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Abstract

Objectives: Mammography screening is generally accepted in women aged 50-69, but the balance between benefits and harms
remains controversial in other age groups. This study systematically reviews these effects to inform the European Breast
Cancer Guidelines.

Methods: We searched PubMed, EMBASE and Cochrane Library for randomised clinical trials (RCTs) or systematic reviews of
observational studies in the absence of RCTs comparing invitation to mammography screening to no invitation in women at
average breast cancer (BC) risk. We extracted data for mortality, BC stage, mastectomy rate, chemotherapy provision, over-
diagnosis and false-positive-related adverse effects. We performed a pooled analysis of relative risks, applying an inverse-
variance random-effects model for three age groups (<50, 50-69 and 70-74). GRADE (Grading of Recommendations
Assessment, Development and Evaluation) was used to assess the certainty of evidence.

Results: We identified 10 RCTs including 616,641 women aged 38-75. Mammography reduced BC mortality in women aged
5069 (relative risk (RR) 0.77, 95%CI (confidence interval) 0.66—0.90, high certainty) and 70-74 (RR 0.77, 95%CI 0.54-1.09, high
certainty), with smaller reductions in under 50s (RR 0.88, 95%Cl 0.76—1.02, moderate certainty). Mammography reduced stage
IIA+ in women 50—69 (RR 0.80, 95%Cl 0.64—1.00, very low certainty) but resulted in an overdiagnosis probability of 23% (95%ClI
18-27%) and 17% (95%CI 15-20%) in under 50s and 50-69, respectively (moderate certainty). Mammography was associated
with 2.9% increased risk of invasive procedures with benign outcomes (low certainty).

Conclusions: For women 50-69, high certainty evidence that mammography screening reduces BC mortality risk would
support policymakers formulating strong recommendations. In other age groups, where the net balance of effects is less clear,
conditional recommendations will be more likely, together with shared decision-making.
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Introduction

Breast cancer (BC) is the second most common malignan-
cy in the world.! In the European Union, 404,920 women
were diagnosed with BC and 98,755 died during 2018.”
Over the last 20 years, BC mortality has decreased due to
improvements in treatment, services delivery and imple-
mentation of population screening. However, the role of
population screening has been under debate over the last
three decades due to conflicting systematic reviews and
recommendations.>*

Randomised clinical trials (RCTs) carried out during
the 1970s and 1980s showed that mammography screening
is associated with a reduction in BC mortality.” However,
screening a healthy population is also associated with
undesirable effects such as recalling women with a false-
positive result for additional imaging.® Overdiagnosis (BC
cases that would not have clinically surfaced in the absence
of screening) is another downside of screening, and its
magnitude is controversial.’

Numerous organisations have issued screening recom-
mendations. The WHO recommended in favour of screen-
ing starting at 40 years of age in well-resourced settings.®
The Canadian Task Force recommended screening only in
women over 50, due to the risk of overdiagnosis and
unnecessary biopsies in younger women.” The American
Cancer Society, including evidence from RCTs and obser-
vational and modelling studies, recommended initiating
annual screening at 45.'°

In 2015, the (ECIBC) was launched to develop the
European Guidelines on Breast Cancer Screening and
Diagnosis. This systematic review informed the recom-
mendations about mammography screening for early
detection of BC in asymptomatic women at average risk.
During the guideline development,'' the Guidelines
Development Group (GDG) made detailed considerations
on the evidence of effects as well as values and preferences,

equity, acceptability and feasibility. Readers are welcome
to refer to these considerations in the published recom-
mendations and on the ECIBC website (https://health
care-quality.jrc.ec.europa.eu/european-breast-cancer-
guidelines/screening-ages-and-frequencies).'>!?

Methods

Structured question and outcome prioritisation

The clinical question prioritised by the GDG, ‘Which is
the optimal age range in which to carry out screening for
breast cancer?’, followed the Population, Intervention,
Comparison and Outcomes format (Box 1). Three sub-
populations were pre-defined: women under 50, 50-69
and 70-74years old at the moment of invitation to
screening.

During the development of the recommendations,' the
GDG decided to split the sub-group of women under 50
into two sub-groups: 40-44 and 45-49. The outcomes were
prioritised by the GDG using a 1-9 scale as suggested by
the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) approach.'*

Data sources and searches

We searched MEDLINE (April 2016), EMBASE (April
2016) and CENTRAL (March 2016) databases using
pre-defined algorithms for both systematic reviews and
individual studies. We adapted the search terms to each
database (see Supplemental material 1). We also reviewed
lists of references of the included studies, and members of
the GDG were consulted about potentially missing studies.

During June 2018, we performed a new search in
MEDLINE as part of the ECIBC’s guideline updating
process. The results were assessed by the GDG and, as
no relevant studies were identified that could potentially

Box | Structured clinical question.

Population Intervention Comparison

Outcomes

Women who are at Invitation to mam- No invitation to

average risk of mography mammography
breast cancer: screening screening

e Under 50y

e 50-69y

o 7074y

Critical

e Breast cancer mortality

e Overdiagnosis

Important

e Stage of breast cancer

e Other cause mortality

e Rate of mastectomies

e Provision of chemotherapy: provision of either adjuvant,
neoadjuvant or both

e Psychological effects: include anxiety caused or relieved by
screening, anxiety caused by assessment of suspicious
screening findings, longer length of life qualified by longer
periods of life spent with a diagnosis of breast cancer,
treatment side effects including psychosocial effects of body
image following surgery

e False positive related adverse effects: psychological distress

e False positive related adverse effects: biopsies and surgeries
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change the recommendations, they decided to not update
the review. In November 2019, the GDG met and consid-
ered that, to the best of their knowledge, there were no
relevant new publications.

Study selection

We included RCTs of women at average risk of BC (with-
out family history of BC or inherited changes of BRCAI
and BRCA2 genes), comparing invitation to mammogra-
phy screening versus no invitation. If no RCTs were iden-
tified, we included systematic reviews of observational
studies. For overdiagnosis, we included only trials in
which, after completing the study phase, neither women
in the control nor the intervention group were offered
mammography screening. We excluded studies conducted
outside the context of screening programmes or not pub-
lished in English.

Initially, at the title and abstract level, two reviewers
after calibration assessed the eligibility of the references
retrieved. Two reviewers independently reviewed the full
text of the selected references. Discrepancies were solved
either by consensus or with the help of a third reviewer.

Data extraction and risk of bias assessment

Details of the study design, population, follow-up and
results were extracted by one reviewer and confirmed by
a second reviewer. If needed, we requested additional
data from authors of the included studies. We assessed
the risk of bias (RoB) of RCTs using the Cochrane RoB
Assessment tool'’, and systematic reviews with the
AMSTAR (A Measurement Tool to Assess Systematic
Reviews) checklist (see Supplemental material 2).'°

Data analysis

To estimate the effect of mammography screening on BC
mortality, we used two methods. The ‘short case accrual’
method includes only BC deaths among BC cases diag-
nosed during the screening intervention phase.'”'® The
‘long case accrual’ method considers all BC deaths irre-
spective of the date of diagnosis, accrual time being equiv-
alent to the follow-up of the study.'”'

We estimated overdiagnosis as the difference in the
cumulative number of BC in the groups invited and not
invited to screening, expressed: (a) as a percentage of the
number of cancers in the screening group (population per-
spective) or (b) as a percentage of the cancers diagnosed
during the screening phase of the trial in the invited to
screening group (individual perspective). We pooled data
as relative risks (RR) using a random-effects model
(Review Manager v5.3). We assessed the presence of
heterogeneity among studies using the Cochrane chi-
square test and the /° statistic. Additionally, we provided
subgroup analysis based on the risk of bias assessment
and a post-hoc sensitivity analysis excluding RCTs with
a substantial concern for breaking the concealment at
randomisation.

