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ABSTRACT

Prostate cancer (PCa) incidence is increasing due to the ageing worldwide
population. In recent years, the unsuitability of prostate specific antigen (PSA)
as a diagnostic biomarker has become apparent. Unnecessary treatment of
men with non-lethal disease leading to significant quality-of-life reducing side-
effects resulted in 2017 in the US Preventative Services Task Force (USPSTF)
recommending selective and limited use of PSA testing for PCa. An immediate
need exists for a test capable of accurate and early diagnosis of PCa. Critically,
this test must differentiate between indolent and aggressive PCa to inform
appropriate management of the disease. The key to predictive accuracy is the
utilisation of combinations of diverse biomarkers and clinical data. A number
of suitable new tests have emerged since 2013 but none of these have been
implemented in the clinical setting. Extensive clinical validation of these tests
is critical to address the chasm that now exists in PCa diagnostics. This mini
review assesses current clinical issues for PCa diagnosis, evaluates currently
available commercial tests and critically assesses next-generation diagnostic
tools that could revolutionise PCa diagnostics.

Introduction

Prostate cancer (PCa) was first described in the 19% century by J.
Adams and reported as ‘a very rare disease’’. Now, in the 21 century,
it has become the major cancer diagnosed in men. The morbidities
associated with mistreatment of PCa are a critical concern due to
the significant resulting reduction in quality-of-life?. Additionally,
although the most common cancer diagnosed in men, it is the second
most common cause of cancer-related mortality in men indicating the
importance of both diagnostic and treatment options?. PCa is a global
health concern; however, incidence and mortality are not directly
correlated and the differences in survival rates due to geographical
location and economics are significant highlighting the importance of
early diagnosis for positive prognosis*® (Figure 1). PCa cancer diagnoses
are projected to increase to 2.1 million by 2035 with up to 633,328
associated deaths predicted as a result of the worldwide increase in
life-expectancy®. Survival is directly related to stage-at-diagnosis and
therefore investing in disruptive and effective diagnostic tools would
lead to a reduction in mortality. Awareness of the detrimental effects
of treating PCa patients unnecessarily, and the compromised utility of
the use of prostate-specific antigen (PSA) detection as an informative
diagnostic tool, have led to increased focus on the identification of novel
biomarkers and the development of better diagnostics. Translation of
these novel biomarkers and assays into informative clinical diagnostics
to aid in PCa screening programmes fundamentally still requires
significant further input and clinical validation.

Page 18 of 25



O’Reilly JA, O’Kennedy RJ. J Cancer Treatment Diagn. (2017); 2(1): 18-25

Journal of Cancer Treatment and Diagnosis

Prostate Cancer Worldwide Statistics 2012

2012

2035

Incindence

Less
Developed
Regions
(32%)

More
Developed
Regions
(68%)

More
Developed
Regions
(57%)

Less
Developed
Regions
(43%)

Mortality

More
Developed
Regions
(46%)

More
Developed
Regions
(38%)

Less
Developed
Regions
(54%)

Less
Developed
Regions
(62%)

Actual Estimated Numbers

Less Developed Regions More Developed Regions

2012 2035 2012 2035
Incidence 352950 767412 741966 1036965
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Figure 1: Estimates of Incidence and Mortality of Prostate Cancer for 2012 and 2035 in more developed regions (More Dev Reg.) and less

developed regions (Less Dev Reg.).

Data Source GLOBOCAN 2012. http://globocan.iarc.fr/Pages/burden_sel.aspx [Internet]. [Accessed 26/10/2017]. More developed regions
include all regions of Europe plus Northern America, Australia/New Zealand and Japan. Less developed regions include all regions of
Africa, Asia (excluding Japan), Latin America and the Caribbean, Melanesia, Micronesia and Polynesia.

This mini review will provide an overview of the history
of PCa diagnosis and the lessons learned from reliance on
a single diagnostic biomarker, PSA. It will describe the
current diagnostic pathway, evaluate currently available
commercial tests and critically assess next-generation
diagnostic tools.

