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ABSTRACT OF
THESIS

Significance of Decipher genomic classifier risk scores for Prostate
Cancer: Systematic Review
by
Mahnoosh Rahimi
Master of Science
University of California, Irvine, 2020
Dr. Sheldon Greenfield, Committee Chair

Prostate Cancer (PCa) is a non-cutaneous malignancy in men. It is essential to consider
the early detection and screening of prostate-specific antigens for decreasing the incidence
of death due to this disease. Decipher is a genomic test that has gained increasing attention
in estimating the risk of developing a recurrence or metastatic PCa disease in patients.
Therefore, this study is focused on evaluating the association of Decipher score risk with
recurrence of prostate cancer patients based on their medical, genetic predictors, and
demographics (e.g., races) by conducting a systematic review. Moreover, the study would
also assess whether Decipher score risk can be a good predictor for prostate patients’
metastasis and prostate cancer-specific mortality in men and clinical decision-making
regarding Treatment Recommendations for patients. The research study reviewed 120
research articles, and the results of the systematic review have been presented in the form
of themes. The studies' review indicated that Decipher acts as a genomic metastasis
signature to predict metastatic disease among patients and make better decisions about
treating the disease. Moreover, this genomic test can also be used in conjunction with MRI
for identifying the lesions that may carry the biological potential for early metastases.
Furthermore, the studies also identified that treatment options for PCa might range from
ART and SRT to RP; however, the selection of treatment methodology depends upon the
GC score and risk stratification. The results further suggested that the occurrence of PCa is

two folds greater among AA men as compared to non-AA men. The increasing incidence



of PCaamong AA and discrimination within AA's health and socio-economic conditions
plays a significant role in treating AA. In this scenario, the Decipher test score plays an

essential role in making treatment decisions.

Hence, this research has reviewed the evidence of benefits of the Decipher test, placed
the usage into clinical context, made recommendations to help providers and patients
know which treatment might be more appropriate based on the GC score, and when they
should consider using the Decipher score based on the works of literature. To conclude,
further trials are still required for validating the Decipher biomarkers. All of the treatment
options should be managed based on the individual risk profile and sensitivity to particular
medical treatment. As a future direction, scientists could enhance the decipher test ability
to be run on a patient's blood samples instead of tumor tissue, which will help patients use
decipher as a screening test at the asymptomatic level. In this way, this test can be
routinely done for patients with a family history of prostate cancer, and the biopsy will
not be required during the screening stage.



CHAPTER 1:
INTRODUCTION

1.1 Background:

Prostate Cancer (PCa) is a non-cutaneous malignancy in men causing more than
300,000 deaths every year (1). In the United States, approximately 220,800 men
are diagnosed with PCa, and 27,000 men die due to this disease per year (2). The
statistics have indicated that, on average, one million cases are reported every
year across the globe, and risk factors of the disease include ethnicity, family
history, age, and environmental risk factors (3, 4).

It is essential to consider the early detection and screening of prostate-specific
antigen for decreasing the incidence of death due to this disease. Treatment
involves combining histological grading, prostate-specific antigen value, and
clinic-radiological staging. However, various studies have emphasized prostate
cancer's molecular components and focused on other alterations such as
chromatin regulation, androgen/Androgen Receptor (AR) signaling, and gene
mutations. Recently, an advanced genomic test known as the Decipher risk score
has acquired increasing attention. Therefore, this study would also focus on

examining the role of this test in treating PCa.
1.2 Problem Statement:

Decipher is a genomic test that estimates the risk of developing a recurrence or
metastatic prostate cancer disease in patients. The technique was co-developed
by Mayo Clinic and Genome Biosciences (Vancouver, BC, Canada). The test
procedure involves RNA expression of 22 genes in immune system modulation,
cell adhesion, cell cycle control, tumor motility, and other genes with code or
non-coding function. Thus, Decipher plays a pivotal role in predicting the risk of
progression based upon the tumor biology and enables the patients and
physicians to optimize the clinical decisions, enabling the patient and physician

to optimize clinical decisions. Moreover, it is also useful for determining the



prognosis of the disease after hormonal therapy (5).

Previous literature has examined the likelihood of Decipher in predicting the
recurrence of disease after radical prostatectomy (RP). Klein et al. examined 162
patients prone to prostate cancer and patients with positive lymph nodes treated
with RP, demonstrating an improvement in predicting patients with metastases
over clinic-pathological parameters (6). Similarly, Alshalafa et al. has also
studied patients with Biochemical Recurrence (BCR); the result shows that
Decipher can be a useful tool for predicting patients with clinical recurrence after
biochemical recurrence. Thus the Decipher score could help to determine the best
treatment type for PCa. The test can also be used to validate and predict prostate

cancer mortality and metastasis after RP (7).

Currently, it is unclear how the genomic test result can be used to treat patients
individually. However, studies are presently investigating the predictive
approach and timing of postoperative radiation therapy. The emerging prostate
cancer molecular biomarkers represent a potential to improve risk assessment
and provide selective treatment for patients with PCa. Experimental trials are
essential to determine this test's value in treating patients after radical
prostatectomy. This can only predict the oncological result, the patient’s lifestyle,
and health care condition (8). However, most physicians' major challenges while
employing Decipher Genomic test or other biomarkers include discussing the
disease differently in the case of different patients, possibilities of inadequate
diagnosis or suggested treatment, and difficulties in determining the initial

strategy sequence of treating patients (9).

This study would focus on reviewing the Decipher genomic classifier risk scores
in predicting prostate cancer to embracing the significance of the Decipher
Genomic test for treating Prostate cancer and considering challenges associated
with it.



1.3 Aims of the study:

This study's primary objectives would be to review the value of Decipher
genomic classifier risk scores concerning early detection of prostate cancer,
clinical management of prostate cancer, and targeted therapies as precision to

prostate cancer.
The aims of this research would be:

e To evaluate the association of Decipher score risk with recurrence of
prostate cancer patients based on their medical, genetic predictors, and
demographics (e.g., races).

e To assess whether Decipher score risk can be a good predictor for prostate
patients’ metastasis and prostate cancer-specific mortality in men and
clinical decision-making regarding Treatment Recommendations for
patients.

e To evaluate the decipher test for prediction of Prostate Cancer Risk in
African-American (AA) men Vs. other races.



CHAPTER 2:
LITERATURE
REVIEW

This chapter aims to deliberate the causes and techniques for examining and
treating Prostate cancer. Moreover, the literature would also evaluate the

Decipher Genomic Classifier tests' prospects in treating Prostate cancer.

2.1 Prostate cancer

PCa is one of the deadliest illnesses that occur in men’s prostate glands (10). PCa
has different variability, such as malignant causing Prostatic Intraepithelial
Neoplasia (PIN), prostate cancer localization, intense prostate adenocarcinoma
(local invasion), and increasing rates of metastatic prostate cancer (8). Despite
recent progress, prostate cancer still tends to pose a severe threat to men in the
United States (2). The initial identification of PCa depends on the biopsy and
Prostate-Specific-Antigen (PSA blood test) at the later diagnosis stage. Since the
occurrence of PCa is high among AA men as compared to American or European
men, and a biomarker can be beneficial for predicting the initial detection,

staging, and response to a particular treatment (11).

2.2 Metastatic prostate cancer

It is a developed form of cancer associated with a high prostate cancer-related
death rate. It causes damage to lymph nodes adjacent bones, lungs, and liver (12).
These cancerous cells may enter the blood after breaking away from tumor cells
while traveling across the body attach to various tissues. Once attached with
tissues, they started multiplying and for new blood vessels and carrying nutrients
for new tumors. This cancer’s growth is observed within particular areas like the
spine, pelvic bones, ribs, and lymph nodes. The osteoblastic lesions mixed with

osteolytic structures results in pain, hypercalcemia, and recurrent fractures (13).

The presence of prostate cancer cells in the bone marrow results in the mutual
association of cancer cells and microenvironments, which causes bone

transformation (vicious cycle) and obliteration. This affects tumor growth,



discharge, and enhanced cancer cell formation. The end result of growth factors
released by prostate cancer includes Platelet-Derived Growth Factor (PDGF),
Bone Morphogenetic Proteins (BMPs), and Endothelin 1 (ET-1). They stimulate

osteoblast bone formation through paracrine signaling (14-17).

2.3 Etiology

Over the past years, many studies focused on identifying the causes and risks
associated with prostate cancer development. Currently, the leading causes of
prostate cancer have not been identified by medical researchers. Although a few
risk factors have been detected, they are supported by decreasing evidence.
Genetic background is one of the most dominant causes of PCa. Hereditary
prostate cancer occurs when the prostate cells undergo genetic mutations related
to an autosomal dominant trait. This can increase the probability of developing
the disease with inadequate penetrance results and a high percentage of early-
onset cases, with 9% of prostate cancer cases. Many studies have established
genetic factoring in prostate cancer's etiology. This topic has been reviewed in
various reputable studies (13, 18-20). Additionally, the occurrences and impacts
of prostate cancer vary in men depending upon their race and ethnicity. Studies
show that AA men of descent have the highest rates of prevalence and mortality
(21), which may be caused by the genetic composition of AA men (22).
Identifying prostate cancer's genetic factors has been the first step in managing

disease subtypes and related therapeutic approaches (13).

