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Kitty, age 57, has just been diagnosed with 
early breast cancer through screening.

First reaction is shock. 



Anxiety, depressed mood, looses interest
in what usualy brings her joy.



She has a strong network of family and 
friends who are compassionate, 
supportive. They are emotionally affected
as well. 



Treatment goes well, but because of diffuse 
changes she undergoes mastectomy. She
also receives radiation therapy and systemic
therapy. 

This negatively affects her self-image and 
quality of life, including her sex life. 



As time pass, she feels better. Anxiety
lessens and she enjoys life again. 

She knows the disease can return even
after many years and still worry from time 
to time, often checking for signs of 
recurrence. 



At age 78, Kitty dies from unrelated causes. 

She is thankful that breast screening saved
her life. 



What if everything Kitty and her family
went through was unnecessary?



What if Kitty had lived to age 88 without
the overtreatment?



We cannot know if an individual was overdiagnosed

We cannot know if an individual was saved



Is this a reasonable balance?



”The Panel’s primary conclusions about breast cancer 

mortality are based on data reported in the Cochrane 

review…”





GRADE
”When (…) a sensitivity analysis suggests 
differences in estimates between studies with 
higher and lower risk of bias, we suggest, in 
accordance with the standard GRADE approach, 
using the estimates from the lower risk of bias 
studies, with no need to rate down confidence for 
risk of bias”

Iorio A et al. BMJ 2015;350:h870





”Monitoring the effectiveness of 
screening.

This can be done approximately by 
examining trends in age-specific breast
cancer mortality available from routine
statistics.”

The Forrest Report, 1986







”If the..

Dr. Otis Brawley, then Chief Medical Officer, ACS.



What are
women told?

• Headline: ”The importance of prevention.”

• ”…it is necessary to compress the breasts during the exam, which may cause 
mild discomfort in some women.”

• “…over a 20-year period, for every 1,000 women between the ages of 50 and 69 
who undergo regular mammograms, 7-9 lives can be saved.” 



• “The Tuscany Region recently decided to extend invitations to women between the ages 
of 45 and 74. (…) women under the age of 50 will receive invitations annually, while 
those over the age of 50 will be invited every 2 years.” 

• “Sometimes, mammograms may detect small, slow-growing malignant tumors (about 10 
out of 100 tumors found) that, if not diagnosed, would not have caused health problems 
for the woman. This phenomenon, called "overdiagnosis," is unfortunately inevitable 
because there are currently no techniques to distinguish these tumors from more 
aggressive ones.”

• “If the mammogram shows anomalies, you will be contacted for further assessments. 
Only a few women (about 1 in 20) are called for additional tests like breast ultrasound or 
a visit to a breast specialist. There is no need to be alarmed, as most of the time, 
everything turns out to be normal.”









Ahn, Welch. N Engl J Med 2014;371:1765-7



What can we learn?

• South Korea has the best 5-year 
survival rate from thyroid cancer in the 
world

• Thyroid cancer can be cured if it is 
detected in time



Copyright restrictions may apply.

Welch HG et al. Arch Intern Med 2007;167:2289-2295.

Lead-time bias



Length bias



Jørgensen KJ, Brodersen J, Gøtzsche PC. Ugeskr Laeger 2014;176:1250-1.



EUROMELANOMA

”Everyone should check each others skin every
three months, including children. You should be
completely undressed and check everywhere, 
also between the toes, underneath breasts, the 
soles of your feet – melanoma can appear
everywhere.”





UK National Screening Committee1

“There should be evidence from high quality 
Randomised Controlled Trials that the screening 
programme is effective in reducing mortality or 
morbidity.“

1. http://www.screening.nhs.uk/criteria



Cervical cancer in Denmark



Prostate cancer in Denmark







• 6583 men screened vs 6612 not screened

• 160 vs 210 deaths from LC (RR 0.76; 0.61-0.94)

• NNS for 10 years and 22,600 CT scans: 132 (my calculation)

• 40 more cases after 10 years

• 264 false positives needed ”workup” (2069 ”indeterminate”)





Possible explanations

• Lack of power?

• No blinded outcome assessment?

• 11 of 50 misclassified LC death would make results
NS

• Complications with ”workup” and treatment?

• Do not dismiss risk of bias trials!



UK National Screening Committee

”All the cost-effective primary prevention
interventions should have been
implemented as far as practicable” 





Challenges

• Doubtful experience with blood tests for cancer (PSA og CA-
125)

• Tested in 1,005 patients with know cancers (8 types)

• Not shown to improve prognosis

• More advanced cases shed more cells

• How often tested? Which age group? Which risk factors?

