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Abstract 

Background: In 2018 the Canadian Task Force on Preven�ve Health Care recommended screening 
mammography every two to three years for women aged 50–74 years. More recent interna�onal 
guidelines recommend that women should commence breast cancer (BC) screening at an even younger 
age. Evidence from randomized controlled trials informed the previous Task Force guidelines, but no new 
trials have since been conducted. 

Objective: To conduct a systema�c review of observa�onal studies comparing the effec�veness of 
screening mammography with no screening in women aged 40 years or older who are at an average or 
moderately increased risk of BC. 

Methods: MEDLINE, EMBASE, and the Cochrane Central Register of Controlled Trials were searched in 
July 2023 to iden�fy relevant non-randomized compara�ve studies published from 2014 onwards. 
Separate meta-analyses were conducted for each outcome by study design, accrual type, popula�on, 
and age subgroup (40–44, 45–49, 50–59, 60–69, 70–74, ≥75 years), where possible. Grading of 
Recommenda�ons Assessment, Development and Evalua�on (GRADE) was used to assess the certainty 
of evidence. 

Results 

Cohort and popula�on-based studies (very low certainty evidence) indicated that screening reduced BC 
mortality in women older than 49 years of age (risk ra�o range 0.10 to 0.73). Results were more 
equivocal for older and younger women, although there was some indica�on of benefit from screening 
for women aged 45–49 years. All-cause mortality was lower in screened women, but this effect varied 
inversely with increasing age. Women who undergo screening generally had less advanced cancer at 
diagnosis and tended to receive less aggressive treatment. Although the degree of effect differed 
between studies of general screening popula�ons and BC only popula�ons, the direc�on of effect was 
generally similar. None of the studies reported harms associated with screening, and the length of follow 
up in the few prospec�ve studies was not adequate to calculate overdiagnosis. 

Conclusion 

Evidence supports the use of screening mammography in women aged 50–69 years who have an 
average or moderately increased risk for BC, and it may provide benefit for women aged 45-49 years. 
However, any significant reduc�ons observed in BC mortality in the popula�ons studied may be 
atenuated in Canadian popula�ons due to differences in baseline risk. Ques�ons about the effec�veness 
of mammography with respect to screening interval, modality, risk factors, and specific age subgroups, 
and in the Canadian popula�on in general, could not be answered by the currently available non-
randomized compara�ve evidence.  
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Introduc�on 

Breast cancer (BC) is the most commonly diagnosed non-skin cancer and the second leading cause of 
death from cancer among Canadian women.1 It was es�mated that 29,400 women will be diagnosed 
with BC in 2023, accoun�ng for 26% of all cancer diagnoses in women, and that 5,400 will die of the 
disease (13% of cancer deaths among women).1 BC outcomes have been steadily improving over recent 
decades, which has been atributed to the introduc�on of organized mammography screening programs 
and beter treatment op�ons.2 Ideally, screening can detect lesions at an earlier stage before they 
become clinically apparent. While regular breast screening with mammography can reduce BC 
mortality,3 popula�on-based screening is not without risk and places addi�onal demands on the 
healthcare system.2,4 False posi�ve results require further tes�ng and workup, lead to unnecessary 
biopsies and poten�ally harmful invasive treatments, and can cause psychological distress, while 
overdiagnosis can detect lesions that may never progress or cause harm.  

The burden of BC and BC screening programs underscores the importance of developing and upda�ng 
evidence-based clinical prac�ce guidelines to inform public health screening ini�a�ves. Worldwide, 
current guidelines for screening women at average risk of BC vary with respect to the ages to start and 
stop screening, the screening interval, and the emphasis placed on shared decision-making.5 The 2018 
guidelines of the Canadian Task Force on Preven�ve Health Care (herea�er, “Task Force”) recommend 
mammography screening in women aged 50–74 years every two to three years; screening is not 
recommended in women aged 40–49 years.6 These recommenda�ons are condi�onal on the value a 
woman places on the rela�ve poten�al benefits and risks of screening.6 Based on guidelines developed 
by the Alberta Breast Cancer Screening Clinical Prac�ce Guidelines Commitee in 2022, Alberta recently 
became the first province in Canada to lower the age of screening to include average-risk women aged 
45–49 years.7 The European Commission Ini�a�ve on Breast Cancer similarly recommends biennial 
mammography screening of asymptoma�c women at average risk aged 45–74 years.8 The U.S. 
Preven�ve Services Task Force released dra� recommenda�ons in May 2023 that recommend biennial 
BC screening for all women aged 40–74 years. 