The family background and history are also significant epidemiological factors
for causing PCa. This occurs due to familial clustering without noticeable
Mendelian traits. There is an increased tendency to get affected with familial
prostate cancer because it is more aggressive than the general population. With
the high risks associated with a positive family history, it is necessary to screen
and undergo early diagnosis tests in men with relatives (brother or father) who
have prostate cancer (21). Recent studies have indicated that family history is the
cause of prostate cancer in 10% of diagnosed patients (21). The other factors

responsible for causing this cancer include age, endogenous hormone balance,



obesity, and environmental factors (23).

2.4 The existing model of care and promising treatments for the prostate Cancer:

Generally, this cancer type treatment is based upon some factors, including
phase, grade, age, and varies from active surveillance to intensive surgery,
radiation, chemotherapy, and Androgen Deprivation Therapy (ADT) in most
cases (24). Gleason Grading System is one of the widely used techniques for
estimating prostate cancer aggressiveness (25). A Gleason Score (GS) is given
to prostate cancer based upon its pathologic features. Cancers with a higher GS
are more aggressive and have a worse prognosis. Pathological scores range from
2 t0 10, and the higher score is associated with increased risk and mortality rate
(26).

According to the GS, there are three grades of cancers: low, intermediate, and high-risk
(27). The cancers with low risk (Gleason 3+ 3) are often addressed through effective
surveillance. A large group of random clinical trials shows low mortality disparities
between radiotherapy/radical prostatectomy and active surveillance (28, 29). Men
diagnosed with what has classically been termed “intermediate-risk” PCa based
on GS 7 (4+3 or 3+4), PSA 10—20 ng/mL, and clinical stage T2b or 2c disease—
have highly variable clinical behavior and prognosis and are considered a broad,
heterogeneous cohort for whom management recommendations cannot be
standardized. The literature provides evidence that not all Gleason sums of 7
have equal potential for progression. Men with a post Radical Prostatectomy (RP)
Gleason 4 + 3 are more likely to develop metastasis and die from PCa than
patients with a Gleason 3 + 4 (30), and outcomes may vary further based on the
quantified predominance of pattern 4 diseases (31, 32). As a consequence,
contemporary Gleason grading has explicitly assigned a score (4 + 3) to a higher-
grade group (unfavorable) than Gleason (3 + 4) (favorable) to address these
levels of risk (33). Meanwhile, clinical T staging has been shown frequently
inaccurate and less critical than better markers of tumor volume, such as the

extent of biopsy core involvement (34).



The principle distinction between Gleason 6 disease vs. Gleason 7 to 10 disease
is that the former does not require definitive treatment (35). Nevertheless, GS’s
implications are less clear in black men because of disparate PCa outcomes,
specifically for Gleason 6 disease, in which risk evaluation and management of

disease in black men is controversial (35, 36).

On the other hand, the spectrum with high cancer risk (Gleason >8) requires
innovative treatment such as surgery and radiation-based medication. PCa
treatment decisions are planned based on the patient’s results, such as disease
with intermediate-risk (e.g., Gleason 3 + 4). Numerous classification systems
have been developed in grouping cases with intermediate-risk into favorable and
unfavorable subgroups (37) base on the clinical categories (38) or clinical
features such as the intermediate-risk factors number (one versus more than one)
and Gleason pattern(GS of 3+4 > 7 vs. GS of 4+3=7) and the positive biopsy
scores percentage (<50% vs. >50%)(39)

As discussed above, the treatment of PCa using the GS of 6 versus the percentage
of scored below or equal to 8 is relatively easy (close monitoring vs. surgical
treatment and/or radiation therapy, respectively). The disease management
having GS of 7 (3 plus 4 or 4 plus 3) is challenging and requires more effort to
detect molecular correlations between the disease outcome. Currently, the
development of consistent markers has been hindered by intra-tumor
heterogeneity disease found in each patient. Regardless of this, prognostic
signatures can be used to obtain precise results. Profile assessments in indolent
(with GS less than or equal to 6) and tumors (GS less than or equal to 8) provide
accurate results related to an intermediate-risk disease (GS 7) such as cancer

mortality, recurrence, and metastasis (28, 40-42).

Furthermore, some studies emphasized biomarkers to provide an accurate
prediction of disease outcome and aggressiveness. In some cases, patients who do
not experience any improvement after receiving localized treatment will receive
anti-hormone treatment known as ADT combined with radiation and surgery.

During the early stage of metastatic disease, the pre-treatment measures include



ADT and chemotherapy.

2.5 Emerging Role of Molecular Biomarkers in the Context of Clinical
Management of Prostate Cancer

Improvement in scientific computing knowledge promotes integrating clinical
data in combination with enormous data sets, including genetics, epigenetics, and
prostatectomies (43). The current trends in the treatment procedure for prostate
cancer in patients has increased due to the consistency of biomarkers in decision-
making in a challenging clinical setting (44). In combination with other
pathological and clinical variables, genomic biomarkers act as useful tools to
reduce irrelevant biopsies, guide personalized treatment actions, and stratify low-
risk from high-risk tumors. Genomic biomarkers application has improved the
discovery, risk assessment, and prognosis of PCa. Regardless of the progress
made in detecting suitable biomarker candidates, only a few have been used in a
clinical setting. The new and detailed PCa molecular biomarkers offer increasing
potential in overtreatment reduction, risk assessment, and selective medication

for patients exposed to high-risk disease.

In the past decade, there has been rapid development and identification of
different biomarkers for PCa. These markers pose significant impacts during
cancer treatment stages ranging from its identification and initial stage to later
stages. The precise category of biomarkers identified by PCa extents from the
spectrum based on DNA (45) modifications and epigenetic changes (e.g.,
methylation of DNA helps regulate gene expression). These changes lead to the
expression of the mMRNA gene and either single protein markers or multiplexed.
The samples for these markers are in the form of blood, urine, or prostate tissues.
The patient's biomaterial source of these markers includes urine, blood, and
prostate tissue. Moreover, emerging imaging tests, particularly based upon
genetic or metabolic changes, function as biomarkers and need to fulfill similar
clinical use standards and validity in a broad aspect. There are several types of
biomarkers, such as diagnostic, prognostic, and predictive biomarkers. This

biomarker offers inclusive information for defining the risk of high-risk prostate
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cancer (45).

However, early screening or biomarkers can detect prostate cancer at the
asymptomatic level. “Diagnostic” biomarkers predict cancer disease in patients
suffering from the symptoms, while “prognostic” biomarkers mainly determine
the disease growth. Also, predictive biomarkers can predict early/advanced risk
assessment or response to treatment among patients, while surrogate biomarkers

measure clinical benefit and endpoint in patients (46).

Firstly, the sources for diagnostic biomarkers include blood, urine, or prostate
tissues. Diagnostic biomarkers are used in predicting disease variability. While
some diagnostic markers in PCa provide additional information based on the
likelihood of patients suffering from a high-risk disease with a GS of 4 or 5.
Regardless of this, the cancers that had a GS of less than three are considered to
have the decreasing potential of metastasis and generally over-diagnosed (33,
45). Secondly, Prognostic biomarkers provide information about patient
aggressiveness based on disease type and determine whether markers are
necessary for treatment purposes. Prognostic biomarkers also offer necessary
information on patients who are required treated post-surgery (Decipher) (46).
Lastly, the Predictive biological markers convey information on potential
benefits acquired from a particular medication (personalized medicine), e.g.,
whether individuals having a specific mutation may take advantage of a new
modality treatment or not (47). Furthermore, prognostic biological markers differ
from predictive biological markers as the former relate the patient's
physiognomies with the outcome. In contrast, the predictive markers identify
the influences of treatment on the consequence (45, 48). Thus, future studies and
innovative approaches not only focus on effectiveness but also investigate the
impact of biomarkers on clinical decision-making and cost-efficacy. Several
high-level pieces of evidence are required to provide answers to the rational use
of innovative biomarkers, which can drastically reduce biopsy rates and further

decreased costs and low morbidity to advocate their extensive usage (44).



2.6 Initial Treatment Decision

Many instruments have been incorporated to examine protein and gene
expression changes across cancerous tissues and identify the risk levels based on
prostate cancer diagnosis. This information is useful for both patients and

providers in making decisions related to definitive therapy (45).

Recent studies have revealed that physicians might alter the treatment decisions
according to the genomic data available when hypothetical cases are available
(49). The genomic classifier-based models had a significant net result compared
to the clinical models using a decision threshold probability (50). However, these
studies attempted to show the importance of genomic markers in predicting
patient management decisions. Based on the toxicity level with post-operative
treatment such as hormonal, radiation, or chemotherapy balanced against the
potential therapy, detailed information will support the patient in decision-
making. Adjuvant radiation treatment (this includes pathologic T3 and GS 8-10
or more) results show that 18% of men were suffering from the low-risk disease.
Due to this, if men with positive margins or pT3 received adjuvant radiation
treatment, the genomic classifier will prevent the low-risk population estimated
at 37% (51).