• Problems with overdiagnosis not known

• Inventors from Johns Hopkins has started business and sells
test for 500 Euros 

Cohen JD et al. Science 2018;359:936.





Conclusions

• Earlier detections with screening can be highly valuable. It can also
do more harm than good.

• Weighing benefits against harms is subjective and value judgements
cannot be determined through science.

• It is harder to make healthy people better than those who are sick.

• The continued justification of screening programmes should be re-
evaluated periodically based on EBM priciples by impartial panels 
with broad skillsets. 

• Changes to existing screening practices can be randomised.



Thank you!
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Copyright ©2010 BMJ Publishing Group Ltd.

Jørgensen KJ, Zahl PH, Gøtzsche PC. BMJ 2010;340:c1241

Breast cancer mortality rates for screened and non-screened areas in Denmark



Sundhedsstyrelsens arbejdsgruppe

• Brug for langt større åbenhed fra sundhedsmyndigheder omkring skadevirkninger 
og usikkerheden omkring gavn og skade

• Man bør tilstræbe at deltagelse er informeret, ikke at så mange som mulig 
deltager

• Aktiv tilmelding frem for aktiv framelding

• Ændringer vil møde modstand fra klinikerne, uanset evidensen

• Ændringer af screeningspraksis bør undersøges/gennemføres gennem 
randomisering indenfor det eksisterende program



Marmot review: Konklusioner

• ”In round terms, therefore, for each breast cancer death prevented, 
about three overdiagnosed cases will be identified and treated”

• “Given the uncertainties around the estimates, the figures quoted give 
a spurious impression of accuracy”

• “Clear communication of these harms and benefits to women is of 
utmost importance and goes to the heart of how a modern health 
system should function”









0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

5

Incidens Dødelighed

Incidence-based mortality

Screening Ingen Screening

Lead time og overdiagnostik





A B
100% participation ~70% participation

4-5 rounds 2-4 rounds

2 view 1 view

2 readers 1 reader

Screening every 12 month Screening every 24-33 month

A finds smaller average size tumors than B

Individual randomisation Cluster-randomisation (45)

Presents demographic data Do not present demographic data

Consistent, transparent reporting Inconsistent, unclear reporting

Blinded, external cause of death evaluation No blinded cause of death evaluation

3% reduction (-26% to +27%)*

2% increase(-22% to + 33%)*

42% reduction (-55% to -3%)*

24% reduction (-39% til -5%)*

* Thirteen years follow-up

Gøtzsche PC, Nielsen M. Cochrane Database syst. Rev. 2011, Issue 1. Art. No.: 

CD001877.

Baines CJ. AJR Am J Roentgenol 2013;200:W96-7.
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Length bias



Copyright restrictions may apply.

Welch HG et al. Arch Intern Med 2007;167:2289-2295.

Lead-time bias





Screening øger social ulighed i 
sundhed.



Healthy Screenee
effect.

“The screenees are the healthy, well-
educated, affluent, physically fit, fruit and 

vegetable eating, non-smokers with long-lived
parents.”

J. A. Muir Gray, former Programmes Director, 

National Screening Commitee, UK.





http://www.medpagetoday.com/OBGYN/BreastCancer/54228

“…one can simplify a message so 
much that one is lying. Too much 
of that has happened in breast 
cancer over the past 30 years...“

- Otis Brawley, MD, Chief Medical Officer, ACS









Breast screening in 
Denmark

• 17 year with differential access to screening

• 100,000 women aged 50 to 69 years in areas
offering screening.

• 400,000 women aged 50 to 69 years in areas not 
offering screening.



The data:
• All Danish women aged 35 to 84 years.

• Data from two independent sources; the national 
Danish cancer registry and a clinical database (Danish 
Breast Cancer Group)

• Data from 1980 to 2010

• Tumors <20mm considered non-advanced

• Tumors 20mm and above considered advanced



Analyses:
• Impact on stage: Poisson regression analyses, 

taking pre-screening trends and non-screened age 
groups into account

• Overdiagnosis (Method 1): compared incidence in 
the screening period of advanced and non-
advanced cancers in the age group 50 to 84 years.

• Overdiagnosis (Method 2): analysed trends in 
incidence in the pre– and screening period for the 
age-groups 35-49, 50-69, and 70-84 years. 