To estimate risk differences, we used the baseline risk
from the control arms of the RCTs; we also provide esti-
mates using baseline risks proposed by the GDG members
considering European population surveillance data. All
results are expressed as by 100,000 women invited to mam-
mography screening.

Certainty of the evidence

We rated the certainty of the evidence for each outcome
taking into consideration the standard GRADE
domains,'”*® described in the evidence profiles (see
Supplemental material 4).

Results

Search results

From 2393 unique citations, we selected 57 to be appraised
as full text. At this stage, we excluded seven reviews, and
13 observational studies of mammography screening
reporting outcomes available from RCTs. Additionally,
we excluded the Edinburgh trial because of important
baseline differences between the screening and control
groups, suggesting suboptimal randomisation (see
Supplemental material 5).>'-*

We included 30 publications from nine RCTs: the Health
Insurance Plan (HIP) of Greater New York trial,>>*%° the
Canadian Breast Cancer Screening Study (CNBSS-1 and
CNBSS-2),>”3? the United Kingdom Age trial** ¥ the
Stockholm trial,** ¥ the Malmé Mammographic Screening
Trial (MMST I and MMST 1II),**! the Géteborg trial,***
the Swedish Two-County trial (Ostergbtland and
Kopparberg counties),** one publication that reported
results for the five Swedish mammography trials,'® and
updated results of the UK Age Trial®® and the Goteborg
Trial (Table 1).”' We also obtained additional age-stratified
results for BC mortality from the authors of the CNBSS trial.

Four systematic reviews of observational studies fulfilled
the eligibility criteria (Figure 1).>° Brett et al.”® assessed
the adverse psychological impact of mammography screen-
ing in the general population. Salz et al.>> examined the
effects of false-positive mammogram results. Bond et al.>
evaluated the psychological effects of false-positive screen-
ing mammograms in the UK, and one review assessed the
cumulative risk of false-positive results leading to an inva-
sive procedure (needle biopsy or surgery).>*

BC mortality

Eight trials included 348,478 women less than
5(,24-26,28,29.36.37.39.40.43.50.51 ix trials 249,930 women aged
50-69,18:23:2426.27.29.36.3743.4748.51 404 two trials 18,233
women aged 70-74.'539404748 The trial time ranged
from 3.5 to 18.8years, the median short case accrual
follow-up time from 9.1 to 24 years, and the median long
case accrual follow-up time from 13 to 21.9 years, depend-
ing on the age strata (Table 1).
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2393 records identified from databases

v

2336 records excluded after

title/abstract screening

57 records assessed for eligibility

23 full-text articles excluded
Reasons:
7 Reviews of mammography

including outcomes available

A 4

A4

from RCTs

2 studies covering different

30 publications from 9 individual RCTs
&

4 systematic reviews of observational studies

population or imaging
modalities
1 RCT with suboptimal

randomisation g

13 observational studies

Figure 1. PRISMA flowchart.

In women under 50, invitation to mammography
screening probably reduces the risk of BC mortality (RR
0.88; 95% CI (confidence interval) 0.76—-1.02; P =20%:
short case accrual) (moderate certainty).'®>*26:28:30:31
Comparable results were obtained using a long case accru-
al follow-up time (RR 0.92; 95%CI 0.83-1.02;
P =6%)'8:2428:4343.3051  (Bigyre 2). In women aged
between 50 and 69, mammography screening reduced the
risk both for short (RR 0.77; 95%CI 0.66-0.90;
PP =49%)8:24.26.2747.51 and long case  accrual
time!®:2427434350 (piah certainty) (Figure 3). For women
aged 70-74, the Malmo I reported short case accrual
follow-up and the Swedish Two-County reported long
accrual follow-up time; mammography screening reduced
the risk of BC mortality (RR 0.77; 95%CI 0.54-1.09;
P =0%)""*" (high certainty) (Figure 4).

The risk difference in BC mortality for women aged 50—
69 was 138 fewer deaths per 100,000 women invited to
screening (95% CI 204 fewer to 60 fewer) using short accrual
follow time, and 175 fewer deaths per 100,000 women

invited to screening (95%CI 251 fewer to 91 fewer) using
long accrual time (Table 2). Sensitivity analysis including
only RCTs at low RoB yielded similar results.

Other cause mortality

In women under 50, mammography screening may make
no difference to other-cause mortality, but the evidence is
uncertain (RR 1.04; 95%CI 0.95 to 1.15; P =62%) (very
low certainty).'®*34*445% Two trials were included in the
50-69 group®”** and one trial in the 7074 group;* in
these age strata, mammography screening may also
result in no difference (Table 2) (low certainty)
(Supplemental material 3: Figures S5, S8 and S9).

Advanced BC

We defined advanced stage as either stage Il or greater,
tumour size >20mm or > 1 positive lymph node, which is
consistent with stage ITA disease or higher. Additionally,
we used a second definition of advanced disease as
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(a)

Study or Subgroup

Screening
Events  Total Events

No screening

Risk Ratio
Total Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

Risk of Bias
ABCDEFG

3.17.2 Low risk of bias

Heterogeneity: Tau®= 0.00; Chi*= 0.35, df=1 (P = 0.55); F=0%
Test for overall effect. Z=1.76 (P=0.08)

3.17.3 High risk of bias

Test for overall effect. Z=1.74 (P=0.08)
Testfor subgroup differences: Chi*= 0.06, df=1 (P = 0.80), F= 0%

| -
Malmé | 24 3987 33 4067  6.9% 0.74 [0.44, T 73] > 9000000
UK Age 182 53883 412 106953 331% 0.88[0.74,1.04] r 20000600
Subtotal (95% CI) 57870 111020  40.0% 0.86 [0.73, 1.02]
Total events 206 445

CNBSS-1 83 25214 76 25216 16.3% 1.09[0.80,1.49] - [ 1]
Giteborg 33 11792 68 14321 10.3% 0.59[0.39, 0.89] [ 1 ]
HIP 36 13740 42 13740 9.2% 0.86 [0.55, 1.34] — 77
Malma Il 29 9581 33 8212 T.6% 0.75[0.46,1.24] — ?7?
Stockholm 34 14303 13 8021 4.8% 1.47[0.77,2.78] ?7?
Swedish Two-County 57 19844 48 15604 11.8% 0.93 [0.64,1.37] — ?2?
Subtotal (95% CI) 94474 85114 60.0% 0.89 [0.71,1.12] -

Total events 272 280

Heterogeneity: Tau®=0.03; Chi*=8.31,df=5 (P =0.14), F= 40%

Test for overall effect: Z=0.97 (P=0.33)

Total (95% CI) 152344 196134 100.0% 0.88 [0.76, 1.02] L o

Total events 478 725

Heterageneity: Tau?= 0.01; Chi*= 8.79, df= 7 (P = 0.27); F= 20% 055 D:T 7 55 é

Im Y

Favours [Screening] Favours [Mo screening]

Testfor overall effect Z=1.51 (P=0.13)
Test for subgroup differences: Chi*=0.01, df=1 {P=0.91), F=0%

(b) Screening No screening Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI ABCDEFG
3.18.2 Low risk of bias
Malmi | 24 3987 33 4067 4.0% 0.74 [0.44,1.25] — 0000000
UK Age 242 53883 515 106953 36.7% 0.93[0.80,1.09] ——