History of Prostate Cancer Diagnosis

PCa is a complex, heterogeneous disease that is generally
asymptomatic in the early stages and consequently is a highly
challenging diagnosticissue for clinicians and men worldwide.
The majority of men may experience great discomfort and
embarrassment with any investigations of the prostate
other than a blood test or provision of a urine sample. Prior
to the 1970s, the majority of PCa cases were diagnosed by
digital rectal examination (DRE) and were symptomatic and
advanced’. All techniques currently involved in PCa diagnosis,

except serum PSA or provision of a urine sample, are highly
invasive procedures.. DRE is the oldest and most commonly
used screening test for PCa and investigates the prostate gland
for the presence of lumps or hardening. Although it remains a
key step in the pathway to PCa diagnosis, studies have found
that it has little or no effect in preventing metastatic PCa or
reducing mortality to any appreciable degree®®. This is a
fundamental issue for initial PCa diagnosis and highlights
the need for better early diagnostic procedures. Greyscale
trans-rectal ultrasound (TRUS), originating in the 1970s, was
further developed to TRUS-guided biopsy in the 1980s. TRUS-
guided biopsy is used for the systematic acquisition of 10-12
cores per prostate gland and is more sensitive and specific
than greyscale TRUS’. It remains one of the main techniques
used today in assessing cancer of the prostate. Prostate biopsy
is the only conclusive method of confirming the presence of
PCa®.
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PSA - from champion to outcast and back again

PSA, a serine protease synthesized by the prostate
tissue, responsible for seminal fluid liquefaction, was
hailed as the gold standard biomarker for PCa detection
for nearly two decades!! (Figure 2). However, pathologist
Richard Albin who discovered PSA back in 1970 has
written a book entitled ‘The Great Prostate Hoax: How
big medicine hijacked the PSA test and caused a public
health disaster’ where he lists major concerns about using
PSA as a screening tool for PCa'2. Primarily, his concerns
are, that PSA is not cancer-specific and therefore not
diagnostic; and that PSA levels give no information about
whether a cancer is indolent or aggressive. Albin believes
that PSA is only useful as an indicator of PCa recurrence®3.
Nevertheless, serum PSA was approved in 1994 for PCa
screening in conjunction with DRE by the US Food and
Drug Administration (FDA)!. Attempts to increase the
specificity and sensitivity of PSA assays by using different
PSA isoforms and altered PSA glycosylation patterns have
considerably improved the accuracy of PSA testing®. In
spite of this, in 2012, as a consequence of over-diagnosis
and the inability of PSA testing to discriminate between
indolent and aggressive forms of the disease, the US
Preventative Services Task Force (USPSTF) published a
recommendation against the use of PSA for diagnosis of
PCa'®. Consequently a 3-10% decline in screening rates

across men of all ages was observed. Additionally, reported
PCa incidence and biopsy declined concurrently. However,
this decline in screening has led to subsequent detection
of more advanced disease with a higher proportion of
tumours of higher grade and stage being detected'’.1n 2017,
the USPSTF published a recommendation supporting the
selective use of PSA testing following increased evidence
that it can reduce PCa-specific mortality*®. Currently, the
debate continues as to the utility of PSA. Although its
determination may reduce prostate cancer mortality, the
key question is ‘at what cost? to the survivor.

The unchallenged use of PSA for nearly two decades
led to a large number of men who were in-fact suffering
from indolent PCa undergoing unnecessary treatment
leading to life-altering issues such as incontinence or
impotence. Since PSA is not a cancer-specific marker and
current clinical tests for serum PSA cannot distinguish
between indolent and aggressive PCa, it should never
have been used as a diagnostic test. Scientists proposing
new biomarkers for PCa must critically assess whether the
suggested biomarkers or diagnostic approaches meet all
the necessary criteria (Table 1).

Prostate Cancer Staging

A number of factors are considered when assessing the

Figure 2: Prostate Specific Antigen (PSA) is released from the prostate gland following perturbations of the cellular microenvironment.
Complex PSA (cPSA) accounts for 84% of total PSA (tPSA) and can be further sub-divided into PSA-al-antichymotrypsin (ACT) and PSA-
a2-macroglobulin (2M). Free PSA (fPSA) accounts for the other 16% of tPSA and can be further sub-divided into the isoforms pro-PSA,

benign PSA (BPSA) and inactive PSA (iPSA).

