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Balance of Benefits and Harms 

• Service screening outcomes should be 
evaluated in terms of benefits and adverse 
effects 

– Overdiagnosis is the most  important adverse 
effect 

– Overdiagnosis is usually defined as the 
proportion of confirmed cancer cases 
(invasive and in situ) diagnosed during a 
screening episode that would not have come 
to clinical attention if screening had not taken 
place 

 



“The theoretically most robust method to estimate overdetection is the 

cumulative-incidence approach with data from a randomised controlled 

trial, in which there is more than several years of follow-up after screening 

stops, and the control group is never screened.” 

 

“If there is little or no follow-up after the last screen, there will be lead-

time bias that should be adjusted for statistical methods, otherwise the 

estimate of overdetection will be too high.” (adjusted for lead-time method) 

STUDY METHODS TO ESTIMATE OVERDETECTION: 

Lancet oncology, 2007 



Cohort approach : excess of incidence continues till 
women continue to be screened 

- Compensatory drop occurs over the screening cycle and 
it is expected  at the end of screening regimen 
(64/69/74 in service screening)   



The RCT experience 

The problem of measure 



Randomised control trial: red control group unscreened  

 

Estimate of the excess of incidence /overdiagnosis after 15 years  

since the screening cycle end: about 10% 



(1320-1205)/ 1205  =115/ 1205 = 10% 





• In the period 1  an excess of incidence was observed 

• In period  2 a non statistical significant decrease of incidence in the older  
cohort  

 

Cohort 1908-22, age55-69 no screening  
at the end 
Screening period        + 32%   (1.14 to 1.53) 
 
Follow up period         - 8%      (0.79 to 1.06) 
 
Overdiagnosis  
estimate                    +10%      (1.01 to 1.18)  



HG Welch: letter  

proposal of a different measure  
• 1 in 4 Cancers detected by mammography are pseudocancers 

• 20 March 2006 

• CONTEXT: In this issue of BMJ, Zackrisson et. al. report on follow-up data from the 
Malmo mammographic screening trial and conclude that the rate of overdiagnosis of 
breast cancer was 10%. They do not, however, calculate the risk we believe is most 
relevant to women considering mammography: what is the chance that a screen-
detected cancer represents overdiagnosis? 

• WHAT WAS REPORTED: After 15 years of follow-up, there were 1320 diagnosed in 
the screened group and 1205 in the control group (Zackrisson Table 1). The excess 
detection of 115 cancers associated with screening led to their conclusion of an 
overdiagnosis rate of 10% (=115/1205). 

• THE PROBLEM: Because the intervention had stopped 15 years earlier and yet 
breast cancer cases continue to accumulate in both groups, their approach 
understates the risk of overdiagnosis. 

• THE SOLUTION: A more relevant denominator is the number of cancers found in the 
screen group at the end of the trial – 741 (Zackrisson Table 2). This addresses the 
question: Were I found to have cancer after being randomized to screening, how 
likely is it to represent overdiagnosis? As shown in the Figure below, using this 
denominator the risk of overdiagnosis is 15% (=115/ 741) 

http://www.bmj.com/rapid-response/2011/10/31/1-4-cancers-detected-mammography-are-pseudocancers


• The proposed measure (H.G Welch) was 115/741 =15%, using as 
denominator the screening period (1)  number of cases. 

• OD = 115/741 =15% 

• The cases in excess are not necessarily within the 741 

 



What is the best measure?  

Measure A is the traditional measure used in the Malmo Trial,  
and in reviews as Jorgensen, 2009 and EUROSCREEN , 2012 

Lancet , 2012 





In the cohort with screening of the control group at the end of the trial  
8% excess in the intervention arm at the end of trial . 