Accurate evaluation of disease aggressiveness is vital for managing prostate
cancer (PC) in patients. The traditional risk factors include grade, PSA, and stage
(52). RP and other clinicopathologic provides risk-stratify measures in patients.
The criteria have been combined into different multivariable models, including
cancer of the Prostate Risk Assessment Postsurgical (CAPRA-S). However,
CAPRA-S is compared to other individual clinicopathologic variables, but there
is room for further improvement and innovative approaches. Regardless of this,
there has been growing interest in genomics in treating risk-stratified patients
(53). Currently, there are three clinical genomic tests used to predict oncological
results (e.g., metastasis, adverse pathology, cancer-related death in PC patients
such as Prolaris (Myriad Genetics), Oncotype Dx (Genomic Health), and

Decipher (Decipher Biosciences) (53).
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2.7 Decipher

The Decipher Genomic Classifier (GC) consists of RNA expression of 22 genes
markers, which were designated from 1.4 million candidate RNA probes from a
complete transcriptome microarray (which includes both non-coding and
protein-coding RNA), to predict metastasis and Prostate Cancer-Specific
Mortality (PCSM) (45). Decipher is developed and performed by Genome DX
Biosciences through a CLIA-certified high-density microarray (42). Decipher
genes were selected according to the patterns of differential expression of 192
new metastatic cases (in 5 years of increasing PSA) in comparison with 271
retrospective and a nested case-control study (54). These genes' signature
provides biological pathways for aggressive PCa, cell proliferation, cell
structure, modulation of the immune system, cell cycle progression, and
androgen signaling. Previously, it was designed to predict systemic progression
after undergoing specific treatment (55).

Every patient has unique Pca features, and Decipher genomic testing offers
independent and meaningful data for assessing the biology and risks of a
particular patient’s disease. Decipher is available in two categories; the first one
is Decipher Prostate Biopsy, a genomic test performed on tumor tissue that helps
match the selection and intensity of treatment with the tumor's metastatic potential.
This test was firstly considered by Medicare Coverage for PCa with intermediate
risk. It also provides information for predicting metastasis, mortality, and
intensity of the disease. Thesecond one is Decipher prostate RP, it is a genomic
test performed on tumor tissue and helps determine if a patient can be safely
observed following radical prostatectomy or considered for early or salvage
radiation. Moreover, this test is also suitable for effective surveillance and
definitive therapy. This is suitable for men considering early or salvage radiation

after radical prostatectomy (5).

This 22-marker signature, also known as GC, is accessible for both prostate

biopsy specimens and RP. According to the National Comprehensive Cancer
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Network (NCCN) guidelines, it is highly recommended for patients suffering
from adverse pathology after RP (56). Decipher generates a score ranging from
0to 1, low (0.0 to 0.44), average (0.45-0.59), and high (0.60-1.0), with higher
values indicating an increased probability for both RP and downstream
oncologic outcomes. Utilization of molecular profiling with Decipher GC can
result in improvement in the identification of patients, thus qualifying for Active
Surveillance (AS) by identifying the subset of histologically low-risk (LR) PCa

at diagnosis with molecular characteristics confirming indolent disease (57).

After initial development and validation, the independent predictor of metastasis
was identified by RP. The GC obtained and confirmed to project metastasis
among the cohort of 545 patients gone through RP at the Mayo Clinic, indicating
more than 213 suffered from metastasis (42). The precise GC report given to
patients and clinicians consists of validated 22 markers. Some of the data are
used for further research in genomic expression profiles. This provides additional
information on predictive and prognostic characteristics with different responses
to radiation (58) or hormone therapy (59).

As discussed earlier, the Decipher score plays a significant role in post-PR
prognosis and decision- making about further medication. At the moment, the
GC can be done on biopsy samples, and obtained results can be employed for
preliminary treatment decisions (45). Decipher GC provides detailed analytical
information on the risk factor related to disease progression or recurrence and
local treatment. It detects patients with low aggressive disease conditions, which
can be controlled using medical surveillance. Also, it helps to detect high-risk
patients that can benefit from the escalation treatment approach. Currently, the

escalated approach has not been confirmed to project effective responses (45).

Currently, the Decipher biopsy test has been validated and includes risk at RP for
pathologic grade upgrading (Gleason pattern 4 or 5), a 5 —year development of
metastasis as well as 10-year PCSM (60). The post-operative radiotherapy
(adjuvant vs. salvage) can be conducted based on the Decipher scores. The

decipher test acts as an independent predictor for clinical metastasis among
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patients with biochemical recurrence (61). The biopsy Decipher examined the
metastasis risk for post radical prostatectomy. While regardless of this, further
research is required on pre-operational awareness of Decipher risk and extensive
cohorts related to biopsy, which will help support patients with therapeutic
problems and advancement in multimodality therapy (62). A Decipher test can
be also be used to predict the clinical metastasis with five years of RP and death
rate in men associated with high-risk clinical features or pathology prostate
cancer after RP (42, 62, 63).

Thus, Decipher testing helps to improve the decision-making approach for
adjuvant radiation treatment in men suffering from pathology and prostatectomy.
New molecular tests can also be used to enhance men's treatment with localized
prostate cancer (53). Presently, decipher is the most CMS-recognized used for
post-prostatectomy decision making. Decipher has been studied in post RP
cohorts, including receiving and non-receiving other therapy before metastatic

progression (64).
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CHAPTER 3:
METHODOLOGY

3.1 Methodology

The relevant research papers and journal articles were obtained through four
electronic databases: SNPedia, Science Direct, Ensemble, and PubMed. The
study focused only on journal articles involving 2000 participants and published
between 2000 and 2020. The keywords for searching the relevant research papers
include Prostate cancer, “Decipher,” “genomics,” “biomarker,” “race,” “African-
American,” “mortality,” “MRIL,” or “metastasis.” The preliminary web search
identified 2000 articles based on the keywords mentioned above (see figure 1).
All of these articles were published in the English language. The articles’ list was
then filtered that had either “prostatectomy” or “surgery” in the text body. This
generated 600 publications. After reviewing these publications' abstracts and
selecting only those signatures that had been tested in men with prostate cancer
undergoing prostatectomy, 108 Decipher associated with prostate cancer

outcomes were identified.

The next step was to remove the duplicates. The duplicates were identified and
excluded using EndNote’s (Clarivate Analytics) Author/Title/Year duplicate
checker, followed by manual verification. Truncation and wild cards were also
used to avoid missing any articles that might include tests of interest. The
remaining articles were first gone through the process of screening. The
screening of articles was done based upon two factors, i.e., first on the basis of
the title of the journal article and then on its abstract. The articles were further
screened based upon the application of the Decipher Score relationship with PCa.
The elimination criteria were papers having fewer than 50 cases, editorial,

comorbidities, and other diseases (see fgurel).

After screening, the inclusion and exclusion criteria for journal articles were
defined based on the nature of studies and treatment options adopted for PCa
among men. The research articles adopting clinical utility studies were included
and preferred over other journal articles. The study has made concerted efforts
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to include all possible study types that could consist of clinical utility evidence.
While the articles adopting other treatment methods were excluded (see figure
1). Clinical utility studies assess the ability of the test to affect patient outcomes
and treatment decisions. The best way to demonstrate the clinical utility of a test
is by showing its ability to decrease PCSM or metastasis. Other essential
outcomes in contemporary PCa management are overtreatment and
overdiagnosis, and showing how testing affects these would be essential.
However, because PCa is a long-term disease, present studies might not be able
to demonstrate these outcomes within their relatively short follow-up periods.
Thus, clinical utility evidence concerning PCa will logically focus on short-term
outcomes, such as a change in treatment decision, patient stratification, or a
decrease in interventional treatment. These outcomes will clarify the ability of
each test to alter treatment decisions at each disease phase. Therefore, based upon
the criteria mentioned above, the inclusion of journal articles was confined to
120 articles only and the systematic review of these articles is explained in the

next chapter.

15



Eay wordz
Bz, etiology of PLa, clinical misks af Search engines
Idertification B2, early detection and prevestion of 3Bdia Science Direct, Enzamble,
- Bia biomarker and B, Decipher and Pubded
acore, and PR3 in Afican and
American men
Mumber of articles
idatified
=000
LCresning |
Femove identical stodiez
=600
=
-
- 3 i the basis of
; . . . cresning oo the o
Scresning :LPEM of SI’IEEI:IJII.E on the basis of the appiication of Decigher
" betract Score relationship with
BCa
clsion | Remsing joura avices

=300

Systematic review of 120
jmamal articles

1 Tt

Figure 1: Methodology for conducting systematic review

16



CHAPTER 4:
RESULTS

The systematic review of identified research papers has identified the following
themes, which are discussed in detail below

4.1 Important of Decipher for Prostate Cancer:

In the US and European case-control studies, the average Decipher scores were
higher in population cases developed in metastases (65). The multivariable
analysis indicated that every 10% increase in Decipher score leads to a high risk
in distant metastases during an investigation period of 10-years. This includes a
follow-up period with an odds ratio of 1.53 (95% [CI]1.06-2.22; p<0.025), and
1.58 (95% [CI]1.31-1.92; p < 0.001) for both US and European cohorts
respectively. The average follow-up for the European unit was 12 years
(interquartile ranging from 8-12). Decipher result shows metastatic recurrence
among patients having high-risk and non-metastatic PC within a follow-up of 10-
yr. This initial study verified the Decipher predictors in patients who developed
cancer recurrence after higher-risk PCa (65).

Another study was done for assessing the approach of Decipher obtained from a
biopsy without operation. Also, Klein et al. used the models to calculate the high-
grade Gleason at RP and 5-year metastasis after RP. This was assessed
employing a decipher GC score on biopsy specimens obtained from 57 men with
RP history. The model outcome showed that the AUC for GC was 0.71 (95% ClI
0.56-0.86). The 5-year metastasis, the GC's c-index was around 0.87 (95% ClI
0.76-0.97), developed metastatic disease indicated that Decipher is associated
with aggressive disease and intensified treatment. According to this study, a
positive GC was demonstrated by validating the risk of metastasis at 10-yr after
RP was measured on prostatectomy tissue, which holds similar predictive

protocol when measured on pre-operative treatment biopsies from similar
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prostates. Using MVVA and C-index, biopsy Decipher overtook NCCN clinical
risk grouping, pre-operative PSA, and biopsy Gleason, with a 10% increase in
Decipher score and HR increased by 1.72. This was evident when combining
Decipher and NCCN risk groups with an increasing index from 0.75 to 0.88.
Then, Decipher can be a useful tool to improve local treatment and planning of
newly diagnosed PCa patients (62).

