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ABSTRACT
Background

Prostate cancer is the most common solid organ cancer amongst South African men. It poses
a risk to life and is a significant public health burden. The management of patients affected
by this disease who have access to tertiary hospitals includes a measurement of the serum
prostate specific antigen level and a prostate biopsy. Data gathered from histology reports
that are currently not used in the prognostication and risk stratification models have the
potential to refine these tools. The prevailing view in current literature is that prostate cancer
in Black men is more aggressive than in other races, and studies are being performed to

determine the possible genetic basis for this.
Methods

A retrospective, observational, cross- sectional study of the histology reports of prostate
biopsy specimens received by the NHLS from Charlotte Maxeke Johannesburg Academic
Hospital from 01 January 2004 to 31 December 2009, which were positive for PCa, was

conducted.
Results

Histology reports on 726 biopsy specimens were available for assessment. Race and clinical
data were not available. The histology reports are of a high quality. The majority of specimens
came from by core needle biopsies using the systematic technique, which provided superior
information when compared to the other techniques. The majority of patients presented
with advanced disease as shown by a high PSA >20ng/ml in 70%, high-grade disease with
Gleason grade > 7= 4 + 3 and evidence of locally advanced disease in all but 3 specimens,
specifically perineural spread in 54%. The majority of patients were in the 7™ and 8t decade

of life.
Conclusion

The quality of our histology reports is high and provides data that can be used to optimally

risk stratify and prognosticate patients. The majority of patients in the study presented with
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advanced disease. The inaccessibility of clinical records and unavailable race data added a

perspective to the understanding of PCa in this institution.
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CHAPTER 1: INTRODUCTION

1.1. General introduction

Prostate cancer (PCa) poses a significant public health problem, causing morbidity and
mortality in men older than 50 years around the world. It places a strain on the physical,
psychological and financial resources of individuals and their families and places a financial
burden on the state. It is the most common solid organ malignancy in men and the second
most common cause of cancer related death after lung cancer 1. The South African statistics
from the National Cancer Registry report a lifetime risk of 1:28 2; while the American statistics
report that 1:6 American males will get PCa. The prevalence of indolent PCa, which are small,
well differentiated, low-risk tumours, at autopsy is similar throughout the world. However,
the incidence of clinically apparent PCa during an individual’s lifetime varies greatly across the
world, as shown by global cancer statistics reporting the highest incidence amongst men of
African origin, especially Afro-Caribbean men and lowest in Asian men ! 3. The possible
contributing factors for the difference in the incidence of clinically manifested PCa and
indolent cancer include genetics and environmental influences, such as health seeking

behaviour and diet “.

As routine screening for PCa is not practiced nationally, patients who present to state facilities
are screened opportunistically, or otherwise tested when they present with symptoms. Two
papers published in May 2009 > ¢ from opposite sides of the Atlantic, which sought to lay to
rest the debate on whether routine screening results in an improvement in mortality, reached
opposing conclusions. The European Randomised Study for Screening of Prostate Cancer
(ERSPC), which had enrolled just over 182,000 men, concluded that screening results in a
decrease in PCa specific mortality 6. The American- based study, the Prostate, Lung, Colorectal
and Ovarian Cancer Screening Trial (PLCO), which had enrolled 76,693 men, concluded that
routine PSA (Prostate Specific Antigen) screening does not have an impact on PCa mortality °.
In each of these two studies, the patients were randomised into two arms, one that was
screened routinely for the development of PCa and the other that was subjected to the
prevailing standard of care. The mortality trends between the two arms were monitored and
conclusions drawn at the end of the data collection period. A further revision of the data
collected in the two studies was carried out by Tsodikov et al. who aimed to evaluate whether

the conclusions reached by the two studies were truly opposed after accounting for the



differences in implementation and settings of the two studies. The findings suggest that the

ERSPC and PLCO provide compatible evidence that screening reduces PCa mortality .

A paucity of local data, specialist training in the country based on mostly American and
European textbooks and materials, the ease of access of international journals as well as the
ongoing interaction of local urologists with international urology bodies and associations
suggests that the approach to patients in Africa is inferred from American and European data.
Thus, an assumption is being made that Black patients in South Africa are like Black patients

in America and the UK.

If the expression and clinical manifestation of PCa were a function of genes alone then that
statement may possibly hold true. However, the environment plays a role the manifestation
of the cancer. The Black patients contributing to both the USA and UK data are a vastly
heterogeneous group; with some originating from West Africa or the Caribbean as slaves and
living in those countries for many generations. Others are new immigrants who moved to the
USA and UK having grown up in their native countries throughout the African continent and
others reside in those countries for short-term reasons such as further education or work.
Therefore, they cannot be grouped to a specific part of Africa, nor assumptions made about
what they have in common, least of all their diet. These various groups may have a similar
genetic makeup. However, their greatly varied environmental influences including diet,
education level, income level, health seeking behaviours, as well as cultural and personal
beliefs are such that the epigenetic impacts on those genes would result in differences in
expression 8. White patients in Africa are also a heterogeneous group. This begs the question
whether data can be extrapolated from America and Europe to the White population in South

Africa.

The South African National Cancer Registry (NCR) PCa data is histology based and anonymised
%, Both of these are undesirable characteristics of a cancer registry. In order for a cancer
registry to be robust, it should be population based taking into account a variety of factors
such as histology, clinical findings, laboratory results and radiological features. It also should
have patient names in order to prevent the same patient being captured twice for the same
condition 19, The South African population in the 2011 census was just over 51 million people,
of which Black people made up 78.9% and White people made up 8.9% 1. The NCR statistics
for 2008 showed that 1899 Black men were recorded with PCa and 1809 White men. The



statistics for 2014 showed 2832 and 3237 for Black men and White men respectively. The
internationally reported incidence of PCa in Black men is 47% higher than in White men %, in
a country where the population of Black people is 8 times more, these figures cast doubt on

the process of data collection which feeds into the NCR statistics.

This study aimed to explore the incidence of PCa in sub-Saharan Africa, with specific reference
to a tertiary academic hospital in an urban setting in South Africa. Within the resource
constraints of both human and financial capital and the inequitable distribution of the
available resources, the absence of a routine screening programme is a grave concern. The
hospital records do not reflect race of the patients, it was not possible to explore the

distribution of PCa incidence across the different race groups.

Hospital record keeping during the period of the study was on microfiche, with its inherent
challenges. This made clinical information on treatment and follow up difficult to access. All
that remained intact, complete and accessible were the National Health Laboratory Services

(NHLS) biochemistry results and histology reports; these formed the basis of this study.



1.2. Literature Review

1.2.1. Anatomy and physiology of the prostate gland
The prostate gland, along with the paired seminal vesicles and the paired bulbourethral
(Cowper’s) glands are accessory sex glands found only in males. The prostate anatomy and

physiology are well integrated to optimise its role in voiding, sexual function and fertility.

1.2.1.1. Anatomy

a. Surface anatomy

The prostate is an inverted pyramid-shaped gland with a base that sits against the bladder
neck and an apex that rests on the pelvic floor, as shown in Figure 1.1.12, It lies caudal to the
urinary bladder and anterior to the rectum. The prostatic part of the urethra runs through the
middle of the prostate and bisects it into a left and right lobe and the prostatic ducts open
into the urethra. The normal prostate weighs about 20g and the location of the prostate lends

itself to transrectal, transperineal and transurethral routes for sampling.

Rectum

Ejaculator
! duct 4 Scrotum Penis

Figure 1.1: Anatomical relations of the prostate 12

b. Gross anatomy
The prostate is made up of three zones: the peripheral zone, central zone and transitional

zone as shown in Figure 1.2 3. The majority of prostate cancers arise in the peripheral zone >.



Bladder

Seminal vesicle

Proximal urethra
Ejaculatory duct

Periurethral zone

Rectum

Distal urethra

Figure 1.2: Zones of the prostate 13

c. Histology of the prostate gland

The prostate gland is made up of tubulo-alveolar glands comprised of ducts and acini that are
surrounded by a fibromuscular stroma, as shown in Figure 1.3 4. The glands are lined with
columnar epithelium, which has a secretory function and rests on a basal cell layer. The
fibromuscular stroma makes up 70% of the prostate gland and consists of connective tissue

and smooth muscles °.

Excretory

ducis
Prostatic
aorus

Smcoth
muscha fibers

MSTOLOGICAL SUDC 06 PROKTATE

Figure 1.3: Histology of the prostate 4

1.2.1.2. Physiology
Prostatic development, growth, maintenance and secretory function are under the influence

of testosterone, which is produced by the Leydig cells of the testes.

The enzyme 5-alpha reductase is found in the prostate and converts testosterone to
dihydrotestosterone (DHT). DHT is 5 times more potent than testosterone and is found at

concentrations of 1.5 to 2.5 times those of testosterone. DHT is the major androgen within
5



the prostate, regulating growth, differentiation and function 6. The adrenal gland also
produces androgens that circulate in the serum at low concentrations. These include
dehydroepiandesterone and androstenedione, which contribute less than 1% of the
circulating androgens in the male and have been shown to have no effect on prostatic growth

and function /.

Prostatic fluid makes up about 20% of semen volume. It is secreted by the glandular cells
within the prostate and is responsible for liquefaction of the coagulum following ejaculation.
It is slightly acidic with a pH of 6.4 and contains spermine for the motility of sperm, spermidine,
prostaglandins for uterine stimulation, zinc which affects testosterone metabolism within the
prostate, citric acid which is a buffer, immunoglobulins, phosphatases and proteases. The
prostate and the bladder neck control the flow of urine and semen during ejaculation. During
micturition, the bladder neck, prostatic urethra and pelvic floor (striated sphincter) relax
under parasympathetic regulation to allow the antegrade flow of urine. During ejaculation,
which is under sympathetic control, the smooth muscles within the prostate contract leading
to expulsion of prostatic fluid, the smooth muscles of the bladder neck also contract to prevent

the flow of urine and ensure antegrade ejaculation.

1.2.2. Risk factors for prostate cancer

Risk factors within the environment or innate within a person, increase the likelihood of having
an event occur, such as developing PCa. Having a risk factor does not guarantee that a person
will get cancer, nor does the absence of any identifiable risk factors ensure that a person will
not get PCa. At present three non-modifiable and established risk factors for PCa are
recognized. These are age, race and family history. Other potential risk factors are less well
established and potentially modifiable. These include circulating reproductive hormones and
lifestyle habits such as diet, the use of cigarettes, the consumption of alcohol and the

frequency of ejaculation 18,

1.2.2.1. Age

Prostate cancer is rarely diagnosed in males younger than 50 years of age. People younger
than 50 years of age account for only 2% of all cases of PCa *°. This incidence marks a ten-fold
increase in the reported incidence in this age group over a 29-year period, from 1974 to 2003.
This can be partially attributed to an increase in the screening for PCa, which has led to a 50%

increase in the incidence between 50 and 59 years of age 2°. The peak incidence typically



occurs between the ages of 70 and 74 years, with the mean age at diagnosis being 68 years,
with 63% diagnosed after age 65 years 2. At age 85 years, between 0.5 and 20% of men
worldwide will have been diagnosed with clinically significant PCa, yet at autopsy over 75%

have microscopic evidence of PCa %2.

1.2.2.2. Race and ethnicity

African-Americans and Caribbean men of African ancestry have the highest incidence of PCa
in the world. African-Americans are twice as likely to die from the disease as their White
counterparts are. Asians in Asia have the lowest incidence in the world. However, Asians in
America and those adopting a more Western lifestyle have a higher incidence than native
Asians do, which is still lower than that of African-Americans. This calls into question the role

that the environment has on this disease, including lifestyle and diet. *.

Based on their seminal study Kheirandish and Chinegwundoh 23 proposed other possible
explanations to account for the differences in the clinical course of the disease from
presentation, through treatment and finally onto mortality between the races in America.
These include health education and access to quality healthcare. In their study, they showed
that there were no differences in these parameters between the races in the United Kingdom,
where there is a National Healthcare Insurance, ensuring equal access to quality care

regardless of race or socioeconomic status 23.

Studies by Fowler et al. (2000) and Powell (1998), evaluating the histological features, stage
and response to treatment of the different races within the Veterans Administration in the
USA found no difference when personal finances and level of education were accounted for.
A study in South Africa by Slabber (1992) found that White South Africans had PCa rates similar
to men living in Britain and that this could in part be due to White South Africans being
wealthier and having greater life expectancies than Black South Africans 2*. Biologic, genetic
and environmental factors influence the manifestation of cancer. As do access to health and
socioeconomic status, the so-called social determinants of health. Some studies have
suggested that social factors such as willingness to seek treatment besides may also contribute

to the poorer outcomes for PCa in Black Americans compared to White Americans *.

1.2.2.3. Familial and genetic influences
For investigative purposes, PCa is divided into three phenotypes: sporadic, familial, and
hereditary. Sporadic cancers occur in individuals with no family history of PCa. Familial PCa is
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defined as cancer in a man with one or more affected relatives. Hereditary PCa is a subset of
the familial form and has been operationally defined as nuclear families with three or more
affected members, PCa in three successive generations, or two affected individuals diagnosed

with cancer before the age of 55 years %°.

Epidemiological evidence supports the assertion that PCa has a genetic and familial
component as shown in Table 1.1 26, The relative and absolute risk of PCa increases if there is
a family history of PCa. Up to 10% of PCa cases and 30-40% of cases of early onset of disease
are inherited in a dominant pattern. Hereditary PCa presents on average 6-7 years earlier than

sporadic PCa, with the result that a greater proportion of these patients die of the disease .

Table 1.1: Family history and risk of prostate cancer 2°

FAMILY HISTORY RELATIVE RISK  ABSOLUTE RISK (%)

None 1 8
Father or brother 2 15
Father or brother affected < 60 years | 3 20
Father and brother 4 30
Hereditary prostate cancer 5 35-45

The earliest reports of familial clustering of PCa, with a higher incidence in men with a first-
degree relative, either a brother or father with the disease, came out in the 60’s 28, These have
subsequently been confirmed in case-control and cohort studies, including twin studies of
both monozygotic and dizygotic twins. The relative risk increases according to the number of

affected family members, their degree of relatedness, and the age at which they were affected

27

Eight PCa susceptibility genes have been identified thus far, from genome-wide scanning of
familial clusters. Linkage studies have mapped hereditary PCa to the long arm of chromosome
1, Hereditary Prostate Cancer (HPC1 on 1g24-25), as well as other loci, namely Predisposing
for Cancer Prostate (PCAP on 1g42.2—43), Cancer Prostate and Brain (CAPB on 1p36), HPCX
(Xq27-28) on the long arm of chromosome X and 16q %°. The best studied and characterized
of the susceptibility genes is HPC1. It is a rare, autosomal dominant gene with high penetrance,
meaning that although it does not account for many prostate cancers, an individual who is a
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carrier is highly likely to be affected by PCa. Cancers linked to HPC1 have been reported to
present with higher grade and more advanced stages, although there are no reported

histologic differences when compared with sporadic cancers .

Regarding the clinical course, there are opposing findings in various studies. Some concluded
that there is no difference in outcomes between the sporadic and the hereditary forms of the
disease 26 2016, while others found hereditary forms of PCa to behave more aggressively

including those with low Gleason score 3%,

1.2.2.4. Reproductive hormones

Both testosterone and estrogens have a direct and indirect influence on the development and
functioning of the prostate, starting in utero and continuing into adult life. An alteration in
their ratio following andropause, when testosterone levels decline but estrogen levels remain

stable, is proposed as a possible contributor to the development of PCa 32

a. Testosterone and other androgens
Androgens, namely testosterone and its metabolite DHT play a role in the development,
maturation and maintenance of the prostate. Testosterone is produced by the Leydig cells
within the testes. It is converted to the active form DHT within the prostate under the
influence of the enzyme 5-alpha reductase. These androgens influence the proliferation and
differentiation of the luminal epithelium where PCa occurs and play a role in prostate

carcinogenesis 33,

One hypothesis attempting to explain the higher incidence of PCa observed in African
Americans suggests that this may be related to elevated levels of circulating androgen. A study
by Ross et al. (1992) demonstrated that young African American men have a 15% higher total
circulating testosterone level compared to Whites of similar age 3%. Japanese men have
amongst the lowest incidences of PCa. Ross and Bernstein also showed that young Japanese
men had androgenic evidence of reduced 5-alpha reductase activity compared with young
Black and White men and raised the possibility that this reduced activity may play a role in the
low cancer rates amongst the Japanese 3. Further support for the role of androgens in the
PCa pathway is the absence of PCa in eunuchs. These men, whose testes have been removed,

do not develop PCa 1.



b. Estrogen
Studies on the role of estrogens in PCa have shown conflicting results. The work by Prezioso
et al. (2007) suggests that they protect against PCa by inhibiting prostate epithelial cell growth
and that PCa is rare in communities whose diet is rich in phytoestrogens 32. While the findings
of a study by Naslund and Coffey (1986) suggests the opposite; that by acting in concert with
androgens, estrogens elicit inflammation and thus increase the risk of PCa 3. Estrogen has a
physiological effect on the development of the prostate. A study by Prins et al. (2006) using a
rat model showed that in high doses at a critical developmental period, estrogen causes a
disruption in prostatic morphogenesis, a process known as neonatal imprinting or
developmental estrogenisation. This results in prostate growth and differentiation being
under the influence of estrogen, rather than androgens; leading to an abnormal and
pathological response to androgens in later life including hyperplasia, inflammation, dysplasia

and potentially neoplasia 3®.

