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Screening allows detection of cancers at an early stage of invasiveness or even 

before they become invasive. Some lesions can then be treated more effectively and 

the patients can expect to live longer. The key indicator for the effectiveness of 

screening is decrease in disease specific mortality or incidence. 

 
Screening is, however, testing of healthy people for diseases which have so far not 

given rise to symptoms. Aside from its beneficial effect on the disease specific 

mortality or incidence, screening might therefore also have some negative side effects 

for the screened population. 

Health care providers should know all the potential benefits and risks of screening 

for a given cancer site before embarking on new cancer screening programmes. For 
the informed public of today, it is furthermore necessary to present these 
benefits and risks in a way which allows the individual citizen to decide on 
participation in the screening programmes for her or himself. 

The purpose of this document is to give recommendations on cancer screening in 

the European Union. These recommendations address the people, the politicians 

and the health administrations of the Member States, the European Commission 

and the European Parliament 

RECOMMENDATIONS ON CANCER SCREENING IN THE EUROPEAN UNION 
PREPARED BY THE ADVISORY COMMITTEE ON CANCER PREVENTION 
AFTER THE CONFERENCE ON SCREENING AND EARLY DETECTION OF CANCER 

Vienna 18th – 19th November 1999 
Background of the EU Council Recommendation ,2003 



EUROSCREEN WORKING GROUP  (2010-2012) 
 

EUROSCREEN : a cooperative group that includes experts involved in 

planning and evaluating most of the population-based screening 

programmes in Europe. 

Coordinators: 
E. Paci (Italy), M. Broeders (Netherland), S. Hofvind (Norway) and 

SW Duffy (UK)   
Members: 
Ancelle-Park, R (F), Armaroli P (I), Ascunce N (E), Bisanti, L (I), Bellisario C 

(I), Broeders M (NL), Cogo C (I), De Koning H (NL), Duffy SW (UK), Frigerio 

A (I), Giordano L (I), Hofvind S (N), Jonsson H (S), Lynge E (DK), Massat N 

(UK), Miccinesi G (I), Moss S (UK), Naldoni C (I), Njor S (DK), Nystro¨m l 

(S), Paap E (NL), Paci E (I), Patnick J (UK), Ponti A (I), Puliti D (I), Segnan 

N (I), Von Karsa L (D), Tornberg S (S), Zappa M (I), Zorzi M (I) 

 
The project was supported by the Italian Screening Monitoring. 
 
The project has started on November 2010 and there were two international 
meeting in Florence. 
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WORKING GROUP 



Benefit: 
breast cancer mortality reduction 

 
•Trends 

•Incidence-based Mortality 

•Case control study 

 



Incidence –Based Mortality (IBM) studies 

Including only BC deaths occurring in women 
with BC diagnosed after their first invitation to 
screening 

 

• Intention-to-treat (ITT) analysis: comparing 
women invited to not invited - based on 
invitation to avoid selection bias  

• Analysis by attendance: comparing women 
screened with not screened  - correcting for self  
selection bias  

 



 

 Time period Screening areas Non screening 
areas 

Before 
screening 

period 

Historical 
control group I 

Historical 
regional control 

group II 
Screening 

period 
STUDY GROUP Regional control 

group III 

IBM studies IBM: the problem of comparison group and 
estimate of underlying trend  



IBM studies 

 

Critical issue : 

•Have individual data directly linking a 
woman’s screening history to her cause of 
death 

•Have sufficient follow-up because one 
needs long term observation to see the 
benefit in terms of reduced mortality 

 



IBM studies: women invited vs not invited  

25% reduction  



IBM studies:  
women screened vs not screened (adjustment for 
selection (Duffy, 2002) 

38% reduction  



Case-control studies 
 

A traditional design to assess effectiveness  



Design Challenges in screening CC  

 
•Selection of controls – at risk for BC death,  
opportunity for screening (time at 
diagnosis), mostly matched  

•Screening history before diagnosis of case 

•ever vs. never screened  

• screened in the period just before diagnosis of 
the case vs. not screened in this period  

•Bias, in particular due to self-selection – 
women screened vs. not screened 

 
 

 

 

 



Case Control studies: a traditional tool to assess 
screening effectiveness 



CC-studies: women screened vs not screened 

48% reduction  



UK Independent 
Review, 2012 

EUROSCREEN Working Group 
(2012) 

Status in regard 
to screening 

 

Invited 

 
Invited Screened 

 

Measure of  
mortality reduction  
(data source) 

 

20% 
(randomised 

controlled trials) 
 

25% - 31% 
(European 

observational 
studies) 

38% - 48% 
(European 

observational 
studies) 

1965                                                                                     2000 



Breast Cancer Mortality Reduction: conclusion 

• The evaluation of the breast cancer  mortality reduction in 
European observational studies confirmed the evidence of 
efficacy of RCTs 

• Methodological issues are important in observational study 
epidemiology, in particular in terms of comparability of 
population and /or self selection correction (f.ex SES) 

• Screening is a necessary determinant of the diagnosis of breast 
cancer (screen detection). Dilution of the analysis with breast 
cancer cases who had not the opportunity to be screened shoud 
be accounted for in study design (IBM for invited or screened) 

• There are 15-20 years of time difference between RCTs  and 
observational studies of service screening programs 

• RCTs  varied in study design and screening protocol, the same 
(may be less) for observational screening studies in Europe 



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 
(Paci&Duffy,BCR,2005) 

 



OVERDIAGNOSIS IN BREAST CANCER SCREENING: 
A REVIEW OF THE EUROPEAN STUDIES 

Research articles that gave an original estimate of 

breast cancer overdiagnosis in population-based 

mammographic screening programmes in Europe 

were elegible for inclusion in this review. 

