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Learning Objectives

1. Prostate Cancer Diagnosis

2. PSA Screening

Example:
• 53M 
• Benign DRE
• No family Hx



Prostate – location, function

• Gland beneath bladder, in front of 
rectum

• Provides seminal fluid (30% ejaculate) 
to support sperm health and transport 
during ejaculation (contraction)

• Pathology:
• Enlargement (BPH)
• Prostatitis (Inflammation/Infection)
• Cancer



Prostate Cancer Epidemiology

• Most common non-cutaneous malignancy since 1984
• Most common cancer in Australia in 2024

• 19% of all cancers, 28% of all male cancers
• Third leading cause of cancer death
• Australia has equal highest incidence

• Of men alive today - 1 in 8 men will be diagnosed with PCa (12.9%) 
and 1 in 40 will die of PCa (2.5%)
• However lowest expected years of life lost 

• Of men diagnosed, prostate cancer accounts of 35% of deaths
• Most common single cause, but still more likely to die of other causes



Epidemiology

• Large swings in incidence and 
mortality
• Increasing incidence after 

introduction of TURP
• Very large increase after 

introduction of PSA

• Since 1991 mortality has decreased by 4% per year
• 62 to 33 deaths per 100000 men
• Early decline reflects change in late 1980s – much more aggressive 

treatment, doubling of rate of curative intent therapy
• Since then better screening and better treatments



Stage migration

• Substantial change since PSA 
• Now up to 80% have localised disease at diagnosis

• Nonpalpable disease – 60-75%

• Incidence of metastatic disease has decreased by 75%
• Lifetime risk of prostate cancer has doubled (~7%>12%)

• Risk of death 3% > 2.5%



Survival

• Overall prostate cancer 5-year survival rates of 97.5%
• Neuroendocrine tumours 5-year survival in 2016–2020 was 9.9%

Risk Level PSA Gleason Clinical T 
Stage

10 yr DFS

Low <10 ≤6 T1 to T2a 83%

Intermediate 10-20 7 T2b 46%

High >20 ≥8 T2c + 29%



Risk Factors 



Prostate Cancer Risk Factors

• Age: Uncommon <50, >90% of cases in men >50 years
• Family History: (1 relative: 2x risk, 2 relatives: 4x risk)
• Genetic Predisposition: BRCA1/2, MMR, HOXB13, CHEK2, 

HNPCC(Lynch)

Associations
• Chronic Infection: STI/Prostatitis 1.5x risk 
• Diet – Fatty diet predictive, antioxidants/Meformin protective
• Ejaculation protective
• No association with smoking



Age

• <2% in <50yo men
• Highly correlated with age of first 

screening however

• Prior to PSA – median age of 
diagnosis 70
• >65% still diagnosed after 65

• Diagnosed earlier in patients with familial or germline risk
• Average age of death is 77



Race
• African descent

• Highest incidence rate in world
• Death rate 2.3 times higher

• Though greater decline in mortality over time compared to Caucasians
• Genetic component
• Less aggressive therapy at all stages in America contributes
• Sub-Saharan African men highest risk and mortality 

• Other ethnic groups
• Lower incidence and mortality 

than Caucasians
• Asian men lower – but raises 

when move to west



Genetic influences

• Strong familial component
• Inherited risk up to 60%

• 5-10% of cancers are primarily 
caused by inherited risk

• Many studies trying to identify 
responsible genes
• Little applicable use beyond 

BRCA1, BRCA2, HOXB13
• Widely polygenetic - multiple SNPs
• Cumulative risk



Genetic influences

• BRCA1/2
• Unrelated proteins but similar function
• Tumour suppressor genes – specifically 

‘Caretaker genes’
• Form genome surveillance complexes – 

involved in DS-DNA break repair, mismatch 
repair

• BRCA1 – 3.5x higher risk
• 10% lifetime prostate cancer risk (c.f. 65% 

breast cancer)
• BRCA2 – 5-9x higher risk

• 15% lifetime prostate cancer risk (c.f. 55% 
breast)