  



Measure B : 10.7% 

Measure C: 19% 



Overdiagnosis in 

observational studies  



 

EUROSCREEN  
Working Group 

Review of the Service Screening  

Outcome Research in Europe 



SEARCH STRATEGY 

ELIGIBLE ARTICLE 

Primary research articles that gave explicit estimates of breast 

cancer overdiagnosis in European population-based mammographic 

screening programmes published in English. 

133 English language abstract were considered  

We excluded: 

• 36 editorials or commentary 

• 22 reviews 

• 14 letters 

• 44 papers because they did not report an original estimate of overdiagnosis  

• 1 paper because it pertained to a non-European country 

• 4 papers related to randomized trials only 

On the basis of the references in the articles identified, one more paper was 

also included. 

  13 SELECTED PAPERS  

    (reporting 16 estimates of overdiagnosis) 



Paper Country 

Calendar 
period 

 Estimate of 
overdiagnosis 

Peeters, 1989 The Netherland 1970-1986 11.0% 

Paci, 2004 Italy 1985-1999 5.0% 

Zahl, 2004 Norway; Sweden 1971-2000 45%-54% 

Jonsson, 2005 Sweden 1971-2000 0-54% 

Olsen, 2006 Denmark 1991-1996 7.0% 

Paci, 2006 Italy 1986-2001 4.6% 

Waller, 2007 England and Wales 1971-2001 10.0% 

Jorgensen, 2009 (BMJ) 
England and Wales;  
Sweden; Norway 1971-1999 31%-41% 

Puliti, 2009 Italy 1986-2004 1.0% 

Jorgensen, 2009 (BMC) Denmark 1971-2003 33.0% 

Duffy, 2010 England 1974-2004 3.3% 

Martinez-Alonso, 2010 Spain 1980-2004 0.4%-46.6% 

de Gelder, 2011 The Netherlands 1989-2006 2.8% 

List of 13 selected papers: 



Two methodological issues: 

• Adjustment for underlying risk 

 

• Compensatory drop 



ADJUSTMENT FOR BREAST CANCER RISK 
 
A valid comparison group should include women with 
comparable age range and with an underlying BC risk 
similar to the screened population.  
 
In particular: 
 
- When the incidence of the unscreened population is 
derived from the pre-screening period, an adjustment for 
the temporal trend should be considered. 
 
- When the incidence of the unscreened population is 
derived from a contemporaneous not screened area, an 
adjustment for pre-screening geographical differences is 
needed. 



ADJUSTMENT FOR LEAD TIME 

 

We distinguish two methods to adjust for lead time: 

Compensatory drop method 

In the absence of OD, the initial increase in BC incidence in 

the screened age groups will be fully compensated by a 

similar decrease among older age groups were no longer 

offered screening.  

This method requires that a substancial number of women 

have actually had the opportunity to be screened and have a 

sufficient follow-up after the screening stops. 

Statistical adjustment 

If there is a short or no follow-up after the last screen, there 

will be a lead time bias that should be adjusted for with 

statistical methods. 
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OVERDIAGNOSIS ESTIMATES CLASSIFIED ACCORDING TO THE   
PRESENCE/ABSENCE OF BOTH THE ADJUSTMENTS  

The outcomes are strongly  
determined by 
the methods.  



How much  excess of incidence,  
How much overdiagnois? 







Adjusting for 
underlying 
trend ? 



No trend 

Underlying incidence 

ALL OVERDIAGNOSIS  



Measure of overdiagnosis 

What about time? 

• The absolute number of over-diagnosed women is 

calculated by taking the difference between the increase 

in the number of cancer diagnoses among those who are 

invited for screning (compared with the expected number 

for the age group) and the reduction in the number of 

diagnosis among those who are no longer invited 



Opportunity to be screened:  Yes No 

70% 

30% 

Among these  
mean  follow-up 

= 4.6 years 

Zahl, 2012 



• A woman first invited in 1998 at 50, in 2009 is 60 years 
old. If screened in all rounds, she  has good probability 
to be detected as early cancer  (contributing to the 
excess of incidence) 

• In the absence of screening a cancer detected, f.ex. at 
60 would occur clinically, say, at 64, after the end of the 
study period. 

