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Outline:

• Who is screened for breast cancer

• Where and how screening for breast cancer occurs

• Why we started breast screening and why we do it today

• Screening outcomes in Canada



Program Implementation over 20 years



Age and interval of Breast Screening in Canada
Province/Territory Start Age Default Interval

40 (self-referal)
40 with PCP 
Referral 50 (self-referal)

BC ✔ ✔ Biennial

NS ✔ ✔
Annual (40-49); 
Biennial (50+)

NWT, AB, NB ✔ ✔ Biennial

YK, SK, MB, ON, PQ, 
PE, NL ✔ Biennial

Initial Invitation / Offer of Screening
Province/Territory Initial Letter of Invitation to Screening (50-74)

AB, SK, MB,ON, PQ, NB ✔



Annual Screening – Elevated Risk

Province/Territory Elevated Risk - Annual Screening

Family History
Breast Density 
≥ 75%

Medical Hx -
Benign Breast 
Disease

YK, ✔
BC, PE ✔ ✔
NWT, SK, ON, NS, NL ✔ ✔ ✔



Province/Territory Analog CR Mammo FFDM Tomosynthesis
ON ✔ ✔ ✔ (research setting)
BC ✔ ✔ (research setting)
NB ✔ ✔ ✔
AB ✔ ✔
PQ ✔ ✔
YK, NWT, SK, MB,  PE, 
NS, NL ✔

Breast Screening Mammography –
technology modality



Why do we screen? - Taskforce Recommendations over 
the years….
1979

1986



Taskforce Recommendations over the years….
1994

1998 updated 
guidance for a 

screening interval of 
1 to 2 years



Taskforce Recommendations over the years….
2001



Taskforce Recommendations over the years….
2001 - BSE



Taskforce Recommendations over the years….
2011



Taskforce Recommendations over the years….
2018



Word Health Organization Recommendations - 2014



Word Health Organization Recommendations - 2014



Breast Cancer Screening Recommendations -2016



Recommendations based on 8 RCTS’s
28 to 58 years since start of trials

Trial Date # of participants and 
ages views Frequency and # of rounds of 

screening Follow –up Results

HIP 1963
65,000

ML and CC and CBE
12 months

18 years
25% NSS 40-49

40 - 64 4 rounds 25% SS  50-59

Malmo 1976
42,000 MLO and CC 18-24 months

8.8 years 20% SS
>45 Or MLO only 5 rounds

Swedish 2-C 1977

133,065

MLO only

40-49 24 months

30 years

30% SS 50-74

40 - 74 50-74 33 months 30% non SS 40-49

5 rounds

Stockholm 
screening trial 1981

40,000 plus
MLO only

24 months
11 years Borderline significant, 23%

40 - 64 2 rounds only

Gothenburg Trial 1982
30,000 MLO and CC 18 months

24 years 30% SS
39 - 59 Or MLO only 5 rounds

National Health 
Service – UK 
“Age” Trial

1991

160,921 MLO and CC 12 months

17.7 years

17% non SS 

39 - 47 Or MLO only 9 rounds 70% of invitees actually attended

24% SS for attendees

CNBSS 1980

50,000

CC, MLO

12 months

21.9 years Breast cancer deaths equal in both 
groups

40 - 49 4 or 5 rounds

40,000

50 - 59



Breast Screening in Canada – network activities



Breast Screening: Quality Determinants and Evaluation Indicators



Breast Screening Evaluation Indicators



Percentage of women (aged 50-69) who had at least one 
mammogram in the past 3 years, by province (CCHS 2017)

Data source: Statistics Canada, Canadian Community Health Survey.



Percentage of women (aged 50-69) who had at least one 
mammogram in the past 3 years, by province (CCHS 2017)

†: include all 10 provinces. 
Data source: Statistics Canada, Canadian Community Health Survey.



Percentage of women (aged 50-69) who had at least one mammogram in 
the past 3 years, by household income quintile, Canada† (CCHS 2017)

†: include all 10 provinces. 
Data source: Statistics Canada, Canadian Community Health Survey.



Percentages of women (aged 50-69) who had at least one mammogram in the 
past 3 years, by social & material deprivation, Canada† (CCHS 2017)

†: include all 10 provinces. 
Data source: Statistics Canada, Canadian Community Health Survey.



Screening Outcomes: Abnormal call rates over nine years



Impact of abnormal call rates on 
diagnostic investigations.

Current state 

7.4%
Abnormal call rate 

(2012)

If reduced to

6.1%
Abnormal call rate 

(2008)

Diagnostic 
mammograms

Diagnostic
ultrasounds

Core biopsies Open biopsies Fine-needle 
aspirations

51,400 11,700 1,300 1,00064,700

11,400 9,000 2,100 200 200

21% of diagnostic investigations can be potentially avoided. 

