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PSA
• 28 400 Da (240 a.a.) 

glycoprotein 
– (19q13.2-13.4)

• Kallikrein family- serine 
protease

• secreted into prostatic 
ducts at 2.0 g/L

• In serum at ug/L (ng/cc)
• liquefies seminal  

coagulum
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PSA - Confounders

• Increases PSA
– Prostatitis
– BPH
– DRE 
– Prostate Biopsy
– Cystoscopy 
– Physical Activity (?)

• Decreases PSA
– Surgical / Medical 

Castration
– Finasteride (50%)
– Ejaculation (?) 
– Micronutrients?

Clinical Utility of Serum PSA 

1.  Screening/Early Detection

2.  Staging -
•T stage
•N stage
•M stage

3.  Prognosis
•post surgery
•post radiotherapy
•post androgen ablation
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WHO Criteria for Screening
• Disease must be an important health 

problem
• Disease must be an identifiable at an early 

asymptomatic stage
• The techniques used for screening must 

be effective 
• Effective treatment for patients with 

localized disease
• Treatment of early disease must result in 

improved survival
Wilson JMG, et al.WHO Public Health Paper #34, 1988Wilson JMG, et al.WHO Public Health Paper #34, 1988

How Common is Prostate Cancer?

•Most common cancer in men
•~200,000 cases per yr in US

•2nd leading cause of cancer deaths in men
•~31,000 deaths per yr

•9% of 50 year old men will develop clinical prostat e cancer and 3% will die from it
•diagnosis every 3 minutes and a death every 14 minu tes in the U.S. alone
•The number of cases of men in their 40’s and 50’s h as risen dramatically
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Why Do We Need Early Detection 
Programs for Prostate Cancer? 

1.  Rising incidence and mortality rates.

2.  Aging population.

3.  Current understanding of etiology and pathogenesis 
limits the use of preventative measures.

4.  Therapeutic options for metastatic disease are palliative 
in nature.

5.  In the pre-PSA era, only  30-40% of patients presented 
with localized and potentially curable disease.

PSA and Early Detection of Prostate Cancer

Positive Predictive Value of PSA

PSA<4 in 92%

PSA 4-10
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How Predictive is PSA for Prostate Cancer?

DRE
normal

abnormal
+/-
+/-

PSA
normal
normal

4-10
>10

Risk of PCa
15%
20%
30%

60-70%

•PPV of mammography one half that of PSA
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Concerns With
Screening for Prostate Cancer

Length Time Bias
Death from prostate cancer

Metastatic disease develops

Cancer spreads to lymph nodes

Cancer spreads beyond prostate

Cancer detectable – PSA>4

Prostate cancer develops

Patient D

Patient C

Patient B

Patient A

Zone of Detection
when cure is possible

Annual PSA and Digital Rectal Examination

• NCI - USA*  : 6%  reduction 1996 (cf to 1991)
- 7.4% for men  < 75 yrs old
- 3.8% for men > 75 yrs old

• Quebec **    : 15%  reduction in 1996

*USNCI  Website
**  Cancer Prevention & Control. 1998; 2

Decreased Mortality
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• What is the cause of the reduction 
in mortality ? 

• ?? Earlier Diagnosis
• ?? Better treatment

• Combination of the two

Evidence of the
Effectiveness of Early Detection

• Austrian Study (PSA/DRE began 1989)
• In 1993, state of Tyrol made PSA available
• Organ confined cancer rates increased from 

29% to 67% between 1993-1998
• Metastatic disease decreased from 29% to 6% 

(80% reduction)
• 42% reduction between the observed vs. 

expected death rates over 5-year period

Bartsch et al.,  AUA 2000;Abstract #387
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•compared prostate cancer mortality rates between PSA-screened
and non-screened groups of age-matched men 45 - 80 years of age.  

•began in 1989; follow-up is relatively short  at 8 years.

•prostate cancer mortality was significantly (3-fold, p<0.01) less in 
PSA-screened (5 of 8137) vs unscreened (137 of 38056) men. 

•Despite methodological criticisms, one can conclude that men who do 
chose to have regular PSA determinations, have a 3-fold lower risk
of dying of prostate cancer.

Quebec City Phase III PSA Screening Study

Labrie et al, Prostate, 1999

PSA for the Early Detection of Prostate Cancer

•cross-sectional and longitudinal data showed good s pecificity and PPV

•incidence back to pre-PSA era levels after capture of prevalent pool 

•proportion of men diagnosed with early, curable can cer has doubled

•incidence of positive lymph nodes at surgery has de creased by 90%

•incidence of metastatic D2 disease has decreased by  >50%

•prostate cancer mortality rate in the U.S. & Canada  decreased by 12%

•Phase III data from Quebec City.  

Accumulating Evidence Supporting Benefit in early 1 990s

»Supports a position that men who choose to have reg ular PSA have 
cancers diagnosed earlier and so should have a lowe r risk  of dying of 
prostate cancer.
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PSA screening

• PSA based screening : All the previous Data I 
have presented are all non-Level 1 Evidence.