Subtotal (95% CI) 57870 111020 40.7% 0.92 [0.79, 1.06] -
Total events 266 548
Heterogeneity: Tau®= 0.00; Chi*= 0.68, df=1 {P=0.41); F=0%
Test for overall effect Z=1.17 (P=0.24)
3.18.3 High risk of bias
CNBSS-1 264 25214 254 25216 30.5% 1.04[0.88,1.23] -
Giteborg 34 117492 89 14321 6.0% 0.70[0.46,1.07] I —
HIF 64 13740 82 13740 9.8% 0.78[0.56, 1.08] 0
Kopparberg 22 9582 16 5031 2.6% 0.72[0.38,1.37]
Malmd Il 29 9581 33 8212 4.4% 0.75[0.46,1.24] e —
Stockholm 34 14303 13 8021 27% 1.47[0.77,2.78] —
Ostergdtiand 23 10262 23 10573 3.3% 1.03[0.58, 1.84] I —
Subtotal (95% CI) 94474 85114 50.3% 0.91 [0.76, 1.07] . .
Total events 470 480
Heterogeneity: Tau®= 0.01; Chi®= 7.82, df= 6 (P = 0.25), F= 23%
Testfor overall effect Z=1.15{P=0.25)
Total (95% CI) 152344 196134 100.0% 0.92 [0.83,1.02] <P
Total events 736 1028
i TauE = - ChiF= 5 - R L . . L
Heterogeneity: Tau®= 0.00; Chi*=8.55, df=8 (P=0.38); F= 6% 05 07 15 )

Favours [Screening] Favours [Mo screening]

Figure 2. Effect on breast cancer mortality of mammography screening (women under 50 years of age): (a) short case accrual, mean follow
up across studies 16.8 years; (b) longest case accrual, mean follow-up across studies 15.2 years. Risk of bias legend: (A) Random sequence
generation, (B) allocation concealment, (C) blinding of participants and personnel, (D) blinding of outcome assessment, (E) incomplete

outcome data and (F) selective reporting, (G) other bias.

regional or metastatic or tumour size > 40 mm, equivalent
to stage III or higher.

Using the stage IIA or higher definition, in women
under 50, mammography screening may reduce the risk
of advanced disease, but the evidence is uncertain (RR
0.88; 95%CI 0.78 to 0.99; F=0%) (very Ilow
certainty ) ?>2428:3443:45.3051 11y women aged 5069, the
effect size was similar (RR 0.80; 95%CI 0.64-1.00,
P=170%) (very low certainty)>>***434331 One trial
including older women (aged 50-74) showed that mam-
mography screening may reduce the risk of advanced dis-
ease (RR 0.64; 95%CI 0.55-0.73),*> equivalent to 385

fewer cases (95%CI 482 fewer to 289 fewer) (Table 2)
(low certainty) (Supplemental material 3: Figures S1 and
S6).

Using the stage I1I or higher definition, in women under
50, screening may make little difference to the risk of
advanced disease (RR 0.98; 95%CI: 0.74-1.29; I? =0%)
(low certainty).?>***33%4359 I women aged between 50
and 69, mammography screening may reduce the risk of
advanced disease (RR 0.62, 95%CI 0.48-0.80;
P =0%),22**"% which is equivalent to 65 fewer cases
of advanced BC (low certainty). In women aged 50-74,
mammography screening may reduce the risk of advanced
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Test for overall effect: Z= 3.25 (P = 0.001)
Test for subgroup differences: Chi*=0.33, df=1 (P = 0.56), F=0%

(a) Screening No screening Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI ABCDEFG
5.7.2 Low risk of bias
Malmi | 134 16805 162 16837 20.3% 0.83 [0.66, 1.04] —=— o000000
Subtotal (95% CI) 16805 16837  20.3% 0.83 [0.66, 1.04] -

Total events 134 162
Heterogeneity: Not applicable
Test for overall effect: Z=1.62 (P=0.11)

5.7.3 High risk of bias
CNBSS-2 97 19711 95 19694 16.6% 1.02[0.77,1.35] I —
Gotehorg 46 10112 88 15997 12.6% 0.83[0.58,1.18] ——
HIP 90 16505 121 165058 17.2% 0.74 [0.57, 0.98] ]
Stockholm 43 24836 37 12957 9.8% 0.68 [0.44,1.04] ————r
Swedish Two-County 201 46897 229 33074 235% 0.62 [0.51,0.75] —
Subtotal (95% CI) 118061 98227 T79.7% 0.76 [0.63, 0.92] .
Total events 482 570
Heterogeneity: Tau®= 0.03; Chi®*=8.93, df= 4 (P = 0.06), F= 55%
Testfor overall effect. Z= 2.79 (P = 0.005)
Total (95% CI) 134866 115064 100.0% 0.77 [0.66, 0.90] -
Total events 616 732
i TalF= ChiF= 5 - . . L . .
Heterogeneity: Tau®*= 0.02; Chi*=9.77, df=5 (P =0.08); F= 49% 0's 07 15 7

Favours [Screening] Favours [No screening]

Test for overall effect Z=3.71 (P = 0.0002)
Testfor subgroup differences: Chi®=0.45, df=1 (P = 0.50), F= 0%

(b) Screening No screening Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDETFG
5.8.2 Low risk of bias
Malmi | 134 16805 162 16837 17.4% 0.83 [0.66, 1.04] —— 000000
Subtotal (95% CI) 16805 16837 17.4% 0.83 [0.66, 1.04] i
Total events 134 162
Heterogeneity: Mot applicable
Testfor overall effect Z=1.62 (P=0.11)

5.8.3 High risk of bias

CNBESS-2 236 19711 251 19694 21.5% 0.941(0.79,1.12] —— 2000000
Giteborgy 54 10112 103 15997 11.6% 0.83[0.60, 1.15] —_— 000000O
HIP 101 16505 130 16505 15.3% 0.78 [0.60,1.01] — ? @222
Kopparberg 78 23701 69 11112 11.8% 053[0.38,0.73) ——— ? ??2??
Stockholm 48 24836 37 12857 8.0% 0.68 [0.44,1.04] - 7T ® 2o0a
Ostergitiand 89 23186 119 21962 14.4% 0.71[0.54,0.83] S ? 7 2?2?77
Subtotal (95% CI) 118061 08227 82.6% 0.75[0.63, 0.89] .—

Total events 606 7049

Heterogeneity: Tau®= 0.02; Chi*=10.77, df= 5 (P = 0.06); F= 54%

Test for averall effect: Z=3.30 (P =0.0010)

Total (95% CI) 134866 115064 100.0% 0.77 [0.67, 0.88] S

Total events 740 871

Heterogeneity: Tau®= 0.02; Chi*=10.93, df=6 (P = 0.09); F= 45% I:lf5 D:? 1f5 ﬁ

Favours [Screening] Favours [No screening]

Figure 3. Effect on breast cancer mortality of mammography screening (women aged 50-69): (a) short case accrual, mean follow-up across
studies 17.6 years; (b) longest case accrual, mean follow-up across studies 15.5 years. Risk of bias legend: (A) random sequence generation, (B)
allocation concealment, (C) blinding of participants and personnel, (D) blinding of outcome assessment, (E) incomplete outcome data, (F)

selective reporting and (G) other bias.

disease (RR 0.63, 95%CI 0.45-0.89),* equivalent to 63
fewer cases (95%CI 94 fewer to 19 fewer) (Table 2) (low
certainty) (Supplemental material 3: Figures S2 and S7).