• With this study design,  you see the excess of incidence 
but not the compensatory drop. 

• To estimate overdiagnosis, you should adjust statistically 
for lead time 

Adjustment for lead time ? 



 
• Florence Program: 61.568 women aged 50 to 69 years at the 

beginning of the program (1990), 2 years interval 
•  Pre-screening trend was estimated (1.2%), and expected 

number of cases were predicted . Sensitivity analysis in the 
absence of trend was performed 

• Comparing different analysis of overdiagnosis  



N° of breast cancer cases /100 000 women 

(Florence)

0

50

100

150

200

250

300

350

400

450

40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84

1986 - 1990 1993-2004

Excess of incidence (age range 50-69), large 

excess as observed in Zahl 2012

NO 

The impact of the adjustment for underlying annual 
trend-      NO trend in Florence data  

No trend 1986-2004 



N° of breast cancer cases /100 000 women 
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Among these  
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30% 

Puliti, EJC 2009 



Opportunity to be screened:  Yes No 
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Puliti, EJC 2009 In the Florence cohort the follow up period is 15 years since start , 
 some women were followed up in the age group 80-84. 
 



• Florence screening programme:  

 

• 61.568 women aged 50 to 69 years at the 
beginning of the program (1990), followed 
up by 5 years birth cohorts. 

• Overdiagnosis was estimated for each study 
cohort after at least 5 years since the last 
service screening opportunity (69) 

• . 



a) 50-54 years b) 55-59 years 

c) 60-64 years d) 65-69 years 
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FIGURE 1.  Invited (observed) and non-invited (expected) incidence 
breast cancer rates by age at the beginning of service screening:  



a) 50- 54 years b) 55-59 years 

c) 60-64 years d) 65-69 years 
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FIGURE 2.  Invited (observed) and non-invited (expected) cumulative 
breast cancer cases by age at the beginning of service screening:  



Incidence excess and estimate of overdiagnosis by birth cohort 

1.01 (95%CI: 0.95 – 1.07) for in situ and invasive cases. 
Trend 1.2 per year                 +1% 
Sensitivity analysis 
 
Assuming no incidence trend: +13%  (95%CI: 1.07 – 1.19) 



Screened versus non attenders (60-69) : 
about 10% 

Problems: selection (adjusted for deprivation index) 
Strength: no estimate of expected 



comment 

• Cross sectional analysis estimated excess of incidence, 
not overdiagnosis 

• The estimate of compensatory drop in cross sectional 
analysis depends on the proportion of women who had 
the opportunity to be screened and to be followed up for 
compensatory drop 

• The cumulative approach solve these problems, but the 
problem of underlying incidence in the absence of a 
control group is critical 

• A sensitivity analysis is needed to evaluate and interpret 
the estimates. 

• Cumulative approach outcome in Florence is 
comparable to the RCT result. 



UK data  

 

longitudinal, dynamic 

population  analysis   



Design of observational studies, the UK case, 

Jorgensen et al 2009 

Last year  

for trend estimate 

AGE 65-74 



UK Incidence , by age group (Cancer UK Duffy,2010) 

 

 screening 

continues! 

NHSBSP February 2006 Report refers of 

pilot  

studies in 1995-2000 



Duffy in response to Gotzsche&Jorgensen  

J R Soc Med 2012 vs 2011  
• Data Source  Cancer Registry vs published graph 

• Changes to incidence independent of screening: Duffy (2010) 
corrected for the 7% increasing incidence in younger women 

• Data selection : G&J excluded 3 years of higher incidence in pre 
screening epoch and only included the year of higher incidence in 
screening epoch, 1999. Inflation. 

• Adjustment for lead time Duffy subtracted the for compensatory 
drop. J&G claimed to not observe any deficit 

• DCIS No data, J&G made a personal estimate, Duffy presented 
invasive breast cancer cases only. 