Gilgunn, S., Conroy, P.J., Saldova, R., Rudd, P.M., O’Kennedy, R.J. Aberrant PSA glycosylation--a sweet predictor of prostate cancer. Nat

Rev Urol. 2013; 10: 99-107.
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Table 1: Criteria for a Prostate Cancer Biomarker.

significance of a man’s PCa. These include the age of the

Criteria for a Prostate Cancer Biomarker

Is cancer-specific.

Can detect the presence of disease.

Distinguishes between indolent and aggressive prostate cancer.

Monitors disease progression.

Predicts recurrence of disease.

Monitors response of disease to treatment.

N vk iwIN e

Is stable and can be easily detected.

patient, the clinical stage of the cancer and the grade of the
cancer. Combining this information with PSA levels allows
clinicians to make informed decisions regarding optimal
patient care options and patient prognosis (Figure 3).
The stage of the cancer is determined using the Union for
International Cancer Control (UICC) TNM (Tumour, Lymph
Node, Metastasis) staging system!®. The pathological grade
of the cancer is determined post-biopsy using the Gleason

Asym

ptomatic: Symptomatic:

All men > 50 years old * Irritation on urination

1. Prevention and
Early Detection

2. Initial Investigations
(Followed by referral to
urologist)

3. Diagnosis

4. Staging and
Treatment Planning

5. Treatment

6. Care After
Treatment and
Recovery

7. Managing
Recurrent, Residual or
Metastatic Disease

* Obstructive urinary symptoms

* Blood in Urine

Risk Factor Assessment:
Age, Family History, Diet, Race

Repeat PSA+DRE
within 12

months
PSA Level

Free-to-Total PSA ratio

Digital Rectal Examination (DRE)
Prostate Biopsy

TNM Staging

Gleason Grade Score

Further options dependent on risk of metastatic spread:

* |sotopeBone Scan, CT Scan, Prostate MRI, Interval Reimaging for
appropriate timing of androgen deprivationtherapy.

1. Watchful Waiting 4. Anti-Cancer Therapy

2. Active Surveillance (improve quality of life/longevity)

3. Curative Treatment: 5. Symptom palliation

. Radial prostatectomy

. Radiation Therapy by external beam radiotherapy or
Brachytherapy +/- androgen deprivation therapy

Information regarding medical follow-up required
On-going surveillance

Detection: PSA testing
Treatment: Dependent on previous disease and treatment as
well as current disease

Figure 3: Optimal Care Pathway for men diagnosed with Prostate Cancer. (Adapted from www.cancer.org.au/ocp).
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Score which is an indicator of the aggressiveness of the
cancer. Most tumours will be assigned a score between 6
and 10 where 6 is considered low grade and less aggressive
and 10 is considered high grade and very aggressive?’. Many
PCas are slow growing and non-life threatening. Active
surveillance or ‘watching and waiting’ is often an appropriate
treatment, therefore, for older patient’s suffering from
low grade tumours with a Gleason Score of 6. Following
compilation of all available data, a patient will be assigned a
clinical stage of PCa ranging from Stage I to Stage IV.

The Active Surveillance Era

Although PSA has made a comeback as a screening
tool, it is now recommended for limited and cautious use?s.
To some extent it would appear that we have left the PSA
era and moved into the Active Surveillance Era. This PCa
managementstrategy, which was firstintroduced in the mid-
90s, aims to prevent ‘quality-of-life’ reducing interventions
to men with indolent PCa while still identifying aggressive,
life-threatening PCa that could be addressed with rapid
surgical and chemical intervention. It is currently the most
rapidly growing approach to management of new PCa
diagnoses with up to 40% of eligible men now choosing this
treatment option. Epstein Criteria developed in 1994 are
the most commonly used for entry into active surveillance.
MRI-guided prostate biopsy is used for risk stratification
and to detect disease progression?!.

