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Prostate Cancer Incidence & PSA History

PLCO Screening Trial Starts
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FDA approves PSA
for aiding PC detection

PSA screening
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FDA approves PSA
for monitoring PC relapse

Source: SEER Whites (Delay Adjusted)
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PSA Screening Frequencies in the US 

Whites 65+ Blacks 65+

Source: SEER-Medicare (Legler et al 1998; Etzioni et al in press

Proportion of eligible men (alive, without prostate cancer) receiving at least one test in a given year 

Source:  Mariotto A. et al, submitted.    Data from 2000 NHIS and  SEER-Medicare
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Variation across 9 Geographic Areas of the US

Low-utilization:
• Connecticut
• Hawaii
• Iowa
• New Mexico
• Utah

High-utilization:
• Atlanta
• Detroit

Shaw et al; AJE 2004
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PSA Utilization From 2000 NHIS
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Prostate Cancer 
Mortality has 
declined by 
33%since 1992

Cancer Mortality in the US:  Status Report
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Has Mortality Declined Because of PSA 
Screening?

Is PSA Screening Beneficial?

The Positive Perspective

“The authors argue, on the basis of evidence published since 
2000, that data supporting the efficacy of PSA screening are 
convincing.”
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The Case For

The Most Compelling Data: 
Stage-Specific Incidence In SEER
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The Negative Perspective

“ Without convincing data to support the efficacy of PSA 
screening, efforts to begin screening average-risk men at an 
earlier age and lowering the PSA threshold for biopsy are 
inappropriate.”

Albertsen 2005

“The associated morbidity and cost of a public-health policy 
favoring widespread screening are unacceptable.  Until better data 
become available from the large randomized trials currently 
underway, the true balance of benefits and risks remains a matter 
of opinion…”
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Martin, Smith, Donovan 2005

“Until biological markers are identified that will predict 
aggressive cancers and aid the individualization of patient 
management, screening for prostate cancer is unjustified 
outside randomized controlled trials investigating its effects”

Barry, 2005

“So for now, I will wash down some vitamins and minerals 
with a glass of good red wine for my birthday and revisit the 
decision, if good fortune allows me to do so next year. ”
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The Case Against

Mortality began declining very soon after screening became 

widespread

Population studies have been mostly negative

– Ecologic studies

– Case-control studies

Other factors have changed

– Radical prostatectomy, hormone therapy

Concern about costs of screening, particularly overdiagnosis

Prostate Cancer 
Mortality has 
declined by 
33%since 1992
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Can PSA Screening Explain Early Declines in 
Prostate Cancer Mortality?

Only if:

– Mean Lead Time (MLT) extremely short (3 years or less) 

– Survival benefit associated with screening is very great, i.e., 
hazard ratio for post-lead time survival < 0.3.  Note: value 
assumed in PLCO trial is approximately 0.5

Hazard ratio:  0.5                            Hazard ratio 0.3

Etzioni et al, JNCI 1999

The Case Against

Mortality began declining very soon after screening became 

widespread

Population studies have been mostly negative

– Ecologic studies

– Case-control studies

Other factors have changed

– Radical prostatectomy, hormone therapy

Concern about costs of screening, particularly overdiagnosis
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1.  Ecologic Studies of PSA Screening

Trends in Britain vs US

Source:  Quinn 2003
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UK vs US Continued

Tannock 2002; Shibata et al 1998
Shibata et al, JNCI 2001

Trends in Seattle and Connecticut

PSA Utilization

Prostate Cancer Mortality

Lu-Yao, G. Albertsen, P. Stanford, J. et al. BMJ, 2002

Mortality    
Rate Ratio 95% C.I.

1987-1997 1.03 ( 0.95, 1.11 )
1987-1992 0.97 ( 0.81,1.16 )
1993-1997 1.08 ( 0.98,1.20 )
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A Study Across 9 Areas of the US…

PSA Utilization 
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…Shows Similar Mortality Trends in High 
and Low Use Areas

Shaw et al, AJE 2004
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Ecologic Studies of PSA Screening: 
Limitations

Timing:

– Ascertainment of exposure

– Measurement of outcome

Confounding (positive or negative)

– Need treatment information

Omission of factors that may be affecting cancer control

Many sources of variation

– Need extreme differences in exposure

Some Recent Data….

Annual Report to the Nation on the Status of Cancer (2003)

Prostate cancer mortality by state – APC’s 1992-2000

Also:  Data from 2001 BRFSS; included a question on PSA use     
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2.  Case-Control Studies of PSA Screening

CASE

CONTROL

DETECTABLE ONSET             CLINICAL SYMPTOMS           PC DEATH

SCREENED?

SCREENED?