Canadian Partnership Against 
Cancer – Breast Screening 

Network

Halifax ACR Workshop – June 20, 
2018

• Screening Programs
• Radiologists
• International Experts
• Review targets and trends
• Examine evidence and 

develop strategies to reduce 
the ACR



Study:

• Comparison of breast 
cancer mortality 
among screening 
participants and 
nonparticipants

• Breast cancer mortality 
40% lower among 
participants

• Participation in 
mammography 
screening associated 
with substantially 
reduced breast cancer 
mortality



Results:

• Mortality Reduction for ever-
screened women (adjusted 
for age/ethnicity): 62%

• Further adjustment for 
selection bias – Mortality 
reduction (71% coverage): 
34%

• Finding in agreement with 
other service screening 
evaluations and RCT’s of 
mammography screening



Breast Cancer Incidence and Mortality Rates 1992 – 2014
• Incidence declined ~ 5%
• Mortality declined ~ 38%



Back to the CTFPHC Guidelines…



Certainty of the evidence…???

The RCT’s 
are 

old…initiated 
28 to 56 

years ago

The body of knowledge  and 
expertise of radiology, 

mammography accreditation, 
population cancer screening, 
medical physics, pathology, 

and oncology have all 
expanded exponentially.  We 

know so much more!

The technology 
and quality of 

Mammography 
has vastly 
improved

The RCT’s bias is that they tell 
us about the efficacy of 

mammography film screening 
circa 1985 and are not 

informative of  modern breast 
cancer screening, early 

detection, and breast imaging -
circa 2020



Thank you and Good Day!



The Argument against 
Mammography Screening

Anthony B. Miller, MD
Professor Emeritus, Dalla Lana School of 
of Public Health, University of Toronto

ARCC 2019



The Expectation for 
Mammography Screening

Early detection of breast cancer by 
mammography will reduce breast cancer 
mortality

Such early detection will reduce the needed 
extent of treatment for breast cancer and 
reduce costs

As mammography (and other forms of 
breast imaging) improve, the benefit will 
increase



We have to remember that case 
detection is not equivalent to 

benefit
 The detected cancer may not be curable, nor 

have its natural history modified by available 
treatment

 The detected cancer may never have become 
life-threatening in the patients lifetime because 
it is cured by treatment or overdiagnosed.



Randomized Trials of Mammography 
screening with and without clinical breast 

examination 
Trial Age at 

enrolment
No. of 
women

RR 95% CI

Health Insurance Plan, USA 40–65 60,995 0.78 0.61–1.00

Malmö I, Sweden 45–69 42,283 0.81 0.66–1.00

Malmö II, Sweden 45–57 17,793 0.65 0.39–1.08

Two–county, Sweden 40–74 133,065 0.73 0.59–0.89

Edinburgh, UK 45–64 44,268 0.70 0.62–0.97

Canada National,  1+ 2 40–59 89,835 1.05 0.85–1.30

Stockholm, Sweden 39–64 60,117 0.90 0.63–1.28

Göteborg, Sweden 39–59 51,611 0.79 0.58–1.08

Age trial, UK 39–41 160,921 0.83 0.66–1.04



Concerns over the Two-county 
trial

Cluster randomisation, balance between the 
arms has never been confirmed

Conducted in the pre-adjuvant chemotherapy 
era

Only 3 single-view mammograms ~ 2 years 
apart

Reduction in breast cancer mortality balanced 
by excess in non-breast cancer mortality



The issue of therapy
No adjuvant therapy was used in the Two-

county trial

Adjuvant therapy freely available in the 
CNBSS

As therapy improves, the absolute 
benefit from screening will be reduced.



Conclusion on the Two-county 
trial

The survival experienced by the women 
with breast cancer in the controls is not 
the current expectation, because of 
improved treatment.  

This has a major impact on the benefits 
derived from breast screening.

The benefits from mammography 
screening as applied in the Two-county 
trial have been exaggerated.



CNBSS: Deaths from breast 
cancer

Cancers 
detected 
in:

Mammo-
graphy 

arm

Control 
arm

Hazard 
ratio

95% 
Confidence 

intervals
Years 1-
5

180 171 1.05 0.85-1.30

Years 1-
25

500 505 0.99 0.88-1.12



CNBSS: Deaths from breast 
cancer by age

Cancers 
detected in years 
1-5:

Hazard 
ratio

95% 
Confidence 

intervals

Women age 40-
49

1.09 0.80-1.49

Women age 50-
59

1.02 0.77-1.36



CNBSS Study population –
balance achieved by randomisation

40-49 50-59
MA 

(n=25,214)
CO 

(n=25,171)
MA 

(n=19,711)
CO 

(n=19,694)
Married 80.6% 80.7% 79.0% 78.5%
Family history 
BC-First degree 11.4% 11.6% 14.1% 14.1%
Second degree 26.2% 26.7% 24.6% 24.4%
Premenopausal 66.4% 67.1% 13.5% 13.9%
Nulliparous 9.9% 10.1% 6.0% 6.3%
4 or more births 19.4% 20.0% 33.6% 33.4%
Never smoked 47.9% 47.7% 51.7% 52.1%
Not in workforce 33.1% 32.9% 46.0% 45.8%



CNBSS Referral to Review, 
first screen

Age Mammography 
arm

Control arm

Number % Number %

40-49 3569 14.1 3674 14.6

50-59 2164 11.0 2207 11.2



CNBSS-2 Invasive breast 
cancers detected in the 

screening period
Arm: Mammography Control
Palpable? Yes No Yes
Tumour 
size 

2.1 cm. 1.4 cm. 2.1 cm.

