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Early detection of breast cancer through screening can lower breast cancer mortality rates and reduce the burden of this dis-

ease in the population. In most western countries, mammography screening starting from age 50 is recommended. However,

there is debate about whether breast cancer screening should be extended to younger women. This systematic review pro-

vides an overview of the evidence from RCTs on the benefits and harms of breast cancer screening with mammography in

women aged 40–49 years. The quality of the evidence for each outcome was appraised using the GRADE approach. Four

articles reporting on two different trials—the Age trial and the Canadian National Breast Screening Study-I (CNBSS-I)—were

included. The results showed no significant effect on breast cancer mortality (Age trial: RR 0.93 (95% CI 0.80–1.09); CNBSS-I:

HR 1.10 (95% CI 0.86–1.40)) nor on all-cause mortality (RR 0.98, 95% CI 0.93–1.03) in women aged 40–49 years offered

screening. Among regularly attending women, the cumulative risk of experiencing a false-positive recall was 20.5%. Over-

diagnosis of invasive breast cancer at 5 years post-cessation of screening for women aged 40–49 years was estimated to be

32% and at 20 years post-cessation of screening to be 48%. Including ductal carcinoma in situ, these numbers were 41% and

55%. Based on the current evidence from randomised trials, extending mammography screening to younger age groups cannot

be recommended. However, there were limitations including relatively low sensitivity of screening and screening attendance,

insufficient power, and contamination, which may explain the nonsignificant results.

Breast cancer is currently both the most frequent cancer and

the most frequent cause of cancer deaths in women in

Europe.1 In 2012, 3.45 million new cases of cancer (excluding

non-melanoma skin cancer) and 1.75 million deaths from

cancer were estimated in Europe, among which 464,000 new

cases of breast cancer and 131,000 deaths from breast can-

cer.1 Incidence and mortality rates from breast cancer are

expected to rise as a result of the aging population.

Early detection of breast cancer through screening, effec-

tive diagnostic pathways, and optimal treatment have the

ability to lower current breast cancer mortality rates and

reduce the burden of this disease in the population.2 Many

western countries have implemented mammography screen-

ing for early detection and treatment of breast cancer to

reduce breast cancer mortality. In 2003, the European Parlia-

ment promoted the provision of breast cancer screening for

all women aged 50–69 years every 2 years.3 Also in most

other western countries, such as the United States (US) and

Canada, biennially or triennially mammography screening

starting from age 50 is recommended.4,5 However, there is

debate about whether breast cancer screening should be

extended to younger women (i.e., 40–49 years).

In effective breast cancer screening programmes, the bene-

fits should outweigh the harms for the population as a whole.

Positive effects (benefits) comprise the reduction of breast

cancer mortality, reduction of treatments for advanced dis-

ease, and reduction of intensive or mutilating treatments. A

randomised controlled trial (RCT) is the only method to

assess the effects of screening in an unbiased way. Previous

meta-analyses of RCTs showed that screening of women aged

39–49 years is associated with a significant reduction in

breast cancer mortality of 15–18%.6–9 However, most of the

RCTs included in these analyses were not designed specifi-

cally to assess the effect of screening before the age of 50
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years, as not all women that participated were younger than

50 years at study entry.

Negative effects (harms) of screening include radiation

exposure from mammography, pain during the mammogra-

phy procedure, consequences of false-positive and false-

negative tests, and the occurrence of over-diagnosis. An over-

diagnosed cancer, either invasive or non-invasive, is one diag-

nosed by screening, which would not otherwise have come to

attention in the woman’s lifetime. As a consequence, women

run the risk of decreased quality of life and adverse outcomes

of surgery, radiation, and other unnecessary treatments

caused by over-diagnosis such as hormonal therapy and che-

motherapy. Younger women may benefit less from mammog-

raphy screening because of factors associated with younger

age, including a lower breast cancer incidence and a lower

test sensitivity of mammography due to higher breast density

and, possibly, faster growing tumours.10 Some studies esti-

mated the negative effects of screening before the age of 50

years by using modelling techniques.10,11

Hence, the positive and negative effects of mammography

screening in women aged 40–49 years are still unclear, and

there is no consensus on whether or not to offer screening to

women in this age group. The latest guideline of the Ameri-

can Cancer Society states that all women should begin having

yearly mammograms by age 45, and can change to having

mammograms every other year beginning at age 55. Further-

more, women should have the choice to start with yearly

mammograms at age 40 if they want to.12 According to the

US Preventive Services Task Force, the decision to start regu-

lar, biennial screening mammography before the age of 50

years should be an individual one and take into account

patient context, including the patient’s values regarding spe-

cific benefits and harms.13 Also in Europe, there is no overall

agreement. Most European national screening programmes

do not invite women younger than age 50, but in some areas

in the United Kingdom (UK) women aged 47–49 years now

receive invitations for screening as part of a study looking at

whether to extend the breast cancer screening age range.14

Estimates of the positive and negative effects of mammog-

raphy screening in women aged 40–49 years based on the lat-

est evidence are required to guide and help policy makers in

their decision-making about implementation of the extension

of current breast cancer screening programmes. These esti-

mates enable them to make up the balance between the posi-

tive effects and negative effects of the extension of breast

cancer screening programmes to women aged 40–49 years.