This replica�on of a systema�c review was one component of a broader evidence review conducted to 
inform an update of the 2018 Task Force clinical prac�ce guideline for BC screening, along with a parallel 
systema�c review conducted using the same protocol. As such, this review was one source of evidence 
that the Task Force considered when developing their 2024 screening recommenda�ons. Since the 
evidence report that informed the previous Task Force guidelines focused on randomized controlled 
trials (RCTs)9 and no new RCTs have since been conducted, this review focused only on evidence from 
observa�onal studies. 

Methods 

This review followed the methods outlined in a protocol developed by the Otawa Evidence Review 
Synthesis Centre (ERSC), which is available at htps://osf.io/he9zg. This original protocol followed 
guidance of the Cochrane Handbook,10 the Grading of Recommenda�ons Assessment, Development and 
Evalua�on (GRADE) Working Group,11 and the Task Force Methods Manual.12 The Task Force helped 
develop and approved the key ques�ons and study selec�on criteria but was not involved in the conduct 
of this systema�c review. 

Search strategy 

An experienced informa�on specialist, together with the Otawa ERSC, developed search strategies for 
three bibliographic databases (Ovid MEDLINE, EMBASE, and the Cochrane Central Register of Controlled 
Trials) using a combina�on of controlled vocabulary terms and keywords. A second informa�on specialist 

https://osf.io/he9zg
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peer-reviewed the MEDLINE search strategy using the Peer Review of Electronic Search Strategies 
(PRESS) checklist.13 The searches were conducted in September 2023 and were limited to English and 
French language ar�cles published from 2014 onwards. The search strategies for the three databases are 
available in Supplementary File 1. Grey literature searches and scanning of the reference lists of relevant 
studies were not conducted. 

Study selection 

Eligible studies compared the effec�veness of a mammography-based screening strategy for BC with no 
screening in women aged 40 years or older who were at an average or moderately increased risk of BC. 
The study selec�on criteria for this systema�c review were developed by the Otawa ERSC and are 
available in the protocol cited above. The following criteria were modified to clarify the selec�on 
decision, in consulta�on with the Task Force and the Public Health Agency of Canada (as the organiza�on 
who established and provides support to the Task Force): 

• Eligible date ranges were defined as a median screening ini�a�on date of 2000—that is, 50% of 
the date range for screening was in 2000 or later to increase applicability to current technologies 
and cancer treatments. 

• Studies that do not report the breast cancer risk level of par�cipants or reported a combina�on 
of risk levels were included. Studies in which less than 15% of par�cipants were under age 40 
and those that provided separate data for par�cipants 40 years of age or older were included. 

• Studies that used a combina�on of film and digital mammography or that had only one round of 
screening (or did not report the number of screening rounds) were included; however, studies 
using film mammography and those with less than two rounds were downgraded in GRADE. 

Studies that examined a general screening popula�on and those that enrolled only par�cipants who had 
BC at study ini�a�on (herea�er, “BC only” popula�on) were considered eligible for this systema�c 
review. The later compared women with BC who had a history of screening versus those with no history 
of screening. Although studies using a general screening popula�on are more relevant to the Canadian 
screening context, BC only studies may be at least par�ally representa�ve of real-world clinical se�ngs 
and were included for comprehensiveness. 

We pilot tested the study selec�on process using a random sample of 50 records and 25 full-text ar�cles 
un�l at least 95% agreement between reviewers was reached. Two researchers independently screened 
the �tles and abstracts and iden�fied relevant full-text ar�cles using Dis�llerSR literature review 
so�ware.14 For the �tle and abstract screening, the Dis�llerSR re-rank feature was used to priori�ze 
relevant records, and reviewers manually screened abstracts un�l the highest remaining re-rank score 
was 0.1. The remaining unreviewed records with a relevance score under 0.1 were screened by 
Dis�llerSR Ar�ficial Intelligence (Dis�llerSR Inc.). Full-text ar�cles of poten�ally relevant records were 
retrieved and reviewed by two reviewers using a standardized form. Disagreements were resolved by 
consensus.  

Data extraction and quality assessment 

One researcher extracted data into a pilot-tested form in Excel. The data were verified by a second 
researcher. Descrip�ve data (including year of publica�on, country, screening and follow-up dates, case 
accrual, age and number of screening par�cipants, risk level, and mammography informa�on [type, 
screening interval, and number of rounds]) and relevant outcome data pertaining to the pre-specified 
age groups (40–44 years, 45–49 years, 50–59 years, 60–69 years, 70–74 years, ≥75 years) for the longest 
available follow-up dura�on using any measure reported were extracted for each study. Disagreements 
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that could not be resolved by consensus were referred to a third researcher. The characteris�cs of 
included studies and outcome data were presented narra�vely and in tables. 