In another study the authors investigated the GC based upon the RP specimen
for each patient. The results show the GC risk group at three levels(low,
intermediate, and high) at 64% concordance (95% [CI1] 50-70%) in biopsy and
RP GC score. The GC risk concordance rate is similar to a recent study where
75% of 33 patients had both RP specimens and GC biopsy. Furthermore, the GC
was examined based on RP and biopsy with R=0.7 (p<0.001) (66).

Some other studies have suggested a strategy characterized by integrating both
three and 6-tier medical genomic risk groups. They were acquired through three
layers of GC risk scores with four layers of NCCN risk groups. Furthermore, this
method is a semi optimal approach because the NCCN risk groups do not accept
the analytical information's standard clinical parameters. The authors have also
supported multicenter cohorts with 991 patients in the first development process
(45, 67).

A study was recently done to improve the prognosticate risk of distant metastasis
employing new clinical-genomic risk groups at 10-years interval by combining
the NCCN risk classification system and GC score. Furthermore, Spratt et al.
demonstrated the effectiveness of combining clinical and genomic data to
improve risk stratification compared with NCCN clinical risk grouping. The GC
score helps physicians and patients to predict the clinical results based on the
treatment and RP results. The novel clinical-genomic risk groups on the clinical
data before treatment and GC scores from RP samples were (N=756), while the
risk groups validation using biopsy GC scores (N=235) in patients previously
undertook RP as the main treatment. The combination of GC risk and NCCN risk

improved the prognosis of assessing metastatic diseaseat ten years after the main
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treatment based upon the clinical factors before the treatment and GC score
acquired from the biopsy samples. The outcomes provide primary treatment in
patients with low clinical-genomic risk using active surveillance. Also, it helps
to identify patients with aggressive disease, which requires multimodal treatment

and therapy escalations (67).

Furthermore, another study result indicated that in 991 men who previously
undertook RP or radiation therapy as the main treatment with NCCN low-,
favorable-intermediate, unfavorable- intermediate, and high-risk cancer, the 10-
year risk of metastasis was 7.3%, 9.2%, 38.0%, and 39.5%, respectively.
Combining clinical risk groupings with GC score, the authors developed a three-
tiered clinical-genomic risk stratification in which the risk of metastasis was 0%,
25.9%, and 55.2%, respectively. These findings corroborate previous data
validating GC's use in predicting PCSM during long-term follow-up after RP
(68).

Moreover, recent studies have shown supporting evidence in the Decipher score
among men anticipated with radiation therapy. According to Nguyen et al., the
GC score of biopsy tissue assessment is used to predict post-treatment in case of
distant metastasis among 100 patients suffering from NCCN intermediate or
high-risk diseases that have undertaken primary radiation and ADT after a
biopsy. The research discovered that the GC was the main predictor of distant
metastasis while investigating different models, including CAPRA, medical
variables, or NCCN risk type. To predict the model of metastasis (five years)
after radiation, the c-index for CAPRA was 0.84 (95% CI 0.61-0.93) compared
to GC 0.76 (95% C10.57-0.89) and NCCN 0.63 (95% CI 0.40-0.78). According
to the Decision Curve Analysis (DCA), the GC score identified a clear clinical
prospect around the threshold probabilities band. This study also showed that the
GC score is capable of predicting men with high chances of developing
metastatic disease mainly through ADT and radiation impact. Alternatively, it is

possible to select lasting ADT chemotherapy, clinical trials, or courses (69).
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In another study(50), the Decipher gene signatures were examined
retrospectively among 139 men. They were administered salvage or adjuvant
radiotherapy for treating pT3-stage and positive margins PCa with RP According
to the decipher score, the patients were grouped into three risk categories (high
risk >0.6, intermediate risk 0.4-0.6, and low risk <0.4). The clinical trials of 8-
years biochemical recurrence incidence ranged from 21% (low risk) to 81% (high
risk, p <0.0001). Also, the 8-years cases of distant metastases were estimated at
0% and 17% (p=0.032). Additionally, the GC predicted free metastases (AUC
0.78) and free biochemical recurrence (AUC 0.75). In addition to the genomic
classifier, this validated the clinical model (Stephenson model), which leads to a
high predictive value (AUC 0.78) for biochemical failure and (AUC 0.80) for
distant metastases. The HR score for patients with increased classifier was 8.1

(biochemical recurrence) and 14.3 (distant metastases) (50).

Moreover, the GC was confirmed to predict metastasis among the group of 545
patients that were gone through RP, and consequently, 213 of these patients
suffered from metastasis. The multivariable analysis showed that the decipher
score was an independent predictor for early metastasis (values includes 1.36,
95% CIl 1.16-1.60, p < 0.001) in comparison with biochemical recurrence
patients (42).

According to Ross et al., further investigation was carried out based on
prognostic value for the genomic classifier. The cohort included 85 patients with
a high-risk of PCa and biochemical recurrence after RP. About 8% of the patients
with a low-risk profile related to the Decipher classifier developed distant
metastases after the follow-up period (compared to 40% with a high-risk profile,
p < 0.0001). The results have indicated that GC can be used to predict distant
metastasis based on biochemical recurrence (AUC 0.82, 95% CI 0.76-0.86; p=
0.003), compared with the GS (0.64, 0.58-0.70), dtPSA (0.69, 0.58-0.70) and
real-time biochemical recurrence (0.52, 0.46-0.59) (61).

More importantly, Badani et al. further investigated clinical decision-making and

the Decipher genomic classifier influences. The 10 out of 110 randomly selected
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patients with pT3 stage PCa or positive surgical margins after RP received the
adjuvant medication recommendation from US board-expert urologists. The
authors claimed that without the Decipher test result, the surveillance approach is
estimated at 57%, adjuvant radiotherapy at 36%, and additional treatment at 7%.
Based on the Decipher test outcome, 31% of the medication decisions changed
(95% CI 27-35%). For example, 40% of the previous radiotherapy approvals
changed to an observation test when the decipher score was included (95% CI
33-47%). On the other hand, only 13% of the past observational patients were
modified to radiotherapy (95% CI 9-17%). The multivariable analysis indicated
that GC score was the most important factor for decision making (OR=8.6, 95%
Confidence Interval 5.3-14.3, p < 0.001). The authors concluded that further GC
risk score application might lead to positive clinical decision-making changes in
treating high-risk PCa patients (49).

The patients with Rapid Metastasis (RM) generally develop metastasis at an
average age of 2.3 yr. Decipher was a significant predictor of RM (OR: 1.48; p=
0.018) after adjusting for clinical risk factors in multivariable analysis. The
studies’ outcome has thus indicated that Decipher is a confirmed genomic
metastasis signature for predicting metastatic disease across 5 yrs after the

surgery among high-risk men (70).

Cooperber et al. showed that Decipher reclassification includes 49 out of 185
men suffering from low to intermediate risk and high risk based on a CAPRA-
Score less than six. Decipher subgroups of patients with high clinical risk,
clinicopathologic features, and prognostic information was included in this study.
Both GC and CAPRA-S were significant independent predictors of cancer—
specific mortality (CSM). GC was shown to re-stratify many men classified as
high-risk based on CAPRA-S >6 alone. Patients with both high GC and CAPRA-
S risk scores were at markedly elevated post-RP risk for lethal prostate cancer.
If validated prospectively, these findings suggest that incorporating a genomic-
clinical classifier may allow improved indication of patients with post RP who
should be accounted for clinical trials and aggressive secondary therapies. They
discovered that the combination of GC and CAPRA-S could predict death due to
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PCa at five years after RP among 185 men suffering from high disease risk (71).

Furthermore, a more extensive cohort study of 260 patients suffering from either
intermediate or high-risk illness during RP with no adjuvant treatment
administered. Another research has also indicated that the decipher score offers
extra predictive precision to the CAPRA-S in determining metastatic disease at
10-yr after RP. The c-index of the decipher score was 0.76 (95% CI 0.65- 0.84),
and CAPRA-S was 0.77 (95% CI 0.69-0.85). Regardless of this, both CAPRA-
S and GC were integrated with an improved c-index of 0.87 (95% C1 0.77-0.94).
Thus, the data suggested that cases with a high risk of metastatic progression

would benefit less from applying the molecular classifier (72).

Overall, the literature has indicated Decipher as an effective genomic metastasis
signature for forecasting metastatic disease among patients and making decisions

about treating the disease.

4.2 Association of Decipher score with age categories

Decipher score had a confident Spearman’s correlation of 0.09 (95% CI 0.05-
0.13, P<0.001) compared with the patients’ age. This analysis showed that 54%
of patients aged less than 50 were grouped as low risk, while only 30% of patients
were 70 years or older recognized with low Decipher risk. In addition, after
changing from a medical procedure such as PGS, PSA, seminal vesicle invasion,
extra-prostatic extension, lymph node invasion, and surgical margin status, the
relationship between prostatectomy age and Decipher score was not statistically
correlated (51).

