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• Abstract

• A mammographic breast cancer screening programme has been ongoing in the Florence District (Italy) since 1970 and a favourable 
impact of screening on breast cancer mortality of women aged 50-70 has been shown by means of a case-control study. Two 
hundred and eleven screen- and 116 interval-detected cancers in the period 1975-1986 have been identified, and detection rates 
calculated, for first and repeated screening test (2nd to 7th). Overall, 22,980 subjects were screened and 44,988 repeated tests
performed. The observed number of interval cancers has been compared with the expected incident cancers and their ratio (O/E) 
studied at different time intervals since last test. The O/E ratio at the third year since the last test was 0.98 for the age-group 40-49 
0.50 (95% CI: 0.23-0.95) and 0.39 (95% CI: 0.26-0.94) for the 50-59 and 60-69 groups, respectively. The prevalence/incidence ratio 
(P/I) was then calculated as an early indicator of efficacy. For the 40-49 age-group the P/I ratio at first test was 1.09, suggesting 
poor anticipation of diagnosis. In contrast, for women 50-59 and 60-69 results suggest quite a good diagnosis anticipation (P/I: 
3.14; 4.82), confirming the result of the previous case-control study on mortality reduction. The proportion of advanced carcinomas 
(stage II or worse) and 5-year survival have been analysed and discussed. The study confirms the opportunity of using early 
indicators of screening efficacy for monitoring of screening services.



Roadblocks
Cancer Registries and Service Screening

Critical issue: Linkage of cancer registry cases with 
screening database

• Early indicators (screened ad/or population based) 
evaluation 

1. Interval cancer cases

2. Cancer characteristics, in particular pTNM , grade 
and biological markers

3. Surgical and chemo-radio treatment

• Outcome evaluation

1. Diagnostic modalities of all cases (Invited 
(Screen detected, interval, others) and not 
invited)

2. Mortality within incident cancer cases, by 
diagnostic modality
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Methodological methods used to estimate the effect of 
cancer screening on mortality from that cancer:

• Analysis of mortality temporal trends
• Survival analysis
• Cohort studies
• Dynamic population (demographic) studies

• Incidence-based mortality
• Case control study



Incidence-based mortality studies based on 
demographic population

The comparison between invited and uninvited 

women may be correctly addressed using the 

incidence based mortality (IBM) method, where 

women with breast cancer diagnosed prior to 

their first invitation are excluded from the 

analysis. 

The IBM rate is different from the usual mortality 

rate because the population at diagnosis rather 

than at deaths forms the denominator: person 

years at risk were counted from date of first 

invitation until date of death, emigration or end 

of follow-up.



Figure 1a: Synthesis of IBM studies excluding overlapping data – estimates for breast 

cancer mortality reduction in women invited vs. not invited. 

 

 



CONFIDENTIAL

Review of the impact of population-based screening with 

mammography on breast cancer mortality in Europe

(M.Broeders etal, EUROSCREEN WG)-

Figure 1b: Synthesis of IBM studies excluding overlapping data – estimates for breast 

cancer mortality reduction in women screened vs. not screened.  

 



IBM studies -EU

• Few studies

• Most with limited statistical power

• Methodology ,study design and follow up 

duration vary

• Most used aggregated ,not individual data, 

without classification by modality of diagnosis

• Need for methodological research



Case-control studies
The case-control study is a traditional tool for the evaluation of the 

effect of screening on BC mortality. The case-control study design has 

been used in several studies because of its efficiency. 

The rationale of these studies is the comparison of the screening 

histories in two groups of women, namely:

1) those who have died from breast cancer (cases) 

2) women sampled from the source population from which cases 

were drawn (controls). 

It can designed as nested in cohort or  in a dynamic population 

The collection of screening histories of a limited number of subjects 

allows a more accurate and valid evaluation than it could obtain for 

the entire population. 







CONFIDENTIAL

Review of the impact of population-based screening with 

mammography on breast cancer mortality in Europe

(M.Broeders etal, EUROSCREEN WG)-

Figure 2b: Synthesis of case-control studies excluding overlapping data – odds ratios for 

breast cancer mortality reduction, corrected for self-selection, in women screened vs. not 

screened.  