Therefore, the aim of this systematic review is to provide

an overview of the evidence on the benefits and harms of

breast cancer screening with mammography in women aged

40–49 years. The following research question was investi-

gated: For women aged 40–49 years who are asymptomatic

and are not currently under treatment for breast cancer, will

screening with mammography as compared to no breast can-

cer screening with mammography, decrease mortality from

breast cancer and what will be the negative effects in terms

of false-positive results, false-negative results, chance of over-

diagnosis and risk of radiation from mammography?

Material and Methods
A systematic literature review was conducted following a

review protocol, the Cochrane guidelines15 and Preferred

Reporting Items for Systematic Reviews and Meta-Analysis

(PRISMA) guidelines.16 The population, intervention, control

intervention and the critical outcomes (PICO) were defined

by the authors prior to the literature search. The review pro-

tocol can be retrieved by contacting the corresponding

author.

Search strategy

The literature search was performed in the electronic data-

bases Embase, Medline (OvidSP), Cochrane Library and

PubMed from inception to 21 February 2017, by combining

search strings for mammography, breast cancer screening

and women in the age category of 40–49 years. Only RCTs

published in English language were searched. Limits were: no

conference abstracts, conference papers, letters or editorials.

The complete search strategies are shown in the Appendix.

Eligibility criteria

Studies had to meet the following inclusion criteria: (1) RCTs

designed to estimate the benefits/harms of breast cancer

screening in women aged 40–49 years from the general pop-

ulation (i.e., the study population at entry includes only

women younger than 50 years); (2) intervention/exposure:

(any type of) mammography screening (versus no screening);

(3) follow-up time of at least 10 years after randomisation;

(4) sample size of at least 40,00017; (5) disease: primary

breast cancer and (6) outcomes: relative reduction in breast

cancer-related mortality or all-cause mortality, or proportions

of negative effects due to breast cancer screening with mam-

mography (proportion of false-positive/false-negative results,

chance of over-diagnosis of breast cancer, risk of radiation).

Furthermore, to prevent inclusion of multiple publications on

the same study, only the most recent or most complete publi-

cation for each dataset for a specific outcome was selected.

Study selection

Articles were selected by screening the titles and abstracts,

followed by screening of the full-text articles. The title and

abstract selection and subsequent screening of the full-text

articles was done in duplicate by two independent research-

ers. The results were compared and discussed; any doubts or

disagreements were resolved by a third researcher. The pro-

cess of selection and inclusion and exclusion of articles,

including the reasons for exclusion of full-text papers, was

registered in an Endnote library (version X7.3.1).

Data extraction

Data from included studies were extracted into pre-defined

evidence tables by one researcher, in close collaboration with
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a second researcher. In case of any doubts or disagreements,

a third researcher was consulted. The evidence tables con-

tained information on study characteristics (i.e., country,

design, inclusion and follow-up period); study population

(i.e., setting, inclusion and exclusion criteria, enrolment age)

and study groups (i.e., intervention and comparison, screen-

ing protocol, sample size). The outcomes extracted from

included studies comprised the reduction of breast cancer

mortality and all-cause mortality in the intervention group

relative to the control group and the proportions of negative

effects due to breast cancer screening with mammography

(e.g., the proportion of false-positive/false-negative results).

The evidence tables also included a column with comments

on risk of bias and other quality aspects of the study.

Quality assessment

The quality of the total body of evidence for each outcome

was critically appraised using the GRADE approach (Grading

of Recommendations Assessment, Development and

Evaluation1).

In brief, according to GRADE, evidence on the effects of

an intervention can be classified as high, moderate, low and

very low. Bodies of evidence from RCTs start as high-quality

evidence, whereas those from observational studies start as

low-quality evidence. According to a set of predefined crite-

ria, involving within-study risk of bias, directness of evidence,

heterogeneity and precision of effect estimates, evidence qual-

ity can be increased or decreased. GRADE tables (evidence

profiles and summary of findings tables) were created using

standard GRADE formats and procedures (with GRADE-

pro18) to summarise these quality aspects and other specific

details of the included studies, such as study outcomes. The

tables were compiled by one researcher in close collaboration

with a second researcher, and if necessary a third researcher.