Overdiagnosis

We identified three trials, the CNBSS-1, the CNBSS-2 and
a subgroup of women aged 55-69 from the Malmo-I trial
(women aged 45-54 received screening at the end of the
study). In women aged 4049, the estimates of overdiag-
nosis were 12.4% (95%CI 9.9-14.9) from a population
perspective and 22.7% (95%CI: 18.4-27.0) from an indi-
vidual perspective (moderate certainty).*®*° In women
aged between 50 and 69, we estimated a pooled overdiag-
nosis of 10.1% (95%CI: 8.6-11.6; > =0%) from a popu-
lation perspective and 17.3% (95%CI: 14.7-20.0;

P =10%) from an individual perspective (Table 3) (mod-
erate certainty) >"?%

Rate of mastectomies

Across all age groups, women invited to screening may
undergo more mastectomies (RR 1.20, 95%CI 1.11-1.30;
FP=0%, 180 more in absolute terms) (low certainty)
(Supplemental material 3: Figure $3).'%31:39-4¢

Provision of chemotherapy

Across all age groups, the evidence was uncertain with an
RR of 0.86 (95%CI 0.53-1.40; I* 71%)"%%%¢ (Table 3)
(very low certainty) (Supplemental material 3: Figure S4).
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Screening
Events Total Events

No screening
Study or Subgroup

Risk Ratio
Total Weight M-H, Random, 95% CI|

Risk Ratio
M-H, Rand 95% CI

Risk of Bias
ABCDEFG

5.3.2 Low risk of bias

Malma | 3 296 3 291 4.9%
Subtotal (95% Cl) 296 291 4.9%
Total events 3 3

Heterogeneity: Not applicable

Test for overall effect: Z=0.02 (P = 0.98)

5.3.3 High risk of bias

Swedish Two-County 61 10339 57
Subtotal (95% CI) 10339

Total events 61 57
Heterogeneity: Not applicable

Test for overall effect Z=1.52 (P=0.13)

7307 951%
7307 95.1%

Total (95% CI) 10635

Total events 64 60
Heterogeneity: Tau®= 0.00; Chi*=0.10,df=1 (P = 0.75); F= 0%
Testfor overall effect Z=1.49(P=014)

Test for subgroup differences: Chi*= 010, df=1 (P=0.75), F=0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel(performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting

(G) Other bias

7598 100.0%

0.98[0.20, 4.83]
0.98 [0.20, 4.83)

0.76[0.53,1.08]
0.76 [0.53, 1.08]

0.77 [0.54, 1.09]

|
—‘——
272@2222

1_

-

0.2 05 2 5
Favours [Screening] Favours [No screening]

Figure 4. Effect on breast cancer mortality of mammography screening (women 70 years of age or older). Malmé | and Swedish two-county
reported short case accrual estimate, follow-up across studies 9.5 years.

Psychological effects

Uncertain evidence showed that mammographic screening
may not produce anxiety in women given a clear result
after a mammogram.” However, those requiring further
investigations may experience significant anxiety, in the
short and long term, depending on the extent of the addi-
tional exams (Table 3) (very low certainty).”

False-positive-related psychological distress

One review, including 17 studies, suggested an increase in
the scores of disease-specific BC measures of psychological
distress with false-positive results, being largest for anxiety
about BC (r=0.22; 95%CI: 0.18-0.27) and smallest for
fear (r=0.08; 95%CI: 0.03-0.14) (low certainty).>> In con-
trast, when using non-specific measures, the only sug-
gested effect was a higher risk of generalised anxiety
(r=0.03; 95%CI: 0.00-0.07) (low certainty).>

Another review included four studies evaluating psy-
chological impact;> false-positive mammograms may be
associated with negative psychological consequences when
assessed using disease-specific measures (e.g. BC anxiety).
Additionally, the risk of negative effects may be greater if
a biopsy is required (RR 2.07; 95%CI 1.22-3.52) than if
only further mammography is needed (RR 1.28; 95%CI
0.82-2.00) (low certainty).>

False-positive-related procedures

One systematic review included four primary studies and
an analysis of performance parameters from 20 screening
programmes (low certainty).>* One Norwegian study
reported a cumulative risk of undergoing fine needle aspi-
ration cytology, core needle biopsy (CNB) and having a

surgical intervention with a benign outcome of 3.9%,
1.5% and 0.9%, respectively.’® The largest study, from a
Spanish screening programme, reported an estimated
cumulative risk of 1.8% for undergoing an invasive pro-
cedure with a benign outcome.’’

RoB and certainty of the evidence

Our main concerns for BC mortality were: (1) the use of
suboptimal random allocation methods, such as the date
of birth to allocate women to each study arm in the
Stockholm and Gothenburg trials;*®** (2) in the CNBSS
trials, participants underwent clinical breast examination
before randomisation, and this information was available
to the personnel in charge of allocation.””*® However, no
single trial drove the overall results in the subgroup anal-
ysis of low versus high RoB (Tables 2 and 3). This was
corroborated in a post-hoc sensitivity analysis, where we
explored the impact of excluding the CNBSS trials, which
resulted in a non-meaningful change in the point estimates
for the outcome breast cancer mortality (i.e. for women
under 50, RR 0.84; 95%CI 0.73-0.98, for short case accru-
al) (Supplemental material 3: Figures S10 and S11).

For overdiagnosis, in the CNBSS trials, there was
potential bias due to screening after the trial ended, as
screening programmes were subsequently implemented
under different province jurisdictions with an increased
likelihood of attendance of women who had been screened
during the trials.”®** Also, the overdiagnosis results were
simple cumulative incidence differences with no adjust-
ment for lead time and, therefore, might be overestimated.

Other relevant limitations were related to indirectness,
due to difference in quality control of screening and
improvement of care over the last two decades, but given



397

Canelo-Aybar et al.

(penunuod)

