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Abstract
Breast cancer (BC) is the most prevalent malignancy worldwide, and a
continued upward trend has been predicted in the coming decades.
Screening in selected targeted populations, which is effective in reducing
cancer‐related mortality, has been widely implemented in many countries.
This review summarizes the advances in BC screening techniques,
organized or opportunistic BC screening programs across different
countries, and screening modalities recommended by different academic
authorities. Mammography is the most widely used and effective technique
for BC screening. Other complementary techniques include ultrasound,
clinical breast examination, and magnetic resonance imaging. Novel
screening tests, including digital breast tomosynthesis and liquid biopsies,
are still under development. Globally, the implementation status of BC
screening programs is uneven, which is reflected by differences in screening
modes, techniques, and population coverage. The recommended optimal
screening strategies varied according to the authoritative guidelines. The
effectiveness of current screening programs is influenced by several factors,
including low detection rate, high false‐positive rate, and unsatisfactory
coverage and uptake rates. Exploration of accurate BC risk prediction
models and the development of risk‐stratified screening strategies are
highly warranted in future research.
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Key points
Mammography is the most widely used and most effective technique; other
complementary techniques include ultrasound, clinical breast examination,
and magnetic resonance imaging. Globally, the implementation status of
breast cancer screening programs is uneven, which is reflected by differences
in screening modes, techniques, and examination coverage. Combining
effective risk prediction models and advanced screening techniques for risk‐
stratified screening strategies may be the future direction.
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1 | INTRODUCTION

Breast cancer (BC) has surpassed lung cancer as the
most prevalent cancer worldwide in 2020, with an
estimated 2.3 million new cases.1 Heterogeneous
patterns of BC disease burden exist in different
countries, with a significantly higher incidence in
countries with a higher human development index
(HDI) than that in countries with intermediate or low
HDI,1 possibly reflecting different exposure to BC‐
related risk factors (including lifestyle patterns,
reproductive and hormonal risk factors).2,3 In addi-
tion, many developing countries with a relatively low
burden of BC have experienced remarkable upward
trends in both incidence and mortality in the past
decade.4,5 Therefore, it is urgent to implement
effective prevention and control strategies to reduce
the global burden of BC.

Apart from primary prevention targeting modifi-
able risk factors, current practices have demonstrated
that screening and early detection have great potential
in reducing BC mortality. The underlying reason is
that the survival of BC patients is strongly dependent
on the stage at diagnosis, with a 99.0% 5‐year relative
survival rate for carcinoma in situ (CIS), while only
29.0% for patients with distant metastasis.6 A recent
meta‐analysis summarizing 24 trials reported that BC
screening yielded reduced BC mortality at a magni-
tude ranging from 12% to 20%.7 To date, many
countries have implemented population‐based orga-
nized and/or opportunistic BC screening programs
based on well‐established screening techniques,
including mammography, ultrasound, and clinical
breast examination (CBE).

Understanding the current advances in BC screening
is necessary to better guide BC prevention and control
strategies. Several previous reviews have addressed this,
but outdated data8,9 were included, with a focus on
specific districts or topics.10 Therefore, in this review, we
aimed to provide a comprehensive review of BC
screening techniques, the global status of BC screening
programs, and authorized BC guidelines in different
countries.

2 | BC SCREENING TECHNIQUE

A few BC screening techniques are currently availa-
ble and can be categorized as imaging and nonima-
ging techniques. Mammography is the most well‐
established imaging technique and other imaging
techniques include ultrasound and magnetic reso-
nance imaging (MRI). Nonimaging examinations
include CBE and liquid biopsy, which are in their
formative stages. A comparison of different BC
screening techniques is shown in Table 1.

2.1 | Mammography

The principle of mammography is to use the physical
properties of X‐rays and the different densities of breast
tissue to project an image of the breast onto the image
receptor.11 Currently, there are three main types of
mammography available for screening: film mammogra-
phy (FM), digital mammography (DM), and digital breast
tomosynthesis (DBT).12 FM is an X‐ray image of the
breast and has been officially recommended as a
screening technique for BC by the guidelines from the
National Cancer Institute of the United States since
1977.13 X‐rays produce a latent image on the film, which
is visualized by the chemical processing of the film
emulsion. DM uses an electronic detector to replace the
conventional screen‐film system and displays the images
digitally on a high‐resolution monitor.14 DM has been
available since 2000, which improves screening accuracy
by decoupling image acquisition from the image display
and optimizing them independently.12,14 In this study,
many European countries have replaced FM with DM for
screening.10 DBT is a novel technique that produces a
three‐dimensional (3D) image of the X‐ray attenuation
coefficient by obtaining a series of projection images at
different angles around the breast.8,9,15 DBT can reduce
parenchymal overlap that masks cancers or creates false
lesions and can potentially improve the accuracy of BC
screening.16 Compared with FM, the size of cancer
detected by DBT is smaller, and the rate of negative
lymph node invasion is higher.17 A recent meta‐analysis
including 17 studies (1,009,790 participants) demon-
strated an incremental cancer detection rate of 1.6/1000
screenings (95% confidence interval [CI]: 1.1–2.0,
p < 0.001) and an absolute reduction in recall rate of
2.2% (95% CI: 3.0–1.4, p < 0.001) for DBT compared to
that of two‐dimensional mammography.16 However,
there is no difference between DBT and DM in interval
cancer detection rate,18–20 and research on the direct
effects of DBT on BC mortality, radiation‐induced cancer,
and quality of life is not yet available.21

The latest randomized controlled trial (RCT) for the
effectiveness of mammography screening was carried out
in Sweden, and 133,065 women aged 40–74 years were
recruited. After 29 years of follow‐up, women in the
mammographic screening arm had a 27% (95% CI:
11%–41%) reduction in BC mortality compared with
women receiving usual care.22 The relative risk of BC
mortality for women who had undergone screening
compared with that of those who had not was 0.80
(95% CI: 0.73–0.89) for the UK Independent Panel.23

Pooled estimates from meta‐analyses of RCTs (including
six meta‐analyses) also demonstrated that mammo-
graphic screening reduced BC mortality by at least 20%.24

Although mammography is an effective tool for
detecting BC at an early stage, its effectiveness is
affected by several host factors, including breast density,

ADVANCES IN BREAST CANCER SCREENING | 113



T
A
B
L
E

1
C
om

p
ar
is
on

of
d
iff
er
en

t
b
re
as
t
ca
n
ce
r
sc
re
en

in
g
te
ch

n
iq
u
es

Sc
re
en

in
g

te
ch

n
iq
u
es

A
d
va

n
ta
ge

s
in
h
er
en

t
to

th
e
te
ch

n
iq
u
e

D
is
ad

va
n
ta
ge

s
in
h
er
en

t
to

th
e
te
ch

n
iq
u
e

C
at
eg

or
ie
s

A
d
va

n
ta
ge

s
fo
r
sc
re
en

in
g

D
is
ad

va
n
ta
ge

s
fo
r
sc
re
en

in
g

M
am

m
og

ra
p
h
y

(i
)

G
oo

d
vi
su
al
iz
at
io
n
of

m
ic
ro
ca
lc
ifi
ca
ti
on

s
(i
i)

E
as
e
to

op
er
at
e

(i
ii
)

In
ex
p
en

si
ve

(i
)