Synthesis of results

Pooling of data was planned if more than one study on a

given outcome was available and data from these studies

were sufficiently homogeneous in terms of clinical, methodo-

logical and statistical characteristics. Otherwise, narrative syn-

theses were conducted.

Results
The search yielded 2,042 unique records in the electronic

databases, of which the full text of 70 articles was assessed

and four articles were finally included after applying the

inclusion and exclusion criteria. A flow diagram of the selec-

tion process is presented in Figure 1.

Characteristics of included studies

Two of the included articles presented data from the UK Age

trial,19,20 which was undertaken in 23 breast-screening units

in England, Wales and Scotland. From 1991 to 1997, women

of age 39–41 years were included and randomised to receive

mammography or usual care. Screening in the trial was by

two-view mammography at first screen and by single view

thereafter. The women were identified from lists of patients

of general (family) practitioners held on local Health Author-

ity databases. Follow-up lasted to December 31, 2011. One of

the two studies assessed the reduction on breast cancer mor-

tality and all-cause mortality,20 whereas the other reported

on the frequency of false-positive screens.19

The other two included articles described results from the

Canadian National Breast Screening Study-I (CNBSS-I),

which involved women aged 40–49 years who were recruited

between January 1980 and March 1985 through a general

publicity campaign and review of population lists.21,22 In this

study, all women received initial breast physical examination

and instruction on breast self-examination before randomisa-

tion to two-view mammography or usual care. In one of the

studies, the women were followed until age 60 for mortality

from breast cancer (all women had reached age 60 before

completion of follow-up in December 2005).22 The other

study reported estimates of over-diagnosis using post-

screening cessation cut-off points from 1 to 20 years.21 The

characteristics of the included studies, and the reported out-

comes and risk of bias in the studies, are summarised in

detail in Table 1.

Reduction in breast cancer mortality

In the study of Moss et al. (Age trial), the reduction in breast

cancer mortality in the screening group relative to the control

group was 7% at a median follow-up of 17.7 years, which did

not reach statistical significance (RR 0.93 (95% CI 0.80–

1.09)).20 The hazard ratio (HR) for death from breast cancer

before the age of 60 years, given the use of screening mam-

mography, was 1.10 (95% CI 0.86–1.40; p5 0.45) in the

study of Narod et al. (CNBSS-I).22 In both studies, the 95%

CI around the effect estimate included both no effect and

appreciable benefit. Accordingly, the quality of evidence was

downgraded to moderate due to imprecision (see Table 2 for

the complete GRADE evidence profile). Owing to the hetero-

geneity of the data (i.e., different outcome measures), it was

not possible to provide summarising outcome measures or to

conduct a meta-analysis.

Reduction in all-cause mortality

The reduction in all-cause mortality in the screening arm rel-

ative to the control arm was 2% in the study of Moss et al.

(Age trial), however, not statistically significant (RR 0.98,

95% CI 0.93–1.03).20 As the trial was not powered to detect

an effect on all-cause mortality, the quality of evidence was

downgraded to moderate due to risk of bias (Table 2).

Frequency of false positives

Of the 53,884 women randomised to the intervention group

in the study of Johns et al. (Age trial), 7,893 women (14.6%)

experienced one or more false-positive screens (defined as

routine trial screens where initial mammographic findings led

to recall for additional procedures, but further assessment did
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not result in a diagnosis of breast cancer at that episode) dur-

ing the course of the trial.19 The observed cumulative risk of

experiencing a false-positive recall over the first seven screens

was 20.5% among regular attenders (those attending �7 rou-

tine screens during the trial; n5 23,245). No downgrading

was done for this outcome and therefore the quality of evi-

dence was rated as high (Table 2).

Over-diagnosis

Over-diagnosis of invasive breast cancer (calculated as cumu-

lative breast cancers in the mammography arm after certain

years of follow-up minus the cumulative breast cancers in the

control arm after certain years of follow-up, divided by the

numbers of screen-detected breast cancers during the trial

period in the mammography arm) at 5 years post-cessation

of screening was estimated to be 32% in the study of Baines

et al. (Canadian trial); 30 years post-cessation, this was 48%.

