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The thesis of this work may be Dbriefly summarized. In many
mstances a malbignant prostatic tumeor is an overgrowth of adult epithelial
cells. All known types of adult prostatic epithelium undergo atrophy
when androgenic hormones are greatly reduced in amount or inactivated.
In this paper evidence is presented that significant improvement often
occurs in the clinical condition of patients with far advanced cancer of the
prostate after they have been subjected to castration. Conversely, the
symptoms are aggravated when androgens arce injected. We believe that
this work provides a new concept of prostatic carcinoma.

The evidence that prostatic carcinoma is often composed of an adult
type of epithelium derives from a study of such tissue with respect to the
phosphatase which manifests optimum activity at p, 5. An important
advance in the technic of investigation of the prostate gland was made
by Kutscher and Wolbergs,? who found that this enzyme is present in
large amounts in adult human and monkey prostate glands ; indeed, this
phosphatase is present in prostate tissue in larger amounts than any phos-
phatase in any other tissue. Gutman and Guiman * found that the
cnzyme is present in small amounts in infancy and childhood and is
increased during puberty to the high values found in the adult. These
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Figure 1 Androgen and AR action

Androgen and AR action in the prostate
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Prostate cancer relies on androgen signaling for
progression

* Prostate cancer progression commonly relies on androgen
signaling

* However, numerous adaptive mechanisms exist by which prostate
cancer cells can bypass traditional androgen signaling pathways
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Biologic Mechanisms Driving CRPC

—_— Immunologic escape/tolerance

- Proliferative signals
(MAP kinases, Myc, tubulin signaling)

Survival signals
AR-independent Emmmall (PTEN loss, Akt activation, JNK, VEGF, MET)
mechanisms

A Bone microenvironment
(Src kinase, endothelin, RANKL)

Stem cell factors (hedgehog), antiapoptotic
s d  signals (Bcl-2, clusterin), EMT programs,
DNA repair
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Advancing Precision Medicine for Prostate Cancer

Through Genomics
Sameek Roychowdhury and Arul M. Chinnaiyan
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Prostate cancer is the most common type of cancer in men and the second leading cause of
cancer death in men in the United States. The recent surge of high-throughput sequencing of
cancer genomes has supported an expanding molecular classification of prostate cancer.
Translation of these basic science studies into clinically valuable biomarkers for diagnosis and
prognosis and biomarkers that are predictive for therapy is critical to the development of precision
medicine in prostate cancer. We review potential applications aimed at improving screening
specificity in prostate cancer and differentiating aggressive versus indolent prostate cancers.
Furthermore, we review predictive biomarker candidates involving ETS gene rearrangements,
PTEN inactivation, and androgen receptor signaling. These and other putative biomarkers may
signify aberrant oncogene pathway activation and provide a rationale for matching patients with
molecularly targeted therapies in clinical trials. Lastly, we advocate innovations for clinical trial
design to incorporate tumor biopsy and molecular characterization to develop biomarkers and
understand mechanisms of resistance.
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Genomic results have the potential to be trans-
lated clinically as diagnostic, prognostic, or predic-
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Prostate cancer is the most common nonskin cancer
and the second leading cause of cancer death in men
in the United States.” Although there has been sig-
nificant progress in the treatment of prostate cancer,
with the approval of three new therapies for meta-
static prostate cancer’ this year, several challenges
persist such as a means to match patients with tar-
geted therapies and the implementation of rational
combination therapies. The Institute of Medicine
recently critiqued the cooperative clinical trial
groups in oncology and recommended innovative
trial design through the incorporation of predictive
biomarker stratification for patient selection.” A
molecular classification of cancer has the potential
benefits of improving response, minimizing the
time and adverse effects of treating patients with
ineffective therapies, and reducing the sample size
needed to show efficacy. High-throughput sequenc-
ing technologies have accelerated the molecular
characterization of prostate cancer and positioned
opportunities for development of precision medi-
cine for therapeutic decision making in this disease.
Here we examine the current data on molecular
alterations in prostate cancer, the progress in trans-
lating these findings into the dinic, and the chal-
lenges that lay ahead for translational genomics in
prostate cancer.

Clinical Oncology

tive biomarkers. Diagnostic biomarkers facilitate
obtaining an accurate cancer diagnosis as part of
screening or confirmatory testing. Prognostic bio-
markers provide data on risk of disease progression
or morbidity and thereby help determine which pa-
tients need additional treatment, such as Gleason
score 6 (low risk) versus 8 (high risk) prostate can-
cer. Predictive biomarkers suggest a course of ther-
apeuticaction. Here we provide examples, including
early potential of ETS gene rearrangements as a di-
agnostic biomarker, and comment on novel ap-
proaches to prognostic biomarker development.
Germline line mutations have the potential to be
diagnostic, prognostic, or predictive and are dis-
cussed in another review in Journal of Clinical
Oncology. Finally, we focus our attention on an in-
depth review of putative predictive biomarkers for
molecularly targeted therapies in clinical trials.