1.2.2.5. Lifestyle habits

Lifestyle factors such as diet, the use of cigarettes, the consumption of alcohol and frequency
of ejaculation may influence the development of PCa. Some of these factors may also have an
impact on treatment choices and thus survival outcomes; for example, respiratory
insufficiency secondary to smoking will influence the patient’s ability to tolerate radical

surgery with curative intent.

a. Dietary Factors
Diet has been shown to have an influence on PCa. The diet of men is influenced by, among
others geography, culture, socioeconomics and urbanization 3’. Foods may be metabolised to
carcinogens, they may interfere with the balance of hormones and they may contain minerals,
vitamins and other protective nutrients. Diet impacts on levels of circulating androgens, high
fibre and vegetarian diets are associated with lower testosterone levels. Nutrients such as
lycopene and selenium have a protective effect, while poly- unsaturated fats have a harmful
effect. Migration studies offer the best evidence for the role that diet and other environmental
factors contribute to the development of PCa. The level of fat consumption has been shown
to correlate positively with PCa incidence and mortality in Black, White and Asian Americans.
High fat intake stimulates growth of PCa cells both in vivo and in vitro. However, the high fat
diets may be deficient in other products such as vegetables, which may play a protective role

against PCa 38,
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The rate of latent or indolent cancer is the same throughout the world, yet the incidence of
clinically manifest cancer varies. Asians from Japan and China, have very low rates of PCa. The
higher rate of clinically apparent PCa as seen in first-generation Asian immigrants to America,
who are exposed to diet high in saturated fats and meat products compared to their
counterparts who do not emigrate, favours the theory of a Western diet as a possible
contributor to the carcinogenic process 3°. This theory is further supported by the increasing

rate of PCa in both Japan and China with the introduction of Western diet *.

b. Smoking and Alcohol
Smoking and moderate alcohol consumption have not been shown to cause PCa. There is no
evidence showing that smoking directly causes PCa “°. However, it has been shown that
smokers have higher rates of PCa and a higher mortality from PCa %%. Smoking may indirectly

worsen the outcomes from PCa in a number of ways:

e Cadmium, which is found in cigarettes, is a carcinogen and may play a role in the
development of the more aggressive type of PCa found in smokers.

e Smoking causes significant cellular oxidative stress.

e Smokers have higher levels of circulating testosterone.

o Smokers tend to be less healthy than non-smokers and may thus not present for
screening.

e Smokers may have other co-morbidities that may make some treatment options

more risky to their health.

A review of relevant epidemiologic studies by Breslow and Weed showed no increased risk for
the development of PCa among light to moderate drinkers %2. A prospective cohort study by
Sesso et al. (2001) showed a dose-dependent increase in PCa risk. This was highest in those
imbibing more than three hard liquor drinks per day (relative risk, 1.85) over a period of 11
years *3, There was no association with intake of beer or wine, and in fact the consumption of
moderate amounts of red wine, 1 -3 units per week, seemed to confer a protective effect even
when adjusted for age, PSA screening, total lifetime number of female sexual partners, and

smoking 4.

c. Sexual Activity
One of the theories of the development of PCa looks into the possibility of an infectious

causative agent being involved, like human papilloma virus (HPV) in cervical cancer in females.
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It looks at the role of early sexual activity and thus exposure to the agent. Some studies have
found a link between early sexual intercourse, number of sexual partners and PCa #°. These

findings have however been inconsistent .

Frequent ejaculation has been shown to have a protective effect against PCa. A study by Giles
et al. (2004) showed that men who reported more than five ejaculations per week in their
early 20’s were protected #’. A large prospective cohort study by Leitzmann and Rohrmann
(2012) demonstrated a protective effect for men reporting 21 or more ejaculations per month
in their 20s, in their 40s, in the previous year and as a lifetime average 8. The biologic basis

for this effect is unknown.

1.2.3. Prostate cancer incidence and mortality in South Africa

Cancer surveillance takes into account incidence data, i.e. new diagnosis and mortality data
as per death certificates. The ratio of mortality to incidence gives a measure of the lethality of
a particular cancer. Highly lethal cancers such a liver, pancreas, esophagus and lung have
mortality rates close to incidence rates, whereas breast, colon and prostate have considerably
lower ratios of 0.36, 0.51 and 0.32 respectively, i.e. 3 of 10 patients with PCa will die of the

disease. 8.

In South Africa, the incidence data as supported by histological confirmation and demographic
data is sent to the National Cancer Registry (NCR) by the National Health Laboratory Services
(NHLS), universities, military services and private pathology laboratories. This is done in an
anonymised format as in the past concerns over patient confidentiality and data security lead
some of the contributors to discontinue participating in the surveillance data collection
programme. The anonymisation of identifying data has, however, had the unintended
consequence of some patients being entered into the registry more than once, for example in
a case of PCa, initially the positive core needle biopsy is captured and later the positive radical
prostatectomy or channel TURP specimen is also captured. The Medical Research Council
(MRC) Burden of Disease unit collects the mortality data. The incidence data as held by CANSA
for 2008 is shown in Table 1.2. According to Statistics SA, 8% of deaths in SA are due to cancers.
The mortality data as reported in the document for the activation of Cancer Research Initiative

of SA (CARISA) and how South Africa compare to USA and world figures is shown in Table 1.3

48

Table 1.2: Prostate cancer incidence by race in SA, CANSA (2008) 42
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NUMBER OF | LIFETIME RISK

CASES
1:28
Asian men 118 1:36
Black men 1,899 1:41
Coloured men 481 1:23
White men 1,809 1:15

Table 1.3: SA incidence and comparative mortality 42

SA INCIDENCE SA MORTALITY USA MORTALITY WORLD MORTALITY

PER 100,000 PER 100,000 PER 100,000 PER 100,000

When the South African mortality data from 2000 was studied against the NHLS incidence data
of 1999, it was found unexpectedly and impossibly that the mortality rates of 6 of the top 10
most common cancers (lung, esophagus, stomach, non-Hodgkin’s lymphoma, liver and
bladder) were significantly higher than the incidence rates, i.e. there were more people dying
of the disease than there were people reported with the disease. This points to a suboptimal
functioning and thus unreliability of the registry with probable large scale under-reporting. It
is important to determine the reasons why details of known cancer patients do not reach the
NCR and to address them in order to optimise the cancer surveillance infrastructure in South
Africa and to create a strong foundation for cancer research and control. In the absence of

such we cannot win the war against cancer.

1.2.4. Clinical presentation

More men are said to die with PCa, rather than because of it . Patients with PCa are often
asymptomatic. Prostate cancer has an average symptom free lead-time of 10 to 12 years, prior

to diagnosis *°.

The presence of symptoms, specifically lower urinary tract symptoms (LUTS) indicates either

locally advanced disease or concurrent benign prostatic hyperplasia (BPH). Locally advanced
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disease may present with obstruction of the adjacent structures. Alternatively, the patient

may present with evidence of distant, systemic metastases.

The discovery and use of tumour markers have positively influenced early detection, diagnosis
and staging for many malignancies. The use of tumour markers for screening can lead to
earlier detection of malignancies while still localised, which in turn leads to an improved cure

rate °1.

Tumour markers also influence another aspect of optimal management of cancer, in that they
allow reliable follow-up for detection of biochemical recurrence. As we identify and develop
new and more sensitive markers, this will hopefully further improve diagnosis, risk
stratification and subsequently cure rates. The flipside of the role played by early detection
and treatment based on tumour marker results, especially as used in screening programmes,
is the psycho-emotional impact of diagnosing potentially insignificant tumours, as well as the
physical and financial impact of treating them. Even though a consensus has been reached on
the value of PSA screening on PCa mortality 7, the management options must be individualised

in consultation with the patient within the resources available.

1.2.4.1. Prostate Specific Antigen

a. The discovery of PSA

Prostate cancer biomarkers can be divided into tissue, blood, urine and cellular biomarkers.
The most commonly used is PSA, which is a serum biomarker. PSA was first discovered in 1979,
and clinically applied in 1986 for monitoring men with PCa and in 1994 for screening for PCa
522001a pSA js produced by the epithelium of the prostate, secreted by the prostatic ducts and
makes up part of semen. PSA plays a role in the liquefaction of the ejaculate and is most

plentiful within the prostate, but can be detected in blood.

PSA is produced from transcription and translation of genes that belong to the human
kallikrein family. Three genes from this family were first identified pancreatic/ renal kallikrein
(HKLK1), human kallikrein 2 (HKLK 2) and PSA (HKLK3). Twelve other kallikrein genes have been
identified, bringing the total number to fifteen °3. They are located on the long arm of
chromosome 19. HKLK 2 has a regulatory function on PSA activity; it cleaves pro-PSA to the
PSA active form. PSA is a 33 kDa androgen-regulated glycoprotein made up of 237 amino acids

and acts as a serine protease.
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In 1987, Stamey et al. conducted one of the first large studies to determine if PSA was an
adequate tumour marker >4, Their findings showed a correlation between a worsening
pathological grade of cancer with an increasing PSA level, i.e. the worse the grade the higher

the PSA. They also found that PSA was undetectable following prostatectomy.

At that time, prostatic acid phosphatase (PAP) analysis was being used as a marker for PCa °°.
It is raised in bone pathology, including bony metastases of PCa and Paget’s disease of the
bone. In the setting of PCa, raised PAP levels imply bone metastases and the disease process
is thus no longer localised to the prostate and therefore no longer amenable to curative

therapy °*.

Since that time, the role of PSA in the management of PCa has evolved as approval from the
Food and Drug Administration evolved. It was initially used in patients who had already been
diagnosed with cancer and from 1994 was used as a screening tool for patients suspected of
having PCa. In 1998, the free-PSA test was approved to help determine the risk of PCa in men

with a total PSA value found to be between 4 and 10ng/ml >2.

In the 1980’s and early 1990’s the majority of PCa were diagnosed based on the presence of
either an abnormal digital rectal examination (DRE) or a raised PSA or both. The two together
are 25% more sensitive for picking up early PCa, than either one alone °2. Today most PCa is
diagnosed as stage T1g, i.e. clinically undetectable disease, with a normal DRE and PSA levels
between 2.5 and 10ng/ml. This has led to a downward stage migration in PCa diagnosis, as

well as a corresponding reduction in mortality °°.

Currently the PSA value that triggers a prostate biopsy is 4ng/ml. However, the American
Urology Association (AUA) guidelines recommend that a cut- off value of 2,5ng/ml be used if
the patient has risk factors for PCa such as ethnicity (African descent) or a family history of

PCa °7, as per the race based cut-offs 8.

Furthermore, PSA derivatives and isoforms, such as PSA velocity, PSA density and PCA3 may

be used to better define a patient’s risk and thus the need for further invasive testing.

b. The lower limit of PSA
For many years, PSA values ranging between 0 and 4ng/ml were regarded as normal. This
assumed that men with a PSA of less than 4ng/ml had a negligible chance of having PCa. It was

not recommended for those men to undergo prostate biopsy. The findings of the Prostate
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Cancer Prevention Trial (PCPT) however, changed this thinking >°. The aim of the 7-year trial
which concluded in 2003, and had enrolled 18,882 men was to determine if the daily use of
finasteride would lead to a decrease in the prevalence of PCa, as opposed to those men who
took a placebo. The study concluded that finasteride did confer protection from PCa and found
that those men who developed PCa while on finasteride had higher grade disease. Further
evaluation of the study concluded that those high-grade cancers were unmasked, rather than

caused by the finasteride >°.

Further findings of the PCPT study indicated that there was no PSA value at which a man had
a 0% chance of having PCa. Additionally, of the 2,950 participants whose PSA level never rose
above 4ng/ml, 449 (15.2%) were found to have PCa, half of whom had intermediate or high-
grade disease with a Gleason score of 27. A further 1,246 (6.6%) with PSA < 0.5ng/ml also had
PCa on biopsy. The researchers then divided the PSA values into seven strata, where they
matched PSA values that were previously thought to be normal at < 4ng/ml with a numerical

figure of risk of PCa biopsy, as shown in Table 1.4 60 6,
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Table 1.4: Risk of detecting prostate cancer on prostate biopsy based on PSA®%-61

TOTAL SERUM PSA LEVEL | RISK OF PROSTATE CANCER PER

(ng/mL) BIOPSY (%)
0.6-1.0 10.1
1.1-2.0 17

2.1-3.0 23.9
3.1-4.0 26.9
4.1-10.0 47

>10.0 58.2

c. Age and race/ ethnicity-based PSA reference ranges
It is commonly accepted that as a man ages his PSA will increase. This increased value is
attributed to an increase in the size of the prostate over time. A review by Richardson and
Oesterling (1997), set out to determine age-specific reference ranges for PSA in men of
different races. The men were grouped into four decades and the acceptable, not normal as
there is no normal value for PSA at which the risk of cancer is zero, ranges were determined
and found to be lower for Asians and African-Americans than Caucasians and are shown in

Table 1.5 62,

Table 1.5: PSA reference ranges by age and race 52

UPPER LIMIT OF PSA LEVEL (ng/mL)

AGE (YEARS) BLACK ASIAN

40-49 2 2 2.5
50-59 4 3 3.5
60-69 4.5 4 45
70-79 5.5 5 6.5
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d. Factors other than cancer which affect PSA
Changes in PSA are specific to the prostate gland and not to PCa. Thus, it may be increased by
factors other than PCa. Its value fluctuates on a day-to-day basis. Table 1.6 © below shows a

list of other factors that can influence the PSA value.

Table 1.6: Factors that influence PSA levels 3

Factors affecting PSA levels

Age

Race and ethnicity

Medication, including treatment for balding

Prostatic inflammation (integrity of prostatic cellular architecture)

Benign prostatic hyperplasia

Digital rectal examination

Urological instrumentation

Ejaculation

Treatment of prostatic disease

Androgens

Body mass index (BMI)

Laboratory kit

1.2.4.2. Localised disease
The assessment of both a DRE as well symptoms will point to the possibility of PCa being
present in a patient. Localized disease typically presents with LUTS much like in patients with

prostatic enlargement due to BPH.
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Lower urinary tract symptoms comprise of the storage symptoms of frequency, urgency,
nocturia and the voiding symptoms of weak stream, incomplete emptying, intermittency and
straining. These are quantified using the international prostate symptom score (IPSS)
questionnaire . Prostate cancer involves the periphery of the gland in 70- 85% of cases .
Compression of the prostatic urethra by prostatic cells in the transitional and central zones
causes LUTS, which could indicate locally advanced tumour with a large tissue bulk. They could
also indicate a tumour which primarily involves the transitional zone, these account for about

5-15% of PCa, or very rarely central zone involvement which account for up to 2.5% of all PCa

66

Prior to the biochemical era with the use of PAP and later PSA, clinicians depended solely on
the abnormalities palpated on DRE to determine the presence of PCa. Any abnormalities on
DRE such as nodules, irregularity, asymmetry, hardness or cragginess mandate further
evaluation for the possibility of PCa ©’. Biochemical testing alone is more sensitive than DRE
alone, however DRE is simple to do and palpable abnormalities correlate highly with PCa, such
that most urologists perform it together with PSA. A raised PSA increases the positive
predictive value of DRE. On its own PSA has a greater detection rate than DRE, but the two
together have the highest detection rate ®. Due to PSA and DRE not always detecting the
same cancers, the tests are considered complementary and are recommended in combination

as methods of assessing PCa risk .