H
as

a
ce
rt
ai
n
am

ou
n
t
of

ra
d
ia
ti
on

FM
C
om

p
ar
at
or

H
as

lo
w

se
n
si
ti
vi
ty

in
d
en

se
b
re
as
ts

D
M

In
cr
ea
se
s
se
n
si
ti
vi
ty

an
d
ca
n
ce
r

d
et
ec
ti
on

ra
te

sl
ig
h
tl
y

In
cr
ea
se
s
th
e
re
ca
ll
ra
te
s

D
B
T

In
cr
ea
se
s
se
n
si
ti
vi
ty

an
d
ca
n
ce
r

d
et
ec
ti
on

ra
te

an
d
re
d
u
ce
s

fa
ls
e‐
p
os
it
iv
e
ra
te

In
cr
ea
se
s
th
e
ra
d
ia
ti
on

d
os
e

sl
ig
h
tl
y

U
lt
ra
so
u
n
d

(i
)

H
as

h
ig
h
im

ag
e
re
so
lu
ti
on

(i
i)

N
on

in
va
si
ve

(i
ii
)

E
as
y
to

op
er
at
e

(i
v)

In
ex
p
en

si
ve

(i
)

T
en

d
s
to

m
is
s
ti
n
y,

n
on

ob
vi
ou

s
m
as
se
s
or

fa
t‐r

ic
h
b
re
as
t
le
si
on

s.
(i
i)

O
p
er
at
or
‐

d
ep

en
d
en

t
(H

H
U
S)

H
H
U
S
(“
2D

”)
In
cr
ea
se
s
C
D
R
in

d
en

se
b
re
as
ts

H
as

lo
w

sp
ec
ifi
ci
ty
,
h
ig
h

re
ca
ll
ra
te
s

A
B
U
S
(“
3D

”)
In
cr
ea
se
s
C
D
R
in

d
en

se
b
re
as
ts

H
as

lo
w

sp
ec
ifi
ci
ty
,
h
ig
h

b
io
p
sy

ra
te
s

M
ic
ro
va
sc
u
la
r
im

ag
in
g

an
d
/o
r
el
as
to
gr
ap

h
y

In
cr
ea
se
s
sp
ec
ifi
ci
ty

C
an

n
ot

b
e
u
se
d
as

a
st
an

d
‐a
lo
n
e
te
ch

n
iq
u
e

M
ag
n
et
ic

re
so
n
an

ce
im

ag
in
g

(i
)

P
ro
vi
d
es

3D
im

ag
in
g
fo
r
a
m
or
e

ac
cu

ra
te

d
is
p
la
y
of

le
si
on

s
(i
i)

Im
p
ro
ve
s
C
D
R
fo
r
le
si
on

s
in

d
en

se
b
re
as
ts

an
d
in

h
ig
h
an

d
d
ee
p

lo
ca
ti
on

s
(i
ii
)

R
ad

ia
ti
on

‐fr
ee

(i
)

H
as

a
h
ig
h
fa
ls
e‐

p
os
it
iv
e
ra
te

(i
i)

In
se
n
si
ti
ve

to
ca
lc
ifi
ca
ti
on

(i
ii
)

h
as

a
lo
n
g
an

d
n
oi
sy

ex
am

in
at
io
n

(i
v)

ex
p
en

si
ve

N
on

co
n
tr
as
t
en

h
an

ce
d

M
R
I
(i
n
cl
u
d
in
g
D
W
I

an
d
sp
ec
tr
os
co

p
y)

D
oe

s
n
ot

re
q
u
ir
e
a
co

n
tr
as
t

ag
en

t
H
as

lo
w
er

se
n
si
ti
vi
ty

th
an

co
n
tr
as
t‐e

n
h
an

ce
d
M
R
I;

h
as

lim
it
ed

va
lu
e
in

d
iff
u
se

le
si
on

s
M
ay

h
av
e
h
ig
h
er

se
n
si
ti
vi
ty

th
an

m
am

m
og

ra
p
h
y
an

d
/o
r
D
B
T

C
on

tr
as
t‐e

n
h
an

ce
d
M
R
I

H
as

h
ig
h
se
n
si
ti
vi
ty

H
as

lo
w

sp
ec
ifi
ci
ty
,
an

d
h
ig
h

b
io
p
sy

ra
te
s

A
b
b
re
vi
at
ed

b
re
as
t
M
R
I

H
as

h
ig
h
se
n
si
ti
vi
ty
,
sh
or
te
n
s

th
e
d
u
ra
ti
on

of
b
re
as
t
M
R
I

ex
am

in
at
io
n

R
ed

u
ce
s
th
e
sp
ec
ifi
ci
ty

of
b
re
as
t
M
R
I
sl
ig
h
tl
y

C
lin

ic
al

b
re
as
t

ex
am

in
at
io
n

(i
)

E
as
y
to

op
er
at
e

(i
i)

In
ex
p
en

si
ve

(i
)

C
an

b
e
aff

ec
te
d
b
y
m
an

y
h
os
t
fa
ct
or
s
(a
ge
,
b
od

y
w
ei
gh

t,
an

d
b
re
as
t

d
en

si
ty
)

(i
i)

O
p
er
at
or
‐d
ep

en
d
en

t

C
B
E

P
la
ys

an
im

p
or
ta
n
t
ro
le

in
co

u
n
tr
ie
s
w
h
er
e

m
am

m
og

ra
p
h
y
sc
re
en

in
g
is

n
ot

fe
as
ib
le

an
d
/o
r
aff

or
d
ab

le

H
as

lo
w

se
n
si
ti
vi
ty

Li
q
u
id

b
io
p
sy

(i
)

C
an

b
e
u
se
d
to

as
se
ss

d
is
ea
se

p
ro
gr
es
si
on

,
p
re
d
ic
t
an

d
m
on

it
or

tr
ea
tm

en
t
re
sp
on

se
an

d
re
cu

rr
en

ce
(i
i)

N
on

in
va
si
ve

(i
)

N
ee
d
to

b
e
fu
rt
h
er

ev
al
u
at
ed

in
la
rg
e‐
sc
al
e

cl
in
ic
al

va
lid

at
io
n
st
u
d
ie
s

(i
i)

M
ay

b
e
ex
p
en

si
ve

Li
q
u
id

b
io
p
sy

C
an

ob
ta
in

d
et
ai
le
d
tu
m
or

m
ol
ec
u
la
r
in
fo
rm

at
io
n

H
as

lo
w

se
n
si
ti
vi
ty

an
d

sp
ec
ifi
ci
ty

C
an

n
ot

b
e
u
se
d
as

a
st
an

d
‐

al
on

e
sc
re
en

in
g

te
ch

n
iq
u
e

A
b
b
re
vi
at
io
n
s:
2D

,
tw

o‐
d
im

en
si
on

al
;
3D

,
th
re
e‐
d
im

en
si
on

al
;
A
B
U
S,

au
to
m
at
ed

b
re
as
t
u
lt
ra
so
n
og

ra
p
h
y;

C
B
E
,
cl
in
ic
al

b
re
as
t
ex
am

in
at
io
n
;
C
D
R
,
ca
n
ce
r
d
et
ec
ti
on

ra
te
;
D
B
T
,
d
ig
it
al

b
re
as
t
to
m
os
yn

th
es
is
;
D
M
,
d
ig
it
al

m
am

m
og

ra
p
h
y;

D
W
I,
d
iff
u
si
on

‐w
ei
gh

te
d
im

ag
in
g;

FM
,
fi
lm

m
am

m
og

ra
p
h
y;

H
H
U
S,

h
an

d
h
el
d
u
lt
ra
so
n
og

ra
p
h
y;

M
R
I,
m
ag
n
et
ic

re
so
n
an

ce
im

ag
in
g;

U
S,

u
lt
ra
so
u
n
d
.

