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Today’s Presentation 

USPSTF 

Trials Policy 

EVIDENCE? 



What Evidence Do We Need? 

SCREENING BENEFIT 

The effect of screening on: 

• Risk of prostate cancer (PC) death  

• Risk of metastatic disease 

SCREENING HARM 

• Chance of a false-positive test 

• Chance of overdiagnosis 

HARM-BENEFIT TRADEOFF 

• Chance of overdiagnosis / chance   

of avoiding PC death (NND) 

HOW TO SCREEN 
• Ages, intervals, cutoffs         

TODAY: 

Do the published 
results of the ERSPC 
and the PLCO trials 
provide the evidence 
we need to make 
policy recommenda-
tions? If not, what 
can we learn do to 
generate evidence we 
need? 



The PLCO Trial 
Not a comparison of Screening vs no Screening 

Mean number of routine PSA tests 
• 2.7 in control arm 
• 5.0 in screening arm 
 
Percent with at least one test: 
• 74% in control arm 
• 95% in screening arm  

Numbers of cancers detected 
• 1984 in control arm 
• 1611 in concurrent population 

 
 

Gulati et al, Cancer Causes and Control 2012 



“Conclusion:   After 13 years of follow-up, there was no evidence of a 
mortality benefit for organized annual screening in the PLCO trial compared 
with opportunistic screening, which forms part of usual care ” 



What Can We Learn From PLCO Results? 

SCREENING BENEFIT 

The effect of screening on: 

• Risk of PC death  

• Risk of metastatic disease 

SCREENING HARM 

• Chance of a false-positive      

test 

• Chance of overdiagnosis 

HARM-BENEFIT TRADEOFF 

• NND 

HOW TO SCREEN 

• Ages, intervals, cutoffs 

 

X 

X 

X 

 

(1) Trial does not compare 

screening with no screening 

 

 

(2) Among men biopsied following 

a positive PSA test, 35%-45% 

had cancer on biopsy 

 

 

(3) Very little benefit to screening 

about every year over about 

every other year 

 

 



 
The ERSPC Trial 

 



The ERSPC Centers 

Nether-
lands 

Belgium Sweden FInland Italy Spain Switzer
-land 

Start year 1993 1991 1994 1996 1996 1996 1998 

N 34,833 8,562 11,852 80,379 14,517 2,197 9,903 

Screen 
interval 

4 4-7 2 4 4 4 4 

Proportion 
Attending 
(Round 1) 
(Round 2) 

 
 
95 
78 

 
 
88 
61 

 
 
62 
85 

 
 
68 
87 

 
 
68 
84 

 
 
100 
69 

 
 
96 
83 

Proportion 
Biopsied 
(Round 1) 
(Round 2) 

 
 
91 
89 

 
 
68 
78 

 
 
91 
82 

 
 
94 
90 

 
 
44 
32 

 
 
86 
67 

 
 
86 
76 

Incidence 
-screening 
-control 

 
11.6% 
5.2% 

 
9.8% 
7.3% 

 
12.9% 
8.5% 

 
8.9% 
6.6% 

 
5.1% 
3.5% 

 
6.5% 
2.1% 

 
9.6% 
4. 5% 

*: France excluded: only began randomization in 2000 Schroder et al NEJM 2012 



The ERSPC Trial: Results 

Control group: 5 deaths per 

1,000 screened at 11 years 

PC deaths: Rate ratio: 0.79 (p=0.001) 
(Rate ratio: 0.71 with adjustment) 

Metastatic cases at diagnosis:  
Rate ratio: 0.503 (0.41,0.62) 

Schroder et al NEJM 2012 
Schroder et al European Urology 2012 



 

“The European Study showed a small decline in death rates but 
also found that 48 men would need to be treated to save one 
life. That’s 47 men, who in all likelihood can no longer function 
sexually or stay out of the bathroom for long …” 

NY Times, April 2010 



ERSPC Estimate of NND 

 

 

 

 

 

 

 

 

 

 