One researcher assessed the quality of the included studies using the Newcastle-Otawa quality 
assessment scales for cohort and case-control studies15 and the NICE Quality Appraisal Checklist for 
quan�ta�ve studies repor�ng correla�ons and associa�ons,16 which was applied to the popula�on-
based studies. A second researcher verified the assessment results. Disagreements were resolved by 
consensus.   

Data analysis and grading the evidence 

An experienced sta�s�cian used R (The R Founda�on) to pool relevant studies for each outcome using a 
random effects model. Within an outcome, separate meta-analyses were conducted for different studies 
designs (cohort, case control, popula�on-based), accrual types (short and long case), and study 
popula�ons (general screening and BC only). Forest plots were created for all studies and subgroups by 
age group and screening interval, as specified in the protocol, whenever data were available. Results of 
the analyses were used to calculate the absolute effect per 1,000 individuals. All relevant studies were 
included in “all age” comparisons, while only age groups of interest (as specified above) were reported 
as subgroups. Weighted risk ra�os (RR) were used to pool data for dichotomous outcomes, and absolute 
effects were calculated for all outcomes. Data were pooled regardless of degree of sta�s�cal 
heterogeneity, but studies with high heterogeneity were later downgraded for consistency in GRADE. 
Subgroup analyses by age groups of interest and screening interval were conducted to explore possible 
causes of heterogeneity, where possible.  

The GRADE framework was used to assess the quality of the evidence across the five GRADE domains 
(risk of bias, inconsistency, indirectness, imprecision, and other considera�ons) for each outcome.11 The 
evidence was graded by one researcher and verified by a second researcher using a predefined list of 
considera�ons for each GRADE category that was piloted and refined by two researchers. Disagreements 
in GRADE assessments that could not be resolved by consensus were referred to a third researcher. 
Summary tables with the GRADE assessments and explana�ons for all judgements were created for 
every comparison within each outcome.  

Results 

Study selection and characteristics 

Of the 9,623 abstracts iden�fied by electronic searches, 40 studies met the inclusion criteria for this 
review: 31 cohort (28 retrospec�ve), two case-control, and seven popula�on-based studies 
(Supplementary File 2). A list of excluded studies with reasons for exclusion is available on request. The 
characteris�cs of the included studies and a list of outcomes by study design are available in the 
supplement (Supplementary File 3, Tables S-1 and S-2). The median year of publica�on was 2018 
(interquar�le range 2017 to 2020), and most studies used a long-case accrual (n=27). Seven studies 
assessed a general screening popula�on,17-23 while the remainder compared people with breast cancer 
who had a history of screening with those who had not been screened. Among the 29 studies that 
reported the screening interval, the typical length was two years (25 studies). In four other studies the 
interval was either annual20 or varied from 1 to 3 years.24-26  

The most frequently reported outcome was BC stage at diagnosis (70% of the studies), followed by BC 
specific mortality (65% of studies). Less than one-third of studies reported other outcomes, and only one 
study reported on quality of life. None of the included studies reported on BC morbidity, overdiagnosis, 
false-posi�ve rates, or life years gained. Some studies reported incidence rates or effect measures rather 
than propor�ons, which meant that not all studies could be included in the meta-analysis. Mean study 
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follow-up length ranged from 3.1 years to 22 years; 12 studies did not report this parameter. The sample 
sizes varied widely across the studies. Cohort studies examining a general screening popula�on had the 
highest median sample size (median 263,312; range 54,635 to over 13 million), followed by popula�on-
based studies (median 55,216; range 4,903 to 149,833), case-control studies (median 10,783; range 681 
to 20,885), and BC only cohort studies (median 1,648; range 230 to 549,091). Control groups 
encompassed contemporaneous cohorts not invited to screening, regions where screening was not yet 
available, and historical cohorts prior to the widespread advent of screening. In one study,27 the 
comparison group was a different age cohort that was not rou�nely invited to screening.  

The included studies varied in the age ranges of par�cipants included in the study popula�ons. Overall, 
11 studies consider only women between the ages of 50 to 69 years. Other studies included women 
aged 40–49 years (n=18) and/or women aged 70 years and older or had no maximum age limit (n=18).  