Locally advanced PCa cancer can invade the bladder neck causing LUTS; the trigone and
ureteric orifices leading to hydronephrosis and renal failure; the ejaculatory ducts causing
haematospermia, decreased ejaculatory volume and dyspareunia; as well as the periprostatic
neurovascular bundles that innervate the corpora leading to erectile dysfunction or

dyspareunia as dictated by the anatomy of the adjacent structures.

1.2.4.3. Metastatic disease

Over 80% of distant metastases from PCa are to bone. This may lead to systemic
manifestations such as anaemia due to bone marrow suppression; hypercalcaemia due to
bone destruction; bone pain, immobility and spinal instability secondary to pathological

fractures and neurological fall-out due to nerve root impingement or spinal compression 7°.

The vascular spread of cancer leads to bony and soft tissue metastases as shown in Table 1.77%
Prostate cancer most commonly metastasizes to the skeleton and later to the soft tissues such
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as lung and liver. It initially spreads to the axial skeleton and later the appendicular skeleton,
presumably via retrograde haematogenous spread through Batson’s plexus 2. The possibility
of skeletal metastases is raised by a history of bone pain, the biochemical finding of a PSA
greater than 20ng/ml 73 and a raised serum calcium or raised serum alkaline phosphatase 74.
Suspected bone metastases are confirmed on radionuclide bone scan 7°. Bone metastases in
PCa are typically osteoblastic/osteosclerotic in nature and can be detected on radionuclide
bone scan. A study by Kamaleshwaran et al. (2012) showed that 98% of patients with PCa and
a PSA of > 20ng/ml had a bone scan positive for metastatic disease, 28% had a PSA between
20 & 100, and 70% had PSA > 100. In their study patients with PSA >100ng/ml were found to

have multiple bone metastases ’°.

Table 1.7: Typical distribution of metastatic sites in patients with hormone-resistant

prostate cancer entered in clinical trials 7*

INVESTIGATOR TOTAL NO. OF BONE SOFT

PAT IENTS TISSUE-

NODAL

Pienta (1994) 42 42 (100%) 13 3 5
Sella (1994) 39 36 (92%) 9 3 3
Moore (1994) 27 22 (81%) 10 2 2
Eisenberger (1995) | 109 108 (99%) 15 6 4
Hudes (1992) 36 36 (100%) 7 0 2
Tannock (2004) 1,006 915 (91%)
Petrylak (2004) 674 579 (86%) 168 67 57

Infrequently, PCa may spread to the soft tissues, such as lung, liver and brain, in this order of
frequency, through antegrade venous spread via the inferior vena cava into the systemic

circulation 72

. This may also be a sign of neuroendocrine transformation of the
adenocarcinoma ’’. Only 10% of patients with PCa have soft tissue metastases, with about
20% having demonstrable nodal metastases ’2. In the lungs, PCa causes the typical appearance
on chest x-ray of lymphangiitis carcinomatosis, which may be associated with respiratory
embarrassment 7. In the liver, it causes raised bilirubin levels and raised alanine transaminase

and aspartate aminotransferase secondary to the destruction of normal hepatocytes with
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release of these intracellular enzymes into the circulatory system . In the brain, PCa causes
symptoms and signs related to the presence of a space - occupying lesion in a confined space,
including confusion and delirium, raised blood pressure, coma, coning and death. Brain
metastases are more common in an adenocarcinoma of the prostate which has undergone

neuroendocrine differentiation 8.

Rarely, PCa can cause paraneoplastic phenomena from ectopic hormone production. These
are signs and symptoms caused by the tumour producing hormone-like substances that have
an effect distant from the primary tumour and are not due to metastatic disease. The
dysfunction can be endocrine or neurological in nature and includes hypercalcaemia,
hypertension, polycythaemia and peripheral neuropathy. Prostate cancer is the second most
common urological malignancy to cause paraneoplastic phenomena, after renal cell

carcinoma. 82,

1.2.4.4. Tumour, Nodes and Metastases staging in prostate cancer

The tumour, node and metastases (TNM) classification is applied to malignant tumours. It
takes those three parameters into account and is used to clinically stage patients with
suspected cancer. It is also used in research to prognosticate patients, allocate treatment, for
enrolment into trials and for data collection by cancer registries around the world. In the
setting of PCa, histological confirmation together with this information as shown in Table 1.8
83 is used to determine the extent and severity of the disease, and used to guide treatment.
Various clinical tools are used to determine the TNM stage, the clinical significance of the
disease and to risk stratify the patients. These clinical findings including DRE, laboratory and
radiological findings. If a radical prostatectomy is performed to treat the cancer, the TNM

stage can be further refined using the post-operative histology 2.
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Table 1.8: TNM staging for prostate cancer, 2017 classification 3

TUMOUR

TX Primary tumor cannot be assessed

TO No evidence of primary tumor
T1 Non-palpable tumor—not evident by imaging:

T1a - Tumor found in tissue removed at TUR; 5% or less is malignant and histologic

grade <7

T1b - Tumor found in tissue removed at TUR; >5% is malignant or histologic grade

>7

T1c - Tumor identified by prostate needle biopsy due to elevation in PSA
T2 Palpable tumor confined to the prostate:

T2a - Tumor involves one lobe or less

T2b - Tumor involves more than half of one lobe

T2c - Tumor involves more than one lobe
T3 Palpable tumor beyond prostate:

T3a - Uni or bilateral Extra-capsular extension

T3b - Tumor invades seminal vesicle(s)
T4 Tumor is fixed or invades adjacent structures (not seminal vesicles):

T4a - Tumor invades bladder neck, external sphincter, and/or rectum

T4b - Tumor invades levator muscle and/or fixed to pelvic wall

REGIONAL NODES

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastases
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N1 Regional lymph node metastases

DISTANT METASTASES

MO No evidence of distant metastases

M1 Distant metastases

M1a Non-regional lymph nodes

M1b Bones

M1c Other sites

1.2.5. Confirming the diagnosis on histology
The triad of abnormal DRE, raised serum PSA and a transrectal ultrasound (TRUS) guided
biopsy is used to make the diagnosis of PCa. The combination of DRE and serum PSA is the

most useful first-line test for assessing the risk of PCa being present in an individual 8.

In most cases, the diagnosis of PCa is confirmed on the histology features found on a prostate
biopsy. A raised PSA or an abnormal DRE raise the suspicion of PCa and trigger the clinician to
perform a prostate biopsy to confirm the diagnosis. In some instances, the diagnosis may be
made on the histology of prostatic tissue removed by transurethral resection of the prostate
or open prostatectomy in which case there was no suspicion of cancer prior to going to the
surgical procedure. In yet other instances, the diagnosis may be made following assessment

of metastatic lesions.

A research group in Stellenbosch, South Africa, proposed another method to diagnose PCa
based on clinical and biochemical findings without using histology to confirm the diagnosis.
Their findings showed that the patients in whom the clinical suspicion of PCa was confirmed
on histology and those in whom it was not, had similar outcomes in terms of mean follow-up
(26.1 v. 26.8 months), documented PSA relapse (70% v. 67.7%) and patients alive at last
follow-up (91.1% v. 95.8%). This approach was also associated with significant financial
savings. ZAR1 068 200 (USS1 = ZAR8) was saved by treating the 218 men with advanced PCa
diagnosed on the basis of a clinical (non-histological) findings only during the 11-year period
of the study #°.
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1.2.5.1. Prostate biopsy

Before the use of TRUS and PSA gained mainstream popularity, urologists relied on DRE to
establish the suspicion of PCa and performed digitally directed biopsies of the lesions
palpated. The availability of and improvements in TRUS technologies as well as PSA-based
screening of asymptomatic men, have led to the TRUS biopsy being regarded as the standard
of care for routine prostate biopsies 8. The indications for prostate biopsy are shown in Table
1.9 71, These have expanded over time and are continually being refined. A few contra-
indications to prostate biopsy also exist, namely significant coagulopathy, painful anorectal

conditions, severe immunosuppression and acute prostatitis.
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Table 1.9: Indications for TRUS directed prostate biopsy 7*

TRUS directed biopsy ‘

e Diagnosis of suspected symptomatic PCa (i.e. bone metastasis, cord compression,

haematuria)

Screening for PCa in asymptomatic patient > age 50 with > a 10-year life expectancy

If strong family history or of African descent, consider screening earlier at age 40

according to the AUA or 45 years according to the EAU

Prostate nodule or significant prostate asymmetry regardless of PSA level

PSA > 4.0ng/ml regardless of age
e In men age 60 to 65 years, consider biopsy if PSA > 2.5ng/ml

If PSA > 0.6ng/ml at age 40

Increased PSA velocity (>0.75ng/ml/year)

If PSA < 10ng/ml, measure free PSA to guide decision on biopsy:
- >25% no biopsy
- >10% and <15%, consider biopsy
- <10%, biopsy

Prior to intervention in symptomatic benign prostatic hyperplasia (e.g., surgical

therapy or initiation of 5a-reductase inhibitors)

Prior to cystoprostatectomy or orthotopic urinary diversion

To diagnose failed radiation therapy before use of second-line therapy

Follow-up biopsy (3-6 months) after diagnosis of high-grade PIN or ASAP

a. Transrectal Ultrasound
In the United States in 2008, the estimated number of deaths due to PCa was 29,000, which
was 25% fewer deaths than a decade earlier. Amongst the factors purported to have led to
this decrease in mortality is early detection as aided by the introduction and refinement of
systematic transrectal ultrasound (TRUS) guided prostate biopsy techniques, PSA screening

efforts and an increased public awareness about PCa &7,

Watanabe et al. (1974) first described TRUS of the prostate in 1974 8. Improvements in
ultrasound technology and the introduction of the TRUS-guided systematic sextant biopsy

protocol by Hodge and associates in 1989 led to its expansion and adoption into routine
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clinical use. An estimated 500, 000 prostate biopsies are conducted annually in the USA #.
With such large numbers of men undergoing TRUS guided biopsies it behooves the urological
community to continuously work towards refining the indications and techniques to image

and biopsy the prostate.

Other than in guiding prostate biopsies, TRUS has found applications in many image-guided
prostate interventions; including brachytherapy, cryotherapy, high-intensity focused
ultrasound in cases of PCa, as well as use in evaluating the appropriateness of various
therapeutic options in benign prostatic disease as large prostates tend to fail medical therapy

and need to be treated surgically °°.

The transrectal ultrasound is typically conducted either with the patient in the left lateral
position or in lithotomy position depending on the procedure to be performed. The prostate
is scanned in both the sagittal and transverse plane. Transrectal ultrasound may be done
under local anaesthesia (topical intrarectal lubricant agents or nerve blocks administered via
the periprostatic, pudendal or caudal routes) or systemic anaesthesia (oral/intravenous drug

administration) as informed by the procedure being done °1.

b. Prostate biopsy routes
The majority of patients requiring a prostate biopsy will have a transrectal biopsy done.
However, in some patients either the transperineal or the transurethral route may be
indicated. Patients who do not have a rectum, usually due to surgical excision, are candidates
for the use of the transperineal route. Patients whose clinical course leads the clinician to
suspect a transitional zone (TZ) cancer may have their biopsy done via the endoscopic
transurethral route. In the study by Pelzer et al, transitional zone cancers without concomitant
peripheral zone involvement occurred in less than 5% of patients °2. Improvements in the
TRUS techniques and local anaesthesia techniques allow the transitional zone to be sampled
adequately using the transrectal route as an office procedure, with a decreasing need to use

the transurethral route, which is done in theatre 3.

c. Core needle biopsy technique: the number of cores on prostate biopsy
There have been continuous efforts to determine the ideal number of cores for collection. The
original sextant biopsy scheme has been modified to the current systematic or extended

biopsy technique 2°.
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The number of cores reportedly collected by the urologist do not always match the number
of cores received by the pathologist. Possible reasons for this include the gun may be fired
and no tissue is captured in the needle, which would result in fewer cores received than stated
or the prostate cores may break during transport, handling and processing and this would

result in more cores being received than stated.

Sextant biopsy technique

In this collection scheme, six cores are collected; one from the base, one from the middle and
one from the apical part of each half of the prostate. The adoption of this scheme improved
the rate of cancers detected compared to the preceding techniques of digitally directed
biopsies of palpable nodules and ultrasound-guided biopsies of hypoechoic lesions °*. This
technique samples the peripheral as well as portions of the transitional zones of the prostate.
Later studies of radical prostatectomy specimens showed that the vast majority of PCa
originate in the posterolateral peripheral zones '°. This accounts for the false negative biopsies
taken using the standard sextant technique °°. At present six cores are considered inadequate

for routine prostate biopsy cancer detection.

Systematic biopsy technique

This is also called the extended sextant biopsy technique. With the findings from the radical
prostatectomy studies by McNeal et al. (1988) showing that the majority of prostatic
adenocarcinoma arose from the posterolateral peripheral zone region, the urology
community had to design biopsy strategies that incorporated laterally directed cores into the
standard sextant sampling techniques. This resulted in the number of cores sampled being
increased from six to between eight and thirteen °°. Various sampling patterns were
attempted to maximise the cancer detection rate of the biopsy, as shown in Figure 1.47%,
These all showed an increase in the cancer detection rate as the number of cores obtained

increased as shown in Table 1.10 7?
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A B C D

Figure 1.4: The original sextant technique and other reported systematic biopsy schemes 7!

Where the base is at the top of figure and the apex is at bottom.

A. Sextant biopsy

B. The 10-core biopsy

C. The 12-core, or double sextant, biopsy
D. The 13-core “5-region biopsy”

Table 1.10: Increasing prostate cancer detection rates with extended core biopsy techniques

71

AUTHOR NUMBER  OF | CANCER  DETECTION
CORES RATE
Eskew et al, 1997 6 26.10%
13 40.30%
Presti et al, 2000 6 33.50%
8 39.70%
10 40.20%
Babaian et al, 2000 6 20%
11 30%

Turk et al. showed that for the initial biopsy there was no added benefit or increase in the
cancer pick up rate when comparing a 12-core biopsy to a 20-core office biopsy. In their study,
a 20-core biopsy did not lead to a higher PCa detection rate compared to a 10- to 12-core
biopsy. Moreover, the cumulative detection rate of a 10- to 12-core biopsy and prompt repeat

biopsy as needed was significantly higher compared to a single 20-core biopsy °6. Currently
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the 12-core biopsy, the systematic technique is the standard as it has been shown to increase

the detection of PCa and the accuracy of Gleason score %’.

Limited biopsy

The concept of the limited biopsy does not appear in the literature. At our institution, this
means a needle biopsy specimen comprising two - four cores of tissue. It is performed under
specific circumstances, typically on a patient who clinically has evidence of PCa in the form of
constitutional symptoms or signs of metastatic disease and a palpably abnormal DRE. In such
cases the burden of the distant disease, local tumour bulk and PSA values are often high. The
typical patient is often too sick and weak to have the biopsy performed at the biopsy clinic,
often presenting with an Eastern Cooperative Oncology Group performance status of two or
higher. The biopsy is performed with the sole intention of obtaining a histological confirmation
of the clinically suspected diagnosis of PCa, especially if irreversible treatment such as bilateral
orchidectomy is being considered. It is performed at the patient’s bed, using a 16- gauge tru-
cut biopsy needle that is not spring loaded and is digitally directed towards the most abnormal

part of the prostate, using ramicaine jelly for local anaesthesia.
These patients may have a higher rate of localised complications, for the following reasons:

e Not being compliant with the procedure due to lack of understanding if cognitively

impaired by the cancer or other co-morbidities.

e More advanced disease and thus potentially more haematological abnormalities due
to bone marrow infiltration causing anaemia and thrombocytopaenia, which

predispose to bleeding.

e The diameter of the needle used is wider than that used in the systematic biopsy,

possibly causing more trauma.

e The needle is not spring loaded and is thus manually manipulated, leading to less

smooth motion in obtaining the cores.

e The prostate being biopsied is macroscopically abnormal with probable

neoangiogenesis and vessels invaded by tumour, making bleeding more likely.
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Repeat and saturation prostate biopsies

Repeat Biopsy

Clinical decisions regarding the need for repeat biopsy can be difficult, where a clinician needs
to balance pursuing the concern about possible PCa as driven by either a persistently raised
PSA or persistently abnormal DRE, against patient comfort and the risks inherent in a prostate
biopsy. In such cases the use of additional tests such as PSA derivatives or PCA 3 are helpful.
In some situations, the decision may be to repeat the biopsy. There is a decrease in cancer
detection rates with multiple repetitions of biopsies. A study of 1136 men by Keetch et al.
(1994) showed the following detection rate associated with success of biopsies; biopsy 1 had
a 34% pickup rate, biopsy 2 had 19%, biopsy 3 had 8% and biopsy 4 had 7% 8. These results
were supported by the findings of the European Cancer Detection Study °° where the first
biopsy had a 22% pickup rate, second biopsy 10%, third biopsy 5% and the fourth biopsy had
4%. These studies show that there is little clinical benefit and an increased morbidity of

patients having more than three sets of biopsies °.

