” Both of these studies showed a
significant degree of histologic and molecular heterogene-
ity in these advanced prostate cancer patients. A dominant
driver mutation or amplification for metastatic CRPC
has not been identified. A working hypothesis is that AR-

driven prostate cancer evolves into a heterogeneous horde of

(continued on page 584)
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(continued from page 580)

The Time for Molecular Phenotyping of Metastatic Castrate-Resistant

Prostate Cancer is Now (cont)

of molecular phenotyping into clinical practice, coupled
with emerging resources to track responses, we can rapidly
advance the management of advanced prostate cancer.

Recent Advances in Therapies and Testing

Recent advances have led to the approval of 5 new therapies
over the past 5 years that improve overall survival (OS),
including 2 agents that more potently inhibit androgen
signaling: abiraterone acetate (Zytiga, Janssen Biotech) and
enzalutamide (Xtandi, Astellas/Medivation). Though these
agents have improved outcomes for those with mCRPC,
multiple mechanisms of resistance to abiraterone and
enzalutamide can confer primary or secondary resistance.
These include AR-specific mechanisms, such as expres-
sion of AR splice variants, specific mutations in the AR
gene, and overexpression of AR?”; activation of alternative
nuclear factors®’; and activation of alternative pathways.'

Molecular tests may soon help guide decisions regard-
ing AR pathway therapies. Though these results need to
be validated, expression of the AR splice variant V7 (AR-
V7) in circulating tumor cells (CTCs) predicts a very low
response rate to abiraterone or enzalutamide.! Despite
evidence that docetaxel works by keeping AR out of the
nucleus,’? AR-V7 expression appears to be a treatment-
selection marker for taxanes.’® Other CTC-based bio-
markers, including morphologic and biologic features such
as nuclear speckling and loss of AR C-terminal staining,
are being validated for predicting better outcomes with
taxanes than with AR-targeted therapies.'*

Histologic Variations

AR alterations not only predict resistance to AR pathway
therapies, but also appear to define a new phenotype.
The Stand Up to Cancer’s West Coast “Dream Team” has
found that more than one-quarter of cancers resistant to
abiraterone and enzalutamide have a histologic phenotype
distinct from pure adenocarcinoma and small cell cancer,
which they term intermediate atypical carcinoma (IAC).
Another third of patients have mixed histologies."”” Gene
expression assays identified a decrease in AR activity in
small cell cancer, along with alterations in many other
pathways, and IAC was shown to be intermediate between
adenocarcinoma and small cell cancer. Outcomes with
standard therapies are worse for IAC—similar to pure
small cell histologies—though suitable alternative therapy
options have not been identified yet.

Beltran and colleagues performed a comparison
between conventional CRPC and what they termed
neuroendocrine prostate cancer (NEPC), which is char-
acterized by low or absent AR expression and extensive
neuroendocrine differentiation (small, round, blue neu-
roendocrine cells that express neuroendocrine markers).
They found a similar rate of nonsynonymous mutations
and a similar percentage of the genome involved with copy
number changes between these 2 histologies.'® As seen
with IAC, there is decreased AR signaling in NEPC, and
AR mutations were absent in CRPC. Moreover, NEPC is
enriched for alterations in AURKA, MYCN, RB1, TP53,
and CDKNIB.'*Y This has led to clinical trials testing
the efficacy of the Aurora kinase A (AURKA) inhibitor
MLN8237 in NEPC (NCT01094288, NCT01799278).
Interestingly, the authors found evidence of divergent
clonal evolution rather than linear progression, suggesting

More than 89% of
patients have a potentially
targetable alteration.

coexistence of NEPC and CRPC within a given patient
and supporting the need for increased used of biopsies to
characterize progressing metastases.

Biomarker-Driven Therapies

In addition to identifying an intermediate or NEPC-like
phenotype, there is mounting evidence that genomic
alterations in conventional CRPC are associated with sus-
ceptibility to specific targeted therapies. It has long been
recognized that PTEN deletion is a common event in
advanced disease and also can be found in localized disease,
often at the subclonal level, with up to 100% of advanced
disease harboring alterations in the PTEN/phosphoinosi-
tide 3-kinase (PI3K)/AKT pathway.'®*' Newer data have
demonstrated alterations in the PIK3CA and PIK3CB
genes. Inhibitors of the PI3K pathway have yielded disap-
pointing results, but recent preclinical data suggest that
inhibition of both PIK3CA and PIK3CB in the setting of
AR antagonism can result in exceptional responses.!®*
Patients with germline BRCA2 alterations are more
likely to develop prostate cancer, and the disease is more
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likely to be aggressive.”*** As in other tumors, BRCAI or
BRCA2 alterations predict response to poly(adenosine
diphosphate-ribose) polymerase (PARP) inhibitors in
prostate cancer, some of them prolonged.”?% Alterations
in the ataxia-telangiectasia mutated (ATM) protein kinase
have been associated with objective response to PARP
inhibitors,”® as have biallelic loss of Fanconi anemia
complementation group genes and CHEK2.% As the list
of genes associated with response is better defined, the
number of potential responders to PARP inhibitor-based
therapy will continue to grow.