114 | LUO ET AL.



age, and lesion size.12 Breast density makes the greatest
impact, because of similar X‐ray attenuation of dense
fibroglandular tissue with tumors, in increasing the
masking effect due to overlapping tissue or image
artifacts and decreasing the contrast between the lesion
and the surrounding tissue.25 The sensitivity of mam-
mography was 30%–64% for extremely dense breasts
compared with 76%–98% for mainly fatty breasts.9 Given
these limitations, it is essential to explore supplemental
screening tools in addition to mammography.

2.2 | Ultrasound

Breast ultrasound, which can help distinguish benign/
malignant breast masses by providing a multifaceted
view of the mass and detecting blood flow, is an easy‐to‐
operate, radiation‐free, and painless way to screen for
BC.26 It can be performed by using a handheld
ultrasound (HHUS) unit or an automated breast
ultrasound unit, which is also called 3D ultrasound.12

Ultrasound is typically used as a supplemental tool for
further evaluation of suspicious areas or as an alternative
when mammography cannot be performed.27 This is
particularly true in young women or those with dense
breasts, where mammography is less effective.28 The
Japan Strategic Anticancer Randomized Trial29 demon-
strated that screening with mammography plus ultra-
sound in women aged 40–49 years significantly improved
the cancer detection rate (5.0 per 1000 vs. 3.3 per 1000)
and sensitivity (91.1%, 95% CI: 87.2%–95.0% vs. 77.0%,
95% CI: 70.3%–83.7%) than those of mammography
alone. For women with dense breasts, the sensitivity of
mammography alone was 74% (95% CI: 69%–79%), while
the sensitivity of combined mammography and ultra-
sound could be 96% (95% CI: 93%–97%).30

Lately, mammography instruments have not been
available in many low‐resource settings. Ultrasound as a
stand‐alone screening test has been put forward, and
several trials have been conducted in many countries.
The American College of Radiology Imaging (ACRIN)
conducted a prospective RCT of ultrasound as the
primary screening option and demonstrated that the
cancer detection rate with ultrasound was comparable
to that of mammography.31 However, ultrasound also
has certain drawbacks, such as being less specific and
having a higher biopsy rate than mammography.9

Further, screening with manually performed HHUS is
time‐consuming and operator‐dependent, and the
consistency of reporting results from health profes-
sionals with different levels of diagnostic skills is poor.12

2.3 | MRI

MRI can also be used for BC screening. It has a high
soft‐tissue resolution and is not affected by breast

density. Thus, MRI has higher sensitivity for lesions
that are difficult to characterize or detect by mammog-
raphy.32,33 However, due to the high cost and long
examination time, MRI is temporarily designated as a
choice for women at increased risk of BC.34 In a
multicenter RCT of screening with MRI versus mam-
mography in women with familial risk, Saadatmand
et al.35 reported that MRI was capable of detecting more
cancer cases (59 per 1000 vs. 22 per 1000; p = 0.0017)
and smaller tumors (median size, 9 mm vs. 17mm;
p = 0.010) than those by mammography.35

Abbreviated MRI is a novel technique with shorter
image acquisition and interpretation times, which may
increase the availability and reduce the cost of breast MRI.
For instance, Kuhl et al. conducted a prospective
observational study among 443 women and found that
abbreviated MRI was associated with a significant reduc-
tion in image acquisition time compared to full breast MRI
(3min vs. 17min).36 In addition, the diagnostic accuracy
of abbreviated MRI was equivalent to that of conventional
MRI.37

2.4 | Clinical breast examination

CBE refers to breast and axillary palpation performed by
the clinician on the patient, which is used in low‐ or
middle‐income countries as an alternative screening
technique to mammography.38,39 Although 5%–10% of
BC cases can be detected by CBE alone, many factors
affect the sensitivity of CBE, such as the clinician's
experience, patients' age, and body mass index.40 In
1998, a cluster RCT conducted in Mumbai, India,
indicated that after 20 years of follow‐up, biennial CBE
led to a significant reduction in mortality by nearly 30%
among women 50 years or older, while no significant
reduction was seen in women younger than 50 years.41

There is still controversy regarding the effectiveness of
CBE as a screening tool for BC.

2.5 | Nonimaging novel screening
techniques

Growing tumors actively or passively excrete debris into
the bloodstream, including cell‐free RNA and tumor
DNA, which can be used as biomarkers for molecular‐
level tumor screening in the early detection of BC. Liquid
biopsies help to detect tumor components in circulating
blood or plasma.42 Some preliminary studies have shown
that circulating proteins,43,44 microRNAs,45,46 auto-
antibodies,47,48 and nucleic acid methylation49 may be
promising biomarkers for early detection of BC. However,
most studies are still in the exploratory phase, and
clinical trial data are scarce.50 One study showed that the
sensitivity of using a combination of circulating tumor
DNA and cancer‐associated proteins for asymptomatic
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BC was only 33%, suggesting that screening with liquid
biopsy is still challenging and test methods with higher
sensitivity need to be developed.51

3 | GLOBAL BC SCREENING
PROGRAMS

BC screening is well established in Europe, the United
States, Canada, Japan, the Republic of Korea, Singapore,
Australia, and New Zealand. Countries in Latin America,
Central and West Asia, and North Africa have few well‐
developed programs or have not yet implemented
screening. No country in sub‐Saharan Africa has
developed national recommendations or guidelines for
BC screening. China implemented two large pilot BC
screening programs in 2008. A detailed overview of the
policies and practices for BC screening programs in
different countries worldwide is shown in Table 2 and
the performance indicators of BC screening programs
among women aged 50–69 years are shown in Table S1.

3.1 | Europe

In total, we collected data on the implementation of
screening programs in 29 European countries,10 most of
which have implemented organized population‐based BC
screening programs, except for the Russian Federation,
Bulgaria, Greece, the Czech Republic, and Slovakia
(where population‐based screening programs were being
piloted). The target age range of women enrolled in the
mammography screening program was 50–69 years in 11
of 29 countries, which was the widest target age for BC
screening recommended by the European Council.10 DM
has completely replaced FM as a screening technique in
72.4% (21/29) of the countries. Seven countries also used
ultrasound as a screening tool, including Finland, the
Czech Republic, Austria, Belgium, Monaco, Italy, and San
Marino. In the French program, CBE was used in
addition to mammography.

The screening interval was 2 years in most countries
except Malta and the United Kingdom (UK) (3 years).
Examination coverage varied between 19.1% and 83.6%
among countries, with the highest examination coverage
observed in the United Kingdom and the lowest in
Slovenia. A total of eight countries concentrated in
Northern and Western Europe had examination cover-
age of over 60%, including Finland, Sweden, Norway,
Denmark, the United Kingdom, Ireland, the Nether-
lands, and Luxemburg. Additional details are provided
in Table 2.