Other findings from the European Cancer Detection Study °° were that cancers found on a first
and second biopsy had similar biochemical and pathological features, suggesting similar
biological behaviour. Cancers diagnosed on the third and fourth biopsies had a lower grade,
stage and volume. The morbidity of the first and second biopsies was similar, whereas the
third and fourth biopsies had a slightly higher complication rate 1, Thus, if a first biopsy is
negative, one may justifiably proceed to the second biopsy. Should the second biopsy also be

negative, the decision to proceed to a third must be carefully considered.

Saturation Biopsy

Historically saturation biopsies have been done in the subset of patients in whom the clinical
suspicion of cancer persists with three negative biopsies from adequate, extended technique
biopsies °. In these patients, a saturation biopsy strategy to obtain between 20 and 24 cores
by extensively sampling the prostate is then employed. One of the drawbacks of a saturation
biopsy is that it is done in theatre under regional or general anaesthesia, with the associated

risks and the associated costs of hospital admission and theatre time.

The Mayo Clinic in reviewing the risks and expenses conducted a prospective study in 2008

comparing the cancer detection rates in a standard systematic biopsy scheme versus
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saturation biopsy technique. They did not find a significantly improved PCa detection rate in

the saturation biopsy arm 101,

Improved imaging techniques such as MRI, are being used with increasing frequency in cases
where the clinical suspicion of a PCa remains high despite one or more negative biopsies, and

thus replacing saturation biopsies as an option 102,

Transitional zone and seminal vesicle sampling
The transitional zone and seminal vesicles were shown by Epstein et al. (1997) and Terris et
al. (1997) to consistently have low yields of detecting cancer at the initial biopsy, thus they are

not routinely sampled 13,

Transitional zone and anteriorly direct biopsy may be necessary in the setting of a persistently

raised PSA with a negative prior biopsy. Tumours in this region account for 5 to 10% of PCa

104 There may also be a role for transitional zone biopsies in men with prostate glands greater
than 50ml in size 1%, The seminal vesicles are not routinely sampled. However, the presence
of seminal vesicle in the specimen additionally with evidence of involvement by cancer assigns
a higher T stage to the specimen, making it a T3b lesion. When compared to a specimen which
is positive for cancer in the absence of a palpable lesion which is a T1 lesion, or in the presence

of a palpable lesion which makes it a T2 lesion as per the TNM classification.

d. Risks and complications of prostate biopsy
The two major risks of prostate biopsy are bleeding (haematuria, rectal bleeding or
haematospermia) and infection. Other complications reported include vasovagal response,
acute urinary retention 1° and perineal pain/ dyspareunia 8. Heyns et al. (2014) showed that
histological confirmation of PCa is not necessary to initiate treatment #. The performance of
a prostate biopsy is not an innocuous process. The approach to diagnosis and treatment used
by Heyns et al. may have additional benefits to the two major conclusions drawn in their study.
They concluded that in patients suspected of having PCa on clinical grounds in whom a biopsy
is not performed the treatment outcomes are comparable to those patients who had a biopsy
and that there are significant financial savings in not performing biopsies on all patients. The
additional benefit is that the potential complications of biopsy and attendant cost to treat are

also obviated.
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Bleeding

Bleeding is the most common complication seen after prostate biopsy. This can be in the form
of haematuria which can be severe enough to cause clot retention, haematochezia or
haematospermia. These complications of bleeding can occur in patients with normal clotting
profiles. The incidences are higher in patients with abnormal coagulation due to congenital or
acquired factors such as the use of warfarin, aspirin or non-steroidal anti-inflammatory drugs
107 'Haematuria occurs in 23 - 63% of patients, with <2% of patients experiencing clot retention
108 Rectal bleeding is seen in 2.1 to 21.7% of patients and usually can be controlled by direct
pressure either digitally or with the ultrasound probe. If it persists however, the patient may
require further intervention in the form of a procoagulant anal plug such spongostan or
endoscopic intervention 1°. Haematospermia is present in 9.8 - 50.4% of men and may persist
for four to six weeks following biopsy. It is of minimal clinical consequence, but can be quite

alarming for patients if they are not counselled about the possibility in advance 1102002,

Infections

In those patients who get infectious complications following biopsy, the majority will have
symptomatic urinary tract infection with a low-grade fever. These are normally adequately
treated with oral antibiotics. Up to 2% of patients may develop infectious complications
requiring hospital admission for intravenous therapy, including febrile urinary tract infections,

bacteraemia or acute prostatitis.

Prior to the antibiotic era and the routine use of antibiotic prophylaxis, infectious
complications rates were much higher, with bacteriuria present in 32 to 36% of patients and
bacteraemia present and 48 to 69% of patients following TRUS biopsy !!. Fatal infectious

112 Of current concern is the

complications have been reported following TRUS biopsy
increasing incidence of community- acquired organisms that are resistant to fluoroquinolone

prophylaxis as talk of the world entering the end of the antibiotic era intensifies 113,

Other complications

Other less frequently reported complications include moderate to severe vasovagal response
in 1.4 - 5.3% of patients 110, This may require the procedure to be terminated and resuscitation
measures to be instituted, such as placing the patient in Trendelenburg position and

administering intravenous fluids.
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Acute urinary retention (AUR) occurs in 0.2 to 0.4% of patients 10°

. It may require temporary
urinary catheterisation. Men with BPH, as suggested by the size of the prostate gland or

presence of LUTS prior to the procedure are at greater risk of developing AUR 1141998,

1.2.6. The histology of prostate cancer

The most common primary prostatic malignancy is adenocarcinoma of the epithelium within
the aciniand ducts of the prostate glands. It accounts for over 95% of cases of PCa. The stromal
component can also become malignant leading to sarcomas. Adults get leiomyosarcomas,
whereas in the paediatric population rhabdomyosarcomas are more common . Primary
urothelial carcinoma of the prostate without bladder involvement accounts for 1- 4% of all
prostatic carcinomas 8. A few cases have neuroendocrine morphology. When present, they
are believed to arise from the neuroendocrine stem cells normally present in the prostate or
from aberrant differentiation programs during cell transformation !'7. Regarding the
anatomical zone for the origin of the cancer, 70% arise in the peripheral zone, 15-20% in the

central zone, and 10-15% in the transitional zone 118,

1.2.6.1. Premalignant lesions of the prostate

Two types of lesions found on prostate biopsy are considered premalignant, high-grade
prostatic intraepithelial neoplasia (HG-PIN) and atypical small acinar proliferation (ASAP) 11°,
Patients found to have either of these lesions on initial biopsy are at an increased risk of having
PCa on subsequent biopsies. These are histological findings and cannot be predicted on the
clinical, transrectal ultrasound or PSA findings. Schlesinger et al. (2005) found prostatic
carcinoma in subsequent biopsies in 23% of cases when the initial finding was HG-PIN alone,
in 33% of cases if the initial findings showed HG-PIN with ASAP and 37% of cases if the initial

finding was ASAP alone 120,

In HG-PIN, the histological features show an abnormal cytology with normal architecture and
an intact basement membrane. Whereas in ASAP both the cytological appearance and
architecture of the glands show abnormalities. HG-PIN is found in 5 to 10% of prostate biopsies
121 In Orozco’s study in 1998 of 62, 537 patients, 4.1% had HG-PIN 122, ASAP occurs in 2 to 5%
of specimen 123, Both are found the peripheral zone of the prostate. The current
recommendations are to repeat prostatic biopsies in patients with HG-PIN or ASAP in the

initial biopsy specimens within three to six months.
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PIN was previously divided into low-grade and high-grade. However, it has been found that
pathologists cannot reliably distinguish between low-grade PIN and benign prostatic tissue 124
and that patients found to have low-grade PIN on initial biopsy do not have an increased risk

125

of having adenocarcinoma diagnosed on a follow-up biopsy . Thus, the current

recommendation is that histology report should no longer comment on low-grade PIN.

HG-PIN on the other hand, carries an increased risk of the finding of adenocarcinoma and a
subsequent biopsy. The largest study reported a risk of 16 - 44.6% on subsequent biopsy. The
mean risk was 26.4% from 11 studies ?°. In cases where HG-PIN is found to be focal on biopsy,
be it a sextant or extended protocol specimen, and there is no ongoing clinical or biochemical
suspicion of cancer there is no need for repeat biopsy. If, however HG-PIN is found to be
multifocal, extensive and involves two or more cores, a repeat extended protocol prostate

biopsy is warranted within a year 12¢

Lefkowitz et al. (2002) found that patients who had HG-PIN on initial biopsy had a cancer
pickup rate of 2.3% on repeat biopsy done within a year of the initial sampling, which rose to
25.8% if the follow-up interval was increased to three years. They hypothesised that small
cancers that were not sampled during the initial biopsy grew large enough to be detectable
on repeat biopsy in the intervening three years or alternatively that the areas that had initially
harboured HG-PIN had progressed to carcinoma during the three-year interval. HG-PIN seems
to be a precursor for intermediate to high-grade carcinomas of the prostate; however, it does

not need to be present for carcinoma to arise %,

The natural history of ASAP is less well defined than HG-PIN, but if ASAP is present on initial
biopsy the risk of diagnosing PCa on subsequent biopsy is significantly increased and therefore

a repeat biopsy is indicated within 3 to 6 months 1%,

1.2.6.2. Adenocarcinoma of the prostate, Gleason score and ISUP grade groups

Adenocarcinoma of the prostate arises in the glandular structures within the prostate. The
Gleason grading system, which is the most widely used grading system for PCa, is then applied
to the specimen 122, It is based on the glandular pattern of the tumour as identified at relatively
low magnification. It is used to assess how closely the carcinoma resembles normal prostate
histology. The closer the microscopic appearance is to normal, the lower the number assigned

to the pattern, as shown in Figure 1.5 7%,
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The pattern is graded from 1 to 5, with worsening appearance due to poor differentiation of
the glandular epithelium and architecture scoring higher. The specimen is assigned a major or
primary pattern ranging from 1 to 5 for the predominant pattern and a minor or secondary
pattern also from 1 to 5 being awarded to the second most commonly seen pattern. The
numbers assigned to each of the major and minor patterns are then added together to provide
a combined sum or score. The highest possible score is then major 5 + minor 5 = 10. The higher

the score, the more aggressive the clinical behaviour of the carcinoma.

Sometimes a third pattern is quite prominent and it is then termed the tertiary pattern and is
also given a score from 1 to 5. This is typically on radical prostatectomy specimens when more

tissue is available for assessment 139,

Pattern 1: Circumscribed nodule of closely packed but separate, uniform,
rounded to oval, medium-sized acini

Pattern 2: Like pattern 1, fairly circumscribed, yet at the edge of the tumour
Vo nodule there may be minimal infiltration Glands are more loosely arranged
Unoso and not quite as uniform as Gleason pattern 1

Pattern 3. Discrete glandular units. Typically smaller glands than seen in
Gleason pattern 1 or 2. Infiltrates in and amongst non-neoplastic prostate
acini. Marked variation in size and shape

Pattern 4: Fused microacinar glands. lll-defined glands with poorly formed
d % glandular  lumina. Large cribriform glands. Cribriform glands.
Hypernephromatoid.

: Pattern 5: Essentially no glandular differentiation composed of solid sheets,
i _ cords, or single cells. Comedocarcinoma with central necrosis surrounded
X by papillary, cribriform, or solid masses

Figure 1.5: Microscopy patterns for Gleason pattern 7!

The combined Gleason score is then assigned a grade based on the clinical behaviour of that
score observed in many patients over many years in the past. A Gleason score of 6 or less, is
considered low grade or well differentiated. The intermediate score of 7 was previously
considered to be moderately differentiated. However, there are constant refinements to the
diagnostic categories, based on ongoing studies and trials. Prostate cancers with Gleason
score 7 composed of a major pattern = 4 plus a minor pattern = 3 were found to behave more
aggressively than Gleason 7 composed of major pattern 3 plus minor pattern 4 following

radical prostatectomy. They were found to have a higher PSA level at diagnosis, more extra-
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prostatic extension, shorter time to progression and increased risk of developing metastatic
disease 31, Based on this difference in the behaviours and clinical outcomes of Gleason score
7=3+4 compared to Gleason score 7= 4+3, the former is now classified as intermediate grade,
and the latter as high-grade. Tumours scoring between 8 and 10 are poorly differentiated, and

are considered high-grade disease. 132,

The International Society of Urological Pathology together with the World Health Organization
in 2014 adopted ISUP grade groupings, which are shown in Table 1.11 33, This was done to
categorize the Gleason score to make it easier for patients to understand the behaviour of
their PCa, as described in the biopsy report. It also separated Gleason score 7
adenocarcinomas into grade group 2 for Gleason score 7= 3+4 and grade group 3 for Gleason

score 7=4+3, which are 2 prognostically distinct categories 134,

Table 1.11: ISUP 2014 grade groups 133

GLEASON SCORE GLEASON GRADE ISUP GRADE GROUP
2-6 Low 1
7=3+4 Intermediate 2
7=4+3 High 3
8 (4+4 or 3+5 or 5+3) High 4
9-10 High 5

1.2.6.3. Evidence of locally advanced PCa on biopsy

Evidence of locally advanced disease which can be identified on prostate biopsy includes
invasion into the perineural space, lymphovascular space, extra-capsular space and the
seminal vesicles. The presence of these is not factored in the risk stratification and
prognostication models in common use. This omission presents an opportunity for the further
refining of the current models or the creation of new models to risk-stratify and prognosticate
the patients who demonstrate histological evidence of locally advanced disease at

presentation.

Peripherally located adenocarcinomas extend out of the prostate through perineural
extension 3%, Historically it was thought that perineural extension does not imply a worse

prognosis, as it represents local extension along the path of least resistance 3¢, However, new
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studies support the negative impact of perineural invasion on various parameters such as
biochemical recurrence, tumour progression and recurrence free survival 137 138 These clinical
outcome studies are in turn supported by laboratory studies showing that quantitative
perineural invasion is a poor prognostic marker in PCa 3°. The currently accepted route for
PCa reaching the spinal cord is through retrograde haematogenous spread via Batson’s
valveless venous plexus ’2. The finding of perineural invasion on histology raises the
scintillating possibility of an alternative route of PCa reaching the spinal cord via a perineural
or neurogenic route. Laboratory studies by Ghinea et al. (2019) showing vasa nervorum
neoangiogenesis in cases of perineural invasion 14° suggest an interesting interplay between

the perineural and vascular routes of metastases.

Lymphovascular invasion confers a worse prognosis as it represents invasion into the vascular
system with the possibility of local and distant metastatic spread 4!, The prostate lacks a
discrete histological capsule, thus the term extra-prostatic extension is preferred to extra-
capsular invasion 2, Seminal vesicle involvement by PCa may indicate local contiguous
spread, retrograde extension through the ejaculatory ducts or haematogenous metastases. In
the TNM classification, it confers a higher T stage to the disease process 43. Currently,
involvement of the seminal vesicles with cancer confers upon the specimen a T stage of T3b,
which makes sense for contiguous spread. However, if the cancer reaches the seminal vesicles
via haematogenous spread it should be categorized under M instead of T disease. Much like
adrenal gland involvement with primary renal cell carcinoma, where direct spread is T4
disease, but a discrete non-contiguous lesion is considered M disease 144. There are two clinical
challenges here. Firstly, distinguishing between contiguous spread and haematogenous
metastases is impossible on core needle biopsy. In time it will become easier to identify as the
role of MRI prior to biopsy becomes better defined and more established. Secondly, assigning
the appropriate TNM stage for retrograde invasion of the cancer into the seminal vesicles via
the ejaculatory ducts will be a challenge, as this represents neither direct nor haematogenous
spread. However, this distinction may be of no clinical relevance with respect to patient

management.