4.3 Decipher score and its association with mortality and metastasis:

Decipher displays a predictive approach of metastasis development after primary
local treatment (63). Patients with high-risk PCa are more exposed to metastatic
development and mortality caused by PC following the initial treatment.
Regardless of this, high risk associated with diseases includes only 12% and 22%
of patients who develop distant metastases, and 2.8% and 8% of patients from

PCa after 5- and 10-year follow-up, respectively (73). Suitable treatment plays an
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essential role, especially in distant metastases related to PCa mortality, for
maintaining the quality of life (74, 75). A high level of risk involved in metastasis
is one of the main factors that influence the decision of active surveillance. This
led to extended lymph node dissection and the application of adjuvant
medication. Moreover, Decipher is an extensive GC that determines metastasis
and PCa mortality after RP (55).

It is vital to predicting the PCa patient’s risk of developing metastatic recurrence
after a surgical procedure and administers individual follow-up meetings and
further treatments. The CAPRA-S score, known as the medical recording system,
is the most recognized PCa prognostication. Recent findings indicated a
relationship between cancer-related mortality and the Decipher score among
patients with unfavorable pathologic properties in the RP specimen (54). These
patients are considered to have intermediate to high-risk PCa (60).

For a cohort of mostly low- (40%) and intermediate-risk (47%) patients, Klein et
al. determined that biopsy GC score was the only significant predictor of post-
RP metastasis (HR 1.72, 95% CI 1.07-2.81; p=0.02) in a model adjusted for age,
PSA, and biopsy grade (62). Similarly, Nguyen et al., while conducting a
multicenter study on 255 men with intermediate- to high-risk disease treated with
RP or RT+ADT, found that biopsy GC score was the only significant predictor
of metastasis (HR 1.39, 95% [CI] 1.09-1.80; p=0.009) afteradjusting forclinical
variables and treatment (60).

Importantly, GC's role may be higher in identifying clear biochemical PSA
failures compared to the progressive clinical apparent recurrence. To support
these findings, a multicenter study was done by Karnes et al. on a group of 561
patients with severe pathologic characteristics at RP (pT3, pN1, optimistic
surgical boundaries, or Gleason score greater than7. This demonstrates a
combined decipher score and CAPRA-S capable of prognosticating10-year PCa
death after RP. The reported c-index for GC and CAPRA-S was 0.76 (95% [CI]
0.71-0.82) compared to only CAPRA-S with 0.73 (95% CI 0.68-0.78) and GC
along with 0.73 (95% CI 0.67-0.78). According to the authors, DCA shows that
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GC's net benefit, with a combination of CAPRA-S, was 10-yr PCa mortality (76).

To sum up, these studies have confirmed that Decipher plays a significant role

in predicting metastasis and mortality among PCa patients.

4.4 Magnetic Resonance Imaging (MRI) and Decipher

During the pre-treatment process, prostate MRI tends to offer precise accuracy
in identifying clinically significant cases of PCa (for instance. GS > 3 +4) (77).
Also, MRI does not detect all the significant clinical tumors; this can prevent
further evidence on benign and tumors conditions such as benign prostatic
hyperplasia and prostatitis. These unobserved tumors are commonly associated
with “MRI invisible. The non-invasive prediction of aggressiveness has not been
identified. Many approaches are being evaluated, especially multiparametric
MRI (78, 79).

Even though the Gleason scoring system is well structured for PCa grading, there
are positive measures in evaluating PCa molecular and genomic properties. The
usage of advanced radiomics approaches, such as machine learning models, helps
to predict the adverse histopathological score and Decipher genomic metastasis
risk score. Our results indicate that Decipher is equally prognostic in patients
treated or not with postoperative radiotherapy. However, a combination of
Decipher and Post-Operative Radiotherapy(PORTOS) could allow for the
selection of patients who need to use PORTOS and help decide whether to

irradiate in the adjuvant or salvage setting (using Decipher) (58).

In regards to the GC score, a close association was observed among the Gray Level
Co-occurrence Matrix (GLCM) texture feature with average T2-weighted
imaging (9T2WI) 64 bins (r [<0.40, FDR adjusted p<0.030]). Other significant
correlations were observed between radiomics features and gene signature
PORTOS score with emerging GC to determine post-operative radiotherapy
response. On the other hand, patients who received or did not receive post-RP
RT were 32 % (p=0.76). In conclusion, the studies investigated that Decipher,
CAPRA-S, and the microarray technology of Polaris CCP cannot foresee RT's
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response. The hierarchical grouping, coupled with gene signatures and radiomics
characteristics, is divided into five categories. The initial group constituted only
PORTOQOS, a signature integrated with both DNA damage and repair genes. While
the second category included predictive gene expression signatures expected to
foretell PCa and mortality associated with metastasis. The third group consisted
of gene signatures associated with metastasis formation, while the fourth and
fifth groups have three gene signatures related to Androgen receptor signaling.
Machine learning algorithms applied to predict GS and Decipher Genomic Risk
Score has the highest diagnostic outcomes with a GS of 8 or more found when
using T2-weighted imaging (T2WI) with cross-validated AUC 90.72). In other
to predict a GC score of 0.6 or more T2WI, the best scores can be obtained when
using a single MRI modality (cross-validated AUC 0.73). Apart from the PCa
diagnosis and multiparametric MRI, other parameters focused on radiomics used
to identify PCa aggressiveness on the histopathological and genomics levels.
This has good potential for PCa management. Their results showed that the
multiparametric MRI radiomics features were closely related to the Gleason
score and emerging PCa genomic classifiers. Moreover, they found that
multiparametric MRI machine learning algorithms are promising for non-
invasive prediction for GS and GC risk score. The lesion extent and PI-RADS
showed no genomics precision. This illustrates that multiparametric MRI
radiomics features performed better than the standard radiological assessment of

PCa aggressiveness (80).

Genomic analyses and gene expression signatures, such as Decipher, have the
potential to become integral to risk stratification and management. Gleason 7
samples were segregated in both low and high-risk clusters in keeping with the
genetic heterogeneity of this subtype. In addition to Gleason Score (GS), the
Decipher expression patterns also segregated by risk category have suggested a
close correlation between Gleason and Decipher score. Decipher, and GS were
also consistent with previous evaluations of tumor specimens from RP. Low
Decipher scores were substantially connected with Gleason scores, and all eight

samples having GS 6 were categorized as Decipher low risk, based upon the
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previously reported cut-points for Decipher risk groups (Decipher score

< 0.45). The decipher score was also significantly positively correlated with PSA
(p-value = 0.037). The signatures contain over-expressed genes in the case of
belligerent PCa and genes that are not expressed adequately in belligerent PCa.
There were considerable connections between these genes and quantifiable
imaging features, highlighting PCa predictive signs in the radiomic
characteristics. The connections have also been detected between radiomic
characteristics and substantially expressed genes. Moreover, the genes' ontology
analysis indicated that particular radiomic characteristics are connected with
metabolism, biological and cell adhesion, and immune response. According to
our knowledge, one of the few studies identified the association of radio genomic
standards among men with PCa and MRI- biopsy (81). The MRI-visible lesions
had GC scores compared to MRI-invisible lesions (95% CI 0.13, 0.32; p <
0.0001); while MRI-invisible lesions (82.6%) were at low risk. PT-RADS v2 had
slight correlation with Decipher (r = 0.54) and high accuracy (AUC 0.863)
compared to the prostate cancer grade groups (AUC 0.780) in minor lesions area
(95% ClI of 0.01, 0.15; p <0.05). The MRI phenotypes of prostate cancer can be
defined through PI-RADS v2, which is positively related to a genomic classifier
estimated by the early risk of metastases. Most of the MRI-invisible lesions had
a low risk for early metastases based on the GC classifier. Interestingly, 17.4%
of MRI- invisible tumor samples in the study had Decipher scores with
intermediate or high-risk range, suggesting that not all MRI-invisible lesions
have indolent biological potential. MRI can be used with genomic assays to
detect lesions carrying the biological potential for early metastases. Also, the
MRI phenotypes of prostate cancer are entirely related to Decipher risk groups.
Although the PI-RADS v2 can easily spot the difference between lesions
classifier through Decipher in low, intermediate, or high risk, in some cases, the
Decipher intermediate/high risk is not visible on MRI. In conclusion, MRI
phenotypes of prostate cancer, as defined by PI-RADS v2 positively associated
with a genomic classifier that approximates the risk of early metastases.
According to genomic classifies, most but not all, MRI-invisible lesions had a
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low risk for early metastases. Thus, MRI could be used in conjunction with
genomic assays to identify lesions that may carry the biological potential for early

metastases (82).

4.5. Clinical decision-making regarding prostate cancer: Treatment
approaches with Decipher influences

A recent study has recommended Adjuvant Radiation Treatment (ART) for men
with low GC scores. Also, patients with high GC can derive much benefit from
ART compared to Salvage Radiation Therapy (SRT). On a large scale, 422 men
treated with positive surgical measure at RP were examined by Ross et al. The
result shows a mutual relationship between higher GC score patients with
metastasis (PSA <0.2 at RT), no-RT, and minimal residual disease (MRD) SRT
(PSA 0.2-0.49), SRT (PSA >0.50). According to the authors, GC's multivariable
analysis had atatistically important predictor of metastasis (p=0.01) with models
such as post-op RT and CAPRA-S. Additionally, they highlighted that high
decipher scores improve survival without metastasis in the ART and Minimal
Residual Disease (MRD). SRT individuals in comparison with non-RT and SRT
groups after modifying CAPRA-S. This study also implies that patients having
high GC scores might experience more benefits from early RT usage. This
decision can facilitate ART through GC scores (83).