 

 



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%
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OVERDIAGNOSIS ESTIMATES CLASSIFIED ACCORDING TO THE   

PRESENCE/ABSENCE OF BOTH THE ADJUSTMENTS  

The outcomes are strongly  
determined by 
the methods.  





Can we disantangle and quantify these two components? 

A  distinction must be done between:  

incidence excess due to 

lead time, needed for 

screening efficacy in 

reducing breast cancer 

mortality  

 

overdiagnosis, i.e. the 

detection of cancers at 

screening that would never 

have  clinically surfaced in the 

absence of screening  

versus 
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the year after. . This is the 

lead time. 

 
400.000 women cohort, Italy  
Invited in service screening and followed up after first invitation, by 
attendance status (50-69 years old at first invitation). Unpublished 
data. 

Breast cancer incidence by year of follow up since first 
invitation in service screening 

Preliminary data, non published  



“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) 

OBSERVATIONAL STUDIES  

Lancet oncology, 2007 



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.  
 

- When the incidence of the unscreened 
population is derived from the pre-screening 
period, an adjustment for the temporal trend is 
needed. 

 
- 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 (follow up of the cohort) 

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 folloiw-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. 



• 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, age 55-69, at 15 years after the end of  

the screening period (no screening of the control group) 

 

 

 

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)  



  Measure B : 10.7% 

        Measure C: 19% 
 
Questa seconda misura usa un differente 
denominatore, ma utilizza gli stessi dati 
 



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 



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%

SELECTED STUDIES We included 13 primary studies in our review, reporting 16 

estimates of BC overdiagnosis in service screening in seven European countries 

(The Netherland, Italy, Norway, Sweden, United Kingdom and Spain).  



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% 



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 



Major critical ponts 

•Methodology is different between studies, 
overdiagnosis estimate is complex and there is no 
agreed methodology  
•The use of a cohort approach (the best option ) is 

still rare and limited to older age groups  
•Most of the studies are statistically adjusted for 

lead time (different methodology and 
assumptions)  
•Studies with high level of the overdiagnosis 

estimates typically do not adjust for lead time and 
/or underlying risk (excess of incidence versus 
overdiagnosis) 





UK Independent 
Review, 2012 

EUROSCREEN Working Group 
(2012) 

Status in regard 
to screening 

Invited Screened Invited 

Measure of  
Breast cancer 
mortality 
reduction  
(data source) 

20% 
(randomised 

controlled trials) 

38% - 48% 
(European 

observational 
studies) 

25% - 31% 
(European 

observational 
studies) 

Measure of 
overdiagnosis 
(data source) 

 11-19% * 
(randomised 

controlled trials) 

6.5% 
(European 

observational 
studies) 

4.7% 
(European 

observational 
studies) 

*UK PANEL MEASURE  B  AND C P 



Components Value Comments and communicative 
implications 

Number of women 1000 The average number of women aged 
50-51 years in a small city  

Age at the start of the 
risk period (years) 

50 Recommended starting age for 
service screening in Europe 

Status in regard to 
screening 

Screened The outcomes in terms of benefits 
and harms to screened women are 
informative to invited women who 
are making the decision whether or 
not to attend 

Number of screening 
mammograms expected in 
the screening period  

10 
(every 2 
years) 

Recommended number for service 
screening in Europe 

Age span for screening 
(years) 

50 to 69 Recommended age range for service 
screening in Europe 

Age at the end of follow 
up (years) 

79 The outcomes in terms of benefits 
and harms refer to the period from 
50 to 79 years. 

Essential components of the decision-making scenario 



Balance sheet for 1000 women aged 50-51 
years, screened biennially until 69 years and 
followed until 79 years 

Balance sheet  

Benefits Harms 

    

7-9 women’s lives are saved 
(out of 30 deaths expected  
in the absence of screening) 

4 women are overdiagnosed 
(out of 67 cancers expected  
in the absence of screening) 

    

  

170 women have at least one recall with 
no-invasive 

assessment giving a negative result 

  

30  women have at least one recall with 
invasive 

assessment giving a negative result 



  *Measure of overdiagnosis estimated using screening period incident 
breast cancer cases in the Malmo trial. Preliminary, unpublished 
  

Comparison of the balance sheets of the   
EUROSCREEN Working group and UK Independent 
Review (Modified) 

    

EUROSCREEN Working Group    

2012   
  

  

UK Independent Review,  

2012   

  
Status in regard to screening 

  

  

Screened   

  

Invited   

  

Invited   

  

Expected  preventable   BC  

deaths from 50 to 79 years ,  

brea st cancer   diagnosed in  

ages 50 - 69   

  

19 out 30   

  

19 out 30   

  

19 out 30   

  

N° lives saved   

  

  

7 - 9   

  

5 - 6   

  

4   

  

Expected BC cases from 50  

to 79 years   

  

67   

  

67   

  

67   

  

N° overdiagnosed cases   

  

  

4   

  

3   

  

7 -   13   *   

  

N° overdiagnosed cases for  

every life saved   

  

  

0.4  –  0.6   

  

0.5  –  0.6   

  

3   

  



BMJ 2009 

10 years  

0.5 life saved per 1000 screened  
women 

5 overdiagnosed breast cancer cases per 1000 



Published Online: May 30, 2013. doi:10.1001/jama.2,  
Sorting Through the Arguments 
on Breast Screening 
Michael G. Marmot 

• It is doubtful, however, that the independent panel 
changed the minds of the principal proscreening 
and antiscreening groups in the debate over 
screening. Positions are too entrenched.But the 
evidence on breast screening is more extensive 
than in many other areas relevant to population 
health. If this is not enough for an independent 
group, coming fresh to the debate, to reach a 
reasonable judgment, then evidence-based policy is 
a good deal more difficult than many would believe. 