Local spread may also involve rectum, in such cases it is difficult to distinguish from a primary
rectal adenocarcinoma on microscopy and immunohistochemical stains must be applied to

make the distinction 1451979,
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1.2.6.4. Immunohistochemistry in prostate cancer
Immunohistochemistry (IHC), also known as immunostaining, is a biochemistry concept which
applies to the use of antibody-based methods to detect specific proteins within a tissue

sample 46,

The role of the immunohistochemistry in PCa is to distinguish it from benign mimickers and to
confirm the diagnosis in equivocal cases, including those with ASAP on histology #. It is also
used to further define local spread of the carcinoma or to determine neuroendocrine

differentiation. It is used at the discretion of the pathologist.

No single marker or stain has absolute sensitivity and specificity for PCa, thus panels of
markers are used. There are basal-specific markers, namely high molecular weight cytokeratin
(HMWCK) and p63, and PCa-specific markers namely alpha methyl co-A racemase (AMACR),
PSA and PAP. Jiang et al. recommend using a double-colour triple-cocktail of 34 Beta E 12
(34BE12), p63 and AMACR. The combination of results of the triple-cocktail which distinguish

cancer from benign disease are shown in Table 1.12 4/
MWCK

High Molecular Weight Cytokeratin (HMWCK) is also called 34BE12. It is expressed by all
normal basal cells of the prostate. Normal prostate glands will have a continuous, intact,
circumferential stain. Kahane et al. found that application of 34BE12 stain reduced the
diagnosis of “atypical” findings from 8.3 to 0.4% 8. Prostate cancer stains negative for

34BE12.
P63

The nuclear transcription factor p63 is important in the regulation of growth and development
of epithelial organs. It is structurally homologous to p53 tumour suppressor gene and is

expressed by basal cells of normal prostate glands. Prostate cancer stains negative for p63.
AMACR

AMACR is overexpressed in 60% of PCa and is low to undetectable in normal tissues. It must
be interpreted with caution because of non-standardisation of immunostaining protocols and
interpretation criteria and a heterogeneous staining pattern. AMACR has also been found to

be positive in HG-PIN. The current recommendation is that AMACR be restricted to the
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evaluation of foci which have a suspicious morphological appearance, but are negative for

basal cell markers 146,

PSA and PAP

Immunohistochemistry for PSA includes the use of monoclonal and polyclonal antibodies. The
niche role for these is in epithelial primary tumours of unknown origin in a metastatic site and
in distinguishing between prostatic and urothelial tumours. Prostatic Alkaline Phosphatase
IHC is less sensitive and specific for PCa. It also tests positive for rectal adenocarcinoma. These

two markers are less sensitive in poorly differentiated adenocarcinoma.

Table 1.12: Summary of immunohistochemical staining patterns in prostate cancer and

benign disease ¥

IMMUNOSTAINS  PROSTATE CANCER ‘ BENIGN DISEASE
34BE12 (-) (+)
P63 (-) (+)
AMACR (+) (-)

1.2.6.5. The neuroendocrine subtype

Laboratory and clinical evidence indicates that neuroendocrine transformation of PCa typically
occurs in patients with advanced disease *°. The therapeutic implications of this finding are
significant because tumours demonstrating the neuroendocrine phenotype usually represent

inherently hormone-resistant disease and require separate therapeutic considerations.

These tumours express several biologic characteristics unique to neuroendocrine tumours.
Neuroendocrine tumours are not limited to the prostate and can arise in other organs, most
commonly the lung. In the prostate these tumours exhibit atypical clinical patterns,
characterised by frequent visceral involvement and rapidly growing soft tissue metastases /.
The clinical manifestations are suggestive of the clinical entity. These patients frequently
present with subacute, rather than dramatic changes in their disease pattern characterized
primarily by a rapidly growing soft tissue mass, frequently involving the primary site but also

with retroperitoneal masses; rapid development of lung and liver involvement; osteolytic as

opposed to the usual osteosblastic bone metastasis, and a high incidence of brain involvement
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81 Histologic evaluation of the site demonstrating rapid clinical changes is strongly

recommended. The tissue will show a small cell variant or a poorly differentiated neoplasm
which stains positive for neuroendocrine markers on immunohistochemistry 4°. Typically,
patients either stop expressing PSA in the face of major tumor progression or, more

frequently, have undetectable levels at the time of this transformation 77.

1.2.6.6. Adequacy of histological reporting

The histology report together with the history provided by the patient and findings of the
physical examination form the cornerstone of management of a patient with PCa. They inform
additional special investigations for metastatic work-up and treatment strategies. An
adequate histology report is critical in guiding decisions towards the most appropriate,
individualised treatment plan. Institutions and countries around the world publish their own
checklists and protocols for what they consider adequate histology reporting *°°. The College
of American Pathologists (CAP) currently publishes more than 80 checklists for reporting of all
major cancers. The intention is that the reports are complete, concise, reproducible and in
line with international standards and current knowledge. The International Collaboration on
Cancer Reporting (ICCR) is a collaborative project between the CAP, the UK Royal College of
Pathology, the Royal Australasian College of Pathologists and the European Society of
Pathology. Notably, all of these bodies represent first world countries. The ICCR issues
datasets and guidelines for the standardisation of cancer reporting. With respect to the
prostate, the ICCR has set out criteria which are required and those that are recommended
for reporting on core needle biopsies, transurethral resection and enucleation specimens. The
required and the recommended information for core needle biopsy reports is shown in Table

1.13 10
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Table 1.13: ICCR criteria for core needle biopsy reports 1°°

CLINICAL

Required

MACROSCOPIC

MICROSCOPIC

Previous history of

prostate cancer

Specimen submitted
Specimen/container

identity

Histological tumour type

Biopsy location

Histological grade (Gleason, ISUP)

Total no. of cores

Tumour extent:

Previous biopsy

Pre-biopsy serum PSA

Clinical stage

Length of cores

Block identification key

- no. of cores positive/ total no. of

cores

- PLUS length of tissue involved in

mm

- OR linear extent as a percentage

Extra-prostatic extension

Perineural invasion

Seminal vesicle or ejaculatory duct

invasion

Lymphovascular invasion

Extra-prostatic extension- location

Intraductal carcinoma of the

prostate

Coexistent pathology

1.2.7. The clinical significance of prostate cancer using Epstein’s criteria

Epstein developed criteria to determine whether PCa diagnosed on biopsy is clinically

significant. One concern with routine screening for PCa using PSA is the over-diagnosis of
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clinically insignificant cancer with the attendant morbidity ©. The rate of clinically significant
and overt PCa varies worldwide, however the prevalence of clinically insignificant or indolent
PCa is similar throughout the world. The value of determining if PCa is clinically insignificant
or not, is in adding active surveillance or watchful waiting to the management options and
thus further individualizing treatment. Epstein’s criteria for clinically insignificant PCa are 1)
PSA density, which is calculated from laboratory and imaging results and 2) the volume of

cancer as found on core biopsy and are shown in Table 1.14 1,

Table 1.14: Epstein’s criteria for clinically insignificant disease !*!

PSA DENSITY | GLEASON NUMBER OF CORES VOLUME OF CORE POSITIVE

SCORE POSITIVE FOR TUMOUR FOR TUMOUR
<0.1 <7 <3 <50%
0.1-0.15 <7 1 <3mm

Clinically insignificant PCa is cancer that is diagnosed during life and meets the criteria defined
by Epstein. Indolent cancer is PCa that is discovered at autopsy having never caused clinical
symptoms during life. Kattan et al defined indolent cancer as being organ confined, less than
0.5ml in volume, and without poorly differentiated elements on histology *°2. These cancers
do not pose a risk to the patient’s life and thus do not warrant active treatment. Recognising
these cancers allows clinicians to better counsel patients regarding the risks vs. the benefits
of treatment. Identifying these cancers will negate the various costs borne by the patient, their
family and state in the course of treating a cancer, including the possible side effects or

complications of therapy.

1.2.8. Risk assessment tools: D’Amico and nomograms

Risk stratification for PCa is a concept that correlates clinical outcomes with pretreatment
findings. In the area of risk stratification, the dynamic nature of oncology diagnosis and
management is appreciated. The number of tools available and the new tools being developed
in an effort to better stratify and prognosticate speak to the complexity of this field and the
amount of resources being applied to it. The older risk stratification tools are used to predict
outcome following radical prostatectomy, that is surgical treatment done with intent to cure.
The risk stratification tools in common use do not factor the findings of local invasion as seen

on biopsy, which creates an opportunity for further refinement of these tools. Examples of
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these include the D’Amico, Kattan and Partin nomograms 3. The University of California San
Francisco Cancer of the Prostate Risk Assessment (UCSF CAPRA) score introduces a new
element, in that it can be used to assess outcomes following non-curative, non- surgical ones
treatment options >4, However, it also does not take into account evidence of local invasion

as seen on biopsy.

1.2.8.1. D’Amico

The D’Amico classification is one of the more commonly used tool. It risk stratifies patients
into low, intermediate and high risk, as shown in Table 1.15. Each risk category is associated
with a percentage probability of freedom from PCa at 10 years following radical
prostatectomy, where low risk is associated with an 83% probability, intermediate risk with
46% and high risk with 29% . The utility of risk stratifying patients at diagnosis is in guiding
treatment options including multimodal options and in counseling patients on treatment

outcomes.

Table 1.15: D’Amico Risk Stratification 1°°

LOW RISK Clinical stage Tlc-
T2a
PSA< 10

Gleason <6

INTERMEDIATE Clinical stage T2b
RISK PSA 10- 20

Gleason 7 (3+4)

HIGH RISK Clinical stage T2c
PSA > 20

Gleason > 7 (4+3)

1.2.8.2. Nomograms

Nomograms are diagrams representing the relations between three or more variable
guantities by means of a number of scales, so arranged that the value of one variable can be
found by a simple geometrical construction for example by drawing a straight line intersecting
the other scales at appropriate values *’. Nomograms provide a visual, graphical calculation

for complicated formulae, without the user having to solve algebraic equations to obtain the
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results. They were most extensively used in the field engineering. In PCa, they were developed
to predict the outcome of disease treatments in response to the increase in the information
gathered from clinical databases over time, and to refine the staging of patients using more

clinical parameters and risk factors.

a. Kattan nomogram and others

The use of these tools in PCa was pioneered by Kattan et al. to improve the ability to predict
the likelihood of disease recurrence or progression. They are used to classify patients into risk
groups, to inform patients and to help them in making treatment choices. The variables
include DRE findings, PSA levels and Gleason grade. Each variable is assigned a score and from
which a final score is calculated. The final scores have been shown to accurately predict the
extent of a cancer and long-term outcomes following treatment 1>8. Other similar instruments
have been developed and validated in many settings. The limitation of nomograms is that they
are typically developed using formulae based on data from high volume surgeons in high
volume academic centres and thus may not be directly translatable to other settings. Some of
the available and validated nomograms include Kattan, MSKCC, Steyerberg and Nakanishi.
Their construction rests on combinations of the patient’s age, PSA, prostate volume, Gleason

score, number of cores positive and total volume involved with cancer.

b. CAPRA Score

The UCSF CAPRA instrument was developed to account for more variables contributing to PCa
recurrence or progression, packaged in an easy to use format. It was developed using data
from the cancer of the prostate strategic urologic research endeavour (CaPSURE) study. A
CAPRA score predicts an individual's likelihood of metastasis, cancer-specific mortality, and
overall mortality. Unlike other nomograms, it is valid across various treatment modalities
including radical prostatectomy, radiation, primary androgen deprivation, cryoablation and
active surveillance. Points are assigned to the following 5 variables; age at diagnosis, PSA at
diagnosis, Gleason score of the biopsy, clinical stage and percent of cores involved with the
cancer, a final score between 0 and 10 is then calculated. The cancer risk is indicated as low,
intermediate or high risk based on the final score, where 0 -2 indicates low risk, 3-5

intermediate and 6-10 high risk 14, This risk stratification informs treatment decisions.
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CHAPTER 2: AIM AND OBJECTIVES

2.1. Aim

This study aimed to review histological features of PCa at Charlotte Maxeke Johannesburg
Academic Hospital from 01 January 2005 to 31 December 2009 with specific reference to

evidence of local invasion at diagnosis.

2.2. Objectives

The objectives of this study were to:

1. Determine if PCa histology reports meet the International Collaboration on

Cancer Reporting (ICCR) criteria for reporting.

2. Describe the biochemical and histopathological features of prostate biopsies

that were positive for PCa.

3. Compare the characteristics differentiating low grade vs. high-grade PCa.

4, Determine if a particular biopsy protocol is superior in terms of information
yielded.

5. Determine the percentage of patients meeting the criteria for clinically

insignificant cancer.

6. Determine the percentage of patients meeting the criteria for localised disease.
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CHAPTER 3: METHODS

3.1. Study design

This study is a retrospective observational, cross- sectional study of the prostate biopsy
specimens, which were positive for PCa, received by the NHLS anatomical pathology
laboratory serving the Department of Urology at Charlotte Maxeke Johannesburg Academic

Hospital (CMJAH) from 01 January 2005 to 31 December 2009).

3.2. Study population and sample

3.2.1. Site of study

The prostate specimens were obtained from patients seen at the Urology clinic at CMJAH,
which is a quaternary, teaching hospital serving the population of Johannesburg. It is a state
hospital serving patients who cannot afford private medical care and is also a referral hospital

for surrounding primary and secondary hospitals.

All the patients who had biopsies done were first assessed by a urology consultant or registrar
either as an out-patient or as in-patient and the indication for biopsy confirmed. Out-patients
are booked for the prostate biopsy clinic, usually within a month; whereas in-patients have
their biopsies performed within a day or two in the referring ward or at the end of the week

at the out-patients if deemed fit enough to leave the ward.

The prostate biopsy clinic occurs weekly and all biopsies are done in the ward under local
anaesthesia by a urology registrar. Saturation biopsies are carried out in theatre under

regional or general anaesthesia and are supervised by a consultant.

3.2.2. Inclusion criteria

All prostate histology specimens processed by the NHLS Department of Anatomical Pathology
which were positive for cancer, starting from January 2005 ending in December 2009 were

included in the sample. The reports were accessed from the NHLS database.
3.2.3. Exclusion criteria

Prostate biopsy specimens which were negative for PCa.
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3.3. Variables

The variables listed below, were obtained from the NHLS database and were entered onto an

Excel spreadsheet.

1)

2)

3)

4)

5)

6)

7)

8)

9)

Age: Age was captured as a continuous variable for purposes of mean and standard

deviation, age was then categorized into decades (years).

PSA level (ng/ml). The PSA levels were available and categorised using D’Amico
classification into <10ng/ml, 10-20ng/ml and > 20ng/ml. The categories were
expanded to include three extra categories: <2.5ng/ml and <4ng/ml as well as
category 2100ng/ml as patient management and clinical presentation is different at

these levels.

The type of specimen was entered as core biopsy, TURP, open prostatectomy, radical

prostatectomy or radical cystoprostatectomy.
With regards to core biopsies,

i.  The core biopsies were categorised based on the number of cores as follows:
limited <4 cores, sextant 5-7 cores, systematic 8-17 cores and saturation >18
cores.

ii.  The number of cores processed was noted.

iii.  The number of cores within each specimen that were found to be positive for

cancer was noted.
The volume of the specimen involved by cancer expressed as a percentage.

Gleason score, reported by the laboratories include scores for the major and minor
patterns. The categorization of the Gleason scores into low, intermediate and high

categories as based on the sum of the major and minor scores was noted.

Presence or absence of high-grade prostatic intraepithelial neoplasia (HG-PIN) and

prostatitis.

Presence of local infiltration by tumour as shown by any of lymphovascular, perineural

spread, extra-capsular spread or seminal vesicle spread.

Use of immunohistochemical staining, as well as type of stain used.
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The full datasheet is contained in Appendix A.

3.4. Ethics approval

Ethics approval was obtained from the Human Research Ethics Committee (medical) at the
University of the Witwatersrand (Ethics clearance certificate M1911182). All data obtained

was anonymised to protect the identity of the patients

3.5. Statistical analyses

For age, a mean and standard deviation were used for description. PSA values were skewed
and therefore categorized according to median and ranges used for clinical significance. All

other data was categorized and described using frequencies and percentages.
The significance level used was p<0.05.

Statistical package was Graphpad instat (Graphpad.com). Comparative statistics was done
using Fisher’s exact test/ Chi2, characterized data as appropriate for a Kruskal- Wallis analysis

of variance (ANOVA) for numerical data to compare types of biopsies.
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CHAPTER 4: RESULTS

The sample consisted of 680 male patients, and 726 histological specimens. A total of 38 (6%)

men had repeat histology for various reasons.