Evidence quality 

Across all outcomes and comparisons, the certainty of the evidence was rated as “very low” due to the 
observa�onal nature of the studies and other risks to internal validity, including retrospec�ve data 
collec�on and follow-up that was either inadequate (<80% of included par�cipants) or insufficient in 
length (minimum of 5-year follow up for mortality outcomes) (Supplementary File 4). In many cases, the 
effect es�mates had wide confidence intervals (CI) that failed to exclude important benefit or harm, or 
there was high variability in point es�mates or direc�on of effect across the studies. Most of the studies 
also had poor external validity because they did not report the risk level of par�cipants (90% of studies); 
selec�vely included par�cipants with BC (83%); or did not report the screening modality (73% of 
studies), number of screening rounds (80%), or screening interval (28%). All the case-control studies, 
most of the cohort studies (61%), and some of the popula�on-based studies (29%) controlled for the 
main prognos�c of age and other factors such as tumor size and nodal status. A further 10% of cohort 
studies and none of the popula�on-based studies controlled for age only or another prognos�c factor(s) 
(16% of cohort studies and 43% of popula�on-based studies). Many of the subgroup analyses o�en 
included only a single study because outcome data were reported variously across studies, with some 
not providing raw data or only providing results for all women without age stra�fica�on. 

Study findings 

Where possible, results are reported for the following age groups: all ages, 50 to 74 years (the 
recommended screening ages in Canada), and the age stra�fica�ons listed above. 

BC mortality 

BC only population 

Cohort studies 

The pooled RR for three cohort studies with short case accrual was 0.37 (95% CI 0.24, 0.57) for women 
across all age groups (107 to 60 fewer deaths per 1,000 women) (Figure 1).25, 28, 29 Single cohort studies 
repor�ng various age subgroups (50–6529, 40–4925, 50–5925, 60–6925 and ≥70 years28) had a similar result 
(Table 2). For the six long case accrual cohort studies, the pooled RR was 0.28 (95% CI 0.18, 0.44; 12 to 8 
fewer deaths per 1,000 women) for all ages (Figure 2)30-35 and 0.26 (95% CI 0.20, 0.34) for women aged 
50–69 years (104 to 85 fewer deaths per 1,000 women)30, 32, 34 (Table 2). The single study that did not 
provide raw data reported a hazard ra�o of 2.81 (95% CI 1.57, 5.04) in favour of screening.36 One small 
study found no discernible benefit for screening in the 40–49-year age subgroup,35 whereas another 
study33 reported a lower risk of BC mortality among women older than 74 years who had undergone 
screening (Table 2). Across the short and long case cohort studies, the median sample size was 1,834 
(range 230 to 549,091) and the longest follow up ranged from 5 to 25 years for this outcome. 
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Other study designs 

One of two short case accrual popula�on-based studies found a lower risk of BC specific mortality 
among women aged 40-49 years once screening was introduced (incidence-based mortality rate ra�o 
0.92; 95% CI 0.85, 0.99).37 A second study of the same age group found that the benefit was confined to 
the 45–49-year age group rather than to women in their early 40s (Supplementary File 3, Table S-3).38 In 
one study of women aged 50-69 years, a lower risk of BC specific mortality was only observed in the 50-
64-year age grouping; there was no discernible difference in risk among women aged 65–69 years.38 
Among the various incidence measures reported in the long case accrual studies, the rates of BC specific 
mortality were lower among screened par�cipants compared with those who did not undergo screening 
for all age groupings analyzed (all ages, 50–69 years, and ≥70 years) (Supplementary File 3, Table S-3).39, 

40 The sample size for the three studies that reported it ranged from 4,903 to 71,990, while the longest 
follow up ranged from 8 to 11.2 years for this outcome.  

Two case-control studies reported on breast-specific mortality in a total of 21,566 women aged 50-69 
and 50-84 years (one short case41 and one long case accrual42). Neither study found any discernible 
difference between the screening and non-screening groups a�er 15 and 19.9 years of follow up, 
respec�vely.  

General screening population (cohort studies) 

The risk of BC specific mortality was lower for screened women aged 50–65 years than for those who 
were not screened in one study (RR 0.73, 95% CI 0.65, 0.81; 2 to 1 fewer deaths per 1,000 women)19 
(Supplementary File 3, Table S-4). However, there was no discernible difference between the two groups 
in women aged 70–74 years, 75–84 years, or older.23 Combined results from two long case accrual cohort 
studies showed a reduced risk of mortality (RR 0.40, 95% CI 0.33 to 0.47; 0 fewer deaths per 1,000 
women) in women aged 40–79 years.17, 22 An addi�onal study (long case accrual) found that the risk of 
mortality was reduced in women aged 70–74 years who had par�cipated in screening (annual 
screening), compared with no screening, but not in women older than 74 years of age.20 For this 
outcome, the sample sizes ranged from 54,635 to over 13 million; the longest follow up ranged from 8 to 
16 years across the studies. 