Gene fusions in prostate cancer were first described
in 2005 using a bioinformatics approach that de-
tected outlier transcript expression of genes with
microarrays.” The most common chromosomal
rearrangements involve the 5’ untranslated region
of the androgen-regulated gene TMPRSS2 and




AR Splice Variants
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AR splice variants are associated with
poor prognosis and Treatment resistance

* The translation of splice variants results in proteins with altered activity
and regulation?

* Exons 4-8 of AR are not required for transcriptional activity and splice
variants lacking this region may be constitutively active?

* In one study, expression of AR variants lacking the ligand-binding
domain in CRPC bone metastases was associated with poor prognosis?

* Detection of AR-V7 in tumor cells is associated with treatment
resistance34
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Thadani-Mulero M, et al. Cancer Res. 2014;74(8):2270-2282. © 2014 American Association for Cancer Research.
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Lack of Response Associated with AR-V7 (Johns
Hopkins University)

* Prospective study of M1 CRPC patients eligible for abiraterone (N=31) and
enzalutamide (N=31) treatment; AR-V7 identified in CTC samples
pretreatment

« None (0/18) of the AR-V7 positive patients achieved a PSA50
— Only 1 AR-V7 positive patient showed any PSA reduction (enzalutamide)

 AR-V7 prevalence increased post additional treatments

Response

Baseline AR-V7
Treatment' AR-V7+  status PSA50 P- value rPFS P- value OS (95% CI) P value

Abiraterone 19% - 0% (0/6) . 10.6 mos (8 5-NR)
(N=31) (6/31) _ 68% (17/25) >6 3 mos >11.9 mos (11 9-NR)
Enzalutamide 39% - 0% (0/12) <001 5.5 mos (3.9-NR)

(N=31) (1231) | _ | 53%(10/19) | 6.1mos | NR (NR-NR)

Patient Treatment Status? o epzalutamlde Post enzalutamide Post abiraterone Post ablrater9ne &
or abiraterone enzalutamide
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A Enzalutamide-Treated Patients B Abiraterone-Treated Patients
1.0~ P<0.001 by log-rank test 1.0+ P<0.001 by log-rank test
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In Brief

sarstes woavancing -y A multi-institutional integrative clinical
‘‘‘‘‘ - — sequencing analysis reveals that the
majority of affected individuals with
metastatic castration-resistant prostate
cancer harbor clinically actionable
molecular alterations, highlighting the
need for genetic counseling to inform
[EE — precision medicine in affected individuals
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Highlights
« A multi-institutional integrative clinical sequencing of
mCRPC

« Approximately 80% of mCRPC harbor clinically actionable
molecular alterations

« mCRPC harbors genomic alterations in PIK3CA/B, RSPO,
RAF, APC, p-catenin, and ZBTB16

« 23% of mCRPC harbor DNA repair pathway aberrations, and
8% harbor germline findings

" Robinson et al., 2015, Cell 167, 12151228
(W) s May 21, 2015 £2015 Elsevier Inc. Cell
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* 23% of metastatic castration-resistant prostate cancers e 11.8% of men with metastatic prostate
harbor DNA repair alterations cancer have a germline alteration in 16
* The frequency of DNA repair alterations increases with DNA damage repair genes
disease progression e Age and family history did not affect

mutation frequency
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Type of damage: Single-strand Double-strand breaks
breaks (SSBs) (DSBs)

Repair targets: APE1
ATR ATM DNA-PK
PARP
Repair pathway: Base Excision Homologous Non-Homologous
Repair Recombination End Joining
Repair
Damaging agent(s): RTx RTx RTx
Alkylating agents Topo | inhibitors Topo Il inhibitors
Nucleoside analogue
The most

Rationale for targeting: The most cytotoxic lesion

common lesion

*MTH1/dNTP sanitation proposed as an opportunity but emerging data have not been able to provide validation
Shown in bold are SSB and DSB repair targets that are currently being evaluated in clinical trials
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Olaparib (PARPi) with Superior Outcomes in mMCRPC
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FUTURE
Novel and Multi Modal Therapy
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Conclusions

The AR continues to be a major driver in the growth and survival of
prostate CA cells, even in the CRPC patient

As urologists, we need to understand the nuances of resistance
mechanisms and genomic alterations

Despite all the recent advances, there remains multiple challenges
and opportunities for researchers to better understand the disease
and possible development of novel targeted agents
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