4.1. Indication for specimen

Histology
Specimen

Prostate
Pathology

Suspected
Malignant (664)

Known
Malignant (30)

Presumed
Benign (10)

Not Stated (9)

Bladder
Pathology

*RCP (7)

*RP (23)
*Channel TURP (7)

*OP (5)
*TURP (5)

Core Needle

Biopsy (664)

ystematic
*Sextant (112)
*Limited (81)
*Saturation (2)

*Not Specified (6)

Figure 4.1: Indications for prostate histology
RCP = Radical Cystoprostatectomy

RP = Radical Prostatectomy

OP = Open Prostatectomy

TURP = Trans Urethral Resection of the Prostate

The majority of specimens, 99%, were obtained from patients with prostatic pathology, either
known or suspected malignant disease. However, 1% were obtained from patients with

bladder pathology.
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4.2. Type of specimen

Type of Specimen

B Core Biopsies (92%)  ® Whole Prostate (4%)  ®TUR Chips (4%)
Figure 4.2: Distribution of types of specimen

Histological studies were conducted on prostate tissue acquired either as core biopsy,
prostatic chips or whole prostate depending on the pathology at presentation. Core biopsies
made up the majority of the specimens 664 (91.5%), whole prostates made up 32 (4.4%) and
TUR chips made up the remainder of 29 (4.0%).
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4.3. Age
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Figure 4.3: Age distribution

In our study, the mean (SD) age was 69.2 (9.5) years. The majority of patients (71%) were in
the 7th and 8th decades, which had similar numbers; 16 (2.2%) were less than 50 years; and

203 (27.9%) were 75 years or older. The ages of 24 patients were not available.

4.4. PSA level

Most of the patients (70%) had a PSA level greater than 20ng/ml indicating locally advanced
or metastatic disease at time of biopsy, as seen in Figure 4.4. Seventy- two patients (10%) had

PSA > 1000ng/ml.
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Figure 4.4: Distribution of Prostate-specific antigen (PSA) level
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4.5. Core needle biopsies

4.5.1. Completeness of reporting as per ICCR

Regarding the criteria for completeness of histology reporting of the microscopic findings of

the core needle biopsies as per the ICCR:

e With reference to required criteria, in 644 core needle biopsies the histological tumour
type was reported in 644 (100%); the histological grade in 644 (100%) and the tumour
extent based on number of cores positive/ total no of cores in 408 (63.4%).

e Ourreports also reported on the tumour extent as a percentage of the entire specimen
in 577 (89.6%).

e With reference to the recommended criteria, specifically the presence or absence of

local invasion was reported in 560 specimens (87%).

4.5.2. Core biopsy protocol

The majority of specimens came from systematic biopsy (66.9%) with smaller numbers from

sextant, limited and saturation biopsies, as shown in Figure 4.5

Biopsy Protocol

450 428
400
350
300
250
200
150
100

50

113
81
[

Systematic Biopsy Sextant Biopsy Limited Biopsy Saturation

Figure 4.5: Core needle biopsy protocols

The number of cores received ranged from 1 to 26, with a median of 13.5. Of the total 664
core biopsies in the study population, 653 had the number of cores received recorded and of

those 410 had the number of positive cores recorded. A total of 128 specimens had two or
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fewer cores positive. Two patients had a saturation biopsy; they were included in the

descriptive data, but excluded for comparison between types of biopsy.

Of the specimens in which the percentage of the specimen involved by carcinoma was
reported, 354 (57%) had less than 50% involvement by the carcinoma. 128 (16.6%) of the core

needle biopsy specimens had two or less cores positive.
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4.5.3. Is either biopsy protocol superior in terms of information yielded?

Table 4.1: Comparing different biopsy protocols

LIMITED SEXTANT SYSTEMATIC P VALUE
(80) (108) (454)
PSA (ng/ml)
<2.5 0 1(0.9) 3(0.66) Chi2=68.93
<4 0 0 1(0.22) P=<0.0001
<10 2 (2.5%) 7 (6.5) 71 (15.6)
<20 11 (13.8) 5 (4.6) 66 (14.5)
<100 11 (13.8) 36 (35.1) 124 (27.3)
>100 28(35) 20 (18.5) 121 (26.7)
>1000 16 (20) 27 (29.1) 27 (6)
Unspecified (DNI) 11 (13.8) 10 (9.25) 41 (9.0)
Median 116 (7- | 100 (4.5- | 50 (0.7-23000) Kruskal-
6519) 20000) Wallis
ANOVA
V sex - ns V sys p<0.001 | V lim p<0.001 P=<0.0001

Immunohistochemistry | 10 (12.5) 12 (11.1) 55 (12.1) Chi?0.1054
used
P=0.9487
Gleason grade
Low 13 (16.25) | 13(12) 82 (18.6) Chi2=3.2
Intermediate 8 (10) 15 (13.8) 67 (14.8) P=0.5243
High 56 (70) 74 (68) 297 (65.4)
Indeterminate (DNI) 3(3.8) 6 (5.5) 8((1.8)
HG-PIN present 11 (13.8) 20 (18.5) 100 (22) Chi?=3.153
P=0.2067




Prostatitis 80 (17.6) Chi% 13.37

P=0.0012

There were significantly more specimens with seminal vesicle spread and prostatitis in the
systematic biopsy protocol compared to the other two protocols. The PSA for the patients
with systematic biopsies was significantly lower than both limited biopsies (p<0.001) and
sextant biopsies (p<0.001). There was no significant difference between the PSA values
between limited and sextant biopsies. There were no significant differences in age, whether
immunohistochemistry was done, Gleason score or whether HG-PIN was present between the
three types of biopsy protocols. Only two patients had saturation biopsies, which were thus

not included in the comparison.

4.5.4. Repeat biopsies

Table 4.2: Comparing first time biopsies to repeat biopsies

FIRST BIOPSIES
CHI
P VALUE
COEFFICIENT
n =510
n %
Prostatitis 73 14.4 0.0244
HG-PIN 112 21.9 0.1336
Staining 26 5 0.0001
Gleason Grade:
Low 79 15.5 0.001 18.6
Intermediate 79 15.5
High 343 67.3
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In n=72 (9.9 %) of patients the biopsy was repeated, with the majority n=54, having a second
biopsy. The rest n= 18 had three or more biopsies, all of them showing cancer. The reasons for
the repeat biopsies subsequent to a positive biopsy are unclear from the histology reports.
The incidences of prostatitis, staining and low Gleason grade were statistically different (p<

0.001) between first and repeat biopsy, all were more frequently found in the repeat biopsies.

4.6. Gleason

4.6.1. Gleason grade

The distribution of high, intermediate and low Gleason grade in the sample is shown in Figure
4.6. The majority (n=447) of specimens in this study showed high-grade disease at
presentation. Specimens with an indeterminate Gleason score (n=42) were excluded from the

chart.

Low

Intermediate
High

Low = Intermediate High

Figure 4.6: Distribution of Gleason grade

56



4.6.2. Gleason grade by decade

Distribution of prostate cancer grade across age range

o Low
140 | B Intermediate
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Figure 4.7: Distribution of grade of disease per decade

Consistently, the majority of patients in all of the age categories showed high-grade disease at presentation, especially in the two decades in
which cancer occurred most commonly, the 6th and 7th decade. The age extremes, <49yrs and >90, both had low numbers but also had majority

high-grade disease.
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4.6.3. Gleason grade, tumour bulk and local infiltration.

Table 4.3: Showing the association of high Gleason score with high tumour bulk and local

infiltration

VARIABLE

HIGH

GLEASON

LOW

P VALUE

GLEASON

Total biopsy area affected >50% 196 74

Total biopsy area affected <50% 193 222 <0.001
Local infiltration present 284 142

Local infiltration absent 105 154 <0.001

There was a statistically significant difference between high and low Gleason score, with a low

Gleason score found in association with low tumour bulk and less local infiltration.

4.6.4. ISUP grade groups

The distribution of the ISUP grade groups is shown in Figure 4.8. Grade groups 4 and 5 made

up 49.5% of the sample, and consisted of 128 and 232 specimens respectively

250

200

150

100

No. of specimens

50

Grade group 1 Grade group 2

Figure 4.8: Distribution of the ISUP grade groups

Grade group 3
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4.7. Local infiltration

Local infiltration is evidenced by any of perineural spread, lymphovascular spread,
extracapsular spread and seminal vesicle spread. There was one or more forms of local
infiltration in 430 specimens. The distribution of perineural, lymphovascular, extra-capsular
and seminal vesicle spread is shown in Figure 4.9. The data on evidence of local infiltration
was missing on 296 specimens. Only three specimens had no evidence of any local spread at
all on histology. Of the 114 specimens on which the presence of seminal vesicles was reported,
whether they were infiltrated by or free of cancer, 90 were from core biopsies and 22 from

radical surgery specimens.

450
400
350
300

250

Number

200
150

100

) . -
0 .
Perineural Lymphovascular Extra-capsular Seminal vesicle

Local Spread

Figure 4.9: Distribution of local spread within the sample

4.8. HG-PIN and Prostatitis

The presence or absence of HG-PIN was reported in 242 (33.3%) specimens of the study
population. It was not reported in 484 (66.7%) specimens. It was present in 162 (22%) biopsies,
of which 78 had high-grade disease, 33 intermediate grade disease, 46 low-grade disease and
in five, the grade was indeterminate. In 80 (11%) specimens, it was noted as absent. Of these

242 specimens 34 (14.5%) underwent immunohistochemical staining.

The presence of prostatitis was reported in 116 (16%) biopsies, of which 38 had high-grade

disease, 23 intermediate, 54 low grade and in one, the grade of disease was indeterminate.
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Of the specimen with prostatitis, 23 had immunohistochemical staining. Ten specimens were
negative for prostatitis. In 600 (82.6%) specimens, the presence or absence of prostatitis was

not reported.

4.9. Immunohistochemical staining
Regarding immunohistochemistry, 92 specimens were stained. The basal stains applied were
34BE12 in 51 specimens and p63 in 47. The PCa specific stains applied were PSA in 17

specimens and AMACR in six. The triple cocktail was used in four specimens.

Of the 92 specimens which were stained, 67 (78%) had more than one stain used. In 13, a
single stain was used and in another 12, the stain(s) used were not specified in the report.
Two of the specimens had neuroendocrine differentiation as supported by the staining results,

where NSE, synaptophysin and chromogranin stains were positive.
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CHAPTER 5: DISCUSSION

5.1. Summary

In this study, a variety of results was found among patients in whom adenocarcinoma of the
prostate was proven on histology. The clinical data was unobtainable and the race data was
unavailable, leaving gaps in our ability to analyse all of the data gathered. The missing data
still provided useful insights into this disease at Charlotte Maxeke Johannesburg Academic
Hospital. The majority of patients presented with advanced disease as per the PSA, Gleason
grade and evidence of local spread on biopsy. Very few patients potentially met Epstein’s
criteria for clinically insignificant or indolent disease. A small percentage of patients
potentially met D’Amico’s criteria for localised disease, and only 20 radical surgeries with

intention to cure were performed.

The histological samples showing adenocarcinoma of the prostate were obtained from
specimens of men presenting with either prostate pathology, who made up the great majority,
or those presenting with bladder pathology. The majority of the patients with prostate
pathology, had a suspicion of PCa based on an abnormal DRE or a raised PSA, and a core needle
prostate biopsy was performed. In a minority of patients with known PCa, the prostate was
either completely removed, with the intention to cure the cancer, or in fragments, with the

intention to relieve the symptoms of urinary obstruction.

5.2. Needle biopsies
The current standard manner of confirming PCa is to perform a core needle biopsy, in
response to either a raised PSA or an abnormal DRE. In this study, the vast majority (91.5%) of

positive PCa histology came from core needle biopsies.

5.2.1. Adequacy of reporting as per ICCR

The International Collaboration on Cancer Reporting sets forth, by consensus, the features
that are required and those that are recommended for histology reporting. The choice of the
word “required” as against “mandatory” is of interest. It indicates the caution of international
collaborators to be prescriptive. However, it lacks authority. The European Urology guidelines
use the words “mandatory” or “optional”, which are authoritative and commanding without

being prescriptive.
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Regarding the microscopic features that are required in reporting, the histological tumour
type and the histological grade as per Gleason were reported in 100% of cases. The ICCR
requires that the tumour extent be reported using number of cores positive/ number of cores
and the linear extent of the tumour involvement of each core that is involved with tumour. In
this study the extent of tumour was reported on in two ways; the number of cores received
and involved with cancer were reported, each as discrete number in 63.4% of cases, and the
percentage of the entire specimen received involved with cancer, in close to 90% of the core

needle biopsies.

The microscopic findings that are recommended in reporting by the ICCR include histological
grade 4 or 5 as a percentage of the whole, perineural spread, seminal vesicle spread,
lymphovascular spread, extra-prostatic spread, intraductal carcinoma and other co-existing
pathology. In this study, the pathology reports often commented on evidence of local spread
in the specimen, especially perineural infiltration. In 560 specimens, comment was made on
either the presence or absence of local spread. In 395 (54%) specimens, there was evidence
of perineural spread, i.e. more than half of our patients had perineural spread at presentation.
This is currently only a recommended criterion according to the ICCR. It offers an opportunity
to customize reporting templates to be locally relevant and to reflect the unique features

found in our setting.

There is a growing interest in local invasion of PCa seen on histology and studies looking into
its implications have recently exploded in number. There are features found on histology that
are currently not being factored in risk stratification and prognostication models. The urology,

oncology and pathology communities are delving deeper into their possible implications.

Perineural infiltration was the form of local invasion observed most often in this study, and
deserving of further study as shown by the conclusions reached by various researchers which
include the following: there is vasa nervorum neoangiogenesis in patients with PCa with
perineural invasion (Ghinea et al., 2019), this indicates interplay between haematogenous and
perineural spread in PCa; perineural invasion has prognostic significance for biochemical
recurrence after radical prostatectomy !°°; quantitative perineural invasion is a poor

prognostic marker in PCa 3°; perineural invasion on biopsy is a predictor of biochemical

160 2019

recurrence and tumour progression and that perineural invasion positivity on biopsy is
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an important predictive factor for increased T3 disease, biochemical recurrence and reduced

recurrence free survival 138,

Ahmad et al. questioned whether the reporting of perineural invasion should be mandatory
and concluded that it should not 1. However, the findings of this study support the need for
further evaluation of the importance of perineural invasion and the possible clinical

implications thereof specifically on spinal cord compression.

5.2.2. Superiority of particular biopsy protocol

In this study the number of cores intended by the clinician as per the biopsy protocol specified
in the request form were matched as closely as possible with the number of cores received by
the pathologist. The intended number of cores taken by the urologist may differ from the
number of cores received by the pathologist for several reasons. Technical aspects of the
specimen acquisition may result in fewer cores received by the pathologist than the number
stated by the urologist. The pathologist may also receive more cores than reported by the
urologist. This is possible if cores fragment during transport or preparation for histological

assessment.

Eskew et al. (1997) and Chang et al. (1998) showed that a 12-core needle biopsy has a higher
cancer detection rate than the sextant biopsy protocol °> (Chang, 1998). Turk et al. (2015)
showed that a 20-core needle protocol was not better at cancer detection than a 12-core
needle biopsy °6. This study was unable to answer if either biopsy protocol was superior
regarding cancer detection as the inclusion criterion for the study was all specimens received
by the NHLS that were positive for PCa. However, we could assess the biopsy findings to see
if more of the biopsy questions such on features such as Gleason score, presence of prostatitis,
HG-PIN, evidence of local spread were better answered by one protocol compared to another.
There was significantly more prostatitis in the systematic protocol. There was also more
seminal vesicle tissue represented in the systematic protocol, although not significant. The
limited biopsy protocol had notably more repeat biopsies than the other two protocols, but

also not significant.

5.2.3. Systematic biopsy protocol
The systematic 12-core needle biopsy was the most commonly employed technique for
prostate biopsy in our study. This approach is supported by a few studies. Elabaddy and Khedr

showed that it increases both the detection of PCa and the accuracy of Gleason score %’. In
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this study, we could not show superiority regarding the detection rate of PCa nor the accuracy
of the Gleason score needle, compared to the limited and sextant. However, the higher
representation of seminal vesicle tissue in the systematic technique enabled a more accurate
T- staging of the cancer. A specimen showing PCa in the seminal vesicles is assigned a higher

T- stage than one without.