(1omay 03 (001 MOT YA Aduaisisuodul ‘(snowas) s[etn 6905
JaM3} 7T Wody) 000°00 | 42d Jamay op | %L0 490 080 WY 4psOOO@  seig jo sl 03 anp papeasumog pasiwopuey (1¥1°961) ¥
‘(snotuas)
uoispaadwi pue (sno
(1omdy 4 (660 MO AYIA -149s) ssauldaJIpul ‘(snolias) s|el 05>
01 Jama} 1,8 WoJy) 00000 | 42d Jamay 9 %0 —8.0)880¥Y  y3,000®  seiq jo sl 01 anp papeasumoq pasiwopuey (£0€°00€) S
13y31y 4o V|| 98D1s J2OUDD ISDAIG
*(snotuas)
(40w 00T ©1 Jomay (011 MO uoisaidwi pue (snoluss) sjeLn ¥/—0L
0€4T Wo4) 000001 4od atow o/7 %0LT  —160) 10°] YWY OO@®  ssauivauipul 03 anp papeidumoq pasiwopuey (9v9'£1) 1
*(snotuas)
(suow 97 o o1 MO uoispaidwi pue (snoluas) s|el 69-09
Jamay} 0gE Woup) 000°001 42d Jemay 99 %99 —S60) 6670 WY OO@@®  ssauidadipul 03 anp papeldumoq pasiwopuey (9L€%611) T
‘(snotuas)
uoispadwi pue (snoLias)
(su0ow g/ (S1°1 MOT AYIA ssauldaUIpul ‘(snolIas) Adua sjeln 0S>
JaM3} GT| Wiods) 000001 42d Sdow | %ST  —56'0) bO'I WY O00s -sIsuodUl 01 anp pape.sumo( pasiwopuey (009°067) 9
Aypriow asnbd a0
"92UBPIAS By Jo Alulerisd ayy
(1omay |6 01 Jamdy (88’0 HOIH Buipeadumop Apasnl o1 punoy sjeLn
ST Wo4p) 000°00° | 42d Jomay G/ | %80 —£9°0) LL'0 WY 2o DDDD  919M SUONEISPISUOD JUBAS|DI ON pasiwopuey (0g6'6¥0) 9 69-09
(340w | (o1 31V¥IAOW (snowas) s[e.n
03 .19M3} 78 Wody) 000°00 | -12d 1oma; gg %S0  —€80) T6'0 WY prqODB@  uoispaudwi 01 anp papessumoq pasiwopuey (8Lv'8¥¢€) 8 05>
(3/gpjipAD |DNU2ID 9sDD 1593U0J) AYDIIOW JAOUDD ISDAIG
(s40w gz 01 Jomay
08€1 WoJj) 000001 4od 19m3} 069 %0°€ "92USPIAS BY3 JO AIuresad By
(1omay | 03 (60°1 HOIH Buipeasumop Ansnl o3 punoy s[eLn
alow |g wodj) 000001 -od Jamay £0T %60  —$50) LL0 YN ;oqDDO®  249M SUOREIIPISUOD JUBAS|DI ON pasiwopue. (eeT'sl) T ¥L 03 0L
(4omay 0|7 0
J3M3} | £ Wod) 000°00 | -2d 1oma) 8% %1°C
(4amay 00| 02
JaM3} € Wody) 000°001 Jod Jamay 0T %0 "92U3PIAS 3 Jo AJUlelIad Ayl
(1omay 09 03 (060 HOIH Suipea8umop Ajasnl 01 punoy sjeln
J3M3} $0T Woly) 000°00 | 4od 1amay ge | %90  —99°0) LL'0 ¥Y 2oDDBO  249M SUOREIIPISUOD JUBAS|DI ON pasiwopuey (0g6'6¥0) 9 6905
(cu0ow |
J9M3} 89| Wo4f) 000°001 4od 1amd4 8 %L°0
(10w g (zol 31vY3IdOW (snowas) s[eln
01 1aM3} ,8 WOY) 00000 | 42d 1am3y g %F'0  —9L°0) 880 WY g OBO®  uoisideadwi 01 anp papeidumoq pasiwopuey (8Lv'8¥e) 8 05>
(jpnuoop aspd 10ys) Aypriow 4adUDD 1SDIG
uopndnpaJ 21n|josqy LDISH [eseg (ID%S6) 9JUDPIAD JudWISSasse AJuleldad) udissq (uonendod) dnoug a3y
10943 dANERY Jo Aurers) salpnis jJo oN

sduipuyy jo Arewwng

uswssasse Aend

'sdno.d a8e Aq Suiuseuds AydesSowwew J9oURd ISBDUQ JO SID9YO S|qRJISOP UO DUSPIAS 3|qE|IBAR JO AJBWWNG *T d]qeLl



Journal of Medical Screening 28(4)

398

"Ww 0§ < dzis Jnown papnjaul A|uo 31 ‘sueak g/ ueys 4apjo jo dnous sy u,

'SJB9A(/ < 2J9M UDWIOM JO 9%¢ | INOqe A|uo Inq ‘sieak ,/—(0} PasSe uswom sapnpul siskjeuy.,

"WJRY 0 1JoUaq JueLIodwl SPN|IXD 10U SIOP [D%G6 YD ‘SIIPNIS B33 Ul 12U JB3]d SMOYS APMIs UO BIIYAA (20°0 = d ‘%0L = ,I) AuauaBosiay ednsneas yum Aouaisisuodul paureidxaun,

'SBIq JO )[SII 10} SNOLIDS, 01 9PeJSUMOP 01 PIPIdAP SJaqUIBW H(JD) "UISIUOD SNOLIDS B S| DSBS JOIUBD ISBDIQ JO JUSWISSISSE PIPUI|q-UON|,

"69—0S PoSe USWOM U0y SE dUIES mmm:uuo.__v:_;.

“JUBDYIUSIS-UOU SBM DIBLUNSD HISII 93 ‘S[elI) SBIq JO Sl MO| 03 P2IDLIISAI SEM SISA[BUR USYM ‘9seasip JO 98BIS JO JUSWISSISSE POpUI|G-UOU peY pue pasiwopue. Ajjewndo-qns a.19Mm S3IpNls SWoS,

*249Y 21 SuISn pue SSBUIDAUIPUI O} [9A3] SUO Aq 21eJ9poW, 01 Y31y, WO} 92USPIAS eyl SUlpeISUMOP JO I|NSDJ B SE ‘9)BIOpOW, SB Paled Udaq dARY

OS|e P|NOM SWODINO SIY3 .10} DUBPIAS Y3 JO AIUIIIDD DY) ‘DY PIJIPISUOD dI9M WinJedls 338 9—(0G Y3 WO) SDUSPIAS 1D3IpUl B3 JI ‘Jey3 108} ay3 Aq PadJojula. OS[e Sl UOISIDAp SIy] "a43y paltodad si 3eym 01 3so|d
$119)49 33 Jo 23eWNS 3y Jey) 1ioddns spud) 1eys pue sdno.s a3e 1aY10 Ul SSOYI YIIM JUISISUOD S| 17349 DANE|DI ) 3SNED] UOISIdAIdWI J0) SPEISUMOP 01 10U PAPIDAP HJD Y2 ‘SAWOINO PATE[a.-All[ELIOW dY) 404,
"SSUIDAIPUI .10} 3UBPIAS Jo Auijenb ayy apesSumop o1 30U papap HAD Y (e 39 s4apao.g) SaIpNIs PasiWopue.

-uou AJedodwiaauod woj 93uUapiAs SulIspIsuod Us1je ‘uonsanb siyy ur a8ues a8e ay1 uey uspeouq si /-0 Jo a8ued a8e uonendod sy 3eys 39e SYI SuIpN|dUIl ‘S[ELII BYI WO} SSIUIDBIIPUI INOGE SUISdUOD Sdsaq,
*(Pa49pIsSu0d si wWi| J3YSIY BY) 1O JBMO| BY1 JAYIBYM UO SuIpuSdap U(EI 3G ABW UORUDAISIUI Y3 SulpIeSal UOISIDAP [EJIUID JUBIIYIP € ‘OPIM SI | Y SE) P|OYSAYD UOISIBP By S3SSOLd SUWI| |D %56 YL,
'S9WO02INO U910 IO} SNOLISS 3l PAJSPISUOD INQ AII[BIIOW JDIUERD ISBDUQ 4O} SSOUIDIPUI U0} SPRISUMOP 10U PIP HAD dY] 'S1DY Y2 Ul USSS SINSSJ YD YIIM IUISISUOD