If women with ductal carcinoma in situ were also included,

these estimates were 41% and 55%, respectively. The authors

estimated that overall, approximately 30% of invasive screen-

detected breast cancers in women aged 40–49 years were

over-diagnosed.21

Discussion
The aim of this systematic review was to compile the evi-

dence on the benefits and harms of breast cancer screening

with mammography in women aged 40–49 years. Four

articles reporting on two different trials were included. The

results showed no statistically significant effect on breast can-

cer mortality nor on all-cause mortality in women aged 40–

49 years offered mammography screening. Whereas one of

the two included trials (CNBSS-I) reported a small and non-

significant excess of breast cancer deaths before the age of 60

years, the other trial (UK Age trial) showed a non-significant

reduction of breast cancer mortality.20,22 Also the reduction

in all-cause mortality found in the Age trial was small and

Figure 1. Flowchart showing the selection process of the systematic review.
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Table 1. Study characteristics, outcomes and risk of bias

Study, country

Setting, study popu-
lation and study
period

Study groups
and sample size Outcomes

Risk of bias

Random
sequence
generation

Allocation
concealment Blinding

Loss to
follow-up/
IT principle
observed

Other
limitations

Moss, 2015
Age trial
UK

23 NHS breast-
screening units in
England, Wales and
Scotland
Women 39–41 years
Inclusion period

1991–1997
Follow-up

To Dec 31, 2011
(median 17.7 years;
IQR 16.8–18.8)

Mammography
vs usual care
I: n 5 53,883
C: n 5 106,953

- Reduction in
breast cancer
mortality
- Reduction in
all-cause
mortality

- Adequate
- Individual
randomisation
by computer,
stratified
by GP practice
- Randomisation
ratio 1:2

- Adequate
- Randomisation
and allocation
was carried out
by computer

Not possible for
patients and
personnel.
Information
about cause
of death was
obtained from
the NHSCR

Analysis based
on intention-to-
treat principle
I: n 5 650 lost
to follow-up
because of
emigration
C: n 5 1,183
lost to follow-up
because of
emigration

The trial was
not powered
to detect an
effect on
all-cause
mortality

Johns, 2010
Age trial
UK

23 NHS breast-
screening units in
England, Wales and
Scotland
Women 39–41 years
Inclusion period

1991–1997
Follow-up

To Dec 31, 2004
(mean NR)

Mammography vs
usual care; this
analysis included
the intervention
arm only
n 5 53,884

Frequency of
false-positives*

- Adequate
- Individual
randomisation
by computer,
stratified by
GP practice
- Randomisation
ratio 1:2

- Adequate
- Randomisation
and allocation
was carried out
by computer

Not possible for
patients and
personnel

Loss to
follow-up
NR; analysis
based on
intention-to-
treat principle

None

Baines, 2016
Canadian National
Breast Screening
Study-I
Canada

15 screening centres
in 6 Canadian prov-
inces
Women 40–49 years
Inclusion period

January 1980–March
1985
Follow-up

To 25 years post-
entry to the study

Mammography and
physical breast
examination vs
usual care
I: n 5 25,216
C: n 5 25,220

Over-diagnosis - Adequate
- Individual
randomisation,
stratified by
centre and
5-year age
group

- Adequate
- Use of lists with
pre-printed
identification
numbers and
group
designations

Not possible for
patients and
personnel

Loss to
follow-up
NR; analysis
based on
intention-to-
treat principle

- All women
received initial
breast physical
examination
and instruction
on breast
self-examination
before
randomisation;
therefore the
study sample
consisted of
pre-screened
volunteers
instead of
unselected
women
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did not reach statistical significance.20 Among regularly

attending women, the cumulative risk of experiencing a false-

positive recall was 20.5% in the Age trial.19 Over-diagnosis of

invasive breast cancer at 5 years post-completion of CNBSS

screening for women aged 40–49 was estimated to be 32%;

20 years post-cessation of screening this was 48%. If women

with ductal carcinoma in situ were also included, these esti-

mates were higher: 41% and 55%, respectively.21

Until now, only few studies have been published that were

specifically designed to assess the effect of breast cancer

screening in women younger than 50 years. Most mammog-

raphy screening trials include women of a broader age range

(e.g., 40–64 years) and subsequently analyse the results for

the smaller sample of women aged 40–49 years. Interpreting

stratified results should be done with caution, however.

Although the CNBSS-I included women aged 40–49 years,

some women reached the age of 50 years shortly after inclu-

sion. It is therefore possible that any benefit or harm results

from breast cancer screening taking place after age 50,23

when women will receive the first invitation in the national

screening programme. The Age trial overcomes this issue by

inviting women aged 39–41 years at study entry and is thus

up to now the only trial that is set up specifically to evaluate

the effectiveness of screening in women under 50 years of

age.