All-cause mortality 

BC only population 

The pooled RR for the two cohort studies with short case accrual was 0.51 (95% CI 0.40, 0.64; I2=80%) 
for women across all age groups (143 to 86 fewer deaths per 1,000 women).25, 28 A similar result was 
found when data from the four long case accrual cohort studies was pooled (RR 0.33, 95% CI 0.21, 0.51; 
53 to 33 fewer deaths per 1,000 women) (Figure 3) regardless of age30, 32, 43, 44 and for the 50–69-year age 
group30, 32 (RR 0.26, 95% CI 0.18, 0.39; I2=0%) (61 to 45 fewer deaths per 1,000 women). For this 
outcome, the sample sizes ranged from 904 to 24,387 (median 1,975) and the longest follow up ranged 
from median 5.1 to 10.5 years across the studies. 

General screening population 

In the two short case accrual cohort studies that reported on all-cause mortality, the risk of death was 
lower among screened women (RR 0.57, 95% CI 0.35 to 0.92; 30 to 4 fewer deaths per 1,000 women).18, 

23 The reduc�on in mortality risk was consistent across all age subgroups reported (50-68 years, 70-74 
years, ≥75 years, and ≥85 years), but the degree of effect declined as age increased (Supplementary File 
3, Table S-5).23 The longest follow up for the 1,302,554 study par�cipants included in the two studies 
ranged from mean 3.9 years to median 13.7 years.   
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Treatment received a�er diagnosis  

BC only population 

Cohort studies using short case accrual found that screening made no difference with respect to all types 
of radiotherapy (and adjuvant therapy alone among women of all ages (RR 1.00, 95% CI 0.93, 1.08) or 
the subgroup of women aged 50-69 years (RR 1.04, 95% CI 0.97, 1.13; 59 fewer to 68 more per 1,000 
women)45-47 (Supplementary File 3, Table S-6). This was also the case for pooled data from the long case 
accrual cohort studies for women of all ages and for the 40–49-year age subgroup. However, slightly 
more women in the screening group underwent radiotherapy in the 50–69-year age group compared 
with the unscreened group (RR 1.08, 95% CI 1.01, 1.16; 7 to 117 more per 1,000 women). 

In both short and long case accrual studies, women of all ages (RR range 0.69–0.82; 174 to 100 fewer per 
1,000 women) and those aged 40- 49 (long case accrual; RR 0.67, 95% CI 0.52, 0.85; 314 to 98 fewer per 
1,000 women) and 50–69 years (short and long case accrual; RR range 0.61–0.80; 216 to 106 fewer per 
1,000 women) in screened popula�ons were less likely to receive chemotherapy than those who had not 
been screened (Supplementary File 3, Table S-7). There was no difference between the two groups with 
respect to rates of adjuvant (all ages) or neoadjuvant (50-69 years) chemotherapy in the long case 
accrual studies 32, 48, 49. 

None of the short or long case accrual studies demonstrated any discernible effect of screening on rates 
of breast surgery (all ages and 50–69-year age groups) or breast conserving surgery (all ages) 
(Supplementary File 3, Table S-8). However, significantly fewer mastectomies were performed in younger 
women (40–49 years) who had been screened compared with those unscreened in one small study using 
long case accrual (RR 0.63, 95%CI 0.45, 0.87; 265 to 63 fewer per 1,000 women) 35. In contrast, women 
older than 74 years were four �mes more likely to undergo mastectomy (RR 4.07, 95% CI 3.02, 5.49; 357 
to 793 more women per 1,000) and half as likely to receive breast conserving surgery (RR 0.48, 95% CI 
0.30, 0.77; 359 to 118 fewer women per 1,000), compared with women in the non-screening group in 
another small study (long case accrual) 33 (Supplementary File 3, Table S-8). Pooled analysis of women of 
all ages indicated that those who par�cipated in screening were more likely to receive sen�nel lymph 
node biopsy than those who did not undergo screening (RR 1.44, 95%CI 1.35, 1.54; 184 to 284 more 
women per 1,000) (Supplementary File 2, Table S-9).32, 43, 49 There was also a non-sta�s�cally significant 
trend toward a higher risk of axillary surgery in the non-screened popula�on, compared with the 
screened popula�on. 

General screening population 

A single cohort study (long case accrual) reported on various treatment-related outcomes among women 
aged 70–84 years 20. Women in the screened group were more likely to receive radiotherapy (41–51% 
versus 32–40%) but less likely to receive chemotherapy (9–15% versus 12–21%) compared with the 
unscreened group. Breast conserving surgery was also conducted more frequently among screened 
women (49–53% versus 33–37%). However, rates of mastectomy were similar between the two groups in 
this age strata (range 10–18%). 