The second report on the implementation of the
Council Recommendation on Cancer Screening consol-
idated the current implementation and performance
indicators of cancer screening programs in the
European Union (EU) Member States63 (Table S1). Of

almost 15 million tests in the BC screening programs in
the EU member states, the positive rate in women aged
50–69 years was 5.2% (range: 1.6%–11.8%). The average
detection rate for invasive cancer was 5.2 per 1000
breasts screened, ranging from 1.8 (Portugal) to 8.1 (UK)
per 1000 breasts screened, and the average detection
rate for CIS was 1.0 per 1000 women screened, ranging
from 0.3 (Portugal) to 2.1 (UK), with the proportion of
CIS among all cancers being 16.3%, ranging from 1.2%
(Poland) to 33.1% (Slovenia). Open surgery with benign
results following a positive screening test, which was a
rare undesirable outcome of BC screening, was 0.8
(range: 0.2–4.7) per 1000 women screened (Table S1).

3.2 | Americas

For North America, we focused on Canada52 and the
United States (US).53 BC screening was primarily
conducted through an organized population‐based
program in Canada, whereas it was opportunistic in
the United States. In both countries, mammography
was adopted as the screening technique, and the
screening interval was set as 1–2 years, but the target
age ranges were different; 50–69 years in Canada and 40
to >75 years in the United States. Examination coverage
rates in Canada and the United States were 47.3% and
51.3%, respectively. The positive rate, CIS detection
rate, and invasive cancer in Canada were 13.5%, 1.2 per
1000 women, and 4.6 per 1000 women, respectively
(Table S2). However, the official data on performance
indicators for the Canadian BC screening program were
not updated in 2006. In addition, performance indica-
tors are not available in the United States due to the
implementation of opportunistic BC screening.

Latin America includes Central America, South
America, and the Spanish‐speaking countries of the
Caribbean, and none of these countries meets all the
criteria of the organized programs.12 Of the 11 countries
with available data, seven had a target age range for
screening of 40–69 years, four used mammography as
the screening technique, and five used mammography
or CBE. Examination coverage in Latin America was
unsatisfactory, with only four countries exceeding 30%,
including Argentina, Chile, Brazil, and Uruguay. Addi-
tional details are provided in Table 2.

3.3 | Asia

Japan54 was the first Asian country to implement a
national screening program with CBE in 1987 and later
introduced mammography as a screening technique. The
target age for screening in Japan was 40 years or older,
and the screening interval was 2 years. China designed
and implemented two large pilot BC screening programs
in 2008, including the Chinese National BC Screening
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TABLE 2 Policies and practice for breast cancer screening programs in different countries worldwide

Countries
Year of program
initiation Type of program

Target age
range

Screening
method

Interval
(years)

Examination
coverage (%)a

Northern Europe10

Finland 1987 PBb 50–69 DM, US 2 76.1

Sweden 1986 PB NA FM, DM 1.5–2 76.5

Norway 1995 PB 50–69 DM 2 76.6

Iceland 1987 PB 40–69 DM 2 NA

Denmark 2001 PB 50–69 DM 2 72.0

Eastern Europe

Estonia 2002 PB 50–65 DM 2 45.9

Russian Federation 2007 NPB (pilot) <40 DM 2 NA

Central Europe

Poland 2006 PB 50–69 FM, DM 2 44.0

Czech Republic 2002 NPB (pilot) 45–69 DM, US 2 59.1

Slovakia Unclear NPB (pilot) 40+ Unclear 2 NA

Hungary 1995 PB 45–65 DM 2 38.4

Germany 2002 PB 50–69 DM 2 52.7

Austria 2014 PB 45–69 DM, US 2 36.9

Switzerland 1999 PB 50–70 FM, DM 2 44.3

Western Europe

United Kingdom 1989 PB 50–70 DM 3 83.6

Ireland 2000 PB 50–64 DM 2 76.2

The Netherlands 1989 PB 50–75 FM, DM 2 77.5

Belgium 2000 PB 50–69 DM, US 2 33.0

Luxembourg 1992 PB 50–69 DM 2 60.4

France 1989 PB 50–74 FM, DM, CBE 2 52.3

Monaco 1994 PB 50–80 DM, US 2 NA

Southern Europe

Greece 2004 NPB (pilot) 40–69 MM 1–2 NA

Slovenia 2008 PB 50–69 DM 2 19.1

Croatia 2006 PB 50–69 DM 2 45.1

Italy 1990 PB 50–69 FM, DM, US 2 39.1

San Marino 1993 Unclear 35–74 DM, US 2 NA

Malta 2007 PB 50–60 DM 3 NA

Spain 1990 PB 45/50–69 DM 2 59.7

Portugal 1990 PB 45–69 DM 2 33.8

North America

Canada52 Unclear PB 50–69 MM 1–2 47.3

United States53 Unclear NPB (opportunistic) 40–75+ MM 1–2 51.3

(Continues)
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Program (CNBCSP)55 and the Chinese BC Multi‐
technique Independent Screening Trial (MIST),64 using
techniques including CBE, mammography, and ultra-
sound. In urban and rural areas, the target age ranges
were 35–69 years and 35–59 years, respectively, with
examination coverage rates of 54.4% and 63.1%.55

Malaysia56 initiated opportunistic BC screening in 2009.

CBE was performed triennially for women aged 20–39
years and annually for women at average risk of 40 years
or older, and women at high risk had to undergo
mammography. The examination coverage rate in
Malaysia was 51.8%. Korea57 initiated population‐based
screening in 1999 with a target age of 40 years or older,
and screening options included CBE and mammography

TABLE 2 (Continued)

Countries
Year of program
initiation Type of program

Target age
range

Screening
method

Interval
(years)

Examination
coverage (%)a

Latin America12

Argentina Unclear NPB ≥40 MM 2 54.2

Chile Unclear NPB 45–64 MM 2 36.2

Colombia Unclear NPB 40–69 MM 2 18.0

Mexico Unclear NPB 50–69 MM 2 21.0

Brazil Unclear NPB 40–69 MM, CBE 1–2 47.1

Dominican Republic Unclear NPB 40–69 MM, CBE 1 17.6

Ecuador Unclear NPB 40–69 MM, CBE Unclear 10.8

Paraguay Unclear NPB 40–69 MM, CBE Unclear 13.7

Uruguay Unclear NPB 40–69 MM, CBE 1‐2 54.7

El Salvador Unclear NPB 40–49 MM, US Unclear 24.3

Unclear NPB 15–49 BSE Monthly 14.0

Colombia Unclear NPB ≥35 CBE 1 24.3

Unclear NPB 18–69 BSE 1 24.2

Asia

Japan54 1987 PB ≥40 MM, CBE 2 18.3

China55 2008 NPB (pilot) 35–69 (urban) MM, US, CBE Unclear 54.4 (urban)

35–59 (rural) 63.1 (rural)

Malaysia56 2009 NPB (opportunistic) ≥20 CBE, MMc 20–39 yeas: 3 51.8

≥40 years: 1

Republic of Korea57 1999 PB ≥40 MM, CBE 2 49.5

Singapore58 2002 PB 50–69 MM 2 NA

Vietnam59 2008 NPB (pilot) Unclear CBE Unclear 15‐20

Oceania

Australia60 1991 PB 50–74 MM 2 55.0

New Zealand61 1999 PB 45–69 DM 2 72.0

Palau62 1997 PB 21–64 CBE 3 Unclear

40–74 MM 1 Unclear

Abbreviations: BSE, breast self‐examination; CBE, clinical breast examination; DM, digital mammography; FM, film mammography; MM, mammography; NA, not
available; NPB, not population‐based (opportunistic or pilot); PB, population‐based; US, ultrasound.
aExamination coverage: the number of people screened with the recommended test in a given year divided by the number of people eligible for screening (the eligible
target population per screening interval) in the same reference year.
bPopulation‐based: in each round of screening, eligible target populations in the program's service area are individually identified and personally invited to participate
in the screening.
cWomen who are assessed as high risk are eligible for mammography screening.
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at a screening interval of 2 years. Singapore58 initiated
population‐based screening in 2002 with a target age of
50–69 years, using mammography biennially. Vietnam59

began pilot CBE screening in 2008, and the examination
coverage rate was 15%–20%.