Apart from these review studies on patient results, a study on clinician treatments
was recommended earlier and later administrated the decipher score among
clinicians by managing SRT and ART based on the decipher scores. In the case
of patients characterized by ART, 18% of them are recommended to alter their
urologist treatment methodologies once knowing the GC scores. Also, the
patients having SRT, 37% of them have also suggested a change within their
treatment processes. On the other hand, patients having high and risky GC scores
are recommended to undergo ART or SRT, and those having low decipher scores
are managed through observation. However, whether the patients pursue the

suggested therapies or improvement within their conditions is yet to be
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ascertained (84). Approximately half of all prostate cancer deaths occur in men
diagnosed with localized disease, most of which present with NCCN high-risk
cancer (85). Even among the high-risk population, however, clinical outcomes
vary widely (38), and the vast majority of men will not develop metastatic disease
or die of PCa (86). Thus, accurate, individualized risk stratification is necessary
to identify better where treatment intensification or de-escalation can be
personalized to optimize patient outcomes. In the United States, the most common
treatment for men with high-risk prostate cancer is radiotherapy (RT) with Long-
Term Androgen-Deprivation Therapy (LT-ADT) (87). RP is a major treatment
method for men having either intermediate or high-risk PCa. Though a large
number of men are healed through local treatment; however, these men are
entailed with the increasing incidence of developing adverse pathological
characteristics and recurrence of the disease. It has been indicated that the
decipher test to forecast the metastatic development among groups having
adjuvant and salvage treatment after RP (88).

In recent years, RP's employment has enhanced (89), often as part of a
multimodality approach, including salvage or adjuvant or RT. These findings are
comparable to Nguyen et al., stating that Decipher outcome changes with 45%
and 35% of the treatment recommended by urologists and oncologists,
respectively. Multivariate analysis showed that GC risk was the largest factor for
determining the treatment recommendations, with an adjusted OR of 6.51 (95%
[CI], 4.29-9.88) and 4.17 (95% [CI] 2.26-7.70), for radiation oncologists and
urologists, respectively. Decipher score results indicates that high metastatic risk
leads to intensified treatment, whereas low metastatic risk leads to less
aggressive suggestions. The GC results enhanced multidisciplinary agreement
regarding treatment recommendations as to the probability of suggesting
adjuvant treatment by radiation oncologists and urologists enhanced from 0.27
(95% CI, 0.17-0.44) t00.46 (95% CI, 0.29-0.75) after results of the GC test were
available. The GC test has largely influenced adjuvant postprostatectomy
treatment recommendations, decreased disagreement between radiation

oncologists and urologists, and has the potential to enhance the personalization
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of postprostatectomy care (90). High-risk PCa is clinically-defined to include
men harboring biopsy GG 4-5, clinical-stage T3-4, or PSA >20 ng/MI (91). This
definition accounts for approximately <20% of men diagnosed with prostate
cancer and represents a biologically diverse range of cancers (92). Within this
multi-institutional cohort of men with NCCN high-risk prostate cancer, GC
scores successfully sub stratified metastatic outcomes during follow-up, while
traditional clinicopathologic risk factors had a suboptimal performance. For
treatment decisions that are based on prognostic risk stratification, the use of GC
has superior performance to clinicopathologic methods. In conclusion,
conventional clinicopathologic data had poor discrimination to risk stratifying
metastatic disease development among men with high-risk prostate cancer.
Decipher classifier score was a significant independent predictor of metastasis
and may help distinguish men best suited for treatment intensification/de-
escalation (92). Accordingly, patients are offered a wide range of management
options, ranging from potential RP monotherapy to multimodal approaches.
While traditional clinicopathologic risk strata help stratify localized prostate
cancer patients (79, 86), these factors' ability to sub-stratify patients in the high-
risk group is limited (67). Given the increasing morbidity and toxicity associated
with treatment intensification, improved tools are needed to identify better
patients who could be relieved with local therapy alone rather than employing a
more aggressive and multimodal approach. Thus, the studies indicated that
treatment options for PCa might range from ART and SRT to RP; however, the
selection of treatment methodology depends upon the GC score and risk

stratification.
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4.6 Prostate cancer in African -American

As discussed earlier, PCa is one of the deadliest diseases prevalent among
African American(AA) cases. Although the context of prostate cancer varies based
on race and ethnicity. Studies have shown that AA men have a higher incidence
due to the advanced anatomic stage during diagnosis and high cancer-related
mortality. The potential biological claims for these disparities include racial
changes in tumor morphology and responsiveness to treatment. Also, other
possible extrinsic findings include the mode of screening, differences in access to
health care, and treatment received. Also, when these men of diverse races were
treated with an equal medical facility, differential results are more likely to
reflect variations in underlying biological factors (93). However, PCa
inexplicably affects AA compared to the European-American (EA) men. About
70% of the AA are nearly 70% more likely to be diagnosed with prostate cancer
and twice more likely to die from the PCa when compared with their EA

counterparts (94).

Similarly, another study has identified that AA men have a greater incidence of
prostate cancer and more than twice the risk of prostate cancer-specific mortality
compared with white men (95). Racial disparities were highest among low-grade
Gleason 6 disease, in which the mortality due to PCa among black men is two
times greater as compared to nonblack individuals (96). Black men are also more
likely to have a comorbid illness such as cardiovascular disease (97) and
diabetes (98) diagnoses that are negatively associated with survival outcomes

with or without prostate cancer (99).

Novel biomarkers have been identified as a predictive measure for aggressive
disease in AA men with PCa, such as Decipher (100). However, AA men
experienced more likely to present with metastatic cancer and a high incidence of
mortality caused by prostate cancer compared to other ethnicities and races,
including the EA (99, 101). As mentioned earlier, this discrepancy is
socioeconomic factors, insufficient access to medical facilities (102), and

changes in genetic composition (103).
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However, there is some controversy about the etiology of disparities in the
results. This includes differences in disease aggressiveness, which can lead to a
more potential role for biologic changes in prostate carcinogenesis among EA and
AA men. Regardless of this, significant PCa biomarkers' comparisons related to
PCa aggressiveness based on ethnicity or race are limited. After the validation
of biomarkers, a cohort among AA and EA men was tested in gene
expression to determine the differences that could predict unfavorable pathology
or clinical results (101, 104). The outcome shows that a subset of the validated
biomarkers performs in an ethnicity-based approach to predict at least one of the
predefined clinicopathologic results. These include a loss-of-function mutation
due to tumor suppressors TP53 and TP63 as well as dysregulation of MKi67,
MSMB, and SRD5A2 (105, 106).

However, treatment defined by either radiation or surgery leads to various harms
and risks, including urinary failures, irritation of rectum, erectile malfunctioning,
and incontinence (107, 108), and some men may eventually regret their treatment
choice (109). Black men experienced an increasing level of regret after treatment,
especially among men with recurrent prostate cancer after surgery or radiation.
The doctors should guarantee that all patients are fully aware of all treatment
options' pros and cons to reduce the risk of subsequent regret (109). Other studies
claim that black men have poorer outcomes after prostate cancer diagnosis and
report greater mistrust levels on the healthcare system than nonblack men (110,
111); therefore, using biomarkers such as Decipher scores might help them have
a better treatment plan. As it mentioned before, the Decipher 22 gene GC can
improve post RP- decision-making provided there is active prognostic
performance over clinicopathologic variables alone. Many studies claimed that
assessing the GC had a modest representation among AA. The results of other
studies have highlighted that alterations in gene expression affect the Decipher’s
proactive ability to stratify AA's risks with post RP. The data also supports
further studies to improve AA health conditions with a limited number of events
and validation treatment (112).

There was an average follow-up of a 9-yr, which caused 37 cases of metastasis
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and 20 mortalities from PCa. Commonly, an average of 55% (n=301) of patients
belonged to AA origin, and in the case of multivariable analysis, GC was the
main indicating sign of metastasis among men (all p < 0.001). The CAPRA-S
and GC had an increasing c-index for metastasis of five years (0.78 vs. 0.72) and
PCSM of ten years (0.85 vs. 0.81). This study indicated GC as an effective
predictor of PCa in AA compared to non-AA. Moreover, the risk c-index for
PCSM of ten years was 0.9 in AA in comparison to 0.7 in non-AA. The test based
upon the GC score and race in the COX model was insignificant for both
metastasis and PCSM (both p>0.3). The evidence suggests that molecular genetic
drivers’ prostate cancer cases and carcinogenesis progression affect race-specific
mode. The observed differences were consistent with the genes found in different
expression focusing on race in other studies. The difference in the level of gene
expression was observed for 48% of the genes and found that magnitude of

difference in gene expression was slightly small (113).