–Does PSA screening save lives?

– This is what 2 large Trials in the US and Europe se t 
out to prove.

– published in the New England journal of Medicine 
26 March 2009.
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PLCO
Methods I

• the Prostate, Lung, Colorectal, and Ovarian 
(PLCO) Cancer Screening Trial on prostate-
cancer mortality.

• 1993 through 2001 

• 76,693 men at 10 U.S. study centers 
randomized into :-

• Screening (38,343 subjects) or 
• usual care as the control (38,350 subjects).

PLCO

• Men in the screening group were offered annual 
PSA testing for 6 years and DRE for 4 years. 

• The subjects and health care providers received 
the results and decided on the type of follow-up 
evaluation.

• Usual care (control group) sometimes included 
screening, as some organizations have 
recommended.

• The numbers of all cancers and deaths and 
causes of death were ascertained
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End points

• Primary End point: intention-to-screen 
comparison of Prostate-Cancer mortality 
between the 2 study groups.

• Secondary End point: collection of Data on 
cancer incidence, staging and survival.

Statistical Analysis

• Event rates were defined as : the ratio of the number of 
events (cancer-diagnosis or death) in a given time period 
to the person-years at risk for the event.

• Person-years were measured from randomization to the 
date of diagnosis, death, or data censoring (whichever 
came first) for incidence rates and for death rates to the 
date of death or censoring (whichever came first) .
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PLCO
Results I:

• Rates of compliance: 
Screening Group

– 85% for PSA testing 
– 86% for DRE. 

• Rates of screening : Screening group 
• 44% at baseline

• Rates of screening : control group 
(contamination)

• 34% at baseline
• 40% in the first year to 52% in 

the sixth year for PSA testing 
• 41 to 46% for digital rectal 

examination. 

Number of 
subjects with 

advanced 
disease 

(stage III or 
IV) tumors 

were similar 
in the two 

groups 
122-screening and 

135 control

Suggestive of a pre-screened population  of men
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Death Rates

• At 7 years:  there were 50 PC deaths in the screening arm and 44 in the control arm

• At 10 years : 92 PC deaths in screening arm and 82 in control arm

PLCO
Results II

• After 7 years of follow 
up

• Incidence of prostate 
cancer per 10,000 
person-years

• 116 (2820 cancers) in 
the screening group 

• 95 (2322 cancers) in 
the control group 

– (rate ratio, 1.22; 95% confidence 
interval [CI], 1.16 to 1.29).
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PLCO
Results III

• The incidence of death per 
10,000 person-years

• 2.0 (50 deaths) in the 
screening group 

• 1.7 (44 deaths) in the 
control group 

» (rate ratio, 1.13; 
95% CI, 0.75 to 
1.70). 

• The data at 10 years 
were 67% complete and 
consistent with these 
overall findings ( 92 + 82)

Why published now ?
•The Board found :No significant 
difference in rate of deaths 
between the two study groups

•Not the result of crossing a 
statistical futility boundary

•Out of Concern that men and 
their physicians were making 
decisions on the basis of 
inadequate information

•Data complete up to 7 years 
and consistent up to at least 10 
years

•Supported follow up of subjects 
to 13 years of follow up.
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PLCO

Conclusions

• After 7 to 10 years of follow-up, the rate of 
death from prostate cancer was very low 
and did not differ significantly between the 
two study groups.

• ERSPC
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The European Randomized Study of 
Screening for Prostate Cancer ( ERSPC)

Methods I

• Main end point: Prostate Cancer mortality
• Ages 50-74, N=(182,000 subjects)
• core age group (55-69) N=(162,387)
• Screen interval 4 years (87%), 2 year (13%)

• Sextant biopsy recommended for PSA more~3 (or 
more~4 ng/ml in some centres)

• Ancillary tests for PSA 3-4 (DRE, F/T ratio)

ERSPC
Methods II: Organization

• Seven European Countries with de-central 
data collection, one Data Center

• Independent Data Monitoring Committee
• Standardized blinded causes of death 

evaluation
• Quality control by independent committees
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ERSPC
Methods III : Recruitment and Power

• ERSPC started in 1991 with pilot studies in 
Belgium and the Netherlands.

• Power in screened men: 86% to show 25% 
difference in PC mortality at P=0.05 by 31-12-2008

• 86% power in intention to screen analysis: with 
adjustment for 18% non-compliance and 20% 
contamination, the 25% reduction is equivalent 
to 14% reduction in PC mortality.

ERSPC
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ERSPC
Results of Cancer detection and death

( core age group )
• 124,426 screens, 

2.1/subject, PPV 
24.1%

• Screen arm: 5,990 PC 
(8.2%),214 PC deaths.

• Control arm: 4,307 PC 
(4.8%),326 PC deaths.