0.07%       lives saved after median 11 years  

  =  

 48         NND 

   8.2%    of screened group diagnosed 

  4.8%    of control group diagnosed 

    3.4%                  excess incidence 

  0.07% 

       48 

Cases 

Deaths 

Schroder et al NEJM 2009, 2012 



ERSPC Estimate of NND 

 

 

 

 

 

 

 

 

 

 

0.07%       lives saved after median 11 years  

  =  

 48         NND   (37 in updated report)     

   8.2%    of screened group diagnosed 

  4.8%    of control group diagnosed 

    3.4%                  excess incidence 

  0.07% 

       48 

! Excess incidence overestimates 

overdiagnosis  

! Lives saved is time-sensitive; 

increases with follow-up 

Cases 

Deaths 

Schroder et al NEJM 2009 



Excess Incidence and Overdiagnosis 

• Overdiagnosis: detection by screening of cases who would 
never have been diagnosed in the absence of screening 

LEAD TIME 
OVERDIAGNOSED 

Screen Detection                   Other-cause death         Clinical diagnosis 



Excess Incidence and Overdiagnosis 

• Overdiagnosis: detection by screening of cases who would never 

have been diagnosed in the absence of screening 

LEAD TIME 
OVERDIAGNOSED 

LEAD TIME 
NOT OVERDIAGNOSED 

Screen Detection                   Clinical diagnosis         Other-cause death 

Screen Detection                   Other-cause death         Clinical diagnosis 



Excess Incidence and Overdiagnosis 

• Overdiagnosis: detection by screening of cases who would 
never have been diagnosed in the absence of screening 

LEAD TIME 
OVERDIAGNOSED 

LEAD TIME 
NOT OVERDIAGNOSED 

Screen Detection                   Clinical diagnosis         Other-cause death 

Under short-term followup we don’t know if screen-detected cases are overdiagnosed or not! 

Screen Detection                   Other-cause death         Clinical diagnosis 



What Can We Learn From ERSPC Results? 

SCREENING BENEFIT 

The effect of screening on: 

• Risk of PC death  

• Risk of metastatic             

disease 

SCREENING HARM 

• Chance of a false-             

positive test 

• Chance of overdiagnosis 

HARM-BENEFIT TRADEOFF 

• NND 

HOW TO SCREEN 

• Ages, intervals, cutoffs 

 

 

X 

X 

(1) Among men 55-69 in Europe 

screening every few years: 

– Reduces risk of PC death by 20-

30% 

– Reduces risk of metastatic 

disease at diagnosis by 50% 

(2) Among men biopsied following a 

positive PSA test, 25% had cancer 

on biopsy (Rotterdam) 

(3) ERSPC estimate of NND will not be 

representative of long-term tradeoffs 

(4) Comparisons of intervals across 

centers can only be suggestive 

 

 

 

 

X 

 



 

 

• The U.S. trial did not demonstrate any reduction of 

prostate  cancer mortality.  

• The European trial found a reduction in prostate cancer 

deaths of approximately 1 death per 1000 men screened 

in a subgroup aged 55 to 69 years.  

• There is adequate evidence that the benefit of PSA 

screening and early treatment ranges from 0 to 1 prostate 

cancer deaths avoided per 1000 men screened 

Moyer et al, 2012 



 

 

• The U.S. trial did not demonstrate any reduction of 

prostate  cancer mortality.  

• The European trial found a reduction in prostate 

cancer deaths of approximately 1 death per 1000 men 

screened in a subgroup aged 55 to 69 years.  

• There is adequate evidence that the benefit of PSA 

screening and early treatment ranges from 0 to 1 prostate 

cancer deaths avoided per 1000 men screened 

Moyer et al, 2012 



                           USPSTF  
                           Infographic 



Lives Saved By Screening: 
Trial versus Population? 

           Short-term, trial (ERSPC) 

Prostate cancer deaths 
per 1,000 men invited 
in core age group 
after 11 years: 

Trial arm Deaths 

Control 5.17 

Screening  4.10 

Absolute Difference  1.07 

20% 



Lives Saved By Screening: 
Trial versus Population? 