Reviewing another study, it is evident that caution should be taken when
applying genomic predictors developed in predominantly EA to AA with PCa,
and emphasizes the importance of conducting de novo genomic studies among
samples derived from at-risk AA populations. In general, significant racial
differences were observed for individual genes and correlational patterns within
panels, albeit relatively small in magnitude. Out of the 60 genes examined, about
48% were differentially expressed between EA and AA. However, these
proportions are imprecise because of the small number of genes related to each
panel. Furthermore, about half of the genes had different expression levels, while
the magnitude of median showed differences were relatively small, with the
highest estimated at SIPR4 (encoding Sphingosine 1-Phosphate Receptor-4) in
Decipher with 28% higher median expression among EA. The differences were
observed based on the consistency with the genes found in a different race in
other studies. This study's outcome provides evidence for caution when applying
genomic predictors developed in predominantly EA to AA with prostate cancer.
It underscores the importance of conducting new genomic studies in samples

derived from at-risk AA populations (94).
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In conclusion, these studies have confirmed the increasing incidence of PCa
among AA, and discrimination within AA's health and socio-economic
conditions plays a significant role in their approach towards treating AA.
Moreover, other studies claim that Black men have poorer outcomes after PCa
diagnosis and report greater mistrust levels_on the healthcare system than
nonblack men. Therefore, using biomarkers such as Decipher scores might help

them have a better treatment plan.
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CHAPTER 5: CONCLUSIONS AND FUTURE DIRECTIONS

The treatment of PCa among men is continuously evolving. In the past few
decades, many biomarkers have been developed to detect and treat PCa. These
markers currently provide further stratification of risks and diagnosis information
about the disease, which may help men with clinical complications. This may not
mostly prefer biopsy compared to non-biopsy or therapy surveillance.
Consequently, these tests should be done in the case of all patients. Moreover,
further trials are still required for validating the markers and their use for
evaluating the risks of metastasis and mortality. In addition to this, making a
comparison among markers is significant for identifying the superior tests. All
of the treatment options should be managed based on the individual risk profile
and sensitivity to particular medical treatment. Comparisons between markers
are essential to determine whether a superior test exists. Also, treatment must be
administered based on cancer’s risk individual profile and therapy sensitivity
(45). The study following a systematic review has confirmed that Decipher score
risk is closely associated with recurrence of prostate cancer patients based on
their medical, genetic predictors, and demographics (e.g., races)

Moreover, the study has also confirmed that Decipher score risk can be a good
predictor for prostate patients’ metastasis and prostate cancer-specific mortality
in men and clinical decision-making regarding Treatment Recommendations for
patients.  Since this research has reviewed the evidence of benefits of the
Decipher test, put the usage into clinical context, made recommendations to help
providers and patients know which treatment might be more appropriate based
on the GC score, and when they should consider using the Decipher score based
on the works of literature. However, novel DNA-based genomic assays are
important to facilitate patient’s treatment and physicians to customize the right
treatment (114) as well as post-operative therapy options (6, 42, 115). However,
all these approaches offer important prognostic information. However, only the

Decipher prostate cancer classifier has been shown to be predictive (63). At the
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same time, there are considerations in post RP cases suggested by the National
Comprehensive Cancer Network Guidelines (NCCN) (56) requirement and
cross-validation, one-on-one comparisons with potential biomarkers,
development of marker panels applicable to many clinical contexts, and
treatment, accessible, and cheap. The challenges in cancer biomarker
developments for prostate cancer are extensive validation (46).

Furthermore, Decipher has been confirmed to predict metastasis among patients
with biochemical recurrence and radiotherapy and salvage post RP. The
Decipher post RP test is administered to men with severe clinical or pathologic
cases (e.g., biochemical recurrence, pT3 disease, and pathologic stage T2 with
positive margins). The biopsy GC scores were also predictive in other key
results, including the presence of main Gleason pattern 4/5 disease and a major
risk of metastasis within five years. Recent results have focused on genomics
markers (116, 117), with clinical insight on biological information obtained from
routine diagnostic biopsies. The studies also indicated that patients with high
Decipher scores in RP specimens many benefitted from adjuvant treatment
compared to the salvage radiation treatment (116). The presence of molecular
testing, such as Decipher, has shown an improved clinical decision making in
localized prostate cancer (118, 119).

However, these studies have not been connected to disease consequences, and
thus, the true medical significance of these tests continues to be recognized
through potential clinical trials and registries (120). Though molecular tests'
signals will possibly be improved with further study and development, these tests
are presently accessible and have retrospective evidence of their utility.

The literature has claimed that GC score has an adequate ability to risk-stratify
African-American men post-RP. These results claim that Decipher gene
expression panels are a better predictor among AA men than other biomarkers.
Moreover, Other studies claim that Black men have poorer outcomes after Pca
diagnosis and report greater mistrust levels_on the healthcare system than
nonblack men. Therefore, using biomarkers such as Decipher scores might help
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them have a better treatment plan. Decipher was a very good predictor of poor
outcome and performed well in both AA and non-AA. Therefore, the Decipher

test can be confidently used in patients regardless of race.

Furthermore, Decipher correlated with baseline tumors has been identified in
more than 2,000 patients with tumor specimens and genomic testing. Service
providers and patients can also determine their willingness to accept a specific
threshold risk related to metastasis and determining whether the genomic testing
would be necessary. Based on the wide distribution of risk potential and
classification of GC score in regrouping patients, this can alter the management,
adjuvant or salvage radiation treatment followed by prostatectomy and genomic

testing that can be helpful for postoperative setting (86).

To conclude, further trials are still required for validating the Decipher
biomarkers. All of the treatment options should be managed based on the
individual risk profile and sensitivity to particular medical treatment. As a future
direction, scientists could enhance the decipher score test ability to be run on
blood samples of patients instead of tumor tissue which will help patients use
decipher as a screening test at the asymptomatic level. In this way, this test can
be routinely done for patients with a family history of prostate cancer, and the
biopsy will not be required during the screening stage. The other advantages of
running decipher test on blood would be reducing the cost to both the patient and

health community.
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Table 1: Role of Decipher biomarker in treating PCa

Study Sample Median Endpoints Main results

Design Follow-up time

Risk stratification based on a GC score/8-yrs
incidence of biochemical recurrence: 21%
(low-risk) — 81% (high-risk, p < 0.0001). 8-yrs

139 patients with o .
incidence of metastatic PCa: 0%-17%/(p-

pT3 stage or Biochemical 0 032)
. iti i recurrence, . .
Retros%ectlve posm;/f Fr::)argms 8-yrs metastatic PCa The GC is able to predict freedom of
study undergoing metastases (AUC 0.78), and freedom of
adjuvant RT biochemical recurrence (AUC 0.75).
The decipher score predicted metastasis and
BF after post-RP irradiation. Men with
lower GC risk score might benefit from
delayed RT in comparison with higher GC
score patients (50).
Multivariate analysis: Genomic classifier
Retrospective Earlv metastasis independent predictor of early metastasis (OR
stuF:jy 545 patients after 16.9 yrs (w)i/thin 5yrs) 136, 95% CI. 1'1§_ 1'60’. p < 0.001) compared
RP to patients with biochemical recurrence alone.
Patients with high GC scores experienced
earlier death rate from PCa and reduced total
survival rate (42)
Metastatic PCa in 8% of patients with low-
Case-Control | 85 patients with 426 risk profile.basgd on _the gen(?mic classifier
study high- risk PC months Metastatic (vs. 49% -\Nlth hlgh--I’ISk prgflle, p< 0.00.1)-
and biochemical PCa Multivariate analysis: GC is able to predict
recurrence after metastatic PCa following biochemical
recurrence (AUC 0.82, 95% CI 0.76-0.86; p
=0.003),

RP
outplays Gleason score alone (0.64, 0.58-

0.70), dtPSA (0.69, 0.58-0.70) and time-to-
biochemical-recurrence
(0.52, 0.46-0.59) (61)

The GC is able to predict al0-years risk of
metastatic PCa following RP even at the time
57 patients Metastatic of prostate biopsy (HR for 10% score
Cohort study after PCa increase 1.75, 95% CI 1.97-2.81, p = 0.02).
Decipher is associated with aggressive

disease and intensified treatment. It can be a
useful tool to improve local treatment and
planning of newly diagnosed PCa patients
(62)

8yrs

prostate
biopsy
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Metastatic For high decipher GC score (> 0.6) Vs low-

561 patients PCa/10VrS intermediate (< 0.6), adjusted OR for
Combined use|  with adverse cance:/- CAPRA-S 3.91 (95% Cl 2.43-6.29).
of case- . 13.0 yrs o Decipher established clinically important
pathologic specific ‘e :
control & features after survival prediction of PC§M at.lo yrs, independent
cohort data of CAPRA-S, in patients with adverse
RP pathologic features, BCR2 after RP. GC may
improve treatment decision-making for
patients with adverse or high-risk pathology
after RP (54).
Multivariate analysis: genomic classifier is a
significant predictor of metastasis (HR 1.37
235 patients with Metastatic per 10% increase in score, 95% CI 1.06—
Cohort study inter?nediate and v PCa/Cancer- | 178, P =0.018) and CSS (HR 1.57 per 10%
high- risk disease specific increase |n-score, 95% Cl: 1.03—2.48, p=
survival 0.037). Biopsy Decipher GC predicted
PCSM and metastasis from diagnostic
biopsy specimens of primarily intermediate-
and high-risk patients treated with first-line
RT or RP (60).
Decipher score had a positive association with
pathologic GC (PGS; r=0.37, 95% confidence
interval [CI] 0.34—0.41), pathologic T-stage
(r=0.31, 95% [CI] 0.28-0.35), CAPRA-S
Cohort study (r=0.32, 95% C1 0.28-0.37)
2342 consecutive | Not mentioned consecutive and patients’ age (r=0.09, 95% [CI] 0.05-
RP, Median patient radical 0.13). Decipher score reclassified 52%, 76%
age at RP was 66 prostatectomy and 40% of patients in CAPRA-S low-,
years (IQR, 60-69) (RP) intermediate- and high-risk groups,
patients respectively. They found a 28% incidence of

high-risk PCa through the Decipher score in
pT2 men and 7% low-risk in pT3b/pT4, PGS
8—10 men.