 



CONFIDENTIAL

Review of the impact of population-based screening with 

mammography on breast cancer mortality in Europe

(M.Broeders etal, EUROSCREEN WG)-
Figure 2c: Synthesis of case-control studies excluding overlapping data – crude odds ratios 

for breast cancer mortality reduction translated to intention to treat estimates for women 

invited vs. not invited.  
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THE IMPACT STUDY (ITALY)

Inclusion criteria:

All breast cancers, in situ and invasive, diagnosed in women aged 40-79 

between 1988 and 2005 in 22 areas located in various areas of Italy.

Variables collected:

� Size and nodal status (TNM)

� Surgical treatment, grading, hystological type, presence of metastasis, 

dissection, sentinel lymph node..

� Biological characteristics (hormon receptor, MIB,..)

� Follow_up for status alive or deceased and cause of death

(updated at 31 December 2006)

INDIVIDUAL LINKAGE



All cancer registry-based breast cancer cases were linked

to the screening database and partioned by method of 

detection in five categories:

1) cases diagnosed at the first screening test (SD) 

2) cases diagnosed at a repeated screening test (SD)

3) cases detected clinically following a negative 

screening test (include interval cancer)

4) cases in women never respondent

5) cases in women not yet invited
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TIME PERIOD OF THE STUDY and NUMBER OF BREAST CANCER CASES:

The study included about

82.000 breast cancer

(both in situ and invasive)



Study period by region: pre-screening, enrollment and screening phase



Diagnostic Modality , by Region .

Age 50-69 anni. Period 1998-2006.



The florentine study: a cohort approach

( Puliti et al., Breast Cancer Research, 

2011)

The aim of this study is to define a balance sheet of 

benefits (breast cancer mortality reduction) and harms 

(overdiagnosis) for mammography screening 

programmes.

We compared breast cancer incidence and mortality in 

two cohorts of women – defined as “attenders” or “non-

attenders” on the basis of the individual attitudes 

towards screening - who were invited to the first round 

of the Florentine screening programme. 



Definition of the cohort

The cohort included the 52,282 women aged 50-69 

years invited to the first screening round of the 

Florentine screening programme (1991-93). 

Definition of the exposure to screening

Screening exposure was defined on the basis of 

attendance at the first

two rounds and the women were classified in: 

1) attenders, if they responded at least to one 

invitation in the first two rounds,

2) not attenders, if they not responded to any of 

the first two invitations. 
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Standardized mortality rates from breast cancers (per 10.000) by time 
from first invitation. Women aged 50-69 years at entry.



The effects of screening exposure on breast cancer incidence and
mortality were evaluated by fitting Poisson regression models 
adjusted for age at entry, marital status and deprivation index. 

Age at entry Exposure BC deaths Person years

BC mortality rate

(per 10,000) Adjusted rate ratio (*)

50-59 Non-attenders 77 113 409 6.8 1

Attenders 90 270 399 3.3 0.55 (0.41 - 0.75)

60-69 Non-attenders 141 151 615 9.3 1

Attenders 94 233 543 4.0 0.49 (0.38 - 0.64)

Age at entry Exposure BC cases (**) Person years

BC incidence rate

(per 1,000) Adjusted rate ratio (*)

50-59 Non-attenders 321 105 635 3.0 1

Attenders 838 249 896 3.4 1.15 (1.01 - 1.31)

60-69 Non-attenders 461 142 547 3.2 1

Attenders 745 216 309 3.4 1.10 (0.98 - 1.23)

Breast cancer mortality

Breast cancer incidence



Major problems

• Analysis per protocol

• How much compliance rates influence the 

mortality rates of participants

• how much are mortality rates different from

the  rates before screening?

• How to consider the underlying trend?

• In Italy we are evaluating a study cohort of about 500.000 

invited



Balance of Benefits and Harms

• Service screening outcomes should be
evaluated in terms of benefits but also
potentially adverse effecs

• Most important adverse effects are

– Overdiagnosis

– Mastectomy and BCS rates

– False Positive rates

– Radiation risk



Overdiagnosis

• 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. 



Growth rates of cancers (IARC, 2002)

The diagnosis of these cancers (very slow and non-progressive), 
that Morrison (1975) have called “pseudodisease”, is overdiagnosis.
At that time observed in   lung cancer screening trials and after in 
prostate cancer screening.



Triple-negative breast cancer: Range of histology.