Cancer staging at diagnosis 

BC only population 

Pooled analysis of four cohort studies (short case accrual) indicated that women across all ages were less 
likely to be diagnosed with stage II or higher cancer if they par�cipated in screening25, 29, 46, 50 
(Supplementary File 3, Table S-10). This was also a consistent finding across the cohort studies with long 
case accrual, including the 40–49-year age subgroup35 and those older than 74 years.33 The results 
among the long case accrual popula�on-based studies were more equivocal. Generally, lower rates of 
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advanced cancer at diagnosis were observed in the screened popula�ons across various age groupings 
compared with the unscreened popula�on (Supplementary File 3, Table S-11). However, one study from 
Denmark found that BC screening was not associated with a reduc�on in the incidence of advanced 
cancer among women aged 50–69 years (incidence rate ra�o 0.96; 95% CI 0.90, 1.02).51 In a study from 
Australia, the age-standardized incidence of stage IV cancer per 100,000 women was consistently higher 
in the screened group, compared with unscreened women: 7.2 versus 4.1 for all ages; 9.3 versus 5.8 for 
40–49 years; 16.9 versus 9.4 for 50–69 years; 22.9 versus 12.5 for women older than 69 years 52.  

General screening population 

In one cohort study (short case accrual) of women older than 69 years, the adjusted cumula�ve 
incidence per 100 women of localized invasive cancer was higher among the screened group compared 
with the unscreened group (3.2–3.8 versus 1.5–2.6), whereas the differences were less dis�nct for more 
advanced cancers (0.8–1.0 versus 0.7–0.9)23. Another cohort study (long case accrual) of women aged 
40-79 years found the risk of having stage III or higher cancer at diagnosis was lower in the screened 
group (RR 0.84, 95% CI 0.83 to 0.86; 61 to 50 fewer women per 1,000).17 An addi�onal study (long case 
accrual) that characterized cancer stage only in terms of invasive or non-invasive cancer reported no 
difference between screened and unscreened women aged 49–79 years (difference in cumula�ve 
incidence rate -0.2%; 95% CI: -9.1, 8.8).21 

Quality of life 

BC only population 

A single cohort study (n=647; short case accrual) from Germany found no difference between screening 
and no screening with respect to health-related quality of life for women with BC aged 50–69 years, and 
for the 50–59- and 60–69-year age subgroups.45 

General screening population 

None of the studies reported quality of life outcomes in a general screening popula�on. 

Interval cancer among screening par�cipants 

BC only population 

Two short case accrual cohort studies found a rate of 22% (range 5 to 48%) for interval cancer among 
8,159 women who par�cipated in screening (Supplementary File 3, Table S-12).29, 45 The rates of interval 
cancers were highly variable across the long case accrual cohort studies, ranging from 6% to 23% (mean 
13%) in a sample of 191,043 women (Supplementary File 3, Figure S-1).30, 32, 34-36, 49, 53 The two studies 
that measured cancer stage at diagnosis among individuals with interval cancer found that 45% were at 
least stage II, 20% were at least stage III, and 6% were stage IV 34, 53. One small study reported a rate of 
17% among women aged 40-49 years, most of which were invasive cancers (96%).35 

General screening population 

None of the studies reported rates of interval cancer in a general screening popula�on.  

Other harms and subgroup analyses 

None of the studies reported on BC morbidity (such as adverse effects of treatment) or false posi�ve 
rates of screening, and the length of follow up in the few prospec�ve studies was not adequate to 
calculate overdiagnosis. Analysis of outcomes by risk factors, demographic characteris�cs, treatment 
type, and screening Intervals and modali�es was not possible due to the limited repor�ng of these 
aspects and the lack of common outcome measures and data stra�fied by age among the studies.  
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Discussion  

Main findings 

This review is unique in comparing results from general screening popula�ons to popula�ons that had 
BC at study ini�a�on. This was done not only to ensure comprehensive data collec�on, but also to assess 
consistencies and divergences in trends for BC screening between two popula�ons, where more 
favorable es�mates would be expected from studies comparing screening history status among people 
with BC than from general screening study popula�ons. Studies in BC only popula�ons provide an 
indica�on of the upper limit of the effec�veness of BC screening, while those conducted in general 
screening popula�ons are more likely to provide results closer to the lower limit of what can be 
achieved. The true effects of BC screening likely lie somewhere along the spectrum of results for BC only 
popula�ons and RCTs among the general screening popula�on (which were not addressed in this 
review). More confidence could, therefore, be placed in results where the direc�on of effect is the same 
in both popula�ons and aligned with those of RCTs.  