Non-advanced cancers in women aged 50 to 69 years. The dotted 
lines indicate screening start in Copenhagen (1991), Funen (1993-
4), and the rest of Denmark (2008-9).
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Non-advanced cancers in women aged 70 to 85 years. The dotted lines indicate 
screening start in Copenhagen (1991), Funen (1993-4), and the rest of Denmark 
(2008-9).
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Non-advanced cancers in women aged 35 to 49 years. The dotted lines indicate 
screening start in Copenhagen (1991), Funen (1993-4), and the rest of Denmark 
(2008-9).
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Impact of screening on non-advanced
breast cancer incidence.

• Clearly visible and sustained increase in the 
screened age group; hazard ratio 1.50 (95% CI 1.45 
to 1.55) compared to before screening.

• No visible reduction in previously screened women
above the screening age.

• Comparable incidence and trends between regions 
in women below the screening age. 



Advanced cancers in women aged 50 to 69 years. The dotted lines indicate screening 
start in Copenhagen (1991), Funen (1993-4), and the rest of Denmark (2008-9).
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Advanced cancers in women aged 70 to 85 years. The dotted lines indicate screening 
start in Copenhagen (1991), Funen (1993-4), and the rest of Denmark (2008-9).
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Advanced cancers in women aged 35 to 49 years. The dotted lines indicate screening 
start in Copenhagen (1991), Funen (1993-4), and the rest of Denmark (2008-9).
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Impact of screening on 
advanced breast cancer 
incidence.
• Regional differences unrelated to screening 

complicate interpretation.

• Most change between regions occured prior to 
screening.

• No clear difference between screened and non-
screened areas when comparing screened and non-
screened age groups.



Estimates of overdiagnosis
Method 1: Incidence difference for the age group 50 
to 69, subtracting any reduction in women aged 70 to 
84  years: 24.4% including DCIS, 14.7% for invasive
cancers only.

Method 2: Taking trends in the pre-screening period
and in women below the screening age into account, 
screening increased the risk of a breast cancer 
diagnisis by 45% in the invited age group, including
DCIS.



Conclusions
• Clear increase in non-advanced breast cancers 

with screening.

• No clear effect of screening on advanced
breast cancers.

• Incidence of advanced breast cancers 
influenced by factors other than screening.

• Observational studies that do not consider the 
pre-screening period and non-screened age 
groups may provide misleading results



Mayor S. BMJ 2009; 338: b1710. Copyright ©2009 BMJ Publishing Group Ltd.

Mayor S. BMJ 2009;338:b1710 Mayor S. BMJ 2009;338:b1710





“Between the late 1980s and 2008-2010, 
breast cancer mortality rates fell by 50% in 
the 15-39 age group, by 47% in the 40-49 
age group, 45% in the 50-64 age group, 40% 
in the 65-69 age group and by 26% in 
women aged over 70 years.”1

1: http://www.cancerresearchuk.org/cancer-info/cancerstats/types/breast/mortality/uk-breast-
cancer-mortality-statistics



Observational studies of screening 
effects should include data from the 
pre-screening era, and for non-
screened age groups.





Main results:
1 woman avoids a breast cancer death for every 3 
overdiagnosed; 1 300 and 4 000 women per year, 
respectively, in the UK.



A: Excess cancers as a proportion of cancers diagnosed over long-term follow- up.
B: Excess cancers as a proportion of cancers diagnosed during the screening period. 







Autier P et al. BMJ 2010; 341:c3620 



Evidence from Norway
• Kalager et al. (NEJM 2010): 

10% (CI: 0.78 to 1.04)

average 6.6 years of follow-up

• Olsen et al. (Int J Cancer 2012): 

11% (CI: 0.77 to 1.12)

”up to 13 years of follow-up”
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A few quotes

• ”When we reviewed the available evidence and contemplated its
implications in detail (…) we became increasingly concerned.”

• ”We would be in favour of mammography screening if [benefits were
large]. Unfortunately, they are not, and we believe women need to be
told so.”

• ”From an ethical perspective, a public health program that does not 
clearly produce more benefits than harms is hard to justify.”

Biller-Adorno and Jüni, New Engl J Med 2014.



Pharoah P, Professor of Cancer Epidemiology, Univ. of Cambridge.

Red line: Not screened
Green line: Screened

Total mortaliy (breast screening)









Breast screening controversy continues

”At what stage must we seriously
consider whether this screening 
is a good use of £96m of the NHS 
budget?” 

Fiona Godlee, Editor’s Choice, 
BMJ.

BMJ 2013;346:f477.





Tumour size and breast
screening

• Average tumour size in Denmark was reduced
from 33 mm in 1978-9 to 24 mm in 1988-9.

• Average size reduction in the trials was 5 mm. 