There was more prostatitis in the systemic biopsies. If the prostatitis was present prior to the
biopsy, it reflects the superiority of the systematic technique in enabling prostatitis to be
identified in the specimen. However, the possibility also exists that the prostatitis may be a
function of the longer time taken to collect the 12 cores with sufficient time for the body to
launch an inflammatory reaction in response to the trauma of the biopsy needle passing
through the tissue. A distinction between the two would be found in the type of inflammatory
cells present within the specimen, whether the lymphocytes, macrophages and plasma cells

of chronic inflammation or the neutrophils and monocytes of acute inflammation.

Eskew et al. (1997) and Serefoglu et al. (2013) showed that the systematic biopsy provides a
good balance between adequate tissue for histological assessment and acceptable level of
complications and gives a superior yield compared to the sextant biopsy 2> 2013162 Berger et
al. concluded that obtaining more cores than the 12 cores of the systematic approach does
not increase the yield but may increase minor, self-limiting complications such as post biopsy
fever, rectal bleeding, haematuria and haematospermia 3. In this study, we reviewed only
the histological reports and thus cannot comment on the acceptability of the level of
complications, which would be recorded in the clinical notes, if they were severe enough to
warrant a return to the hospital. Minor complications would not have been reported or

recorded.

5.2.4. Repeat biopsies
Seventy-two patients had repeat biopsies with the majority (75%) having a second biopsy. The
rest had three > or more biopsies. The rates of prostatitis, staining and low Gleason grade were

statistically different between first and repeat biopsy; all were higher in the repeats.

The possible causes of the prostatic inflammation seen on biopsy include pre-existing
prostatitis, microbial infection introduced by the earlier biopsy, chemical irritation secondary
to reflux of urine with urethral obstruction, as may happen with BP and the repeated trauma

of the biopsy itself 1*4. A study by Djavan also showed a higher rate of prostatitis in repeat
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biopsies, °°. If there is a high clinical suspicion of PCa but the initial biopsy results are equivocal
or other histological features uncertain, and a repeat biopsy is done, in such a situation the
pathologist may feel compelled to use stains to gain clarity and report with confidence. That

would account for the higher rate of staining in the repeat biopsies.

Djavan and colleagues showed that the pick-up rate for PCa decreases with further repeats of
the biopsy. They also showed that cancers from the third and fourth biopsies had a lower
grade, stage and volume. They concluded that there was no clinical benefit for the patient in
doing more than three biopsies and that in fact there is an increase in morbidity in doing so,
% In our study, there was a statistically significant difference in the rate of low grade disease.
The repeat biopsies picked up lower grade disease, as in Djavan’s study. Thus, we can conclude
that in our setting we also should not repeat biopsies beyond three negative specimens, even
if the clinical suspicion remains high. MRI now offers an alternative route for diagnosing
hidden PCa, although with the condition for correct interpretation and superior results being

that the patient preferably not have had a biopsy in the 6 months preceding the MRI 7>,

There were more repeat biopsies in the limited biopsy protocol group, although not
statistically significant. The limited biopsy is conducted differently to the other two in that it
is performed with a manual tru-cut biopsy needle and is digitally directed, i.e. not on a spring
loaded biopsy gun and not under ultrasound guidance, thus making it more likely that an

inadequate specimen for histological study is obtained and the need for a repeat biopsy.

5.3. Specimens other than core needle biopsies
Some of the positive histology was found on prostatic tissue from patients with known PCa,
including at radical prostatectomy to treat the cancer definitively or a channel TURP to relieve

LUTS. Others came from pathology unrelated to the prostate.

In 30 patients, the finding of PCa was incidental, where a patient had a surgical procedure for
presumed benign prostatic disease, and a subsequent finding of cancer on the histology of
tissue routinely sent to the pathology laboratory was made. These include seven patients in
whom the PCa was discovered at radical cystoprostatectomy for transitional cell carcinoma of

the bladder, 13 who had a TURP and five who had an open prostatectomy.

In Perera’s study of the incidental finding of PCa at TURP n= 925, he found PCa in 24.9%. This

means that almost 1 in 4 of his presumed benign disease was found to harbour malignant
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disease in the transitional zone. %4, Our incidence differs from his. He looked at all TURP
specimens and sought out those with cancer on histology. In this study, we looked at all
histology positive for cancer and report on those that came from TURP specimens. In our
study, only 13 cases of PCa were found on TURP over 5 years. This indicates adequate pre-
operative work-up so that patients with cancer are offered appropriate cancer therapy, such

that there are no surprise post-operative findings of unsuspected cancer.

In seven of the patients, the PCa was discovered on radical cystoprostatectomy for transitional
cell carcinoma of the bladder. In Chun’s study of the coincidental finding of both prostate and
bladder cancer over five years, he had 100 patients who presented with bladder cancer, five
(5) of whom had an incidental finding of PCa on histology ®°. In his study, 5% had incidental
PCa, whereas in our study less than 1% of the PCa diagnosed was found to co-exist with
bladder cancer. The differences in incidences can be attributed to the differing starting points.
Chun started with radical cystoprostatectomy specimens and determined which of the total
number done over a period of time had PCa at histology. Our starting point was PCa

incidentally found on RCP specimens, without the total number of RCP done in that period.

5.4. Biochemistry and histology

5.4.1. Aggressive disease

A high PSA, a high Gleason score and evidence of local invasion on biopsy all suggest advanced
and possibly aggressive disease, depending on the period since the onset of disease, which is
a parameter that is currently not possible to determine. In this study 70% of patients had PSA
>20ng/ml, 61.4% had high-grade disease and only three specimens showed no evidence of

any form of local invasion.

5.4.1.1. PSA

The median PSA in this study was 1148.35ng/ml (0.7 —22,978). In the sample 72 (10%) patients
had PSA of more than 1000ng/ml; 66 (90%) of those had high-grade disease, five had
intermediate grade and one was indeterminate. A higher PSA correlates positively with
greater cytological and architectural disorganisation within the prostatic tissues, and thus a

higher Gleason score 1°°,

Koo and colleagues studied patients with PSA ranging from 20 — 10,000ng/ml in an attempt to
determine if there were differences in survival outcomes based on the level of PSA. The

patients were stratified into categories of PSA < 20ng/ml, 20- 100ng/ml, 100 - 1000ng/ml and
66



1000 - 10,000ng/ml. Their study showed that patients with very high PSA levels develop bony
metastases during follow up, however there was no difference in castrate resistant PCa — free
survival or in cancer specific survival in patients in the various categories. The patients were
given active treatment at the discretion of the treating physician, which included the
following, intermittent or continuous androgen-deprivation therapy, secondary hormonal
manipulations, and cytotoxic chemotherapy. They concluded that patients with extremely
high PSA levels should not be denied active treatment for fear of poor response or even failure

of response to treatment 67,

Close to 60% of patients (n = 424) presented with PSA > 20ng/ml indicating locally- advanced
disease at the time of diagnosis. Khalid et al showed that 50% of their patients with PSA >
20ng/ml had bone metastases evident on bone scan %8 Kamaleshwaran and colleagues
showed that 95% of patients with PSA > 20ng/ml had bone metastases, and that those with
PSA > 100ng/ml had multiple bone metastases 8. In this study, n= 424 had PSA >20ng/ml and
of those n =245 presented with PSA > 100ng/ml and 72 had PSA 21000ng/ml. Bone metastases
in PCa pose a risk for spinal cord compression and resultant neurological fall-out. 7°. Our data
did not include scintigraphic or radiological imaging and thus commentary cannot be made on
the prevalence of bony metastases, or on the incidence of subsequent spinal cord

compression.

5.4.1.2. Gleason grade

In this study, n = 446 (61.4%) had high-grade disease at presentation. When the age groups of
patients were divided into decades, our results showed consistently that > 50% of all age
groups, had high-grade disease. The age group with the lowest percentage of high-grade
disease was the 70 — 79 years group which showed a 58.4% involvement, all the others had
>60% of high-grade disease. At the extremes of age, those under 49 years and those over 90
years, which were small groups of 16 and 5 respectively, showed > 80% high-grade disease. In
this study, the majority of the patients presented with high-grade disease at diagnosis,
regardless of age. This was also the case in the subgroup of early onset PCa (n= 19), where

73.6% of the specimens showed high-grade disease.

In this study, a high Gleason score was more often associated with high tumour bulk and more
local spread. There was a statistically significant difference in the number of cases with tumour

bulk occupying more than 50% of the specimen received and evidence of locally advanced
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tumour in high-grade disease compared to low grade disease. This is in keeping with the
natural history of PCa, which is characterised by progressive disorganisation of the cellular
component and architecture of the glands, increase in the tumour size replacing normal tissue
and also breaching of natural barriers with encroachment into the surrounding structures by

contiguous spread and into distant structures via haematogenous and lymphogenous routes

169 1991, Gonzalgo and Isaacs, 2003

5.4.1.3 Local invasion within the specimens

Perineural spread was the most common form of local invasion identified. This route
represents the path of least resistance where no natural barriers to spread are met, the cancer
simply grows along paths adjacent to the nerve fibers. This was followed, in order, by
lymphovascular, extra-capsular and seminal vesicle spread. Seminal vesicle infiltration is more
easily and more commonly identified on radical prostatectomy specimens as these contain
the excised seminal vesicles. It may also be identified on radical cystoprostatectomy
specimens. Due to technical factors of obtaining the prostatic tissue, there should be no
seminal vesicle tissue present on a TURP or on an open prostatectomy specimen. It is possible
for seminal vesicle tissue to be found on a core of the prostate obtained during core needle

biopsy.

Of the more commonly used tools in prognostication and risk stratification such as Epstein’s
criteria for clinically insignificant disease and D’Amico’s criteria for localised disease, neither
take evidence of local spread into account. Various authors have shown that the presence of
perineural invasion on biopsy has a negative impact on PCa outcomes including biochemical
recurrence, tumour progression and recurrence free survival 138, Thus, a greater weight should
be placed upon evidence of local invasion when prognosticating or risk stratifying. These

variables must be factored in such tools including in nomograms.

5.4.2. Other histological findings
The presence of either HG-PIN or prostatitis was infrequently reported. HG-PIN was more
often associated with high-grade disease (78 of 162), whereas prostatitis was more often

associated with low-grade disease (54 of 116), IHC was infrequently used.

5.4.2.1. HG-PIN
In the study, the presence or absence of HG-PIN was reported in 242 specimens, a third of the

sample. HG-PIN is a morphological diagnosis and is not dependent upon staining. It was
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present in 162 (67%) and absent in 80 (33 %.) It was present in 22.3% of the study population,
which is higher than the expected incidence reported by Epstein and Herawi of 5 - 8 % of
biopsy specimens having HG-PIN 12>, However, in their review they considered all prostatic
needle biopsies which included both benign and malignant disease. Their sample would show
a lower rate due to the dilution effect of the samples showing benign disease. They also
showed that the subsequent pick-up rate of cancer following HG-PIN is decreasing, in part due
to extended biopsy techniques where the co-existing cancer is diagnosed at the same time as

the HG-PIN and thus a re-biopsy is not needed.

The value of HG-PIN is in prostate biopsy specimens that do not show any cancer and can then
guide the decision on repeat biopsy. The inclusion criteria for this study were biopsies that
showed cancer, thus, there is no additional value in the finding of HG-PIN in this population.
This raises the question of whether there is a need to routinely report on HG-PIN where cancer
is evident on the biopsy, or only in those specimens in which only benign disease is found, in

the presence of a high clinical suspicion of PCa.

5.4.2.2. Prostatitis

Prostatitis was reported on 126 specimens and found to be present in 116 of those. It was not
reported in more than 80% of the specimens. It is neither a required nor a recommended
finding according to the ICCR. However, it can lead to a raised PSA and this has clinical
implications in both malignant and benign disease. The finding of prostatitis can influence
diagnosis and treatment. For this reason, it is the opinion of the author that it should be
mandatory for pathologists to report whether it is present or absent. In benign disease, the
treatment of prostatitis should result in a lowering of the PSA to values within the reference
range for the patient’s age and race, thus reassuring the patient and the clinician of the
absence of cancer. In malignant disease the treatment will enable the clinician to initiate
management of the patient from a baseline PSA which is attributable only to the cancer and
not to inflammation and to correctly ascribe further raises in PSA to cancer progression and

thus to institute appropriate treatment.

5.4.3. Immunohistochemistry and unusual histological findings

The role of immunohistochemistry is typically in cases where the diagnosis is equivocal.
Neuroendocrine tumours are inherently hormone resistant and rapidly metastatic. They do

not respond well to standard adenocarcinoma treatment in the form of radical surgery or
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hormonal manipulation. Instead, they respond to combination chemotherapy with agents

70 |In the two cases in this cohort, the

such as cisplatin, carboplatin and etoposide
confirmation of neuroendocrine histology would have had a direct impact on the management

of the patients so it was important to make the specific diagnosis.

Two specimens had Schistosomiasis coexisting with the adenocarcinoma. Another two had co-
existing granulomatous prostatitis, which in our setting is most commonly due to tuberculosis.
Both Schistosomiasis and tuberculosis can affect the pulmonary system, thus if found on
prostate histology a pulmonary assessment is mandated and treatment as indicated. This must

be done regardless of the treatment decisions specific to the cancer.

5.5. Age

The age of diagnosis in our cohort is similar to what is being reported in the United States.
However, the majority of our patients have locally advanced disease and high-grade disease
at diagnosis. Should a case be made for routine screening in younger men in order to make
the diagnosis while the disease is less advanced and less aggressive? Our results also showed
a potential pool of hereditary PCa based on early onset at age younger than 50 years. In fact,

the youngest patient in this study was 25 years old.

5.5.1. Age at diagnosis

The majority of prostate cancers are diagnosed between the ages of 70 and 74 years, the mean
age at diagnosis being 68 years 2%. Our results are similar to these. Shao and colleagues showed
that in the United States between 1988 — 1989 and 2004 — 2005, the average age at PCa
diagnosis decreased from 72.2 to 67.2 years. This followed the approval and subsequent
introduction of PSA testing for PCa in 1986 &’. Shao found that 63% of patients diagnosed with
PCa were over the age of 65 years. In our sample 493 (67.9%) were over age 65 years. Of the

726 patients, 16 (2.2%) were below age 50 years, which is similar to Jani’s figure of 2% %°.

Community-wide PCa screening is not practiced in our catchment area or in the country as a
whole, thus patients >75 years of age are biopsied based on symptomatic presentation. In our
sample, 27.9% of patients were older than 75 years. Typically, patients above this age are
considered not suitable for curative treatment in the form of radical surgery and thus are not
routinely screened 7! 2015 |In our institution, patients above this age are biopsied if they

present with symptoms and signs suggestive of PCa, typically spinal cord compression or
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severe haematuria. In such cases, a diagnosis is sought in order that the appropriate treatment

for the relief of symptoms can be initiated, not for cure.

5.5.2. Early onset disease

Hereditary PCa is a subtype of familial PCa. According to Carter, one of the criteria for its
diagnosis is the occurrence of PCa at an age of 55 years or less, so called early- onset PCa. In
this sample, 34 (4.7%) patients had early onset PCa. Carter and colleagues showed that up to
43% of early onset cancers are hereditary in nature 2. Thus, potentially 15 families in our
sample could have harboured a hereditary form of PCa. As this was a retrospective study
assessing histological and biochemical features of PCa, we could not establish if any of these
patients had any relatives with PCa 72, In the literature, the reported figure of familial PCa is
up to 10% of PCa overall and 43% of early onset 2”. The literature is contradictory as to whether
hereditary PCa is more biologically aggressive than sporadic PCa. Cremer and colleagues and
Keetch and colleagues showed that hereditary PCa had favourable clinical phenotype
compared to sporadic PCa; had lower Gleason scores, and was more often organ confined 73
2016 The cases of hereditary PCa in the study by Kupelian and colleagues were found to behave

more aggressively including those with low Gleason score 31,

5.6. Clinically insignificant disease, localised disease and nomograms

5.6.1. Indolent disease and Epstein

If we apply Epstein’s histological criteria of number of cores in the specimen and number of
cores positive to the data set and not the clinical criterion of PSA density, in our sample 534
specimens had more than six (6) cores available for histological assessment. Of those 82, had
two (2) or fewer cores positive for cancer. Of those, 48 had a Gleason score of 6 or less with
no Gleason 4 score. Thus, only 6.6% of the sample had potentially clinically insignificant
cancer, provided the PSA densities also met the criteria. In his seminal study into the clinical
significance of PCa found at screening, Epstein found that 16% of cancers detected were
clinically insignificant (Epstein et al., 1994). This was in screened patients, whereas our
patients represent a spectrum of presentation from opportunistic screening to symptomatic
to metastatic. In a screened population, the men are asymptomatic and thus more likely to

have a higher rate of clinically insignificant disease.