Decipher score had a confident Spearman’s
correlation of 0.09 (95% CI 0.05-0.13,
P<0.001) compared with the patients’ age.
This analysis shows that 54% of patients
aged less than 50 were grouped as low risk,
while only 30% of patients were 70 or older
recognized with low Decipher risk (51).

Every time 10% enhancement in Decipher
score results in an increase in the risk of distant
54 patients with | 10-yr & 12-yr | distant metastasis metastase§ within 10-yr follow-up, with an
Case-control | Median age of 64 | for US and within 5yr odds ratio of 1.53 (95% [CI]1.06-2.22;

cohort study European, p=0.025) and 1.58 (95% [CI]1.31-1.92;

respectively. p < 0.001) for the US and European groups,

respectively. This study confirms Decipher as
a predictor for metastatic recurrence, even in
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patients with high-risk and nonmetastatic PC
(65).

Retrospective
study

991 patients
(previously
undertook RP or

radiation therapy as
the main treatment)

8-yr

Biochemical
Recurrence,
Distant Metastasis

During the cohort development process, the

10-year distant metastasis c-index mainly for

NCCN 4 tiers was 0.68 (95% CI 0.64-0.72),
CAPRA was 0.68 (95%

Cl 0.62-0.74) while the 6-tier clinical-genomic
risk was 0.77 (0.72-0.81). Based on the
validation cohort, the c-index for the 6-tier
clinical genomic risk was 0.84 (95% CI 0.61—
0.93). The integration of GC risk and NCCN
risk improved the prognosis in assessing
metastatic disease at ten years after the main
treatment based upon the preliminary medical
factors and GC score of biopsy samples (68).

Retrospective
case-control
study

260 patients, of
whom 99
experienced
metastases

with an increased
cumulative
incidence of
biochemical
recurrence,
metastasis, and
prostate cancer—
specific mortality

The total incidence of metastasis was 47%,
and 12% for patients having high and low
Decipher scores; decipher was an independent
prognosticator of metastasis in multivariable
analysis (hazard ratio 1.26 per 10% increase; p
< 0.01). In patients which have not gone
through salvage or adjuvant therapy after
prostatectomy until the progression of
metastasis, higher Decipher scores associated
with clinical events, and inclusion of Decipher
scores upgraded the predictive performance of
confirmed clinicopathologic risk models (72).
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Every 0.1-unit enhancement in GC score was
importantly correlated with time to distant metastasis
(HR: 1.40 (1.10-1.84), P=0.006) and maintained

distant significant after managing the clinical variables on
metastasis MVA (adjusted HR: 1.36 (1.04-1.83), P=0.024).
100 patients followed The c-index for 5-year distant metastasis was 0.76 (95
Cohort with radiation therapy| 5.1 years
study intermediate- |and biochemical Cl, 0.57-0.89) for the GC score.
risk ar)dkhlgh— failure Using pre-specified GC risk score categories, the
ns cumulative incidence of metastasis for GC>0.6 reached
20% at 5-yr after radiation (P=0.02). Men with the
highest GC risk (GC>0.6) had increasing metastasis
rates despite multi-modal therapy, recommending that
they could be candidates for intensifying the treatment
or enrolling for clinical trials (69).
RM patients established metastasis at an average age
Rapid metastasis 2.3 yr (interquartile range: 1.7-3.3). In multivariable
Case- (RM), within 5 analysis, decipher was a prominent prognosticator of
control yr after RP, as RM (odds ratio: 1.48; p= 0.018) after regulating the
cohort | 169 men were shown by clinical risk factors. Decipher had the highest c-index,
study |treated with RP | positive CT or 5-yr 0.77, in comparison with CAPRA S (c-index: 0.72) and
bone scan.

the Stephenson model (c-index: 0.75) as well as with a
panel of previously reported PCa biomarkers irrelevant
to Decipher. The combination of Decipher score into
the Stephenson nomogram enhanced the c- index from
0.75 (95% [CI], 0.65-0.85) to 0.79 (95% [CI], 0.68—
0.89). Decipher was confirmed as a genomic metastasis
signature for predicting metastatic disease within 5 yr
after surgery in a cohort of high- risk patients (70).
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Retrospect
ive study

188 patients
with pT3 or
margin-

positive PCa

Metastases in
men
undergoing
post-RP RT

follow-up
times after
RP and after
RT were 10
and 8 years,
respectively

The cumulative incidence of metastasis at 5 yr after RT
was 0%, 9%, and 29% for low, average, and high GC

scores, respectively (P = .002). Within the low GC
grades (< 0.4), there were no changes in the cumulative
occurrence of metastasis in comparison with patients who
had done adjuvant or salvage RT (P =.79).

However, for patients having higher GC scores (>
0.4), the total occurrence of metastasis at 5 years was
6% for men treated with adjuvant RT in comparison
with 23% for patients treated with salvage RT (P <
.01). In men treated with post-RP RT, GC is predictive
for the establishment of clinical metastasis beyond
routine clinical and pathologic features. Although
preliminary, patients having low GC scores are best
managed with salvage RT, whereas those having high
GC scores benefit from adjuvant therapy (63).

Retrospecti
ve study

185 patients

with high risk

Metastatic
PCa, RP

6.9-yr

For patients with both high GC and CAPRA-S scores,
CSM's cumulative incidence was 45% at 10 years.
Both CAPRA-S and GC were significant prognosticator

of CSM. GC was shown to re-stratify many men

characterized by high-risk based on CAPRA-S >6 alone.

Patients characterized by both increasing GC and

CAPRA-S risk are at increasing risk of developing lethal
PCa. The findings of the studies recommended that

integration of GC may enable improved indication of

post-RP patients who should be considered for further

treatment and therapies (71).

Cohort
study

169
patient
s with
metast
atic
Pca

RM patients
established
metastasis at an
average age of
2.3yr

7.8-yr

Decipher was an important predictor of RM (OR: 1.48; p
= 0.018). Combination of Decipher into the Stephenson
nomogram enhanced the c-index from 0.75 (95% [CI]
0.65-0.85) to 0.79 (95% [CI] 0.68-0.89).
Decipher was impartially confirmed as a genomic
metastasis signature for predicting metastatic disease
within 5 yr after operation among groups of high-risk
men treated with RP and managed without adjuvant
therapy. A combination of Decipher into clinical
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nomograms enhanced the prediction of RM.
Decipher may enable at the risk of developing
metastasis who should be considered for further
clinical trials or therapies based upon multimodal

).

During the study follow-up, 37 men established
metastasis with an average follow-up of 8 years.
Decipher had independent predictive value on
multivariable analysis for metastasis (P<0.05). Men
with low decipher score value, and low-to-
intermediate CAPRA-S have a decreasing rate of

Clinical metastatic events irrespective of treatment selection.
C 422 metastasis Contrarily, men with high GC and CAPRA-S
ohort study . . 8-yr . :
patie (regional or benefit from ART; however, metastasis's total
nts distant) incidence remains high.
with
meta The decision regarding the need and timing of
stati extra- local therapy followed by RP is nuanced and
c needs patients and providers to balance morbidity
Pca risks with enhanced oncological outcomes. Post-
RP therapy can be safely avoided for men who are
at low risk according to clinical-genomic risk,
whereas those at high risk should be enrolled for
further trials (83).
Before the Decipher test, an observation was
recommended for 89% of patients considering ART
and 58% of patients considering SRT. After
Decipher testing, 18% (95% CI, 12%-25%) of the
recommendations regarding treatment transformed
in the ART arm, together with 31% among high-risk
patients; and 32% (95% [CI], 24%-42%) of
Cohort study r_nanag_ement sugges_tion_s alte_red in_the salvag_e_arm,
150 ART and SRT including 56% within high-risk patients. Decisional
patient Conflict Scale (DCS) scores were improved after
s (with reviewing Decipher test results the PCa related
metast concerns altered after Decipher testing, terror of
atic PCa disease reappearance in the ART arm (P = .02),
disease and PCa-related concerns the SRT arm (P =.05)
high/lo reduced significantly among patients with low risk.
W GC results reported per 5% increase in 5-year
risks) metastasis possibility were correlated with the

verdict to follow ART and SRT in multivariable
logistic regression analysis. Decipher test results
were associated with making decisions about
treatment and improving its
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effectiveness among men with PCa who were
seeing ART and SRT (84).

Cohort
study

548 men,
(55%, n=301
AR),
(43%,n=235
Caucasian),
(2%,

n = other races
11)

regional or
distant
metastasis

9-yrs

In multivariable analyses, GC (high vs.
intermediate and intermediate vs. low) was a
significant prognosticator of metastasis among all
men (all p<0.001). Approving previous studies,
relative to CAPRA-S, GC had a higher C-index for
5-year metastasis (0.78 vs. 0.72) and 10-year PCSM
(0.85 vs. 0.81). There was a recommendation that
GC was more effective predictor in AA as
compared to non-AA. Particularly, the 5-year
metastasis risk C-index was
0.86 in AA vs. 0.69 in non-AA and the 10-year
PCSM risk C-index was 0.91 in AA vs. 0.78 in non-
AA.

GC is a good predictor of inadequate outcome and
did well among both AA and non-AA. Thus, the data
confirms the GC's employment for risk stratification
in AA post-RP, and it is recommended that GC may

actually work better in AA (112).
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