Lymph 
node
Negative 252 142 303
Positive 169 35 170



Miscan Model estimates of 
effect of CBE in the CNBSS

(Rijnsburger et al, 2004)

Breast cancer mortality reduction at 11 
years in the PO arm of CNBSS 2 from 
annual CBE screening compared to no 
screening: 20.5% (19.7%-22.1%)



Conclusion on CNBSS

The benefit from screening derives from 
the earlier detection of advanced 
breast cancers, coupled with good 
therapy, not from the early detection of 
impalpable cancers.

This is accomplished both by good CBE 
and (perhaps) by mammography



Alternative Conclusion on 
CNBSS

There is no benefit from screening for 
breast cancer, whatever screening 
modality is used.
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The Cisnet Models 
(Berry et al, NEJM 2005; 353: 1784-92)



Incidence of breast cancer 
among women age 40 or more, 
United States (Bleyer and Welch, 

2012)
Before 

mammography 
(1976-1978)

Three decades 
later (2006-2008)

Early Stage Breast cancer:

DCIS 7 56
Localized disease 105 178
Late Stage Breast cancer:
Regional disease 85 78
Distant disease 17 17



Evaluation of Service 
Screening Programmes

Methodology used:
 Incidence based cohort studies, e.g. Coldman et al, 

2014
 Case-control studies
The main problem:
 Inability to assemble a truly comparable comparison 

group, with identical treatment, thus bias and 
confounding can not be excluded – applies to both:
Screened versus unscreened
Geographic and historical comparisons



Overdiagnosis: Estimates from the 
Canadian National Breast Screening 

Study (Miller et al, 2014)

Number of screen-detected invasive 
cancers:484

Numbers of overdiagnosed invasive 
cases:106

 22% screen-detected cases overdiagnosed
 50% cases detected by mammography alone 

overdiagnosed



Overdiagnosis: Estimates from the 
Canadian National Breast Screening 

Study (Miller et al, 2014, To et al, 2014)

Number of screen-detected invasive and in 
situ cancers:589

Numbers of overdiagnosed invasive and in 
situ cases:206

 35% screen-detected cases overdiagnosed
 72% cases detected by mammography 

alone overdiagnosed 



Implications of Overdiagnosis

Overtreatment
Our previous estimates of lead time 

were wrong, e.g. lead time gained by 
mammography is ~ 1 year, not 4 years

We need research on biomarkers 
(molecular markers) to identify over-
diagnosed cases



The Reality of Mammography 
Screening

Early detection of breast cancer by 
mammography reduces breast cancer 
mortality by a vanishingly small amount

Use of mammography for screening 
increases the needed extent of treatment for 
breast cancer and increases costs

As mammography (and other forms of breast 
imaging) improve, the extent of 
overdiagnosis caused will increase



Conclusions
The meta-analyses and mathematical 

modelling conducted to date have over-
estimated the benefit likely to be 
achieved by mammography screening in 
the era of adjuvant chemotherapy and 
hormone therapy

In many countries,  mortality from breast 
cancer is falling, but the contribution of 
screening is small, the contribution of 
improved treatment is dominant
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Risk
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Evidence
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Forms of Evidence
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CTFPHC 2018 Guidelines
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8Source: https://canadiantaskforce.ca/wp-content/uploads/2019/02/
Systematic-Review-Evidence-Report_v2_FINAL.pdf

Breast cancer screening: Part A. An evidence report to inform an update of the 
Canadian Task Force on Preventive Health Care 2011 Guideline 

https://canadiantaskforce.ca/wp-content/uploads/2019/02/


9Source: https://canadiantaskforce.ca/wp-content/uploads/2018/11/
Womens-Values-and-Preferences-on-Breast-Cancer-Screening_FINAL.pdf

Breast Cancer Screening: Part B. Systematic Review on Women’s Values and 
Preferences to Inform an Update of the Canadian Task Force on Preventive Health 
Care 2011 Guideline

https://canadiantaskforce.ca/wp-content/uploads/2018/11/
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Beyond RCT evidence



Outcome

11



Incidence of Breast Cancer

12

Source: Canadian Cancer Statistics 2017



‘Benefits’ of Screening

13

Source: Canadian Cancer Statistics 2017



Outcome

Mortality ≈ Diagnosis (screening) + Treatment
* cumulative endpoint
* assumes standard for clinical pathway

14

Screen Diagnosis Treatment Death



Risk
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Guidelines over the years - I
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Guidelines over the years - II
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Guidelines over the years - III



Risk Factors for Breast Cancer
Sex (female)
Age
Genetic predisposition (e.g., BRCA)
Personal history of Breast Cancer
Cancer treatment (chest wall irradiation)
Family History
Clinical risk factors:

Age at menarche, parity, age at first live birth, number 
of children, breastfeeding, breast density, oral 
contraceptives, hormone replacement therapy

19



Personalized Medicine
Risk of Breast Cancer

Screening Interval (yrs)

Screening Modality (X-ray, MRI)

20
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Thank you!
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