The authors of the Canadian trial assumed that none of

the women assigned to the control arm underwent mammog-

raphy before age 50; however, it is possible that some of

those women underwent mammography off-study before the

age of 50, and therefore, cross-over might have reduced the

effect of mammography on the true mortality difference. In

addition, women in the intervention group underwent on

average only four or five screens during the 10-year period of

the annual screening program, which may have also contrib-

uted to a reduced effect of the screening. On the other hand,

the quality of mammography seems adequate, consisting of

two view mammography, whereas in the Age trial only, the

first screening was a two view mammogram. However, both

the method of randomisation and the quality of the mammo-

grams in the Canadian Trial have been questioned.12,24 Ran-

domisation was done on the basis of lists supplied by the

central office with pre-printed identification numbers and

group designations25 and took place after a clinical breast

examination (CBE). Therefore there would be some knowl-

edge at the screening site of palpable abnormalities before the

official registration of the participant occurred.12 Although it

was stated that the centre coordinators were blinded for

CBE,25 others reported the existence of possibilities to subvert

the randomization.24 Unfortunately, there was an imbalance

in the distribution of observed cancers between the screening

and control group in the first screening round: respectively

19 versus 5 advanced cancers (>4 involved nymph nodes),24

which could be the result of not following the randomisation

procedure or just chance. In response to this critics, the

authors of the Canadian trial re-evaluated the effect ofT
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Table 2. GRADE evidence profile for the benefits and harms of mammography screening in women aged 40–49 years

Quality assessment No of patients Effect

Quality Importance
No of
studies Design Risk of bias Inconsistency Indirectness Imprecision

Other
considerations

Routine
mammography

Usual
care

Relative
(95% CI) Absolute

Reduction in breast cancer mortality

19 Randomised
trial7

No serious
risk of bias

No serious
inconsistency

No serious
indirectness

Serious1 None 242/53,883
(0.45%)

412/
106,953
(0.48%)

RR 0.932

(0.80–1.09)
337 fewer per
1,000,000
(from 963
fewer to
433 more)

���O
MODERATE

CRITICAL

110 Randomised
trial8

No serious
risk of bias

No serious
inconsistency

No serious
indirectness

Serious3 None 0.53%4 0.48%4 HR 1.10
(0.86–1.40),
p5 0.45

- ���O
MODERATE

CRITICAL

Reduction in all-cause mortality (median follow-up 17.7 years)

19 Randomised
trial7

Serious5 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 2,127/53,883
(3.95%)

4,320/
106,953
(4.04%)

RR 0.986

(0.93–1.03)
808 fewer per
1,000,000
(from 2,827
fewer to
1,212 more)

���O
MODERATE

CRITICAL

Frequency of false-positives (mean/median/range follow-up not reported)

111 Randomised
trial

No serious
risk of bias

No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 7,893/53,884
(14.6%)

- - - ����

HIGH
CRITICAL

Over-diagnosis (during screening), invasive cancers only

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 284 225 - Over-diagnosis
28%14

���O
MODERATE

CRITICAL

Over-diagnosis (1 year post-screening), invasive cancers only

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 327 262 - Over-diagnosis
31%14

���O
MODERATE

CRITICAL

Over-diagnosis (2 years post-screening), invasive cancers only

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 379 308 - Over-diagnosis
33%14

���O
MODERATE

CRITICAL

Over-diagnosis (3 years post-screening), invasive cancers only

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 435 363 - Over-diagnosis
34%14

���O
MODERATE

CRITICAL

Over-diagnosis (4 years post-screening), invasive cancers only

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 487 421 - Over-diagnosis
31%14

���O
MODERATE

CRITICAL

Over-diagnosis (5 years post-screening), invasive cancers only

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 544 476 - Over-diagnosis
32%14

���O
MODERATE

CRITICAL
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Table 2. GRADE evidence profile for the benefits and harms of mammography screening in women aged 40–49 years (Continued)

Quality assessment No of patients Effect

Quality Importance
No of
studies Design Risk of bias Inconsistency Indirectness Imprecision

Other
considerations

Routine
mammography

Usual
care

Relative
(95% CI) Absolute

Over-diagnosis (10 years post-screening), invasive cancers only

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 912 817 - Over-diagnosis
45%14

���O
MODERATE

CRITICAL

Over-diagnosis (15 years post-screening), invasive cancers only

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 1,386 1,311 - Over-diagnosis
35%14

���O
MODERATE

CRITICAL

Over-diagnosis (20 years post-screening), invasive cancers only

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 1,725 1,622 - Over-diagnosis
48%14

���O
MODERATE

CRITICAL

Over-diagnosis (during screening), invasive and in situ cancers

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 326 234 - Over-diagnosis
37%15

���O
MODERATE

CRITICAL

Over-diagnosis (1 year post-screening), invasive and in situ cancers

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 371 271 - Over-diagnosis
40%15

���O
MODERATE

CRITICAL

Over-diagnosis (2 years post-screening), invasive and in situ cancers

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 424 318 - Over-diagnosis
43%15

���O
MODERATE

CRITICAL

Over-diagnosis (3 years post-screening), invasive and in situ cancers

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 480 373 - Over-diagnosis
43%15