           Short-term, trial (ERSPC)           Long-term, population (SEER)                          

Prostate cancer deaths 
per 1,000 men invited 
in core age group 
after 11 years: 

Prostate cancer deaths 
per 1,000 men invited 
starting at age 40 or 50 
over lifetime: 

Trial arm Deaths 

Control 5.17 

Screening  4.10 

Absolute Difference  1.07 

Trial arm Deaths 

Control 30 

Screening 24 

Absolute Difference  6 

20% 20% 



Trials Have Fundamental Limitations 

1. Limited follow-up does not permit assessment of absolute 

screening benefit in the long-term population setting 

2. Empirical incidence results mislead about the extent of 

overdiagnosis and harm-benefit tradeoffs 

3. We cannot make inferences about the comparative 

effectiveness of multiple candidate screening strategies 

 

Use trial data to learn about the underlying disease 
process via modeling 

Use models to extrapolate beyond trials  



Disease Modeling 

Virtual  
population 
for 
projecting 
short- and 
long-term 
screening 
outcomes 
including 
non-
observable 
outcomes 







FHCRC Prostate Model 

Project 
outcomes 
for 35 
competing 
screening 
strategies 



 
FHCRC Prostate Model: Calibration 

 

Also note: 

Model projects 28% PC 
mortality reduction over 11 
years in replication of ERSPC 
with full compliance with 
screening and no contamin-
ation 

 

 

Gulati, Gore Etzioni, Annals 2013 (appendix) 



“This modeling study compared 35 screening strategies that 
differed by ages to start and stop screening, screening 
intervals, and thresholds for biopsy.“ 

Modeling a Virtual Trial 



Modeling Outcomes of Competing Screening Policies 

Gulati, Gore, Etzioni, Annals of Internal Medicine 2013 

3% die of prostate cancer in absence of screening 



Model-generated “Evidence” 

SCREENING BENEFIT 

The effect of screening on: 

• Risk of PC death  

• Risk of metastatic             

disease 

SCREENING HARM 

• Chance of a false-             

positive test 

• Chance of overdiagnosis 

HARM-BENEFIT TRADEOFF 

• NND 

HOW TO SCREEN 

• Ages, intervals, cutoffs 

 

 

(1) Under stage shift expect about 20-30% 

reduction in PC deaths 

(2) Among strategies with at least 0.6% 

chance of life saved the specific   

strategy used strongly influences 

– FP tests (15-45% probability             

of at least one FP) 

– Overdiagnoses (2.3-6%) 

(3) NND ranges from 4-7 

(4) To preserve benefit and reduce harms: 

– Don’t screen every year 

– Use higher PSA cutoffs for men   

over 70 

– Screen men with lower PSA levels 

less frequently 

 

 

 

 

 

 

 

 

 



 

 

 

 
Avoid PSA tests in men with little to gain 

– No justification for PSA screening with limited life expectancy 

– Extend PSA screening interval if level is low 

– End screening at age 60 if PSA is below 1 ng/ml 

Do not treat low-risk disease 

– Most screening detected cancers do not need treatment 

 
 

 

“PSA testing is not likely to go away, and on the basis of the ERSPC results—which 
do indicate reductions in mortality—this is perhaps a good thing. Our goal should 
therefore be to maximize the benefits of PSA testing and minimize its harms.” 



3% die of prostate cancer in absence of screening 



Summary 

USPSTF 
Trials 

Policy 

MODELS 





Screening Facts of Life 

• A small minority of the population will die of any specific cancer 

• An efficacious screening test will reduce a person’s chance of 

dying of disease by a small absolute amount (e.g. 1%) 

• Evan an efficacious screening test will not affect all-cause 

mortality over a defined follow-up period  

• In the case of prostate cancer screening, up to 1% may be 

helped, but 15-20% will be diagnosed 

• Therefore the vast majority of screen-detected cases will not 

have been helped by their screen detection 

• No screening test can diagnose all cancers unless it 

– Calls everyone positive 

– Biopsies everyone 
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Prostate Cancer Mortality in the US 

Mortality among cases diagnosed after 1/1975 
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