The PSA range in the 48 patients with favourable histological features was 2.4 to 862.4.

Epstein’s criteria do not specifically mention a PSA cut-off value, only PSA density. Using the
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higher acceptable density of 0.15ng/ml per gram of prostate, as per the criteria, then the
maximum PSA allowable in a 100g prostate would be 15ng/ml and in a 50g prostate would be
7.5ng/ml. If we assume an average prostate size of 100g, the 48 potentially clinically
insignificant cancers, i.e. those with PSA < 15ng/ml, would be decreased to 27 (3.58%). If we
assume an average prostate size of 50g, with a PSA < 7.5ng/ml the potentially clinically
insignificant cancers would be reduced to 13 (1.79%). Gosselaar et al. found the following
rates of clinically unsuspected PCa: 15 - 54% in an autopsy series, 23 - 46% in a
cystoprostatectomy series and 15.2% in the PCPT trial. The higher rates in the autopsy and
cystoprostatectomy studies may be explained in part because the entire prostate was
examined, whereas in the PCPT only a biopsy specimen was studied 74, All are much higher
than the potential 6.6% in this study in which most cases of PCa were clinically significant by

Epstein’s criteria.

All seven cases of PCa discovered incidentally at RCP, met the histological criteria for clinical
insignificance. Whether they met the clinical criteria for clinical insignificance, i.e. on DRE and
PSA density cannot be determined, as the clinical information was not available. Aytac and
Vuruskan, in their series of 60 cases of incidentally diagnosed PCa from 300 RCP, found that
66.7% of those had clinically significant PCa 17>, Our sample size is not comparable with theirs
and their point of departure was RCP performed over 8 years in which the prostate was
incidentally found to harbour adenocarcinoma. We commenced with all prostates positive for
adenocarcinoma over 5 years and found seven of them to have been removed at radical

cystoprostatectomy.

5.6.2. Localised disease and D’Amico

In this study n= 191 had PSA of < 20ng/ml indicative of localised disease according to D’Amico’s
risk stratification, thus potentially amenable to radical treatment with the intention to cure.
The T-staging as per DRE and the Gleason score make up part of the D’Amico classification 176.
However, the total number of patients in the study potentially suitable for curative treatment
would not be impacted by factoring in the Gleason score, as no Gleason score is excluded from
the D’Amico classification. A high Gleason score with a PSA within the stipulated range would
qualify the patient as having localised disease even if at high risk of future metastatic disease.
A DRE finding of greater than T2c would disqualify the patient from being considered to have
localised disease. Thus if clinical records were included in this study and showed that any of

the 191 patients had an abnormal DRE beyond T2c, the number of patients with localised
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disease would decrease and the proportion of our patients meeting the criteria for localised,
potentially curable disease as per D’Amico and thus qualifying for curative therapy would be
less than 26%. Thus 74% of patients presented with locally advanced disease, some of whom

were likely metastatic. During this time, 20 patients had radical prostatectomies.

5.6.3. Nomograms

Nomograms are commonly used to predict the risk of cancer recurrence after radical
prostatectomy. Jeong and colleagues developed a nomogram using TRUS derived information
for predicting high-grade disease on initial biopsy. Neither the older, traditionally accepted
nomograms such as the Kattan or Partin nor the newer, novel nomograms such as UCSF CAPRA
score incorporate local invasion such as perineural or lymphovascular spread into their
prognostication and risk stratification processes. These factors speak to the aggressiveness of
the cancer at diagnosis and the likelihood of recurrence following definitive surgical
treatment. In resource-constrained environments, TRUS may not be available and therefore
it is impossible to determine the PSA density, a clinical parameter often used to determine a

nomogram score.

In our setting radical surgical therapy is not always possible due to patient or resource
constraint factors such as late presentation, unfitness for surgery due to co-morbidities, long
waiting periods or scarcity of ICU beds in government facilities. In this study, 20 radical
prostatectomies were done over a period of 5 years. In a setting with low numbers of radical
prostatectomies, risk stratification and prognostication tools which do not depend upon the
findings of radical surgery, but are able to make optimum use of all biochemical and
histological information which is available at diagnosis would be ideal. Most patients had
advanced disease with perineural and lymphovascular infiltration on biopsy, and because
these are not incorporated into prognostication tools it leaves a gap in our ability to risk
stratify and prognosticate these patients at diagnosis. This extra information provides an
avenue to explore to help with individualising counselling and treatment of patients. For
example if perineural invasion is a risk factor for spinal cord compression and the resultant
faecal incontinence, urinary incontinence and paraplegia, these patients can be counselled
more specifically on the signs and symptoms of impending spinal cord compression and

prompt actions they should take should these appear.
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5.7. Screening

Sanyal et al. showed that the lifetime costs of managing high-grade disease are greater than
for managing intermediate and low grade disease '’7. Therefore, within our resource
constrained environment, earlier diagnosis in the less advanced stage of the disease process

should be more cost effective.

Catalona showed that the detection of organ confined and thus less advanced disease is
improved by PSA screening 178, However, routine screening had until recently, not been shown
to conclusively lower PCa related mortality but caused an increase in cost of managing the
disease through unnecessary treatment of indolent or clinically insignificant cancers °.
However, upon further review of the ERSPC and PLCO trials which had reached opposing
conclusions regarding the impact of screening on PCa specific mortality, Tsodikov and

colleagues have shown that the two trials concur that screening does reduce mortality.

To restrict screening, as recommended by the AUA to men of African descent from age 40
years and those with a positive family history, in our country is unlikely to have a great impact
on resource preservation. Firstly, our population is 80% Black and secondly 90% of prostate
cancers are sporadic, not familial 17°. Point of care PSA testing is now available and is likely to
be a cheaper alternative for screening than formal laboratory PSA testing. If so and it is
available on the market, can the state justify not having a screening programme? Is it ethical
to not offer screening currently, with the knowledge of the long lead period of the disease, its
asymptomatic nature and its lethal outcome? Other factors may be considered, such as health
economics for example if routine screening was offered might there be an overwhelming
number of early cancers detected; do the state facilities have the capacity to manage these
and what are the comparative costs of managing patients with early localised disease vs.

advanced disease?

5.8. Race

The admission forms at the Charlotte Maxeke Johannesburg Academic Hospital do not provide
for the self- identification of race. Thus, no insights could be gained regarding the racial

distribution pattern of PCa or the characterisations of cancer within the different races.

The scientific community currently considers that PCa in Black men occurs with greater
frequency, is more aggressive and more advanced at presentation 8% African race, age and a

positive family history are established risk factors for PCa. There has been an explosion of
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research studying the genes of Black men trying to identify the genetic basis for such
aggressive disease. It could be argued that in the absence of a national screening programme
in South Africa our patients are presenting with advanced disease when symptomatic, much
like in the USA prior to PSA testing. There are validated, age and race specific cut-offs for PSA
values, which if applied through a national screening programme would allow the diagnosis of
early phase PCa and thus provide insights into whether PCa in Black South African men is truly
aggressive in the early stages. If the race based reference ranges are not being applied and
the cut-off value of 4ng/ml is being applied to African and Asian patients whose cut-off ranges
have been shown to be lower than for Caucasians, is the medical fraternity not also

inadvertently contributing to the high numbers of advanced disease seen in Africans?

The incompleteness of the South African data as captured by the cancer registry, as it is
histology based, raises a concern. According to the NCR statistics in 2008 there were 1899
cases of PCa in Black men and 1809 cases in White men. The population of South Africa is
approximately 80% Black and 10% White, with the remaining 10% made up of Coloured and
Asian populations. With the 8 times larger Black population and yet similar incidences of PCa,
this implies that based on the available statistics PCa the llikelihood of developing PCa in South
Africa is greater in White males than in Black males. This is contrary to the international
literature, which reports an incidence of PCa which 47% higher in Black males *. It is possible
that local circumstances differ markedly from international circumstances. However, the
other reasons that may possibly explain this discrepancy must be explored. It behooves us as
healthcare practitioners to fully explore the truth behind these statistics in order to correctly
guide the Ministry of Health to judiciously and equitably allocate resources to serve the nation
and adequately prepare for the National Health Insurance programme based on truth not just
statistics. In South Africa, many men in rural areas do not have access to basic urological care
such as PSA testing, let alone more advanced care such as prostate biopsies and urologists.
Thus, those cases of PCa are never diagnosed or captured on national records. There are also
men who, due to personal and cultural beliefs, will not seek Western healthcare even when it

is available.

Do Black South African men have aggressive disease or advanced disease at diagnosis? When
treating individual patients as healthcare practitioners we know to first make the correct
diagnosis before we prescribe treatment. We must not forget these same principles when
dealing the issue of men’s health and prostate cancer. If Black men are presenting with
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aggressive disease which from the onset of the malignant process had high PSA values and
high Gleason scores, if in Black men those parameters do not gradually worsen over time but
are high from the beginning, then genetic testing should be done to determine the genetic
and molecular basis of aggressive disease in men of African ancestry. If, however they present
with advanced disease, then the remedy for this lies not in genetic testing but rather like the
approach in America following the discovery and approval of PSA testing, namely, community

education and community wide screening, supported by a robust national cancer registry.
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CHAPTER 6: CONCLUSION AND RECOMMENDATIONS

6.1. As per the 6 objectives

The conclusions reached are presented against the objectives of the study below.

1. Determine if PCa histology reports meet the International Collaboration on Cancer
Reporting (ICCR) criteria for reporting.
In this study, we showed that regarding the ICCR criteria, our histology reports
acceptably cover the required criteria and that our reports “over-report” on evidence
of local spread, which is not required. This is locally relevant information and holds the
promise of unlocking further insights into the pathological process of systemic

metastases especially to the skeletal and central nervous systems.

2. Describe the biochemical and histopathological features of prostate biopsies that were

positive for PCa.

Biochemically, almost 2/3 of patients in the study had PSA >20ng/ml, which is
associated with skeletal metastases in 50% of cases, thus advanced disease. Many
patients had PSA > 100ng/ml which poses a risk for multiple skeletal metastases and
spinal cord compression. Histopathologically, our patients presented with high grade
disease across the decades, with evidence of locally advanced disease in the form of
perineural invasion in more than half of the specimens reviewed and very few patients
meeting Epstein’s criteria for insignificant disease and very few meeting D’Amico’s

criteria for low risk disease.

3. Compare the characteristics differentiating low-grade vs. high-grade PCa.
Most patients in this study presented with high-grade disease, which was shown to be
associated with a high PSA, more likely to have a greater volume of the specimen
involved with cancer and more likely to have local spread on biopsy. Low grade disease

was more often found in repeat biopsies.

4. Determine if a particular biopsy protocol is superior in terms of information yielded.
The systemic biopsy was the most commonly used biopsy technique and showed
superiority regarding seminal vesicle sampling and thus T staging and identifying

prostatitis, both of which have clinical and treatment implications.
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5. Determine the percentage of patients meeting the criteria for clinically insignificant
cancer.
The vast majority of patients in the study had clinically significant disease. At best, with
favourable clinical criteria in all patients, the maximum number of the study population

fulfilling the criteria for clinically insignificant disease was 6.6%.

6. Determine the percentage of patients meeting the criteria for localised disease.

At best, with ideal clinical findings, % of the study population did not meet
the criteria for localised disease as per D’Amico’s classification. In our
setting at presentation, the patients already have advanced disease with

probable distant metastases based on the PSA values.

6.2. Limitations of the Study
The race of the patient is not available from the patient admission forms. Thus, it was not
possible to comment on the characteristics of PCa in our study regarding race. Race is one of

the most important demographic data in the discussion on PCa.

The clinical records of the patients being studied were unobtainable. Thus, local insights could
not be made on the tools that take clinical criteria into account such as D’Amico risk
stratification and Epstein’s determinants of clinically insignificant disease. Tools such as these
are important for determining which patients to treat and how to treat them. These impact

on budgeting for oncology services.

6.3. Recommendations and questions stemming from the study

6.3.1 Clinical recommendations and future studies

= |s spinal cord compression secondary to PCa a consequence only of haematogenous
spread to the vertebrae or does perineural invasion on biopsy also herald future spinal
cord compression due to perineural spread? Is it possible to tell if a mass that is
compressing the spinal cord originates from the vertebral body having spread there

haematogenously or spinal cord having spread there perineurally?
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If perineural invasion is a precursor of spinal cord compression, this can influence how
clinicians counsel patients at diagnosis about their response to leg weakness, perhaps to
create a separate follow up pathway to include regular serum calcium and ALP, a lower
threshold for doing a bone scan and/ or MRI lumbar spine, and determining criteria for

prophylactic lumbar spine radiation.

A future study exploring how strictly race based PSA cut-offs are applied in the private
sector to negate arguments about of level of education and income. For example, in the
age category of 40 — 49 years, what proportion of Black patients with a PSA of 2.5ng/ml
have had a prostate biopsy done? What proportion of White patients with a PSA 2ng/ml

have had a prostate biopsy done?

Studies looking at the adaptation of nomograms so that they incorporate biopsy findings

of local invasion.

Should routine nationwide screening for PCa be implemented, perhaps by using Point of

Care PSA testing to keep costs down, as for glucose, cholesterol and HIV testing?

Will the use of MRI in the diagnosis of PCa enable the distinction between contiguous
seminal vesicle involvement (T stage) and haematogenous spread (M stage)? Will this

distinction be of any clinical benefit?

6.3.2 Practical recommendations for implementation

To engage the MEC for health in Gauteng Dr. Bandile Masuku on 1) community wide men’s
health education initiatives, 2) the feasibility of community wide prostate cancer
screening, 3) the standardizing of provincial hospital admission forms such that patients
can enter their self- assigned race, with a brief reason for this provided in brackets as well
as the option to leave the space blank if patients prefers, by creating new admissions form
for CMJAH/ DoH hospitals. The patient admission from at Steve Biko Academic Hospital
provides space for this. See Appendix C and D, for the CMJAH and SBAH admission forms

respectively.

To approach Dr. Yvonne Perner, the head of department of Anatomical Pathology at the
University of the Witwatersrand with the aim of facilitating engagement between the

South African Urology Association and the National Pathology Group, the association of
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pathologists in South African to 1) work on a template for pathology reporting which
includes prostatitis as a mandatory feature to report, 2) if there is agreement on this, to
jointly approach the ICCR on the issue of the elevating the reporting of either all evidence
of local invasion on biopsy from being recommended to being required. Alternatively, the
elevation of only the finding of perineural invasion unless dictated by the findings of
further studies. See appendix J.

To engage with the American Urological Association and the European Association of
Urology about the D’Amico risk stratification system for localised disease: a change in the
upper limit of the PSA value in the intermediate category to 19ng/ml, thus PSA 10-
19ng/ml; also a change in the symbol preceding the PSA values in the high risk category to
be an equal sign instead of a greater than sign, thus =20ng/ml rather than >20ng/ml. A

PSA of 21ng/ml fits the criteria, as does a PSA of 100ng/ml or 1000ng/ml.

The addition of a clinical component to the notification of cancer towards a more robust
National Cancer Registry, much like the booklets for notification of tuberculosis in the
wards, but using the technological advances available. Notification of TB by clinicians
enabled the South African health authorities to have a clearer picture of this disease.
Without a clear picture of the state of cancer in the country, we will not be able to plan
adequately. The technological advances allow clinicians to capture critical information to
guide in planning for health care needs of the country wherever they are in the country,

including far-flung rural areas. See appendix I.

A template for biopsy request: name, age, DoB, race, height and weight for BMI, PSA, DRE,
use of alpha reductase inhibitors, indication, previous biopsy and date, number of cores

taken. See Appendix E.

A template for biopsy reporting: name, age, DoB, race, PSA, DRE, number of core received,
number of core positive, percentage of core needle positive vs. percentage of specimen
positive, Gleason/ ISUP, tertiary pattern, prostatitis, HG-PIN, local infiltration (perineural,

lymphovascular, extra capsular extension, seminal vesicles). See Appendix F.

Electronic storage of clinical files for ease of reference rather than the current system of

microfiche.
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