���O
MODERATE

CRITICAL

Over-diagnosis (4 years post-screening), invasive and in situ cancers

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 533 432 - Over-diagnosis
41%15

���O
MODERATE

CRITICAL

Over-diagnosis (5 years post-screening), invasive and in situ cancers

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 590 487 - Over-diagnosis
41%15

���O
MODERATE

CRITICAL

Over-diagnosis (10 years post-screening), invasive and in situ cancers

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 958 828 - Over-diagnosis
52%15

���O
MODERATE

CRITICAL

Over-diagnosis (15 years post-screening), invasive and in situ cancers

112 Randomised
trial

Serious13 No serious
inconsistency

No serious
indirectness

No serious
imprecision

None 1,432 1,322 - Over-diagnosis
44%15

���O
MODERATE

CRITICAL
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mammography screening by excluding all prevalent cancers

at study entry and found a statistically non-significant 10%

reduction in breast cancer mortality (Hazard Ratio in screen-

ing rounds 2–5: 0.90 (95% CI 0.69–1.16)).26 This would be

consistent with the statistically non-significant 17% reduction

in the Age Trial.

Although the authors of the Canadian Trial reported that

mammography was in accordance with standard practice,

that facilities and equipment for modern film screen mam-

mography were prerequisites, that quality control procedures

were established for radiation physics and mammography

interpretation, and that breast examiners received a month of

training,27 critics judged the equipment and mammography

images to be below the standard of time and reported that

specific training to perform and interpret mammography was

lacking.12,24 However, the authors of the Canadian Trial

argue that sensitivity of the mammography employed in the

screening centres was representative of the quality of the

technology delivered at cancer centres and teaching hospitals

and that the screening examination was properly con-

ducted.27 Previous results of the Age Trial, after a mean

follow-up of 10.7 years, showed a non-significant risk reduc-

tion for breast cancer mortality (RR 0.83, 95% CI 0.66–

1.04).28 According to the authors, the absolute effect of mam-

mography screening is difficult to assess when deaths from

cancers diagnosed after the intervention phase of the trial are

included. Analyses restricted to tumours diagnosed in the

intervention phase showed a significant reduction of breast

cancer mortality in the first 10 years after diagnosis, but there

was no significant reduction after 10 years, at the time when

both groups received the same care. The authors argue that

with increasing time, the effect will be diluted by breast can-

cers diagnosed after the end of screening, including those

detected by screening after age 50 in the national program.

Some other issues might also explain the lack of effect of

breast cancer screening in their study. One was that the

power of the study was diminished due to a smaller sample

than planned. This was a result of financial and workload

constraints and lower breast cancer mortality in the control

group than anticipated, probably due to improvement of

treatment and survival since the initial power calculations.

Second, women who moved out of the region were not

invited any more, and as a result, <55% of women in the

intervention group was actually screened by the seventh

screening round. The authors argue that the screening effect

at later follow-up would be greater in a national screening

programme where these women would still have been

invited.20 Modelling studies can be helpful to estimate and

understand the effects of varying the total number of women

included, follow-up time or proportion of screened women.

The Canadian Trial assessed breast cancer mortality but

not all-cause mortality. Narod et al. explained that a specific

aim of the study was to test the hypothesis that treatment of

otherwise indolent breast cancers has the potential to reacti-

vate dormant metastases and to accelerate their growth,29T
a
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which may lead to a transient increase in the number of

deaths from breast cancer.22 Only the Age trial included all-

cause mortality as an outcome measure. According to Gotz-

sche et al.,30 assignment of breast cancer mortality is unreli-

able and biased in favour of screening. However, very large

trials are needed to assess the effect of screening on all-cause

mortality.

Harms of mammography screening among women aged

40–49 years were evaluated in the Age trial by assessment of

false-positive rates. False-positive rates differ widely between

countries, mainly depending on the tendency to interpret

mammograms as abnormal.31 Comparisons of false-positive

rates between age groups should therefore preferably be

made within the country at stake. In the Age trial, false-

positive rates at the first and subsequent screenings were

4.9% and 3.2%, which resemble those (7.9% initial rate and

3.2% subsequent rates) in the UK mammography screening

programme.32 Given the different cancer incidence rates

between younger and older women, the Positive Predictive

Value (PPV) may be a better estimate to compare false-

positive results between age groups.19 The PPV in the Age

trial was 2% at first screens and 3–5% in subsequent screens,

whereas in the UK screening program, the values of the PPV

were higher, 8% and 16%, respectively.32 In the Age trial, the

cumulative risk of a false-positive recall of regularly attending

women over seven screens was 20.5% and 28% over 10

screens, which was higher than those 10–11% found in five

units in the national screening program after four screening

rounds.33 The higher rate found in the Age trial as compared

to screening from 491 could be explained by the fact that

the sensitivity and PPV of mammography decrease with

increasing breast density. As younger women have denser

breast tissue, which diminishes gradually with increasing age,

false-positive results are expected to be higher.19,31

Another possible harmful effect of screening women aged

40–49 years concerns an increased amount of over-diagnosis.