Hudis C A , Gianni L The Oncologist 2011;16:1-11

©2011 by AlphaMed Press



“Detection of in situ or invasive breast cancers at screening 

that would have never clinically surfaced in the absence of 

screening”

Overdiagnosis and breast cancer

It’s the combination of two causes:

1. the natural history of the disease (low or no potential to
progress to symptomatic disease)

2. the presence of competing causes of death (potentially
progressive cancer in a subject who is going to die of other
causes in the near future)

Paci and Duffy, Breast Cancer Research, 2005



The Clinician and 

Epidemiologist/Researcher

perspective

• The epidemiologist / 
the clinician as
researcher look 
backward at the 
excess of the 
diagnosed breast
cancer cases, but
they can not evaluate
who has been
overdiagnosed or 
who has not received
benefit from
treatment

The clinician knows there
are less aggressive, slow 
growing breast cancer
cases, usually with good
prognosis but today it is
difficult do not treat , 
just wait and see. To
discriminate potential
aggressiveness is the 
challenge  of research



“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:



Estimate of the excess of incidence /overdiagnosis
after 15 years

since the screening cycle end: about 10%





Methods – study design

• The cumulative incidence approach is still used in 

very few observational studies

• Most studies evaluated incidence in demographic 

populations, not following up individual women  

over time.

• Major problems in analysis are :

– How consider the compensatory drop after the screening 

cycle end (or statistical adjustment for lead time)

– The methodology of  adjustment for underlying risk in the 

absence of screening (in the absence of a  control group)





Estimates of the trend in the absence of 

screening- demographic population approach

• Jorgensen, 2009

• Duffy, 2010

• Same data (UK)

• Different estimate of the trend

• Different age groups 



Jorgensen 2009

Last year
For trend estimate

AGE 65-74



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

i

screening 

continues!

trend

NHSBSP February 2006 Report refers of 
pilot
studies in 1995-2000







APPLICATION OF THE CUMULATIVE-INCIDENCE METHOD TO 

FLORENTINE DATA:

Puliti D, Zappa M, Miccinesi G, Falini P, Crocetti E and Paci E.
An estimate of overdiagnosis 15 years after the start of 
mammographic screening in Florence. Submitted.

To evaluate the degree of overdiagnosis of breast cancer 15 years 
after the introduction of mammographic service screening in 
Florence in the year 1991.

� The Florentine service screening programme, started in 1991, offers high-
quality mammography every 2 years to all resident women aged 50 to 69.

� Breast cancer cases diagnosed in the target population are registered by 
the Tuscan Tumour Registry, which has been operating in the area since 
1985.

Objective:



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: 



Age at the start 

of service 

screening

Years of

screening

Incidence excess (95%CI) 

in the last year of 

screening

Years after

screening 

stopped

Estimate of 

overdiagnosis (95%CI)

50-54 15 1.15 (1.06 to 1.24) 0 n.e.

55-59 15 1.15 (1.06 to 1.25) 0 n.e.

60-64 10 1.15 (1.04 to 1.27) 5 0.99 (0.91 to 1.07)

65-69 5 1.36 (1.18 to 1.57) 10 1.01 (0.94 to 1.09)

TABELLA 1.
Incidence excess and estimate of overdiagnosis by birth cohort. 

1.00 (0.95 – 1.06) 
for in situ and invasive cases



The effects of screening exposure on breast cancer incidence and
mortality were evaluated by fitting Poisson regression models 
adjusted for age at entry, marital status and deprivation index.
(Puliti et al., BCR,2011) 

Age at entry Exposure BC deaths Person years

BC mortality rate

(per 10,000) Adjusted rate ratio (*)

50-59 Non-attenders 77 113 409 6.8 1

Attenders 90 270 399 3.3 0.55 (0.41 - 0.75)

60-69 Non-attenders 141 151 615 9.3 1

Attenders 94 233 543 4.0 0.49 (0.38 - 0.64)

Age at entry Exposure BC cases (**) Person years

BC incidence rate

(per 1,000) Adjusted rate ratio (*)

50-59 Non-attenders 321 105 635 3.0 1

Attenders 838 249 896 3.4 1.15 (1.01 - 1.31)

60-69 Non-attenders 461 142 547 3.2 1

Attenders 745 216 309 3.4 1.10 (0.98 - 1.23)

Breast cancer mortality

Breast cancer incidence



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.

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).