S YIIYM (€8'0-99°0 ‘1D%S6 #£'0="dd) PRAUAUI 10U UBWIOM YoM patedwiod ‘Bulua.dS 01 PRIIAUL SJEA gH—0f POSE USWOM Ul SYIB3P J2URD ISEalq 0} disid padnpaJ e pamoys . (10T g 3sinbjjaH) Apnas pasiwopue.
-uou a3.ue| y ‘paro.aduil 9AeY J9DUERD ISBAIQG JO 48D SY3 puB SUlUD.DS JO [0.3u0d Afenb syl pue ‘Buiussuds JeduRD ISBRIQ 03 9dUBISYPE JUBYSIY SARY USWOM ApuUalin)) ‘OSe suea ()7 UBY3 9J0W PIIDNPUOD DI9M S[BLI|
" SNOLI3S J0U, SB PalBJ SEM SEIQ JO disld 3yl ‘(S|D) s|eAtaaul aduaplyuod Suiddejuaro pue (auedyudis-uou sem — sjerid seiq Jo st Y31y 'sA mo| — saduataylp dnoudqgns .oy

3593 3Y3) SIZIS 31932 Ul AJIIE[IWIS PUE SI NS |[BISA0 dY3 SUIALIP S|el3 SjSuls JO D] 38yl USAIL) 'Seiq 4O dsid ySiy 03 pes| 10U pIp SAPNIS JO 33 SIYI Ul JUSW[BIOUOD UOIIEIO||E JO 5B| Jey) I3} HJD dY dduejeq dnsouSoud
Buine1yae Yaim sanss pey A|qissod Z-SSEND Y2 28y 33} DD Y "YIBSP JO SSNED, JO JUSWSSISSE PAPUIG-UOU € pry Apnis duQ ‘Pe2dedde Apua.ind 99 10U PINOM 1By SPOLISU UONEIO|[E WOPUE P3SN S3IPNIS BWIOS
*(§] SWN|OA UOIUBAB.J J92URD) JO JOOqPUBH DYY| ‘Bulusa.dg J9duRD) ISEa.g) A1[B1IOW J9OURD ISBDQ JO $1D9)D 9IN|OSqR DIBN[BAS O3 PAISPISUOD 3q PINOYS %9°(Q UBY3 JaySiy Syl dUl|9SE] IBY3 PRJPISU0d HJD 3Y],

(1omady ¢ | (680 MO (snowuas Aian) ,S[eLs ¥L-0S
03 .19M3} 6 WO.) 00000 | 42d 1omd4 €9 %0 —S'0) €90 WY 1qOOB@®  ssaurdalipul 01 anp papessumoq pasiwopuey (£19°26) |
‘(snotuas)
(1omay ¢ (080 MO $S3UIDBIPUI PUE (SNOLIBS) s|etn 6905
03 JaMma} 88 Wo.y) 00000 | -12d Jamay} 69 %T0  —8'0) 790 WY »OO®®  seq jo st 03 anp papeidumoq pasiwopuey (zeo'oLl) €
*(snotuas)
(su0w 97 (671 MO uoispaadwi pue (snoLias) sjeln 0s>
03 JaM3} €7 WO) 000001 43d Jomady %10 —¥L0) 86'0 YN prqOOB@  ssauIdaIpUl 03 3np papeasumoq pasiwopuey @ITvLo v
LW 0F < 9ZIs nowiny 4o +(j| 33p1s — a3D1s JOUD 1SDIIG
(1amay 68T 01 (€20 MOT ‘(snoLuas Aun) s|etn ¥/—05S
J9M3} T8 Woly) 00000 | 4od 1amdy g8€ %1 —55°0) ¥9°0 Yy 1qOOB@  ssaudauipul 01 anp papeusumo( pasiwopuey (£19'26) |
*(snotuas)

uoispaidwi pue (sno
-119s) ssauldaJIpul (SnoLas)

uondnpaJ a1Injosqy dslJ |eseq (ID%s6) 9OUSpIAD JUBWISSISSE AJUlelIDD) udisaq (uonejndod) dnou3 a3y
109)° 9ANERY jo Aurerss) saIpnIs Jo oN

Juswissasse Alend

e

sduipuyy jo Arewwng

‘panupuod) *g dqer



399

Canelo-Aybar et al.

(panunuod)

404 00°C-78°0 1D%56 ‘8T’ | =YY

‘salpnis
:AydesSowwrew Jayliny papasu MO Ajnsnl 03 punoy auam salpn3s Arewd 47
JBY) USWOM U] sSa.asIp [ed180joydAsy -— OO0 SUOIIEJIPISUOD JUBASJRI ON [euonNeBAIBSqO Suipnpur y¥s ¢ sdnoug ||y
(ssaa1s1p |po130joydAsd) s10a)Jo asioApD palID[I-aANISOG-2S|D4
'S|aA9| A3aixue
Ul s92UBJBYIp ou pallodad salpms
J9Y10 3Iym ‘AIaIXUe (j[edau Jaie
Jeak | 01 syauow 9 wody) w.dl Suoj
J0 judIsuel) pariodad SaIpNIs [BIIAIS
:3un1s91 JaYlINy U0} P3||EIDS USWIOM
u1 A&131Xue INOQe SINSaJ Paxily
‘|leda4 aunnod uo padeld Apusnb 92USPIAS B JO
-asqns pue weiSowwew e Jde Aurerssd ayz 3uipeasumop ‘sa1pms
3INS3. JBS[D B USAIS SJB OUM USWOM MOT AYIA Ajasn[ 031 punoy auam salpnis Asewud g
ur A131xue 21ea.4> 01 Jeadde J0u saop 3 — OO0 SUOIIEJIPISUOD JUBAS|RI ON [euoOnEBAISSqO Suipnpur ys | sdnoug ||y
(s13)fo po1SojoydAsd wou) patsajur) 3fi Jo Aupnd)
(40w
09| 03 Joma} ‘(snotuas) uoisaaduw
88| wouy) pue (snoluas AJaA) ssau
000°001 (0v'1 ©2 £5°0) MOT AY3IA -323.1put ‘(snowiss) Aduaisis s[eln
J49d uamaj 9g %F0 98°0 Y +op OO0 -uoduj 01 anp papeJdumoq pasiwopuey FSt'66) T sdnous |y
Adpisayrowsayd Jo uoisiroiyg
(40w
0.7 ©3 aJ0ow
66 Wouy)
000001 (og°1 MO1 ‘(snotas AJaA) ssauldal sjeLn
43d aiow 0g| %60 —11"1) 0T'I ¥y 2q2:OOBP -Ipur 03 anp papessumoq pasiwopuey (05S5'6¥0) § sdnous ||y
S9ILW0131SDW JO 91Dy
J1VYIAOW *(snoras) ssauldal sjeL.n
(%0°0T-L¥1 1D%56) %E LI - Coad -Ipul 01 anp papeidumo( pasiwopuey (£11'%9) T 6909
‘(snolas) ssau
31VYIAOW -129.Ipul 01 ANp $S2UIDA sfern
(%0°LT¥'81 1D %S6) %LTT - L0008 -Ipur 03 anp papessumoq pasiwopuey (0€r09) | A 05>
(2A1123ds13d |pnpinpul) sisouSpipIaAQ
J1VYIAOW *(snoas) ssauldal sjeLn
(%9°11-9'8 1D %S6) %1701 - Coad -Ipul 01 anp papeidumo( pasiwopuey (L11'%9) T 6909
31VYIAOW ‘(snotas) ssauldal sjern
(%671-6'6 1D %S6) %r'TI - LD -Ipur 031 anp papessumoq pasiwopuey (0€r09) | 05>
(2A123dsuad uonpjndod) sisouspipiaaQ
uononpa. dslJ |eseq (ID%s6) DUDPIAD SjuBWIWOD) udissq (uone|ndod) dnoug a3y
ainjosqy 10940 SANE|RY jo Aurers) salpnis jJo oN

s3uipuyy jo Ausewwng

uswssasse Aend

'sdno.g a8e Aq 3ujusauds AydesSowwew JaouUed ISBAUQ JO SIDDYO D|qRJISOPUN UO SDUSPIAD J|GR[IBAE JO AJBWWNS *§ d|qe]