 

Observational epidemiology  outcomes  
strongly depend on study design and methodology. 
Not all assumptions should be considered correct. 

They are matter  of judgment and scientific debate. 



MEASURE OF OVERDIAGNOSIS 
 
 
In the EUROSCREEN  review, we 
expressed overdiagnosis estimating from 
each paper the percentage of the 
expected incidence in the absence of 
screening, in order to make them more 
comparable. (Measure A of the UK IR). 



Paper

Adjustment for 

temporal trend

Adjustment for 

lead time

Estimate of

overdiagnosis

Peeters, 1989 Not necessary No 11.0%

Paci, 2004 No Statistical adjustment 5.0%

Zahl, 2004 No No 45%-54%

Jonsson, 2005 No Statistical adjustment 0-54%

Olsen, 2006 Not necessary Statistical adjustment 7.0%

Paci, 2006 Yes Statistical adjustment 4.6%

Waller, 2007 Yes Compensatory drop 10.0%

Jorgensen, 2009 Yes No 31% - 41%

Puliti, 2009 Yes Compensatory drop 1.0%

Jorgensen, 2009 No Compensatory drop 33.0%

Duffy, 2010 Yes Compensatory drop 3.3%

Martinez-Alonso, 2010 No Statistical adjustment 0.4% - 46.6%

de Gelder, 2011 Yes Compensatory drop 2.8%



CONCLUSIONS of OVERDIAGNOSIS REVIEW 

 

On the basis of this classification, the selected  

estimates of overdiagnosis range from 1% to 10%:  

2.8% in the Netherlands,  

4.6% and 1.0% in Italy,  

7.0% in Denmark  

10% and 3.3% in United Kingdom 



The variability in overdiagnosis estimates can also partly 
be explained by other sources of variability as:  

1)  Application to screening or invitation:  
 
 Note that 4 out of 6 estimates considered pertain to the screening 

target population (not to women actually screened), so strongly 
depend on compliance.   

 
 
2) Application to different age range: 
     
 Some studies estimated lifetime overdiagnosis, some overdiagnosis 

in the screening age range and some in the screening ages and 
older. 

 
3)  Inclusion of all cancers (invasive and in situ) or in situ only 
 
       Note that 2 of 6 estimates considered pertain to invasive cancers 

only. 

THE AVERAGE ESTIMATE FOR THE BALANCE SHEET 



Six selected estimates adjusted for the major 
sources of variability: 

This is the summary measure for overdiagnosis in 
screened women between 50 and 79 years, including, 
carcinoma in situ, based on the studies which adequately 
adjusted for underlying risk and lead time. 

average estimate = 6.5% 



Conclusion  

• Methodology is different between studies,  
• The use of a cohort approach, based on 

individual history, (the best option ) is rare and 
limited to older age groups (because of follow 
up duration)  

• Statistical modelling or other approaches of 
adjustment for lead time are needed with short 
follow up  

• Studies with high level of the overdiagnosis 
estimates typically do not adjust for lead time 

• Estimate of underlying incidence trend is crucial, 
a sensitivity analysis needed  



Conclusion II 

• The outcome from the review of the studies which 
adjusted for lead time and underlying breast cabcer 
estimate is in agreement with the results of randomised 
screening trials. 

• This outcome is an estimate of the impact of 
overdiagnosis in service screening in Europe, where 
mammography screening is population-based, follows 
similar guidelines and protocols, is continuously 
monitored for performance indicators 

• The outcomes are from the oldest and expert programs 
in Europe.  

• The estimate should not be considered necessarily  valid 
in other contexts (spontaneous screening or new 
technological developments)   



EUROSCREEN WORKING GROUP 
 

EUROSCREEN is a cooperative group that includes experts involved 

in planning and evaluating most of the population-based screening 

programmes in Europe. 
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