3.4 | Oceania

The information we obtained about the implementa-
tion of BC screening programs in Oceania is lim-
ited and presented in Table 2. Australia60 and New
Zealand61 launched a population‐based organized BC
screening program in 1991 and 1999, respectively, with
target age ranges of 50–74 and 45–69 years. Palau62

initiated a population‐based screening program in
1997, which included CBE screening for women aged
21–64 years and mammography screening for those
aged 40–74 years.

4 | BC SCREENING GUIDELINES

The recommended guidelines for BC screening by
various organizations are presented in Table S2. Each
organization uses different approaches to evaluate peer‐
reviewed published literature and the current practices
when formulating or updating guidelines, which may
lead to inconsistent recommendations.21,25,53,54,64–68

The recommended age to initiate screening in
women at average risk varies from 40 to 50 years,
depending on different guidelines. Screening initiation
at 40 years is recommended by the guidelines in the
United States (American Cancer Society [ACS]),53

Brazil,66 and Japan,54 while it is initiated at 45 years
according to guidelines in Europe21 and China.64,68

According to the guidelines in the United States (United
States Preventive Services Task Force [USPSTF]),25

Canada,65 and Australia,67 the optimal age for starting
BC screening is 50 years. As for women at high risk of
BC, the ACS and Brazil recommend starting screening at
30 years, whereas Australia and China recommend
screening at 40 years. Most guidelines recommend
termination of screening at 74 years, including guide-
lines from the USPSTF, Canada, Europe, Australia, and
Japan. Other guidelines agree to terminate screening
based on life expectancy, as appropriate.

Mammography is recommended by all guidelines for
women at average risk of BC. The guidelines issued by
the National Cancer Center of China also recommend
ultrasound as a supplemental tool. CBE is recom-
mended for use in conjunction with mammography in
Japan. The recommended screening intervals are 2 years
according to the USPSTF and in Australia, 2–3 years in
Canada and Europe, 1–2 years according to the ACS and
in China, and 1 year in Brazil. For women at high risk,
guidelines from the ACS and Brazil recommend annual

screening using mammography and MRI. The Canadian
guidelines recommend annual mammography and
China recommends annual MRI screening or annual
mammography and ultrasound screening.

5 | COST ‐EFFECTIVE EVALUATION
FOR BC SCREENING

Several studies have shown that organized mammo-
graphic screening at biennial intervals can be cost‐
effective.69–72 A study conducted by Wang et al.73 used a
microsimulation model to assess the cost‐effectiveness
of implementing biennial mammographic screening for
women aged 45–70 years in urban China. The results
showed that compared to no screening and seven other
alternative scenarios, biennial mammographic screen-
ing was the most cost‐effective strategy, with a dis-
counted incremental cost‐effectiveness ratio (ICER) of
US$25,261 per life‐year gained.

The cost‐effectiveness of using ultrasound with or
without CBE as a primary screening modality in low‐
and middle‐income countries and regions remains
controversial. A study investigating the expected cost‐
effectiveness of different strategies in Costa Rica
indicated that at a coverage level of 95%, biennial CBE
screening could double the life‐years gained and could
still be considered very cost‐effective (ICER, US$5964
per disability‐adjusted life year averted).74 However, a
recent study evaluating the cost‐effectiveness of CBE
combined with ultrasound as the primary screening
modality compared with no screening in rural China
found that screening was more expensive and harmed
the health of rural women with an ICER of US$ −916 per
quality‐adjusted life‐year.75

6 | DISCUSSION

In summary, many countries have developed BC
screening guidelines and implemented screening pro-
grams. Mammography is the most widely used screen-
ing technique for women at average risk and most
European countries with population‐based programs
have switched from FM to DM, as DM shows higher
cancer detection rates and sensitivity than that of FM.
Ultrasound and CBE are commonly used as supplemen-
tal tools, and MRI is used for women at increased risk of
BC. Current screening strategies and published screen-
ing guidelines vary globally, as reflected by differences
in screening approaches, target age ranges, and screen-
ing intervals. Biennial mammographic screening is cost‐
effective, but the cost‐effectiveness of ultrasound with or
without CBE remains controversial.

With the application of screening techniques,
disadvantages, such as overdiagnosis and overtreat-
ment, false‐positive and false‐negative results, and
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radiation‐induced cancers have emerged. The EURO-
SCREEN Working Group analyzed 13 observational
studies from seven European countries and calculated
a 6.5% (range, 1%–10%) overdiagnosis estimate.76

Similar estimates (4%–11%) of overdiagnosis were
observed in RCTs after a long follow‐up period.77,78

False‐positive results are also one of the most common
adverse consequences of screening. The cumulative
risk of false positives from organized screening
programs is estimated to be about 20% for a woman
who had 10 screens between the ages of 50 and 70.79

Less than 5% of all false‐positive screens resulted in an
invasive procedure.79 False positives can have short‐
term negative psychological effects on some women.80

False‐negative results are another concern, such as
findings that were missed in the interpretation of a
screening test and rapidly growing tumors arising in
the interval between two rounds of screening. Whether
repeated exposure to radiation from mammography
can cause BC is another issue. The US Preventive
Services Task Force indicated that for every 100,000
women screened, 2–11 people might die from
radiation‐induced cancer.81

These issues make it particularly crucial to find more
ideal techniques. Based on traditional breast imaging
techniques, more sophisticated imaging tools have been
developed, such as nuclear medicine techniques,
targeted optoacoustic imaging, ultrasound transmission
tomography, and molecular breast imaging.82 For
instance, nuclear medicine techniques provide func-
tional breast imaging using specialized gamma or PET
breast scanners, which supports the use of specific
cellular information to assist in diagnosing BC.82 The
adoption of artificial intelligence (AI) has also shown
good performance in BC imaging diagnosis. McKinney
et al.83 tested AI performance using large representative
data sets from the United Kingdom and the United
States and reported an absolute reduction of 5.7% and
1.2% for false positives (US and UK) and 9.4% and 2.7%
for false negatives, respectively. In addition, nonimaging
screening techniques, such as “liquid biopsies,” may
also have promising applications.84

It should also be recognized that there are still
significant discrepancies between different countries in
the implementation of BC screening. This is reflected
by countries that are still committed to piloting
nationwide population‐based screening programs and
those that cannot provide all the necessary elements
of population‐based screening with quality assurance.
In addition, examination coverage is generally
unsatisfactory even in countries where population‐
based screening programs have been implemented.
The effectiveness of screening strategies depends not
only on the performance characteristics of the screen-
ing tests but also on patient compliance. Each country
or region needs to develop optimal screening programs
based on local circumstances, such as disease burden,

female demographic characteristics (whether predom-
inantly young women, the proportion of women with
dense breasts, genetic characteristics, etc.), exposure to
risk factors, and availability of basic healthcare facili-
ties. The successful deployment of effective screening
strategies still needs to be validated in multiple RCTs in
different countries.