Journal of Medical Screening 28(4)

400

Jay31y aq 01 Ajaj)| 248 Wmens 38e gp—Gf Y U0} SAIBWINST "69—0§ PISE UBWOM papn|oul saIpmIg,

‘3ui3sel Uayruny 10j pa||e2ad UsWoMm jo dnoud aya ur A1eixue ul AjiqelieA Joj Adusisisuodul paurejdxaung

“(sa1pnas Ja1juEd Ul PAUIWLIDIBP 10U Sem snaels dpou “§'3) pasueyd Apuedlyiusis aAey suonedlpul pue sjodolo.d Adessypowsyd,

(90°0=4d ‘%1 L= ,l) Apusiolatay [eonsners yum Aduaisisuodul paurejdxaun,

“(Pa4apIsuod sI wl| J3YSIY Y2 IO JBMO| BY3 J3YIRYM UO Suipuadop u(El 9q AW UONUDAIRIUI BY2 BUIPJESaU UOISIDBP [EJIUI|D JUSIBYIP € ‘OPIM SI |D BY3 SE) P|OYSaIYyl UOISIIBP [Ed1ul]d By sassodd Ajqeqoud |D %56,
'syjnsa. aysoddo spiaoad Asya ‘pesasul (S1NSSJ 9S9YI WLIJUOD JOU Op SIIPNIS [BUOIBAISSGQ 349y palpms dnoud a8e ay1 ueys a3ue. 98 JoprO.Iq UYdNW ® D108y ] ‘H/—0p PaSe uswom apnjpul uoneindod,

" SNOLI9S 10U, SB PalBJ SBM SBIQ JO sl 9Yd ‘(S|D) S|eAdsaul adusplyuod Suiddejisro pue (auedyiudis-uou sem — sjela seiq Jo ysid Yy3iy sa mo| — seduataylp dnoudqgns oy

1593 9Y3) S9ZIS 10949 Ul AILIB|IWIS PUB SNSD. [[BJSAC 93 SUIALIP S[eLI3 9]3UlS JO >IB| B3 USAID) “SBIq JO Yisid YSiy 03 pes| 30U pIp S9IPNIS JO 39S SIY3 Ul JUSW|ESOUOD UONEIO|[E JO Y2'| 1BY1 3|9} DD Y| 9dueeq dnsouso.d
Buinaiyde yum sanssi pey Aqissod |-SSEND 243 3ey2 334 DAD YL "Y2BP JO ASNE, JO JUBWISSISSE PApUI|q-UOU pey Apms BUQ Aepol UONEIO|[e WOPUE 40} p21daddE 3q 10U PINOM 1BY2 SPOLIBLI Pasn S3IpNIs UIOS,
'SSWO2INO ISYIO IO SNOLISS 31 PAISPISUOD ING AM[BIIOW JSIUED ISBDIQ JO) SSSUIDBIIPUI IO} SPBISUMOP 10U PIP HAD dY] 'SIDY SY3 Ul US3S SINSSJ SYI YIIM IUSISISUOD

S UYIIYM (£8°0—99°0 ‘1D%S6 #/°0 =d¥) PSIIAUI 30U USWOM LM patedwod ‘Buluss.ds 03 paalAUl SIeah gi—(Of POSE USWOM Ul SUIBSp 19DUED 1ISBD.q 10} XSl padnpadJ & pamoys (] |0z g asinbjjeH) Apnas pasiwopue.
-uou a3ue| y "parc.dul 9ARY I92UBD ISBR.G JO S.4BD BY3 puB SUIUSIDS JO [0.3u0d Ajenb Y3 pue Sulusauds JedUERD IsBAIq 03 9dUBIBYPE USYSIY 9ARY USWOM Aus.LIND "OSE S.UeaA ()7 UBYL 9JOW PIDNPUOD SU9M S[BLI|

A CIEENER

ausnbasqgns pue [eniul) Jadued 1seauq

3noyam uswom 3uowre Asdoiq ajpasu

Ul pa)jnsaJ suoneujwexs 3uluaaJds

[IB 30 %1°1 PU® %T°T 3Byl pamoys

13lodd IDINNT Y3 woy eaep
|BUOI1995-550.17) wm.AN_oN PUIAJOH) ‘sisA[eue
(Apnas | uo paseq) swodno udiuaq elep e

YaIM uonuaAsaaul [ed13uns Suloduspun

JO YIS %6°0 PUE (salpmas 7 uo

paseq %¢€°9 031 %g’| d3ueJ) awodIN0

ugiuaq Yaim aunpadoud sAiseAur ue
JO dsia aAne[NWNd pajood %4 T [[BI9AQ

Sulusauds J9ye syuow 9vJYyl

PUE JUSWISSISSE Y. SHIIM XIS

e uoissaudap pue A1aixue [esauad jo
S9UNSBAW J1IBUDS Ul SIOUIBYIP ON
TSETT | 1D%S56 L0°T =YY Asdoiq e
Papaau 18U USWIOM 404 ¢/ £ T-L1° 1D
%56 ‘08| =YY :uoneuidse sumound
9|pPo3U dUl} B PIPI3U JBYI USWOM
104 TLTTT| 1D%S56 ‘T8I =4Y
}||ledau AjJes ul pade|d uswom

92U3PIAS B JO
Aurelssd ays SuipeaSumop
MO Ansnl 01 punoj suam

-Uonas ssoud
B pUE salpnis

Arew
salpms -1ud anoy 3ui
[euoneAIasqO -pnpaul YS dUQO

(sauadins pub saisdolq) s193)Jo 3SI9APD PaID[RI-9A1ISOG-3S|D

uononpa.
2Injosqy

dsld [eseq

(1D%56)
109)4 SANE[RY
s8uipuyy jo Arewwng

OO SUOIIEJISPISUOD JUBAD[RJ ON|
92U3PIAS B3 JO
Aureyuad ay3 Suipeadumop

9D2U3PIAD sjusWIWOD)

Jo AQurels)

udisaq (uonejndod)
SaIpnis Jo oN

Juswssasse Afend

‘panupuod) *§ d|qer



Canelo-Aybar et al.

401

the consistency with more recent observational studies (see
Discussion section), the GDG did not consider downgrad-
ing the evidence for this reason.

Discussion

Main findings

Our review shows that there is high certainty evidence that
mammography screening reduces the risk of BC mortality
in women between the ages of 50 and 69, with the number
of deaths averted ranging from 138 fewer to 483 fewer per
100,000 women invited to screening, depending on the
baseline risk assumed (from 0.6 to 2.1%). For other age
groups, the evidence is not conclusive. Consistently,
women invited to screening across all age groups showed
a lower risk of advanced stages of BC.

There is moderate certainty that screening is associated
with an increase in undesirable effects. Especially important
was overdiagnosis, regardless of the calculation method,
which was larger from an individual perspective in the youn-
ger age groups compared to older groups.” Mammography
screening did not appear to produce significant negative psy-
chological effects as long as the results were clearly commu-
nicated, while false-positive results, especially when further
assessment is required, increased the number of invasive
procedures and psychological distress.