Cohort and popula�on-based studies of women with BC (very low certainty evidence) indicated that 
screening reduced BC mortality in those older than 49 years of age, with the effect being generally larger 
in studies using long case accrual. Although there was no discernible benefit for women aged 40–49 
years in the cohort studies, results from the popula�on-based studies suggested that the main benefit 
accrues to the 45–49-year por�on of the 40–49-year age group. Therefore, the lack of benefit in the 40–
49-year age bracket may be due to inclusion of data from women in their early 40s, leading to a dilu�on 
of effect that was also noted in a recent review of incident-based mortality studies.54 Cohort studies of 
general screening popula�ons also reported reduc�ons, albeit smaller, in the risk of BC mortality among 
screened women, but found no benefit for those older than 69 years. All-cause mortality was also 
lowered by screening in general screening popula�ons and those with a screening history in the BC only 
popula�ons (ages 39 to 90 years), although the degree of reduc�on appeared to be inversely 
propor�onal to age in the later group. 

In cohort studies of BC only popula�ons (very low certainty evidence), par�cipants with a history of 
screening were less likely to receive chemotherapy and more likely to undergo sen�nel lymph node 
biopsy than axillary dissec�on than those with no history of screening, regardless of age. However, 
pooled data across all ages suggested that screening had no discernible effect on rates of radiotherapy or 
breast conserving surgery, or on health-related quality of life in the 50–69-year age group. Women in the 
40–49-year age group who underwent screening had lower rates of mastectomy, whereas those older 
than 74 years had significantly higher rates of invasive surgery. However, it was unclear from the studies 
what influence pa�ent age had on these treatment decisions. Limited data from a single study of a 
general screening popula�on aged 70–84 years indicated that screening par�cipants were more likely to 
receive radiotherapy and breast conserving surgery, but less likely to receive chemotherapy, than those 
who were not screened. This poten�ally reflects current clinical recommenda�ons cau�oning the use of 
aggressive treatments in older popula�ons.20 

Pooled analyses of cohort studies (very low certainty evidence) of BC only popula�ons indicated a 
sta�s�cally significant reduc�on in advanced BC for women undergoing screening, regardless of age. This 
was also generally the case in the popula�on-based studies. However, two studies found either no 
difference between the groups or an increased incidence of stage IV disease among screened women.51, 

52 The authors of these two studies also noted evidence of substan�al overdiagnosis. Results from three 
studies of general screening popula�ons were contradictory with respect to stage at diagnosis.17, 21, 23 The 
rates and degree of severity of interval cancers were highly variable across the studies. 
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Comparison with other reviews 

Support for mammography screening among women aged 50–69 years is based on RCTs conducted over 
20 years ago. However, changes in popula�on health, imaging technologies, and available treatments 
poten�ally limit the applicability of these results to screening mammography in the current era.55, 56 For 
example, a 2013 Cochrane review of RCTs found that screening had no discernible effect on BC or all-
cause mortality a�er 10 and 13 years, respec�vely.56 Over 50 systema�c reviews on rou�ne 
mammography for BC screening in asymptoma�c women have been published since 2000, reflec�ng the 
controversies that s�ll surround BC screening and the con�nuing uncertainty of when and how o�en to 
conduct screening.56, 57  

Since no new RCTs have been published since 2017, data from non-randomized compara�ve studies 
have been increasingly used to gain a beter understanding of the effects of BC screening on health 
outcomes. Two recent reviews that included RCT and observa�onal data from a general screening 
popula�on reported RRs for BC mortality (short case accrual) of 0.87–0.88 for women younger than 50 
years (48 to 29 fewer deaths per 100,000 women); 0.77–0.86 for those aged 50-69 years (138 to 45 
fewer deaths per 100,000 women); and 0.77–0.90 for those aged 70–74 years (207 to 122 fewer deaths 
per 100,000 women); results for the long case accrual studies were similar.58, 59 The observa�onal studies 
in one of these reviews yielded a 25–31% risk reduc�on for women aged 50–69 years.58 Screening had 
no effect on all-cause mortality.58, 59 In one review, advanced BC was reduced for women older than 49 
years (RR 0.62), but not those aged 39–49 years (RR 0.98).58 In the other review, the likelihood of being 
diagnosed with advanced BC was reduced by screening across all age groups.59  

Two recent reviews of cohort and incidence-based mortality studies found that screening reduced BC 
mortality for women aged 50–69 years (up to 22%) and younger than 50 years (up to 20%).54, 60 No 
benefit was found for women older than 69 years by either review.  