Since the identification of erythroblast transforma-
tion—specific (ETS) transcription family translocations
in approximately half of all prostate cancers,® the clini-
cal implication of these translocations has been debated.
There are now preclinical data supporting the role of PARP
inhibitors for patients with ETS family translocations,’
and clinical trials are underway to test their efficacy in
the clinical setting (NCT01972217). Indeed, many with
objective responses to PARP inhibitors have alterations in
both BRCA2 and the ETS family member ERG.*

Use of platinum agents is typically reserved for those
with the small cell phenotype or neuroendocrine disease.
It was recently reported that a patient with liver and lung
metastases had a complete response to carboplatin-based
therapy, and in vitro data suggest that the sensitivity
to platinum was conferred by a FANCA alteration.”
Approximately 36% of patients with end-stage disease
have an alteration in at least 1 Fanconi anemia gene.'®

Rare fusions have been identified in RAF genes® and
Whnt signaling pathway family members.? These suggest
that the use of RAF or MEK inhibitors or porcupine
inhibitors,* respectively, might be effective. RBI loss and
alterations in other cell-cycle genes is common (-25%
of cases), both in NEPC and conventional CRPC. New
cyclin-dependent kinase (CDK) inhibitors may be effec-
tive in patients harboring these alterations,? and a phase 2
study is testing the addition of palbociclib (Ibrance, Pfizer)
to combined androgen deprivation (NCT02059213).

Cautions

One major concern with molecular phenotyping of
mCRPC is the need for invasive biopsies. Though the
West and East Coast Dream Teams have achieved 75% to
80% success rates with bone biopsies, others have found
an incomplete yield even in experienced test centers,
and these tests cause significant discomfort. Of note, the
incidence of lymph node involvement appears to have
increased over the past 3 decades, which is often easy to
biopsy with minimal risk.® Perhaps just as important is
the increasing sophistication and availability of “liquid
biopsy” analysis. Many of the assays described above

rely on phenotypes obtained from CTCs or cell-free
DNA,”111314 and these techniques offer noninvasive alter-
natives to bone biopsies.

Though phenotype-driven therapy shows much prom-
ise for advanced prostate cancer, it needs to be acknowl-
edged that it is sdll in an early phase, and there is a valid
criticism that these molecular tests have not yet undergone
clinical qualification. Perhaps most importantly, we must
not waste this opportunity to apply what we learn from our
patients. In the current era of extensive molecular pheno-
typing, it is simply not feasible for every single molecular
test to undergo formal clinical qualification as tradition-
ally envisioned. Therefore, the importance of emerging
tools to help track and analyze gene-drug interaction data
cannot be emphasized enough. Use of CancerLinQ from
the American Society of Clinical Oncology, Mofhtt Total
Cancer Care,” and other tools, and participation in trials
such as TAPUR (Targeted Agent and Profiling Utilization
Registry) and NCI-MATCH (NCI-Molecular Analysis for
Therapy Choice Program), will help lead to the necessary
biomarker qualification. For example, if AR-V7 analysis
and subsequent clinical response to various agents were
recorded, especially if the Clinical Laboratory Improvement
Amendments (CLIA) and College of American Patholo-
gists (CAP)—certified assay utilized to assess alterations were
appropriately coded in the database, it should be possible to
rapidly determine the utility of the assay in clinical practice.

Conclusion

The increasing clinical use of molecular phenotyping
for mCRPC in general, and atypical presentation spe-
cifically, can have important value not only to individual
patients but also to the field in general. If we continue
to investigate the phenotypes underlying our patients’
individual cancers, and if we pool our knowledge, we can
quickly identify rare cancers that do not represent classic
adenocarcinoma, molecularly define the different clinical
phenotypes, and begin to generate the data necessary for
formal qualification of important biomarkers.

Disclosures
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(continued from page 580)

There Is No Current Role for Molecular Phenotyping in Metastatic
Castrate-Resistant Prostate Cancer (cont)

different populations in response to the pressure of AR inhi-
bition, taxanes, and other chemotherapy regimens. Dealing
with that horde of clones is a current conundrum because
we do not know how to treat the various populations.

A second impediment to molecular phenotyping is
the access factor, given that no easy way exists to biopsy
all the tumor sites. We certainly do not want to take
biopsy samples from dozens of lymph nodes, or dozens of
locations in various bones. The presence of heterogeneity
means that a biopsy based on one site would not neces-
sarily correlate with findings from another site. Molecular
phenotyping has the potential to lead to more biopsies,
which are painful and carry a risk of infection.