Commercially Available Diagnostic Tests

Although a move towards decentralised, patient-
centred diagnostics is desired, the majority of testing
remains in high-throughput, fully automated laboratories.
Sharma and colleagues reviewed commonly used devices
from 9 major manufacturers'®. There was a difference
of 18% in tPSA measurements and %fPSA levels varied
between different assays?»#. This is a significant issue as
it would affect clinical decisions relating to biopsy. Sharma
et al. (2017) describe the motivation for introducing PSA
testing as a way to ‘detect clinically significant PCa at an
early stage’. This thinking, which resulted in the PSA era,
ignored crucial scientific evidence which showed PSA
cut-offs to be arbitrary and unable to diagnose PCa or
identify clinically significant PCa?**°. Consequently, the
differential performance of the laboratory instruments is
only important in terms of accuracy and clinical decision
making regarding PCa recurrence, not diagnosis. PSA
measurement should no longer be an infrequent event
but a regularly monitored, quantitative event assessing
rising PSA levels from the age of 50 onwards. For this
reason, portable point-of-care devices ideally with the
characteristics listed in Table 2 represent the most useful
type of commercially available PSA test. Reproducibility
and reliability are critical and currently, these devices
are substandard when compared to the fully automated

Table 2: Ideal characteristics of a Prostate Cancer Diagnostic Test.

Ideal Characteristics of a Prostate Cancer Diagnostic Test
Accurate and sensitive detection of biomarkers.
Can test whole blood.
Detects the presence of disease.
Produces quantitative results.
Distinguishes between indolent and aggressive prostate cancer.

Can be miniaturised and portable for use as a point-of-care
device.

IR E o

laboratory instruments?>1°,
Next Generation diagnostic tools for Prostate Cancer

The controversies of the PSA era and the concomitant
over-treatment of men highlighted the unsuitability of
using a single biomarker for diagnosis and management
of PCa. Utilising a panel of diverse biomarkers is the most
appropriate method. Many novel tests have been reported
since 2013 but despite very positive results, DRE, PSA
testing and prostate biopsy remain the primary methods
of PCa diagnosis. These newly reported tests require
exhaustive clinical validation to inspire confidence in
medical professionals to preferentially adopt their use in
the clinic.

Proteomic and genomic technological advancements
have uncovered countless novel markers. Sharma et al.
(2017) reviewed 13 novel multifactorial assays'®. These
tests utilise an array of biomarkers including PSA isoforms,
metabolites, kallikrein protein biomarkers, T2:ERG gene
fusion and exosomal RNA alongside clinical data such as
age, DRE and prior biopsy results from test specimens
including serum, urine and tissue (Table 3). The Prostate
Health Index (PHI) and ExoDx Prostate (IntelliScore) (EPI)
were the most favourable of these novel tests as they did
not require the patient to undergo a prior DRE or biopsy.
PHI assesses serum PSA, fPSA and p2PSA. It is a prime
example of how serum PSA can still be beneficial in clinical
decision making when used with caution as recommended
by the USPSTF and in a novel manner. PHI eliminated
~40% of total biopsies in two cohorts totalling 956 people
and avoided invasive treatment for 21% of individuals
with clinically insignificant cancer®. Additionally, PHI
has undergone testing in a large, real-time, clinical study
in an academic centre with 345 patients?® (Tososian et al,
2017). The impact of PHI testing has not been previously
assessed in the clinical setting. It was determined that PHI
testing resulted in a 9% reduction in the rate of prostate
biopsy and that it had no impact on the proportion of
biopsies detecting cancers of Gleason Grade 2 or greater.
Therefore, if used routinely it would reduce the rate of
unnecessary biopsies without risk to detection of higher
grade cancers. EPI could discriminate high-grade from
low-grade cancer and benign disease with an area under
the receiver-operating characteristics curve (AUC) of 0.77
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Table 3: A sample of existing Next Generation Prostate Cancer Tests?.

Test Specimen Biomarker Requires Suitable for Validated
DRE | Biopsy | Diagnosis | Prognosis
To aid decision making in relation to biopsy
Extensively
The Prostate Health Index Serum PSA, fPSA, p2PSA No No Yes Yes >15 studies |nc|u.d|.ng
one large scale clinical
evaluation.
ExoDx Prostate (Intellis- Urine 3 biomarkers on exosomal RNA No No Yes Yes Independently Yahdat_
core) test ed in 519 patients.
To aid with re-biopsy recommendations
Progensa PCA3 assay Urine PCA3 and PSA RNA Yes No Yes Yes Extensively >9 studies
. . Aberrant methylation in GSTP1, Two validation studies
Confirm MDx assay Tissue ACT and RASSF1 No Yes Yes Yes (n=350, n=498)
To aid with risk stratification following positive biopsy
Polaris Tissue 31 genes No Yes Yes Yes Extensn_/ely
9 studies
Plasma protein biomarkers, 232 Extensivel
Stockholm 3 Plasma single-nucleotide polymorphisms | Yes No Yes Yes v
. . n =56,000
and clinical variables

aSharma, S., Zapatero-Rodriguez, J., O’Kennedy, R. Prostate cancer diagnostics: Clinical challenges and the ongoing need for disruptive and

effective diagnostic tools. Biotechnology Advances. 2017; 35: 135-149.