The results from this review are consistent with previous publica�ons, indica�ng equivocal results for 
mortality reduc�ons beyond the usual screening age of 50–69 years. Since previous reviews included 
general screening popula�ons, and in some cases RCTs, the risk reduc�ons were lower than for the 
dataset on women with BC at study outset in the current review. However, the RRs derived from the 
limited data on mortality rates from a general screening popula�on were similar to previous reviews that 
included only non-randomized studies. The degree of effect varied according to study design, accrual 
type, and comparator group (contemporaneous, historical, or geographic), which is in alignment with 
previous reviews of observa�onal studies.54, 60  

Canadian context 

Absolute measures are very dependent on the baseline incidence in the popula�on being studied, so it 
would be useful to apply the effect es�mates from this review for specific and all-cause mortality to a 
Canadian general popula�on. A pan-Canadian study by Coldman et al.61 reported the risk of BC specific 
mortality in a general popula�on of Canadian women for the age groups 40–49, 50–59, 60–69, and 70–
79 years. However, only three of the included cohort studies reported BC specific mortality rates for 
these age groupings (Table 3).25, 33, 35 Applying the results from these studies, which were derived from BC 
only popula�ons, to a Canadian baseline risk substan�ally diminishes the effect of screening on this 
outcome, par�cularly for individuals younger than 70 years of age. The studies repor�ng rates of all-
cause mortality did not provide data in age subgroupings that were amenable to comparison with 
available Canadian data. 
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Limita�ons  

Conclusions from this paper are limited for several reasons. Although the literature search was 
exhaus�ve, only ar�cles published in the English or French language were included, which could have led 
to a language bias. Also, only including studies from countries with a very high Human Development 
Index may have omited relevant studies. However, this was done to ensure inclusion of studies with 
high applicability to Canadian current prac�ce.  

Although study selec�on was not limited by design type, indiscriminate pooling was avoided by grouping 
data, where possible, according to study design, type of accrual and popula�on, and relevant subgroups 
iden�fied a priori. However, doing so meant that data were sparse or non-existent for some ques�ons on 
effec�veness related to risk factors, screening intervals and modali�es, and some age group strata. It has 
been suggested that studies assessing screening require follow-up of at least 20 years.62 None of the 
studies reported on harms of screening, such as overdiagnosis and false posi�ve rates, or on BC 
morbidity, which is a serious limita�on since it precludes assessment of the downstream harms 
associated with receiving a posi�ve test result. 

Follow-up in most of the included studies was either not reported or shorter than 10 years, which may 
either underes�mate or overes�mate the effects of screening. In contrast, trials with lower levels of 
internal validity tend to overes�mate the effects of screening.56, 60 To what degree these factors offset 
each other in the current dataset is unclear. In addi�on, the shorter follow-up periods in specific study 
groupings and lack of repor�ng of par�cipa�on rates precluded the calcula�on of overdiagnosis or 
adjustment for self-selec�on bias. The later bias can be par�cularly problema�c in non-randomized 
studies repor�ng mortality outcomes because par�cipants of mammography screening tend to be much 
healthier than non-par�cipants—screening par�cipants are 24% to 56% less likely to die from cancers 
other than breast cancer than are non-par�cipants.18, 63 

Conclusion 

Although the included studies exhibited heterogeneity in various aspects such as outcome measures, age 
of par�cipants, and screening prac�ces, they nonetheless assessed service delivery models and 
popula�ons may be at least par�ally representa�ve of real-world clinical se�ngs. BC screening appears 
to reduce the risk of BC mortality in women aged 50–69 years with average or moderately increased risk 
for BC in both general screening and BC only popula�ons. Although the results were more equivocal for 
older and younger women, there is some indica�on that women aged 45–49 years may also accrue some 
benefit from screening. However, the lack of data on morbidity associated with screening, such as the 
nega�ve effects of false posi�ve results and overtreatment, meant that it was not possible to gauge how 
the benefits of screening are balanced by the poten�al harms. In addi�on, any significant effects 
observed in the included studies may be atenuated in Canadian popula�ons. All-cause mortality was 
lower in screened women, although this effect varied inversely with increasing age in women older than 
49 years. Women who undergo screening generally have less advanced cancer at diagnosis and, 
consequently, tend to receive less aggressive treatment. Although the degree of effect differed between 
studies of general screening popula�ons and BC only popula�ons, the direc�on of effect was generally 
similar. Ques�ons about the effec�veness of screening with respect to screening interval, modality, risk 
factors, and specific age subgroups, and in the Canadian popula�on in general, could not be answered by 
the currently available non-randomized compara�ve evidence.  
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