To estimate over-diagnosis correctly, sufficient follow-up time

is needed to allow time for the compensatory drop after the

end of the intervention phase.20 According to the Indepen-

dent UK Panel on Breast Cancer Screening, there is no single

optimum way to calculate over-diagnosis, although they

describe the two most useful estimates. These are (a) from

the population perspective, the proportion of all cancers ever

diagnosed in women invited to screening that are over-

diagnosed and (b) from the perspective of a woman invited

to screening, the probability that a cancer diagnosed during

the screening period represents over-diagnosis.34 Another

method to calculate excess cancers, namely, as a proportion

of cancers detected by screening in women invited for screen-

ing, was also described by the Panel and was used in one of

the publications of the Canadian trial included in this review.

In this study, over-diagnosis was estimated up to 25 years

post-entry to the trial. The authors state that these estimates

may have been confounded by subsequent screening in the

population by national breast screening programs, especially

after 10 years as they include over-diagnosis from post-

CNBSS screening.21 In the included publication of the Age

trial, the authors conclude that their results provide no evi-

dence that screening in the trial resulted in any over-

diagnosis in addition to any occurring as a result of screening

in the national program. The long-term incidence of all

breast cancers, including those diagnosed after entry to the

national program, was somewhat lower in the intervention

group.20

We did not find any studies on other negative effects of

screening, such as the risk of radiation induced breast cancer.

According to the authors of the Age trial, the proportion of

women for whom the risk might outweigh the benefit of

screening is very small. An earlier study of Law and Faulkner

estimated that the cancer detection/induction ratio, an index

of the benefit-to-risk ratio, would exceed 1. However, in the

Age trial, it was estimated that the number of cancers

induced per 1,000 women aged 40–49 years screened would

be reduced by a factor of around 0.75 (assuming that 5% of

screens other than the first are by two views), whereas the

detection rates would be around 30% higher. This would lead

to an increase in the cancer detection/induction ratio by a

factor of 1.7. Nelson et al. also stated that the absolute level

of radiation exposure and corresponding radiation risk from

mammography is very low.8

Other research on breast cancer screening comprises

mainly population-based observational studies35 or secondary

analyses of population screening trials. Two meta-analyses

(Nelson et al. 20098 and Magnus et al. 20117) including

screening trials in all age groups, and the Age trial and Can-

ada trial found a breast cancer mortality reduction of 15%8

and 17%,7 respectively, in women below 50 years of age. In

agreement with another meta-analysis on screening in all age

groups,30 Nelson et al. did not include three of the trials that

were included in the Magnus meta-analysis, because of sub-

optimal randomisation. However, the US Preventive Services

Task Force (USPSTF) does not explicitly recommend screen-

ing for women younger than 50. They stated “Women aged

40 to 49 years experience the highest rate of additional imag-

ing, whereas their biopsy rate is lower than that for older

women. Mammography screening at any age is a trade-off of

a continuum of benefits and harms. The ages at which this

trade-off becomes acceptable to individuals and society are

not clearly resolved by the available evidence”.

The included trials in this systematic review concern film

mammography. Nowadays, new technologies for mammogra-

phy have emerged, such as digital mammography which has

shown to be more sensitive in younger women with dense

breasts as compared to film mammography.36 A recent

modelling study indicated that digital mammography screen-

ing in women aged 40–49 years in addition to current

screening in the Netherlands is cost-effective.10 The model

predicted 26% reduction of breast cancer mortality with cur-

rent screening in women aged 50–74 years, which was in line

with earlier research. Lowering the starting age of screening
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to 40 years would reduce mortality with an additional 5%.

An increase in the number of false-positives by 74 per 11,000

(60%) and an increase of over-diagnosis by 0.33 per 1,000

(11%) is also expected. Cost-effectiveness of digital mammog-

raphy in women aged 40–49 years was shown in a US

modelling study as well.11

Up to now, the effectiveness of breast cancer screening

with mammography for women aged 40–49 years has not

been proven in randomised trials. However, there were limi-

tations regarding the power of the study, follow-up time and

screening attendance that may explain the non-significant

effects. Therefore, based on the current evidence from

randomised trials, extending mammography screening to

younger age groups cannot be recommended yet. However,

modelling studies indicate cost-effectiveness of breast cancer

screening with digital mammography in women aged 40–49

years. Further research should focus on trials with new mam-

mography technology.
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Appendix: Literature Searches