Rostgaard et al. Acta Oncol 2010;49:313-21





2.7 million women invited in 20091.
• False positives: 65,094 

• Benign core biopsies: 19,467

• Benign open biopsies: 1,539

• False negatives: ~33% of cases in a screened population 
were not detected

• Direct cost: £ 96 million 

1: NHS Breast Screening Programme: Annual Review 2011.



“This means that women should be able to 
make a genuinely informed choice based on an 
understanding about why they are attending 
for screening”.

“Designed to ensure that women are told what 
screening can and cannot achieve, the leaflet 
includes an explanation about false positive 
and false negative results […]”.

http://www.cancerscreening.nhs.uk/breastscreen/publications/ia-02.html



http://www.cancerscreening.nhs.uk/breastscreen/publications/ia-02.html



http://www.cancerscreening.nhs.uk/breastscreen/publications/ia-02.html





Why does vehement opposition to screening 
come from Denmark, which has one of Europe’s

highest breast cancer mortality rates?

Denmark still has one of the highest breast cancer mortality rates in 
Europe, similar to that of Serbia. On the other hand, Finland and Sweden
have among the lowest breast cancer mortality rates in Europe, although
all the Nordic countries use identical breast cancer treatment guidelines. 
The health care systems among these countries are similar in most other
aspects as well, except that Finland and Sweden introduced nationwide
screening more than two decades ago. The implementation of organized
nationwide screening should dramatically decrease breast cancer mortality
throughout Denmark, as has already happened in Sweden and Finland. 

Dean P, Tabár L, Yen MF. BMJ 2010 Rapid Response



“The 10-year fatality of screen-
detected tumours is 50% lower 
than that of symptomatic 
tumours” 

Steven Duffy, Professor of Statistics, St. Barts & the 
London Medical and Dental Schools. NHS BSP 
Annual Review 2008.

NHS BSP Annual Review 2008.
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Tumor diameter (cm) vs. cell doublings

Tumor diameter (cm)

>2.0 cm: advanced breast cancer,
mean palpable size

>0.1 cm/19 doublings: metastasis possible

29-30 doublings: mammographic detection possible.
> 15 mm: 47%; 10-15 mm: 28%; <10 mm: 25%.

>30 doublings: some tumors palpable



Boer et al. Lancet 1994; 343: 979.



Jørgensen KJ, Zahl PH, Gøtzsche PC. BMC Women's Health 2009 9:36







• Reduced incidence carries great weight

• Mechanism of effect differs fundamentally between
programmes

• Which screening programmes we use is as much about
timing and politics as about science and the benefit/harm
balance



New UK leaflet -
improvements

• Clearly states that there is a choice

• Clear presentation of the most important harm

• No direct encouragement to attend

• No indication that breast screening reduce the 
risk of mastectomy



New UK leaflet – pending
improvements

• Remaining harms must also be clearly presented
using absolute numbers

• The importance and long-term consequences of 
false positive findings must be clearly stated

• Harms are not risks

• Pre-assigned appointments must be abandonned



Conclusions on Marmot-
report:

• The benefit was overestimated and not based on an 
observed effect in the UK, but extrapolations.

• The major harm is clearly visible in UK statistics, but was
underestimated. 

•Improved treatment is the major cause of observed
reductions in breast cancer mortality in the UK. 

• An improvement in all cause or all cancer mortality has 
never been demonstrated. 



How was the benefit estimated?

• Assumption 1: The randomised trials are equally reliable.

• Assumption 2: The effect can be extrapolated as unchanged 8-17 
years beyond trial duration.

• Assumption 3: Identical effect today as then.

• Assumption 4: The effect remains unchanged 10 years beyond the 
screening age.

• Calculation: 20% fewer breast cancer deaths today than without
screening in the age group 55-79 years (58431) = 1461 fewer breast
cancer deaths. 

1:  Average no. breast cancer deaths per year 2008-10: http://www.cancerresearchuk.org/cancer-
info/cancerstats/types/breast/mortality/uk-breast-cancer-mortality-statistics



How was overdiagnosis estimated?
• Modelling based on observed invasive breast cancer 
incidence in the UK.

• 2250 linear and Poisson regression models applied to 
data from 1975-2004 with various assumptions.

•Most model results estimated ~3000 overdiagnosed
invasive breast cancers per year.

•50-69 years: 23,297 invasive, 3,931 CIS. 19% ODX = 
5,920 cases per year in the UK.1

1: http://www.cancerresearchuk.org/cancer-
info/cancerstats/types/breast/incidence/
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