A third impediment to molecular phenotyping is the
fact that we do not have a clear idea about which driver
mutations are present in the castration-resistant popula-
tion. For example, although there is some evidence that
the AR-V7 splice variant may predict benefit or lack
thereof from abiraterone or enzalutamide, as shown by
Antonarakis in the New England Journal of Medicine,® it
does not appear to be a marker for sensitivity to taxane-
based chemotherapy.”

The Rationales for Molecular Phenotyping

Of course, there are good rationales for molecular phenotyp-
ing. We know that between 20% and 30% of patients with
CRPC completely lose the AR driver, or phenotype. Dr Ana
Aparicio and her team at MD Anderson published findings
in Clinical Cancer Research in 2012 and 2013 showing that
after 1 or 2 lines of chemotherapy, 20% to 30% of prostate
cancers had no evidence of AR expression—they became
completely independent of any androgen inhibition.*’ That
has led some of us to think that lifelong AR inhibition with
leuprolide (Lupron, Abbvie) should be reconsidered. If a
patient’s tumor becomes fully androgen independent, the
corollary that follows is that there is no longer a need for
testosterone depletion. The omission of testosterone deple-
tion would vastly improve the quality of life of elderly men
who are profoundly hypogonadal.

The development of a simple test to determine whether
all of the cancer cells are AR-independent would be a major
advance, but there is no easy way to do that right now. One
method is the use of CTC assays.

For example, the Cellsearch CTC kit (Janssen Diag-
nostics) is FDA-approved, and has been shown to be both
prognostic and predictive. In 2014, my colleagues and I
published data that validated the prognostic role of CTCs

based on the SWOG (Southwest Oncology Group)
S0421 trial, a large docetaxel-based prospective cohort.
We found that although CTC counts were not a specific
molecular marker, they served as a cytopathologic marker
for adverse outcome, and a reliable marker for predicting
benefit or lack thereof to taxane-based chemotherapy.'

Unfortunately, this assay is not widely used. Why are
we failing to use that marker right now? Of course, there
are reimbursement challenges. Another problem is that
many physicians view it as a futile test; you do it and then
what? I believe that this is a pessimistic approach. I prefer
to use the test, and then act on it if I can. I would also like
to someday see molecular phenotyping refined and used
in conjunction with a CTC assay.

In addition, MYC and P53 are often overexpressed in
circulating cells from prostate tumors. Unfortunately, neither
of those 2 molecular abnormalities is targetable by anything

A second impediment to
molecular phenotyping is
the access factor.

other than standard chemotherapy. For this reason, I com-
monly use gemcitabine and cisplatin in my heavily refractory
patients. Chemotherapy has a role to play in highly prolifera-
tive malignancies such as Burkitt’s lymphoma, which overex-
presses MYC, and in 7P53-mutant cancers.

Other patients who stand to benefit from molecular
phenotyping, at least in theory, are those with Lynch
syndrome or mismatch repair deficiency. According to a
recent paper in the New England Journal of Medicine,"" a
large percentage of such patients are sensitive to check-
point inhibition. This study found that colorectal cancer
tumors with mismatch repair deficiency but not wild-type
tumors had an especially high response rate to pembroli-
zumab (Keytruda, Merck). There is some possibility that
this observation will apply to prostate cancer as well if the
prostate cancer arises in a patient with germline mismatch
repair deficiency syndrome.

We also have come to learn in recent years that over-
expression of the PARP enzyme is common in patients
with BRCA mutations. The PARP inhibitor olaparib
(Lynparza, AstraZeneca) is an active agent in certain
patients with prostate cancer. If we perform molecular
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phenotype testing and discover a BRCA mutation, we
suspect that the patient would be sensitive to a PARP
inhibitor, based on work by Dr de Bono and colleagues at
the Royal Marsden Hospital in London.*?

Other Alternatives to Molecular Phenotyping

Given the lack of viable biopsy options for molecular phe-
notyping, our first step is to begin to utilize CTC assays in
a more consistent and logical way. AR amplification and
potential AR mutations or splice variants such as AR-V7 can
easily be identified in CTCs, as can MYC amplification.

A second step is the use of cell-free DNA analysis in
plasma. I have been following a few patients using the Guar-
dant360 assay (Guardant Health). This is a blood-based liquid
biopsy that analyzes circulating tumor DNA and is currently
being marketed for monitoring of lung cancer and epidermal
growth factor receptor mutation analysis over time.

A third step should be to perform exploratory
work comparing biopsies and CTC data with cell-free
DNA data and mutation load. In this way, I think we
will gradually dissect out the various molecular subtypes
of CRPC, such as the PARP-sensitive BRCA mutations.
This is going to require concerted effort over protracted
periods of time by committed investigators and patients,
and by funding agencies that are willing to support what
may at times feel a bit like an Easter egg hunt.

The Future

If we do end up using molecular phenotyping, my guess is
that we will first of all test for PARP inhibition—that is the
low-hanging fruit. PARP deficiencies are present in approxi-
mately 5% to 10% of patients, and we already have a drug
available to target such individuals. After that, it is unclear
what the next step in molecular phenotyping might be.
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