Searches performed per database on 21–02-2017

� Embase

(mammography/exp OR ’breast tumor’/exp OR (mam-

mogra* OR echomammogra* OR breast):ab,ti) AND (screen-

ing/de OR ’screening test’/de OR ’mass screening’/de OR

’cancer screening’/de OR (screen* OR (mammogra* NEAR/3

(routine* OR repeat*))):ab,ti) AND (’middle aged’/de OR

premenopause/de OR (’middle aged’ OR ((35 OR 36 OR 37

OR 38 OR 39 OR 40 OR 41 OR 42 OR 43 OR 44 OR 45 OR

46 OR 47 OR 48 OR 49 OR fourt* OR thirt*) NEAR/3 (age*

OR year*)) OR fourties* OR ((under OR below OR before

OR younger OR ’less than’) NEAR/3 (50 OR 49)) OR

((young* OR earl* OR start*) NEAR/3 age*) OR premeno-

paus* OR (pre NEXT/1 menopaus*)):ab,ti) AND ((random*

OR factorial* OR crossover* OR (cross NEXT/1 over*) OR

placebo* OR ((doubl* OR singl*) NEXT/1 blind*) OR assign*

OR allocat* OR volunteer*):ab,ti OR ’crossover procedure’/de

OR ’double-blind procedure’/de OR ’randomized controlled

trial’/de OR ’single-blind procedure’/de) AND [english]/lim

NOT ([Conference Abstract]/lim OR [Letter]/lim OR [Note]/

lim OR [Conference Paper]/lim OR [Editorial]/lim)

� Medline (OvidSP)

(mammography/OR exp Breast Neoplasms/OR (mam-

mogra* OR echomammogra* OR breast).ab,ti.) AND (Mass

Screening/OR (screen* OR (mammogra* ADJ3 (routine* OR

repeat*))).ab,ti.) AND (premenopause/OR (middle aged OR

((35 OR 36 OR 37 OR 38 OR 39 OR 40 OR 41 OR 42

OR 43 OR 44 OR 45 OR 46 OR 47 OR 48 OR 49 OR fourt*

OR thirt*) ADJ3 (age* OR year*)) OR fourties* OR ((“under”

OR “below” OR “before” OR “younger” OR “less than”)

ADJ3 (50 OR 49)) OR ((young* OR earl* OR start*) ADJ3

age*) OR premenopaus* OR (pre ADJ menopaus*)).ab,ti.)

AND (Clinical Trial.pt. OR randomized.ab,ti. OR place-

bo.ab,ti. OR dt.fs. OR randomly.ab,ti. OR trial.ab,ti. OR

groups.ab,ti.) AND english.la. NOT (letter OR news OR com-

ment OR editorial OR congresses OR abstracts).pt.

� Cochrane Library

((mammogra* OR echomammogra* OR breast):ab,ti)

AND ((screen* OR (mammogra* NEAR/3 (routine* OR

repeat*))):ab,ti) AND ((’middle aged’ OR ((35 OR 36 OR 37

OR 38 OR 39 OR 40 OR 41 OR 42 OR 43 OR 44 OR 45 OR

46 OR 47 OR 48 OR 49 OR fourt* OR thirt*) NEAR/3 (age*

OR year*)) OR fourties* OR ((under OR below OR before

OR younger OR ’less than’) NEAR/3 (50 OR 49)) OR

((young* OR earl* OR start*) NEAR/3 age*) OR premeno-

paus* OR (pre NEXT/1 menopaus*)):ab,ti)

� PubMed

((mammogra*[tiab] OR echomammogra*[tiab] OR

breast)) AND ((screen*[tiab] OR (mammogra*[tiab] AND

(routine*[tiab] OR repeat*[tiab])))) AND ((“middle aged"

[tiab] OR ((35[tiab] OR 36[tiab] OR 37[tiab] OR 38[tiab] OR

39[tiab] OR 40[tiab] OR 41[tiab] OR 42[tiab] OR 43[tiab]

OR 44[tiab] OR 45[tiab] OR 46[tiab] OR 47[tiab] OR

48[tiab] OR 49[tiab] OR fourt*[tiab] OR thirt*[tiab]) AND

(age[tiab] OR aged[tiab] OR year*[tiab])) OR fourties*[tiab]

OR ((“under"[tiab] OR “below"[tiab] OR “before"[tiab] OR

“younger"[tiab] OR “less than"[tiab]) AND (50[tiab] OR

49[tiab])) OR ((young*[tiab] OR earl*[tiab] OR start*[tiab])

AND (age[tiab] OR aged[tiab])) OR premenopaus*[tiab] OR

(pre menopaus*[tiab]))) AND (randomized OR placebo OR

randomly OR trial OR groups) AND english[la] AND

publisher[sb]
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