Our results in the context of previous research

Consistent with our analysis, observational studies suggest
a reduction of BC mortality after screening implementa-
tion. A systematic review of time trend studies estimated a
BC mortality reduction from 1 to 9% per year and from 28
to 36% in studies comparing post- and pre-screening peri-
ods.? A pooled analysis of seven incidence-based mortality
(IBM) studies from European countries showed a mortal-
ity reduction of 25% among invited women and 38%
among those actually screened.” Another review which
classified studies according to the quality of the methods
used to estimate the expected mortality in absence of
screening found an IBM risk reduction of 26% in
women invited for screening from studies with robust
approaches.’®

Our results suggest that screened women are diagnosed
with less advanced disease. Observational evidence shows
earlier BC staging at diagnosis in women who had received
mammography screening. One Canadian registry-based
study showed that screening attendees were more likely
to have in-situ disease alone, and in those with invasive
cancer, a lower proportion of grade III histology.”
Furthermore, two studies using the SEER-Medicare data-
base showed that extending mammography screening to
elderly women decreased advanced stage at diagnosis.*¢!

The interpretation of BC stage results from RCTs is
precluded by stage migration bias due to the introduction
of sentinel lymph node dissection®® and by modifications
in coding and classification practices.®> Consequently,

ecological studies have yielded conflicting results; for
example, the incidence of BC stages II-IV has been
reported to remain unchanged since the introduction of
screening in the Netherlands.** To overcome these limita-
tions, a systematic review suggested to use the primary
tumour size as the most direct link to radiological detec-
tion;®* their findings from observational studies suggested
a reduction in BC advanced stages after the introduction
of screening.®

We observed an increased risk of mastectomies, which
has not been consistently described in population studies.
One Canadian study found that mastectomies were less
frequently performed in screening attendees,” while
women diagnosed in a New Zealand screening programme
were more likely to undergo conservative surgery;*® similar
results were observed in women aged 40-49 from the US.®’
One Norwegian study reported that mammography
screening was associated with an increase in mastectomy
rates, which later declined, likely explained by changes in
recommended surgical approaches.®® It is noteworthy that
a recent systematic review found that adherence to guide-
line recommendations on breast-conserving surgery is
highly variable (35-95%).%” Thus, the increase in mastec-
tomies among RCTs may partly be due to lead time bias,
the progress in BC care, or variation in clinical practice.

Our estimates on chemotherapy are limited by changes
in clinical practices, but recent observational studies sug-
gest similar results. One study using Italian population
cancer registries, from 2009 to 2013, observed that the
neo-adjuvant therapy indication was lower in provinces
where a screening programme had been present for
many years.”® Another study that identified women aged
40-79 with incident BC from the British Columbia Cancer
Registry (Canada) found that chemotherapy use was
lower among regular screening participants after adjust-
ment for age.”!

Our overdiagnosis estimates were in the range described
in the literature for European screening programmes,
which have been roughly estimated to range from 0 to
54% using unadjusted data and from 1 to 10% after
adjustment for BC risk and lead time.”> However, a pro-
portion of the excess of incidence from the CNBSS trials
occurred years after screening ceased in the intervention
arm®* and should not be considered as overdiagnosis.
Overall, the certainty of the evidence of overdiagnosis
was moderate, due to potential RoB, as women in the
control group of the CNBSS trial might have received
opportunistic or programmatic mammography screening
at the end of the trial period.

There is no consensus about the method to estimate
overdiagnosis. Most common approaches assess the differ-
ence in cancer incidence in the presence and absence of
screening or make inferences about the lead time of
BC.”® One study observed that a long follow-up time is
needed to account for lead time, as the excess of cumula-
tive BC incidence will fall below 10% after a follow-up of
25years in a simulated population.”® Another study,
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applying a micro-simulation model to the Netherlands
population, found that estimations made in earlier
phases of the screening programme may overestimate
overdiagnosis by a factor of 4, underlining the relevance
of allowing an appropriate follow-up time to obtain reli-
able estimates.””

There are discrepancies among previous systematic
reviews on the assessment of RoB.*’® In particular, a
Cochrane review considered that only the CNBSS,
Malmo and UK Age trials were at low RoB, showing a
non-significant effect of mammography screening on BC
mortality from those trials.* We considered the CNBSS
trial as high RoB due to allocation of women by using
open lists, and the inclusion of a clinical examination
before randomisation which could have led to differential
assignment;>”*® thus, only two RCTs were at low RoB
with similar BC mortality effects when compared to the
remaining studies. Consequently, in the 50-69 years strata,
we did not downgrade our certainty for RoB due to the
similarity in effect estimates across studies.

Some authors have proposed all-cause mortality as a
better estimate of screening impact. This measure would
be less prone to ascertainment bias of the cause of death,
an issue described in the Swedish trials with higher all-
cause mortality in the control group. However, authors
of the Swedish trials*”” reported no significant increased
rate of death from other causes after appropriate adjust-
ments for age distribution and lead time bias were imple-
mented.'®*” Moreover, all-cause mortality would be an
inefficient measure given the unfeasibly large sample size
required to detect differences between groups.*” We com-
plemented our estimation of mortality impact with the
results for other-cause mortality which suggested no dif-
ference between women invited or not to screening.

Balancing potential benefits and overdiagnosis, we esti-
mate for 100,000 women invited to screening from age 50
to 69, at least 138 BC deaths would be avoided and 3240
BC would be diagnosed (2.7 per 1000 annual rate-
x 20 years x 0.6 mammography adherence) of which 550
(17%, individual perspective) could be overdiagnosed.
Thus, for each BC death avoided, approximately four
overdiagnosed cases will be managed. This estimate is in
the range of previous systematic assessments of screen-
ing.”® However, the potential bias in the overdiagnosis
estimates means that this figure remains tentative.

Limitations and strengths

Our systematic review has some limitations, as no RCTs
have sufficient statistical power to assess the benefit of
screening on BC mortality according to age subgroups.
Additionally, we included only English language articles;
however, the risk of selection bias is probably small
because we screened previous systematic reviews, and the
GDG includes several international experts, making the
possibility of missing studies unlikely. Although our orig-
inal search was conducted up to April 2016, we conducted

a new search in June 2018, and after looking at the results,
the GDG decided not to update the systematic review.

Our review also has strengths: we used rigorous meth-
ods including the GRADE approach to rate the certainty
of the evidence and included the longest follow-up data
available from the RCTs and systematic reviews of obser-
vational studies. In contrast to previous systematic
reviews, the consideration of contextual evidence allowed
us to rate the certainty of evidence for BC mortality as
high for women aged 50-69 and 70-74 and moderate for
women aged 45-49. We also provided results stratified by
age groups of interest for women, clinicians and
policymakers.

Conclusions

Our findings have different implications depending on the
stakeholder group. Guideline panellists (and policy makers)
are more likely to formulate strong recommendations in
women in the 50-69 age group than in other groups. In
women under 50 or over 69, where the balance is less clear,
conditional recommendations are more likely. Moreover,
panels may specify further subgroups among women below
50, where baseline risk changes rapidly and recommendations
could vary between the 40-44 and 45-49 age groups, as in the
ECIBC guidelines'? (https://ecibe.jre.ec.europa.eu/recommen
dations/). Although informed decision-making should be rec-
ommended in all age groups, this will be especially important
in these age groups where the balance is less clear.

A number of research priorities were identified with
input from the GDG experts, which included: assessing
the impact of different screening intervals; the identifica-
tion of risk factors to stratify women who should start
screening earlier (or at shorter examination intervals,
such as women with dense breast tissue); better assessment
of the magnitude of overdiagnosis with an emphasis on
methods to estimate the actual impact across age groups;
and the use of new technologies for screening (i.e.
tomosynthesis).
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