In the precision medicine era, there is a growing
need to tailor personalized screening programs based
on the individual risk of BC. There are several risk
assessment methods, including various risk prediction
models, single‐nucleotide polymorphisms (SNPs), and
susceptibility genetic testing.85 Nowadays, the polygenic
risk score (PRS), which combines multiple SNPs, has
been developed to achieve a more robust risk stratifica-
tion capability.86–88 Mavaddat et al.87 validated the PRS
model in 10 prospective studies and 190,040 women
from the UK Biobank and indicated that compared with
women in the middle quintile, those in the highest 1% of
risk had 4.37‐ and 2.78‐fold risks of developing estrogen
receptor‐positive and estrogen receptor‐negative BC,
respectively. The construction of risk prediction models
that incorporate an individual genetic background,
epidemiological risk factors, and imaging‐related
parameters may support the accurate identification of
high‐risk populations and the design of risk‐stratified
screening strategies. For instance, My Personal Breast
Screening89 is an ongoing international trial comparing
personalized risk‐based strategies with standard screen-
ing protocols. Individuals randomly assigned to the
control arm will be screened routinely following
national recommendations, while individuals in the
study arm will be divided into different risk groups
based on a risk model that accounts for age, family
history, benign breast biopsy in the past, hormone use
and reproductive history, breast density, and genotyping
(PRS). This may be a new orientation for future
research, and further evidence needs to be established.

7 | CONCLUSION

In summary, to further reduce the global burden of BC,
continued efforts, including expanding the screening
coverage of screening programs, improving the uptake
rates, and developing novel screening techniques and
strategies to address the limitations of current screening
modalities (such as low sensitivity and false positive rates)
are highly encouraged. In addition, the development of
effective risk stratification models and risk‐adapted
screening strategies are urgently warranted to balance
the cost and yield in population‐based screening
programs.

AUTHOR CONTRIBUTIONS
Chenyu Luo: literature review, data curation,
methodology, writing—original draft preparation. Le

120 | LUO ET AL.



Wang: literature review, data curation, methodology,
writing—original draft preparation. Yuhan Zhang:
data curation, writing—review and editing. Ming Lu:
writing—review and editing. Bin Lu: writing—review &
editing. Jie Cai: writing—review and editing. Hongda
Chen: conceptualization, funding acquisition, writing—
review and editing, and supervision. Min Dai: concep-
tualization, funding acquisition, writing—review and
editing, and supervision.

ACKNOWLEDGMENTS
None.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The authors confirm that the data supporting the
findings of this study are available within the article
and its supplementary materials.

ETHICS STATEMENT
None.

ORCID
Chenyu Luo http://orcid.org/0000-0001-8147-9540
Hongda Chen https://orcid.org/0000-0001-6171-1162

REFERENCES
1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:

GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. 2021;71:209‐249.
doi:10.3322/caac.21660

2. Porter P. “Westernizing” women's risks? Breast cancer in lower‐
income countries. N Engl J Med. 2008;358(3):213‐216. doi:10.
1056/NEJMp0708307

3. Collaborative Group on Hormonal Factors in Breast Cancer.
Menarche, menopause, and breast cancer risk: individual
participant meta‐analysis, including 118 964 women with breast
cancer from 117 epidemiological studies. Lancet Oncol. 2012;
13(11):1141‐1151. doi:10.1016/s1470-2045(12)70425-4

4. Luo C, Li N, Lu B, et al. Global and regional trends in incidence
and mortality of female breast cancer and associated factors at
national level in 2000 to 2019. Chin Med J (Engl). 2021;135:42‐51.
doi:10.1097/cm9.0000000000001814

5. Zhang S, Sun K, Zheng R, et al. Cancer incidence and mortality in
China, 2015. J Natl Cancer Cent. 2021;1(1):2‐11. doi:10.1016/j.
jncc.2020.12.001

6. Cancer Stat Facts: female breast cancer. 2021. Accessed October
11, 2021. https://seer.cancer.gov/statfacts/html/breast.html

7. Nelson HD, Fu R, Cantor A, Pappas M, Daeges M, Humphrey L.
Effectiveness of breast cancer screening: systematic review and
meta‐analysis to update the 2009 U.S. Preventive Services Task
Force recommendation. Ann Intern Med. 2016;164(4):244‐255.
doi:10.7326/m15-0969

8. Fiorica JV. Breast cancer screening, mammography, and other
modalities. Clin Obstet Gynecol. 2016;59(4):688‐709. doi:10.1097/
grf.0000000000000246

9. Niell BL, Freer PE, Weinfurtner RJ, Arleo EK, Drukteinis JS.
Screening for breast cancer. Radiol Clin North Am. 2017;55(6):
1145‐1162. doi:10.1016/j.rcl.2017.06.004

10. Peintinger F. National breast screening programs across Europe.
Review. Breast Care. 2019;14(6):354‐357. doi:10.1159/000503715

11. Kopans DB. Breast Imaging. 3rd ed. Lippincott Williams &
Wilkins; 2006.

12. IARC. Breast Cancer Screening/IARC Working Group on the
Evaluation of Cancer—Preventive Interventions, 2014. 2nd ed.
IARC; 2016.

13. Dodd GD. American Cancer Society guidelines on screening for
breast cancer. An overview. Cancer. 1992;69(suppl 7):1885‐1887.
doi:10.1002/1097-0142(19920401)69:7%2B%3C1885::aid-
cncr2820691702%3E3.0.co;2-b

14. Farber R, Houssami N, Wortley S, et al. Impact of full‐field digital
mammography versus film‐screen mammography in population
screening: a meta‐analysis. J Natl Cancer Inst. 2021;113(1):16‐26.
doi:10.1093/jnci/djaa080

15. Helvie MA. Digital mammography imaging: breast tomosynthesis
and advanced applications. Radiol Clin North Am. 2010;48(5):
917‐929. doi:10.1016/j.rcl.2010.06.009

16. Marinovich ML, Hunter KE, Macaskill P, Houssami N. Breast
cancer screening using tomosynthesis or mammography: a meta‐
analysis of cancer detection and recall. J Natl Cancer Inst. 2018;
110(9):942‐949. doi:10.1093/jnci/djy121

17. Conant EF, Barlow WE, Herschorn SD, et al. Association of digital
breast tomosynthesis vs digital mammography with cancer
detection and recall rates by age and breast density. JAMA
Oncol. 2019;5(5):635‐642. doi:10.1001/jamaoncol.2018.7078

18. Romero Martín S, Raya Povedano JL, Cara García M,
Santos Romero AL, Pedrosa Garriguet M, Álvarez Benito M.
Prospective study aiming to compare 2D mammography and
tomosynthesis + synthesized mammography in terms of cancer
detection and recall. From double reading of 2D mammography
to single reading of tomosynthesis. Eur Radiol. 2018;28(6):
2484‐2491. doi:10.1007/s00330-017-5219-8