The studies were classified according with the method of 

adjustment for lead time and for temporal trend

EUROSCREEN WG: confidential,
preliminary



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%



19

17

18

13

14

16

11

10a

10b

15a

15b

15c

9

20

12

8

15a

15b

15c

9

0%

10%

20%

30%

40%

50%

60%

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

  Only invasive   In situ and Invasive

Adjusted estimates Not adequately adjusted estimates

Overdiagnosis estimates classified according to the presence/absence 
of both the adjustments.

EUROSCREEN WG:confidential,preliminary



CONCLUSIONS

On the basis of this classification, the estimates of 
overdiagnosis adjusted for breast cancer risk and for
lead time range from 1% to 10%: 

2.8% in The Netherland, 
4.6% and 1% in Italy, 
7.0% in Denmark
10% and 3.3% in United

Kingdom

Not adequately adjusted estimates
range from 0 to 54%.

EUROSCREEN WG:confidential,preliminary

Average of six corrected estimates = 6.5%



  Benefits Harms 

Pooled estimates of mortality reduction among  

screened women range from 38% (IBM studies)  

to 48% (case-control studies) 

Estimates of overdiagnosis adjusted for lead time and  

breast cancer risk range from 1% to 10%, 

with a corrected average estimate of 6.5% 
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Estimates of cumulative risk of false positive results 

range  

from 8% to 21%, with a pooled estimate of 17% without 

invasive assessment and 3% with invasive assessment 

  Balance sheet  

    

7-9 women’s lives are saved 

(out of 19 expected in the absence of screening) 

4 women are overdiagnose 

(out of 67 expected in the absence of screening) 

    

  
170 women have at least one recall with no-invasive  

assessment giving a negative result 
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30  women have at least one recall with invasive  

assessment giving a negative result 

 

Balance sheet: benefit and harms in 

service screening (Europe)







We hope the  
EUROSCREEN 
review will help to
improve the debate



Service screening and Surgical approach

• The increasing rates of BCS after screening 

start have been considered as a secondary 

benefit of screening. The increase of early 

stages facilitated  the use of BCS

• The Proportion of BCS in screen detected 

cancer cases is very high, whereas some 

advanced breast cancers are screen detected, 

especially at prevalence screening





• Suhrke et al. concludes that mammographic 

screening is increasing the overall rates of breast 

surgery, and particularly the rate of mastectomies in 

the introduction phase of organized screening. 

• Late and early breast cancer in the target population 

will be treated by breast conserving surgery (BCS) or 

mastectomy (excluding non operated). Guidelines 

suggest that breast cancer with a diameter of 30 mm 

of less should be offered breast conserving surgery.

•
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Figure 1a. Norway. Female breast cancer, age: 40-49 years, stage 

I. Crude incidence rates and crude surgery rates

Interesting to see the trend of stage I in 40-49 years old women

BMJ Rapid response, Paci, 
Buzzoni, Hofvind
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Figure 1b. Norway. Female breast cancer, age: 50-69 years, 
stage I. Crude incidence rates and crude surgery rates. 
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Crossing 2-3 years before? 
I would have  expected BCS 

were used before in younger women..

BMJ Rapid response, Paci, 
Buzzoni, Hofvind



Problems in interpretation

• The issue of overdiagnosis should not be confused with the excess of 
incidence after start

• Increase in the incidence rate after the start of screening is needed, a 
marker of  lead time, early indicator of efficacy

• The lead time is expressed by the decrease of breast cancer diameter, 
which is the major determinant of the use of breast conserving surgery

• The number of early stages , and total surgeries, must increase after the 
start of screening

• Rates of mastectomies decrease because of the decrease of diameter of 
the lesions and different surgeon’s attitude towards BCS (30 mm)

• The real issue is professional culture, i.e. attitude towards BCS. This 
changed gradually everywhere in Europe , and service screening 
implementation contributed to this change.



Conclusions

• Service screening is reducing deaths and adverse effects are 
in the range expected 

• Informed choice in screening is an important value, but also 
the presentation of  valid and clearly presented data

• Service screening has advantes in comparison with 
spontaneous screening, not only in terms of costs

• The conclusion of the EUROSCREEN working group is 
service screening should continue

• Concern for adverse effects is important as the achievement 
of the benefit( balance sheet)  

• Research to reduce the burden of screening, improve 
informed choice and communication is needed

• Outcome research with methodological sound methodology 
is possible and it should be cooperative in Europe.

• data for the choice is 