• HOXB13
• Tumour suppressor gene 

of unknown function
• 10-20x higher risk
• Not known to be 

associated with any other 
cancers apart from 
prostate



Androgens

• Essential for maintenance of prostate and prostate cancer
• Minimal significance in carcinogenesis

• Saturation effect

• Androgen receptor mutations OR 1.21
• High circulating androgen levels not correlated
• Circulating estrogen levels may act as carcinogens

• May party explain age related increase



Factors found not to be associated

• STIs, any specific intraprostatic infections
• IGF axis
• Vasectomy 
• Smoking
• Diet

• Maybe? Extremely complex with contradictory studies
• First generation immigrants Japan to west have large increase in risk
• But no specific factor 

• Obesity
• No change in incidence but higher stage at presentation and more treatment 

failure
• Alcohol
• Testosterone replacement



Chemoprevention

• Would be ideal candidate tumour as premalignant changes 
appear 20-30 years prior to clinical malignancy

• PCPT
• 20,000 men, PSA <3, 7 years of finasteride vs placebo
• 25% reduction in prevalence (18.4 vs 24.4) on biopsy of all patients at end 

of trial
• Increase in more severe tumours on initial analysis
• Subsequent analyses have shown it may have decreased high grade 

tumour (controlling for certain biases and basing on RRP specimens)
• No OS differences 



Chemoprevention

• Statins
• Reduce inflammation
• 20% reduction in advanced cancer in epidemiological studies
• No RCTs

• SELECT trial
• Selenium and Vitamin E
• Based on two other large studies that on secondary analysis showed 30% 

and 46% reduction in PCa incidence 
• No effect on RCT



Pathogenesis



Pathogenesis - initiation

• TMPRRSS2
• Androgen responsive serine protease

• ETS
• Normally androgen indifferent cellular growth promoting signalling 

protein family – ERG is a member
• Fusion of TMPRRSS2 onto multiple growth promoters

• Most common fusion is ERG
• 50-60% of all prostate cancer involves TMPRSS2:ERG fusion

• Probably seminal early event
• Limited prognostic value but potential therapeutic target



Pathogenesis - PIN

• Prostatic intraepithelial neoplasia
• PIN – architecturally benign but 

lined with cytologically atypical 
cells

• Subclassified into LG and HG PIN
• Diagnostic reports should not 

comment on LG PIN – pathologists 
can’t distinguish well enough, and 
no greater risk

• Does not raise PSA



Pathogenesis – HG PIN

• HG PIN precursor to at least some prostate cancers
• 20-30% risk of cancer on subsequent biopsy 1 year after diagnosis

• However >80% Gleason 6
• Not significantly higher rates than risk of repeat biopsy in benign finding
• Guidelines do not recommend routine follow up biopsies

• 20% have TPMRSS2:ERG fusion
• If found on TURP – significance unclear

• Evidence conflicting but in younger patients – workup for prostate cancer 
is probably warranted 



Pathogenesis - intraductal

• Intraductal carcinoma also grows along normal ducts but 
significantly more abnormal 

• Poor prognostic factor at RRP
• Almost always represents intraductal spread of high grade cancer 

rather than intraductal origin 
• Treat as evidence of HG prostate cancer – not preinvasive 

malignant lesion
• If biopsy shows only intraductal – do not perform repeat biopsy, proceed 

to active treatment 



Grading

• Gleason grading (Pathologist in 1960s)
• Low magnification only – no cytological features play a role 
• Architectural patterns 

• Graded 1-5
• Originally most common and second most common – now most common 

and highest grade

• Gleason score 1-4 no longer applied
• Most graded higher when reviewed by experts
• Difficult to apply to core biopsies
• Poor reproducibility even between experts