19. Bernardi D, Macaskill P, Pellegrini M, et al. Breast cancer
screening with tomosynthesis (3D mammography) with acquired
or synthetic 2D mammography compared with 2D mammogra-
phy alone (STORM‐2): a population‐based prospective study.
Lancet Oncol. 2016;17(8):1105‐1113. doi:10.1016/s1470-2045(16)
30101-2

20. Ciatto S, Houssami N, Bernardi D, et al. Integration of 3D digital
mammography with tomosynthesis for population breast‐cancer
screening (STORM): a prospective comparison study. Lancet
Oncol. 2013;14(7):583‐589. doi:10.1016/s1470-2045(13)70134-7

21. Schünemann HJ, Lerda D, Quinn C, et al. Breast cancer screening
and diagnosis: a synopsis of the European Breast Guidelines. Ann
Intern Med. 2020;172(1):46‐56. doi:10.7326/m19-2125

22. Tabár L, Vitak B, Chen TH, et al. Swedish two‐county trial: impact
of mammographic screening on breast cancer mortality during 3
decades. Radiology. 2011;260(3):658‐663. doi:10.1148/radiol.
11110469

23. Independent UK Panel on Breast Cancer Screening. The benefits
and harms of breast cancer screening: an independent review.
Lancet. 2012;380(9855):1778‐1786. doi:10.1016/s0140-6736(12)
61611-0

24. Myers ER, Moorman P, Gierisch JM, et al. Benefits and harms of
breast cancer screening: a systematic review. JAMA. 2015;314(15):
1615‐1634. doi:10.1001/jama.2015.13183

25. Siu AL. Screening for breast cancer: U.S. Preventive Services Task
Force recommendation statement. Ann Intern Med. 2016;164(4):
279‐296. doi:10.7326/m15-2886

26. Guo R, Lu G, Qin B, Fei B. Ultrasound imaging technologies for
breast cancer detection andmanagement: a review.Ultrasound Med
Biol. 2018;44(1):37‐70. doi:10.1016/j.ultrasmedbio.2017.09.012

27. Ma F, Wu J, Fu L, et al. Interpretation of specification for breast
cancer screening, early diagnosis, and treatment management in
Chinese women. J Natl Cancer Cent. 2021;1(3):97‐100. doi:10.
1016/j.jncc.2021.07.003

ADVANCES IN BREAST CANCER SCREENING | 121

http://orcid.org/0000-0001-8147-9540
https://orcid.org/0000-0001-6171-1162
https://doi.org/10.3322/caac.21660
https://doi.org/10.1056/NEJMp0708307
https://doi.org/10.1056/NEJMp0708307
https://doi.org/10.1016/s1470-2045(12)70425-4
https://doi.org/10.1097/cm9.0000000000001814
https://doi.org/10.1016/j.jncc.2020.12.001
https://doi.org/10.1016/j.jncc.2020.12.001
https://seer.cancer.gov/statfacts/html/breast.html
https://doi.org/10.7326/m15-0969
https://doi.org/10.1097/grf.0000000000000246
https://doi.org/10.1097/grf.0000000000000246
https://doi.org/10.1016/j.rcl.2017.06.004
https://doi.org/10.1159/000503715
https://doi.org/10.1002/1097-0142(19920401)69:7%2B%3C1885::aid-cncr2820691702%3E3.0.co;2-b
https://doi.org/10.1002/1097-0142(19920401)69:7%2B%3C1885::aid-cncr2820691702%3E3.0.co;2-b
https://doi.org/10.1093/jnci/djaa080
https://doi.org/10.1016/j.rcl.2010.06.009
https://doi.org/10.1093/jnci/djy121
https://doi.org/10.1001/jamaoncol.2018.7078
https://doi.org/10.1007/s00330-017-5219-8
https://doi.org/10.1016/s1470-2045(16)30101-2
https://doi.org/10.1016/s1470-2045(16)30101-2
https://doi.org/10.1016/s1470-2045(13)70134-7
https://doi.org/10.7326/m19-2125
https://doi.org/10.1148/radiol.11110469
https://doi.org/10.1148/radiol.11110469
https://doi.org/10.1016/s0140-6736(12)61611-0
https://doi.org/10.1016/s0140-6736(12)61611-0
https://doi.org/10.1001/jama.2015.13183
https://doi.org/10.7326/m15-2886
https://doi.org/10.1016/j.ultrasmedbio.2017.09.012
https://doi.org/10.1016/j.jncc.2021.07.003
https://doi.org/10.1016/j.jncc.2021.07.003


28. Melnikow J, Fenton JJ, Whitlock EP, et al. Supplemental screening
for breast cancer in women with dense breasts: a systematic
review for the U.S. Preventive Services Task Force. Ann Intern
Med. 2016;164(4):268‐278. doi:10.7326/m15-1789

29. Ohuchi N, Suzuki A, Sobue T, et al. Sensitivity and specificity of
mammography and adjunctive ultrasonography to screen for
breast cancer in the Japan Strategic Anti‐cancer Randomized
Trial (J‐START): a randomised controlled trial. Lancet. 2016;
387(10016):341‐348. doi:10.1016/s0140-6736(15)00774-6

30. Yuan WH, Hsu HC, Chen YY, Wu CH. Supplemental breast
cancer‐screening ultrasonography in women with dense breasts:
a systematic review and meta‐analysis. Br J Cancer. 2020;123(4):
673‐688. doi:10.1038/s41416-020-0928-1

31. Berg WA, Bandos AI, Mendelson EB, Lehrer D, Jong RA,
Pisano ED. Ultrasound as the primary screening test for breast
cancer: analysis from ACRIN 6666. J Natl Cancer Inst. 2016;
108(4), doi:10.1093/jnci/djv367

32. Lee CH, Dershaw DD, Kopans D, et al. Breast cancer screening
with imaging: recommendations from the Society of Breast
Imaging and the ACR on the use of mammography, breast MRI,
breast ultrasound, and other technologies for the detection of
clinically occult breast cancer. J Am Coll Radiol. 2010;7(1):18‐27.
doi:10.1016/j.jacr.2009.09.022

33. Lee CH, Weinreb JC. The use of magnetic resonance imaging in
breast cancer screening. J Am Coll Radiol. 2004;1(3):176‐182.
doi:10.1016/j.jacr.2003.12.008

34. Morrow M, Waters J, Morris E. MRI for breast cancer screening,
diagnosis, and treatment. Lancet. 2011;378(9805):1804‐1811.
doi:10.1016/s0140-6736(11)61350-0

35. Saadatmand S, Geuzinge HA, Rutgers EJT, et al. MRI versus
mammography for breast cancer screening in women with
familial risk (FaMRIsc): a multicentre, randomised, controlled
trial. Lancet Oncol. 2019;20(8):1136‐1147. doi:10.1016/s1470-
2045(19)30275-x

36. Kuhl CK, Schrading S, Strobel K, Schild HH, Hilgers RD,
Bieling HB. Abbreviated breast magnetic resonance imaging
(MRI): first postcontrast subtracted images and maximum‐
intensity projection—a novel approach to breast cancer screen-
ing with MRI. J Clin Oncol. 2014;32(22):2304‐2310. doi:10.1200/
jco.2013.52.5386