~

Genetic Markers:
232 single nucleotide
polymorphisms

Clinical Variables: ProteinMankars
Risk Factors Total PSA
© Age Free PSA
* Family history Intact PSA
* Previous biopsy hK2
MSMB
Prostate Exam MIC-1
e Prostate volume

* DRE

Figure 4: Stockholm 3 (STHLM3) test predicts aggressive prostate cancer.
The STHLM3 test combines clinical variables, protein markers and genetic markers to identify Gleason Grade 7 prostate cancer. DRE — Digital
Rectal Examination; PSA — Prostate Specific Antigen; hK2 — human kallikrein 2; MSMB — microseminoprotein-beta; MIC-1 — macrophage

inhibitory cytokine 1.

https://sthim3.se/stockholm3-in-english/ [Internet]. [Accessed 16/10/2017].

in a multi-centre clinical evaluation study with a training
target population (255 men; median age = 62; median PSA
= 5ng/ml) and an AUC of 0.73 in an independent validation
study of 519 patients*’.

The most extensively validated recent study is the
Stockholm 3 (STHLM3) study which is a prospective study
with 56,000 participants. STHLM3 identifies aggressive PCa
with a Gleason Score of at least 7 (Figure 4). STHLM3 was
found to perform significantly better than PSA alone (AUC
PSA alone 0.56; AUC STHLM3 0.74). The STHLM3 model
could avoid ~44% of benign biopsies and could reduce

the number of biopsies by ~32% without compromising
the ability to diagnose aggressive PCa (Gleason Grade 7)%.
STHLM3 is an example of the precise type of new diagnostic
test needed to replace the currently existing methods of PCa
diagnosis. It demonstrates the effectiveness of combining
different types of biomarkers with clinical data.

Novel Pathways for Prostate Cancer Diagnostics

Autoantibodies, produced in response to tumour-
associated antigens, are promising biomarkers due to
their immediate presence following any perturbation to
the cellular microenvironment of the prostate gland. They
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represent ideal candidates for early detection of PCa which
is critical to ensure positive patient outcomes. Massoner
et al. (2012) identified autoantibodies against 174 novel
antigens exclusively present in the sera of 20 PCa patients?.
In an independent cohort the autoantibody profile could
discriminate between PCa patients and benign disease
patients with an AUC of 0.71. Autoantibody profiles could
represent a high-sensitivity test for early detection of PCa,
superior to any existing test?’.

Glycosylation is a very common post-translational
modification that can be altered in cancer'. Llop et al.
(2016) detected decreases in core fucosylation and an
increase in the a-2,3-sialic acid percentage of PSA N-glycans
in serum of PCa patients®. Both the PSA core fucose ratio
and the percentage a-2,3-sialic acid could identify high-risk
PCa patients. Significantly, Llop and colleagues reported
that using a cut-off value of 30% for the a-2,3-sialic acid
percentage of PSA, they could discriminate between
the high-risk PCa patients and a group including benign
prostatic hyperplasia, low- and intermediate-risk PCa.
This was achieved with a sensitivity, specificity and AUC of
85.7%, 95.5% and 0.97, respectively. If translated into the
clinic this finding could potentially revolutionise diagnosis
and management of PCa by differentiating patients with
indolent PCa from patients with aggressive PCa.

Conclusions

The key to effective PCa management is early, accurate
diagnosis including the ability to differentiate between
men with aggressive disease that require immediate
treatment and those with slow-growing cancer that may
not cause any significant difficulties within their lifetime.
The capacity to make this distinction will save countless
men from unnecessary treatment and facilitate rapid,
appropriate, life-saving treatment for those that need it.
There are many promising novel tests currently existing
and if thoroughly validated in the clinical setting they could
revolutionise PCa diagnosis.
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