Adenocarcinoma
Cytological atypia and 

architectural changes
• 1: small uniform glands
• 2: more stroma between 

small/medium sized 
glands

• 3: Infiltrative, 
heterogenous size

• 4: Large irregular 
cribriform glands

• 5: No glandular 
differentiation, 
sheets/cords,single cells

• Normal glands have a 
basal cell layer, absent in 
adenocarcinoma Gleason purely architectural: degree relates to glandular 

differentiation, independently prognostic – Gleason 1974





Grading

• Other changes
• Many former Gleason 6 changes have 

been re-classified to 7
• In order to leave Gleason 6 

homogenous and favourable patterns 
only

• This has prognostic consequences 
• Previously Gleason 6 tumours progressed 

and metastasised 
• In modern classification <0.02% have EPE 

and none metastasise 
• Gleason 3+4 tumours have also become 

more favourable overall as a result



Grading

• Grade group system
• 1: Gleason scores less than or equal to 6
• 2: 3 + 4 = 7
• 3: 4 + 3 = 7
• 4: 8
• 5: 9 to 10

• Risk of death increases rapidly with grade group
• 1: 97% cure after RARP
• 2: 88% cure after RARP, 83% no progression 5 years after biopsy
• 3: 69.7%
• 4: 63.7% 
• 5: 34.5% - grade group 5 is twice the risk of 4

Grade 
Group

Gleason 
Score

Gleason 
Pattern

1 6 3+3

2 7 3+4

3 7 4+3

4 8 4+4, 3+5, 5+3

5 9-10 4+5, 5+4, 5+5



Diagnosis



Diagnosis?



Diagnostic Pathway

• DRE (does not impact PSA value):
• Low sensitivity (50%), Specificity 80%
• Used with PSA to improve PPV
• Schroder: ERSPC 1998 (n = 473)

• PPV 4-11% with PSA <3
• PPV 33-80% with PSA <10
• 17% tumours missed by PSA alone

• PSA and variants
• Other biomarkers (PCA3, PHI Test…)
• Imaging: U/S, MRI
• Biopsy



Prostate Specific Antigen

• Tumour Marker
Prostate specific, NOT cancer specific

• Liquefies semen
• Normal cells and cancer cells release the same amount of PSA on a 

per cell basis
• Disruption of normal architecture is what causes PSA rise

• Loss of basement membrane
• This is why after injury or infection PSA remains elevated for much longer than 

half life of PSA
• Half life 2-3 days



Diagnosis: PSA Influences

• Elevation
• Prostate Ca
• BPH
• Infection: prostatitis, bacterial cystitis
• Manipulation: cystoscopy, biopsy
• Age

• Reduction
• 5α-reductase inhibitor (50% over 9-12 months)
• Androgen deprivation
• Prostatic surgery
• Radiation therapy, initial elevation then depression



PSA predictive values

• Gerstenbluth 2002
• ≤4ng/ml  27%
• 4.1-10 ng/ml 41%
• >10 ng/ml 69%
• >20 ng/ml 87%

• 20-29 ng/ml 74%
• 30-39 ng/ml 90%
• 50-99 ng/ml 100%

Thompson PCPT 2003



PSA Specifics

• Age/Race range:

• Free PSA (4-10)
 (Catalona 1998)

• Velocity: >0.35-0.75?
• Density: >0.15? (Basinet 1994)

Age “Normal” PSA

Caucasian Asian

40-49 0-2.5 0-2.0

50-59 0-3.5 0-3.0

60-69 0-4.5 0-4.0

70-79 0-6.5 0-5.0

% Free PSA Pr Ca Risk

<10% 56%

10-15% 28%

15-20% 20%

20-25% 16%

>25% 8%

Walz 2008



Diagnosis: Others

• Prostate Health Index (PHI)
• PHI = (proPSA/freePSA) x √PSA (PSA 2-10)

• 4kscore (composite)
• Total/free/intact/hK2

• Prostarix (Sarcosine)
• DRE expressed metabolite on mass spectrometry

• PCA3
• Cells analysed for overexpression of PCA3 gene

• Germline SNP Panels (only 10-15% heritable)
• BRCA1 (RR 3.8x), BRCA2 (RR 8.6x)