• Follow up : Average 8.8 
years, median 9.0 years

Prostate Cancer mortality :
Intention to screen analyses

• Relative risk (RR) of PC death 
» (0.80 %) (95% CI, 0.65-0.98, P=0.04), 

» a 20% relative reduction.

• Absolute risk reduction: 7.1 per 10,000 men

• To prevent one prostate cancer death, 
– 1410 men (or 1068 men who actually underwent screening)

would have to be screened, and an additional 
48 men would have to be treated.
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PLCO & ERSD interpretation

• Making sense of it ?

PLCO

(7 years follow up)

ERSPC

(core-age-group)

N 76,693 162,387

Centres 10 US 7 EU (countries)

PSA cut-off 4 3

Lead time (years) 2 4.5

Homogenous Yes NO

PC deaths
Total = (screen/control)

94 ( 0.12%)
(50/44)

540 (0.33%)
(214/326)

PC detected(N) / screening group 2,820 /(38,343)= 7.4% 5,990 /(72,890)= 8.2%

PC detected (N)/ control group 2,322 /(38,350)= 6% 4,307 /(89,353) = 4.8%

PC detected / total (N) 5,142 /(76,693)=6.7% 10,290 /(162,243)*= 6.3%

Non-compliance 15% 18%

Contamination 52% 20%

Relative reduction in prostate 
mortality

Insignificant 20%

Absolute reduction Insignificant 7.1/10,000
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PLCO 

(10 years follow up)

ERSPC

(core-age-group)

N 76,693 162,387

Centres 10 US 7 EU (countries)

PSA cut-off 4 3

Lead time (years) 2 4.5

Homogenous Yes NO

PC deaths
Total = (screen/control)

174 (  0.23%)
(92/82)

540 ( 0.33%)
(214/326)

PC detected(N) / screening group 3,452 /(38,343) = 9% 5,990 /(72,890) = 8.2%

PC detected (N)/ control group 2,974 /(38,350) = 7.8% 4,307 /(89,353) = 4.8%

PC detected / total (N) = % 6,426 /(76,693)= 8.4% 10,290 /(162,243)*= 6.3%

Non-compliance 15% 18%

Contamination 52% 20%

Relative reduction in prostate 
mortality

Insignificant 20%

Absolute reduction Insignificant 7.1/10,000

Annual New Cases Annual Deaths

Prostate 16,600    26,900    35,200 4,100   6,300    7,800 

Breast 18,700 25,400    32,300 5,400   6,500    7,700

1999      2010      2016 1999      2010    2016

Health Canada Projections

»In 2000, 30% of the Canadian population is over the age of 50.
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Evidence for Breast Cancer Screening 
vs Prostate Cancer screening I

• For studies of Breast cancer of fair quality or better, the summary relative risk 
was 0.84 (95% CrI, 0.77 to 0.91)* 

• Relative risk (RR) of Prostate Cancer death (0.80 %) (95% CI, 0.65-0.98, P=0.04)**

• The number needed to screen to prevent one death from breast cancer after 
approximately 14 years of observation was 1224 (CrI, 665 to 2564). * 

– Among women younger than 50 years of age, the summary relative risk associated with mammography was 
0.85 (CrI, 0.73 to 0.99) .The number needed to screen to prevent one death from breast cancer after 14 years of 
observation was 1792 (CrI, 764 to 10 540). *

(1410 men (or 1068 men who actually underwent screening) would have to be screened 
for prostate cancer to prevent one death from prostate cancer)**

*Breast Cancer Screening: A Summary of the Evidence for the U.S. Preventive Services Task Force
Annals of Internal Medicine 3 September 2002 | Volum e 137 Issue 5 Part 1 | Pages 347-360

** ERSPC

Evidence for Breast Cancer Screening 
vs Prostate Cancer screening II

• Relative breast cancer–specific mortality is decreased by 15% for follow-up 
analysis and 20% for evaluation analysis.*

• Relative risk (RR) of PC death (0.80 %) (95% CI, 0.65-0.98, P=0.04), a 20% relative 
reduction.***

• Absolute mortality benefit for women screened annually starting at age 40 
years is 4 per 10,000 at 10.7 years.** 

• Absolute risk reduction for prostate cancer : 7.1 per 10,000 men***

*Lancet 359 (9310): 909-19, 2002 
**Lancet 368 (9552): 2053-60, 2006. 

***ERSPC
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Conclusion

• The 2 large trials have mixed results
• PLCO has deficiencies :

1. PSA cut-off  value of 4.0 ng/ml

2. Contamination 52%

3. 44% of all subjects had undergone one or more PSA tests at Baseline, thus screening a 
population who had already been screened; as a result the events were low in number.

4. ? Improvement in PC therapy over the course of the trial ? Leading to fewer deaths

5. ? Follow up not long enough to detect a difference

• The ERSPC showed the modest Absolute risk reduction for prostate 
cancer of 7.1 per 10,000 men. But also leading to over-diagnosis and over-
treatment.

• Therefore we need to uncouple diagnosis from treatment.
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