2.  Case-Control Studies of PSA Screening

CASE

CONTROL

DETECTABLE ONSET    SCREEN DETECTION PC DEATH

SCREENED?
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Epidemiology 2005

Digital rectal screening was associated with a reduced risk of 
death due to prostate cancer in our population. Because of several 
data limitations, this study could not accurately estimate the effect 
of PSA screening separate from digital rectal examination 

A benefit of screening was not found in our primary analysis assessing 
PSA screening and all-cause mortality (adjusted OR 1.08, 95% CI 0.71-
1.64), nor in a secondary analysis of PSA and/or DRE screening and 
cause-specific mortality (adjusted OR 1.13, 95% CI 0.63-2.06)

Arch Internal Med 2006
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Case-Control Studies of PSA Screening: 
Limitations

1. Requires sufficient followup to identify all deaths from prostate 
cancer among individuals diagnosed during the study period

2. Requires ascertaining exposure to screening during the 
detectable preclinical period:  misspecification or missing data 
will lead to an inflated OR

3. Requires knowing the reason for the test; incorrectly classifying 
diagnostic tests as screening tests will raise the OR

4. Challenging to separately estimate effects of PSA and DRE
when both are conducted as part of a screening examination

5. Increasing use of the screening modality over time can attenuate
the estimated OR

The Case Against

Mortality began declining very soon after screening became 

widespread

Population studies have been mostly negative

– Ecologic studies

– Case-control studies

Other factors have changed

– Radical prostatectomy, hormone therapy

Concern about costs of screening, particularly overdiagnosis
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Whites - Proportion Local Regional Cases Receiving RP
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Curative Therapy Trends in the US

Proportion Local-regional Cases Receiving Curative Therapy
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Use of Hormone Ablation Therapy 
Increased Dramatically During the PSA era

Park et al, J Urol 2005
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Use of Hormone Ablation Therapy 
Increased Dramatically During the PSA era

Efficacy of Hormone Ablation Therapy Used 
With External Bean Radiation Therapy

Bolla et al, 2002 
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“Hormone therapy combined with either prostatectomy or radiotherapy is 
associated with significant clinical benefits in patients with local or locally 
advanced prostate cancer. When given adjuvant to these primary therapies, 
hormone therapy, not only provides a method for local control, but there is 
also evidence for a significant survival advantage”      

Kumar et al, Cochrane reviews, Oct 2006

JNCI July 2003

“The recent decline in prostate cancer mortality rates suggests that 
some treatment is having an impact.  Whether this is the result of 
the early use of androgen withdrawal therapy or whether this is the 
result of widespread use of surgery or radiation remains to be 
determined…”
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Cancer Intervention and Surveillance 
Modeling Network (CISNET)

NCI-Funded consortium of modelers focused on modeling  the impact of cancer 
control interventions (screening, treatment, prevention) on population cancer trends

Modeling the Proportion of the Mortality 
Decline Explained by PSA Screening
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Mortality Decline from A Model of Prostate 
Cancer Natural History and Screening

The model suggests that PSA 
screening can account for 50% 
of the mortality decline due to 
screening under the stage shift 
assumption

Distant stage incidence

Prostate cancer mortality

Etzioni et al, 2006 in preparation.  Supported by CISNET, the Cancer Intervention & Surveillance Modeling Network

The Stage Shift Assumption
Relative Survival for SEER Cases Diagnosed 1980-1987
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Our models show:

(1) Distant stage cases have 
shorter natural histories

(2) These cases also tend to 
have greater PSA growth 
from onset

Inoue et al, Biostatistics 2003
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Model Results Imply a Real Improvement in 
Life Expectancy Over and Above Stage Shift

In this plot we have improved post-lead-time survival for local-
regional stage cases beginning in 1990

Relative hazard in 2000 is 0.65 compared with the pre-PSA era

PSA and Prostate Cancer Mortality in the US:  
The Promise

My opinion: We are seeing some evidence of PSA benefit in 
US prostate cancer mortality trends

– It is probable that these benefits are not as great as what 
one would expect from the stage shift assumption

– The benefits from the stage shift do not account for all the 
declines in mortality

US Mortality declines in the early 1990s:

– Consistent with increases in curative therapy in the early 
1980s

US Mortality declines in the late 1990s:

– Consistent with increased use of hormonal therapies for 
locally advanced/high risk disease

– May be synergistic with early detection



25

Approximately 75% or more of prostate cancers are silent!

Main cost associated with PSA screening:  overdiagnosis

Longer lead times imply more overdiagnosis

US incidence trends under screening inform about the lead time

PSA and Prostate Cancer Incidence in the US:
The Peril
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Simultaneous Estimation of Mean Lead Time 
and Smooth Background Trend

Whites Blacks

Mean Lead Time = 4.59  years                    Mean Lead Time = 6.78 years

Telesca, Etzioni, Gulati, 2006, Biometrics, to appear 

Overdiagnosis:  23% Overdiagnosis:  35%

Draisma et al (2003):  57% overdiagnosis in European Trial (Rotterdam) – JNCI 2003

Reasons for Differences between Estimates 
of Overdiagnosis due to  PSA Screening

Population differences

– Age, race, baseline frequency of prostate cancer 
diagnosis without screening

Frequency of screening

Criteria for and compliance with biopsy recommendations

Biopsy protocol

Statistical model

Definition of lead time

Study design: prospective screening or stored-serum study?
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The Peril Is Increasing

Recent publications from the PCPT (Thompson et al, NEJM 2003, 
2004) showing that cancer can be present at low PSA levels have 
increased calls for lowering the PSA threshold

Another PCPT publication (Thompson et al, JAMA 2005) showing that 
PSA had only 20% sensitivity at the end-of-study biopsy has created 
a sense that it is inadequate as a screening test

– Many biomarker studies aimed at improving the sensitivity of 
PSA, biopsy

Extended biopsy protocols (10-12 cores) are now routine

The potential for unacceptable levels of overdiagnosis with little or no 
improvement in outcomes is very great (Welch et al, 2005)

– Focus on sensitivity within the population of non-overdiagnosed
cases

The Weight of Evidence Based on US 
Population Data

Peril

Promise
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