PHI <25 25-34.9 35-54.9 >55

RR PrCa Ref 1.6 3.0 4.7

% Pr Ca Prob 11 18 33 52

PCA3 Score Risk of Pr Ca

<5 12%

5-19 17%

20-34 23%

35-49 32%

50-100 45%

>100 50%



mpMRI – Prostate



mpMRI – Prostate

PIRAD (prostate imaging 
reporting and data system)
• 1: most probably benign
• 2: probably benign
• 3: Indeterminant
• 4: Probably malignant
• 5: Most probably malignant

PIRAD Gl >6 (%) Gl >7 (%)

1 0 0
2 24 15
3 40 33
4 79 71
5 91 91

Greer et al. Validation of the Dominant Sequence Paradigm and Role of Dynamic Contrast-enhanced Imaging in PI-RADS Version 2 
July 2017 Radiology 285(3):161316

https://www.researchgate.net/journal/Radiology-1527-1315?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJfZGlyZWN0In19


PSMA PET

• PRIMARY Study
• PSMA + MRI improved NPV and 

sensitivity for csPCa in an MRI 
triaged population

• PRIMARY-2 Study
• Screen men with PIRAD 2/3 to 

see if PET can safely reduce 
biopsies

Emmet et al, Eur Urol 2021 Dec;80(6):682-689. The Additive Diagnostic Value of Prostate-
specific Membrane Antigen Positron Emission Tomography Computed Tomography to 
Multiparametric Magnetic Resonance Imaging Triage in the Diagnosis of Prostate Cancer 
(PRIMARY): A Prospective Multicentre Study



Diagnostics – Transperineal Biopsy

• Grid Biopsy
• Precision Point
• Fusion



Decision Point

1) Treatment or not
• 1/3 of localized disease 

appropriate for surveillance

2) What?
• Active Surveillance
• Radical Prostatectomy
• Radiotherapy

• Brachytherapy (low/high dose)
• External beam
• MRI-LINAC

• Focal Therapy

Low Mid High
PSA <10 10-20 >30
Gleason 6 7 8-10
Stage 1 2 3/4



PSA Screening





International Screening Recommendations

• Early ERSPC data
• RACGP recommends against PSA screening
• US Preventative Services Task Force

• 2012 recommended against PSA screening
• 2017 recommended individual decision making

• ACS Update: 3% increase in prostate cancer diagnoses 2014-
2019, particularly more advanced cancers

Siegel et al, Cancer statistics, 2023; Volume 73, Issue1, January/February 2023, 17-48



RACGP

• Recommend against PSA 
Screening

• 11 year data only…
• Projected outcomes only 

with impact/morbidity…



• PSA is the best screening 
biomarker in the history of 
oncology



Then why was prostate cancer screening stopped in the USA?

• 2012 US-PSTF gave PSA screening a Grade D recommendation – 
do not screen anybody

• Combination of many factors
• Natural history of prostate cancer 
• Poor implementation of screening
• Over (and under) treatment throughout the 1990s and 2000s 
• One slightly poorly designed and very poorly interpreted trial



The trials:

•ERSPC 
• 20-30% relative risk reduction

•Goteburg 
• 42% relative risk reduction

•PLCO 
• Doesn’t answer the question of utility of prostate 

cancer screening



ERSPC 
• In males ages 50-74, does offering PSA screening every 4 years 

reduce the risk of death from prostate cancer?

• Randomised, multi-centre

• Enrolled 182,000 men ages 50-74

• Started enrolling in 1991

• PSA cut off of 3.0ng/ml for biopsy



Initially reported data 

• Reported 2009 (same day as 
PLCO)

• Average follow up time of 8.8 
years

• Hazard ratio of 0.8
• Number needed to invite – 

1947
• Number needed to treat - 48



Updated data

• Number needed to invite 
– 570 (from 1947)

• Number needed to treat – 
18 (from 48)



Probably an underestimate of benefit

• 20% contamination
• Screening started late 

• Average age of first screening in 60s

• Treatment was not of standard of today
• Low volume surgery
• Low radiation doses

• Benefit continues to increase



PLCO 

• Prostate, Lung, Colorectal, and 
Ovarian (PLCO) Cancer Screening 
Trial

• 76,693 men, age 55-74
• Prostate arm was assigned to annual PSA screening 

for 6 years vs usual care
• Found some difference in incidence, no difference in prostate 

cancer deaths



Several problems 

• Usual care in the 1990s in USA was a lot of PSA testing
• As a result pre-enrolment PSA testing was allowed

• 52% had a PSA prior to enrolment 

• >90% of patients in the control arm had at least one PSA during 
the study

• Only 30-40% of men with high PSAs went on to have a biopsy





What does PLCO tell us?

• Not a trial of screening vs no-screening
• A trial of organised vs opportunistic screening

• Has polluted meta-analyses for years – if a meta-analysis includes 
this data, ignore it 



Goteburg RCT 

• Sometimes described as a subset of ERSPC – is not actually
• 20,000 men in across Sweden 
• Randomised to screening or control
• Analysed on intention to screen bases 

• Contributed a subset of patients to ERSPC
• Half of patients 
• Had younger starting age, only older patients were contributed to ERSPC

• Average age of starting screening 52
• Very little contamination



Goteburg RCT

• 22 year follow up reported in 2022
• Incidence rate ration of 1.42
• RR of death - 0.56
• NNI 221
• NNT 9
• First screening after age 60 

associated with increased risk of 
death 



PSA Screening in 1990s

• Screening was implemented poorly
• Older men were overscreened
• Younger men underscreened

• Treatment was poorly calibrated
• Low risk disease hugely overtreated
• High risk disease undertreated

• Despite all of this – mortality rates decreased by >50%



So how do we do it better?



Start earlier

• PCFA – 50
• EAU – 50, 45 with risk factors 
• AUA – shared decision making from 55
• NCCN – shared decision making from 45
• American cancer society -  50, 45 if risk factors 
• USPSTF – age 55



• Based on Malmo study
• Early 1980s prior to PSA
• Blood drawn from population
• Later checked for PSA

• If PSA:
• <1.0 at 60 - <0.3% risk of PCa death
• >2 (top quartile) – 90% of deaths occurred in 

this range
• Almost all mortality is in top quartile

• Large proportion of the population can 
stop worrying about prostate cancer

Early baseline testing 



• PSA between 40-55 remains very 
predictive

• 15 year risk of prostate cancer if 
below median PSA – 0.09%
• ~50% of metastasis or death in top 

10%

What about even earlier?



Value of being below median

• Repeated around the world – very similar results
• Below median – very low risk 

• Medians are very stable
• Late 40s - ~0.7
• 50s - ~ 0.8
• 60 – 1.0

85%



Free:total 

• PSA produced in malignant cells escapes proteolytic processing
• Greater fraction complexed

• Significantly improves AUC
• Cut off of 25% - avoids 20% of biopsies with very low miss rate
• 18% cut off is proposed as optimal AUC – maintains 95% sensitivity 

• Reasonably reliable at predicting aggressiveness 
• Probably most useful in negative biopsy 

• F:T ratio remains reliable with 5ARIs



PSA Density

• Literature supports mildly better predictive value than PSA alone
• Requires the patient to have had imaging however
• Proposed cut-off values are not settled

• Values between 0.08-0.15 argued for 

• PSAD higher than 0.19 have 30% to 60% chance to be diagnosed with PCa, 
while patients with PSAD less than 0.09 have low probability (4%)

• Using PSA density  cut off of 0.07 would save 20% of biopsies at the cost of 
missing 7% of clinically significant cancers 



Improved screening intervals 



To Screen or Not to Screen:
The Wrong Question…

• Matured data (22 years) shows >30% reduction in 
mortality in the screened cohort (Goteborg)

• Update at 22 years (long term disease)
• PC Incidence 1.42
• PC Mortality RR 0.56
• Caveats – Starting late >60

Franlund et al. Results from 22 years of Followup in the Göteborg Randomized 
Population-Based Prostate Cancer Screening Trial. J Urol 2022 Aug;208(2):292-
300.



To Screen or Not to Screen:
The Wrong Question…

Franlund et al. Results from 22 years of Followup in the Göteborg Randomized 
Population-Based Prostate Cancer Screening Trial. J Urol 2022 Aug;208(2):292-
300.



To Screen or Not to Screen:
The Wrong Question…

• Issues:
• Overdiagnosis 
• Consequent overtreatment with morbidity

• Key is to uncouple diagnosis from treatment



To Screen or Not to Screen:
The Wrong Question…

• Issues:
• Overdiagnosis 
• Consequent overtreatment with morbidity
• Uncouple diagnosis from treatment

• Screening: 
• Early detection
• Before symptoms
• Treat early to cure or reduce cancer morbidity/mortality
• Only if minimal treatment morbidity



71

Clinical Practice 

Guidelines on PSA 

Testing
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Screening

• Offer testing to those aged 50 – 70+ years
• At least a 7 years life expectancy

• Offer to those with increased risk from 40 
years

• Repeat every two years
• DRE considered

73



Thank You


	Slide 1:  St Vincent’s  Prostate Cancer Update  Benjamin Namdarian
	Slide 2: Learning Objectives
	Slide 3: Prostate – location, function
	Slide 4: Prostate Cancer Epidemiology
	Slide 5: Epidemiology
	Slide 6: Stage migration
	Slide 7: Survival
	Slide 8: Risk Factors 
	Slide 9: Prostate Cancer Risk Factors
	Slide 10: Age
	Slide 11: Race
	Slide 12: Genetic influences
	Slide 13: Genetic influences
	Slide 14: Androgens
	Slide 15: Factors found not to be associated
	Slide 16: Chemoprevention
	Slide 17: Chemoprevention
	Slide 18: Pathogenesis
	Slide 19: Pathogenesis - initiation
	Slide 20: Pathogenesis - PIN
	Slide 21: Pathogenesis – HG PIN
	Slide 22: Pathogenesis - intraductal
	Slide 23: Grading
	Slide 24: Adenocarcinoma
	Slide 25
	Slide 26: Grading
	Slide 27: Grading
	Slide 28: Diagnosis
	Slide 29: Diagnosis?
	Slide 30: Diagnostic Pathway
	Slide 31: Prostate Specific Antigen
	Slide 32: Diagnosis: PSA Influences
	Slide 33: PSA predictive values
	Slide 34: PSA Specifics
	Slide 35: Diagnosis: Others
	Slide 36: mpMRI – Prostate
	Slide 37: mpMRI – Prostate
	Slide 38: PSMA PET
	Slide 39: Diagnostics – Transperineal Biopsy
	Slide 40: Decision Point
	Slide 41: PSA Screening
	Slide 42
	Slide 43: International Screening Recommendations
	Slide 44: RACGP
	Slide 45
	Slide 46: Then why was prostate cancer screening stopped in the USA? 
	Slide 47: The trials:
	Slide 48: ERSPC 👍
	Slide 49: Initially reported data 👎
	Slide 50: Updated data
	Slide 51: Probably an underestimate of benefit
	Slide 52: PLCO 👎
	Slide 53: Several problems 
	Slide 54
	Slide 55: What does PLCO tell us?
	Slide 56: Goteburg RCT 👍
	Slide 57: Goteburg RCT
	Slide 58: PSA Screening in 1990s
	Slide 59: So how do we do it better?
	Slide 60: Start earlier
	Slide 61: Early baseline testing 
	Slide 62: What about even earlier?
	Slide 63: Value of being below median
	Slide 64: Free:total 
	Slide 65: PSA Density
	Slide 66: Improved screening intervals 
	Slide 67: To Screen or Not to Screen: The Wrong Question…
	Slide 68: To Screen or Not to Screen: The Wrong Question…
	Slide 69: To Screen or Not to Screen: The Wrong Question…
	Slide 70: To Screen or Not to Screen: The Wrong Question…
	Slide 71
	Slide 72
	Slide 73
	Slide 74: Thank You