37. Leithner D, Moy L, Morris EA, Marino MA, Helbich TH, Pinker K.
Abbreviated MRI of the breast: does it provide value? J Magn
Reson Imaging. 2019;49(7):e85‐e100. doi:10.1002/jmri.26291

38. Freund KM. Rationale and technique of clinical breast examina-
tion. Medscape Womens Health. 2000;5(6):E2.

39. da Costa Vieira RA, Biller G, Uemura G, Ruiz CA, Curado MP.
Breast cancer screening in developing countries. Clinics (Sao
Paulo). 2017;72(4):244‐253. doi:10.6061/clinics/2017(04)09

40. Oestreicher N, White E, Lehman CD, Mandelson MT, Porter PL,
Taplin SH. Predictors of sensitivity of clinical breast examination
(CBE). Breast Cancer Res Treat. 2002;76(1):73‐81. doi:10.1023/
a:1020280623807

41. Mittra I, Mishra GA, Dikshit RP, et al. Effect of screening by
clinical breast examination on breast cancer incidence and
mortality after 20 years: prospective, cluster randomised con-
trolled trial in Mumbai. BMJ. 2021;372:n256. doi:10.1136/
bmj.n256

42. Alimirzaie S, Bagherzadeh M, Akbari MR. Liquid biopsy in breast
cancer: a comprehensive review. Clin Genet. 2019;95(6):643‐660.
doi:10.1111/cge.13514

43. Ishibashi Y, Ohtsu H, Ikemura M, et al. Serum TFF1 and TFF3 but
not TFF2 are higher in women with breast cancer than in women
without breast cancer. Sci Rep. 2017;7(1):4846. doi:10.1038/
s41598-017-05129-y

44. Attallah AM, El‐Far M, Omran MM, et al. Circulating levels and
clinical implications of epithelial membrane antigen and
cytokeratin‐1 in women with breast cancer: can their ratio

improve the results? Tumour Biol. 2014;35(11):10737‐10745.
doi:10.1007/s13277-014-2375-1

45. Hamam R, Hamam D, Alsaleh KA, et al. Circulating microRNAs
in breast cancer: novel diagnostic and prognostic biomarkers.
Cell Death Dis. 2017;8(9):e3045. doi:10.1038/cddis.2017.440

46. Sohel MMH. Circulating microRNAs as biomarkers in cancer
diagnosis. Life Sci. 2020;248:117473. doi:10.1016/j.lfs.2020.117473

47. Fernández Madrid F. Autoantibodies in breast cancer sera:
candidate biomarkers and reporters of tumorigenesis. Cancer
Lett. 2005;230(2):187‐198. doi:10.1016/j.canlet.2004.12.017

48. Zhong L, Ge K, Zu JC, et al. Autoantibodies as potential
biomarkers for breast cancer. Breast Cancer Res. 2008;10(3):R40.
doi:10.1186/bcr2091

49. Tang Q, Cheng J, Cao X, Surowy H, Burwinkel B. Blood‐based DNA
methylation as biomarker for breast cancer: a systematic review.
Clin Epigenetics. 2016;8:115. doi:10.1186/s13148-016-0282-6

50. Loke SY, Lee ASG. The future of blood‐based biomarkers for the
early detection of breast cancer. Eur J Cancer. 2018;92:54‐68.
doi:10.1016/j.ejca.2017.12.025

51. Cohen JD, Li L, Wang Y, et al. Detection and localization of
surgically resectable cancers with a multi‐analyte blood test.
Science. 2018;359(6378):926‐930. doi:10.1126/science.aar3247

52. Organized breast cancer screening programs in Canada: report
on program performance in 2007 and 2008. PHAC. April 3, 2013.
Accessed October 11, 2021. https://publications.gc.ca/site/eng/9.
817597/publication.html

53. Smith RA, Andrews KS, Brooks D, et al. Cancer screening in the
United States, 2019: a review of current American Cancer Society
guidelines and current issues in cancer screening. CA Cancer
J Clin. 2019;69(3):184‐210. doi:10.3322/caac.21557

54. Hamashima C, Japanese Research Group for the Development of
Breast Cancer Screening Guidelines, Hamashima CC, et al. The
Japanese guidelines for breast cancer screening. Jpn J Clin Oncol.
2016;46(5):482‐492. doi:10.1093/jjco/hyw008

55. Huang Y, Dai H, Song F, et al. Preliminary effectiveness of breast
cancer screening among 1.22 million Chinese females and
different cancer patterns between urban and rural women. Sci
Rep. 2016;6:39459. doi:10.1038/srep39459

56. Dahlui M, Ramli S, Bulgiba AM. Breast cancer prevention and
control programs in Malaysia. Asian Pac J Cancer Prev. 2011;
12(6):1631‐1634.

57. Kim Y, Jun JK, Choi KS, Lee HY, Park EC. Overview of the
National Cancer Screening Programme and the cancer screening
status in Korea. Asian Pac J Cancer Prev. 2011;12(3):725‐730.

58. Singapore MoH. National Health Survey 2010. Epidemiology and
Disease Control Division, Ministry of Health Singapore. Novem-
ber, 2010. Accessed October 11, 2021. https://www.moh.gov.sg/
resources-statistics/reports/national-health-survey-2010

59. Nguyen LH, Laohasiriwong W, Stewart JF, Wright P, Nguyen YTB,
Coyte PC. Cost‐effectiveness analysis of a screening program for
breast cancer in Vietnam. Value Health Reg Issues. 2013;2(1):
21‐28. doi:10.1016/j.vhri.2013.02.004

60. Nickson C, Velentzis LS, Brennan P, Mann GB, Houssami N.
Improving breast cancer screening in Australia: a public health
perspective. Public Health Res Pract. 2019;29(2):2921911. doi:10.
17061/phrp2921911

61. Morrell S, Taylor R, Roder D, Robson B, Gregory M, Craig K.
Mammography service screening and breast cancer mortality in
New Zealand: a National Cohort Study 1999‐2011. Br J Cancer.
2017;116(6):828‐839. doi:10.1038/bjc.2017.6

62. Tutii IM, Roseveare C, Viney K, Cash HL, Udui T, Ikerdeu E.
Breast and cervical cancer screening in Palau: have we improved
early detection and survival? Hawaii J Med Public Health. 2017;
76(12):337‐343.

63. Ponti AAA, Ronco G, Senore C, Basu P, Segnan N. Cancer screening
in the European Union. European Commission. May, 2017.
Accessed October 11, 2021. https://ec.europa.eu/health/sites/

122 | LUO ET AL.

https://doi.org/10.7326/m15-1789
https://doi.org/10.1016/s0140-6736(15)00774-6
https://doi.org/10.1038/s41416-020-0928-1
https://doi.org/10.1093/jnci/djv367
https://doi.org/10.1016/j.jacr.2009.09.022
https://doi.org/10.1016/j.jacr.2003.12.008
https://doi.org/10.1016/s0140-6736(11)61350-0
https://doi.org/10.1016/s1470-2045(19)30275-x
https://doi.org/10.1016/s1470-2045(19)30275-x
https://doi.org/10.1200/jco.2013.52.5386
https://doi.org/10.1200/jco.2013.52.5386
https://doi.org/10.1002/jmri.26291
https://doi.org/10.6061/clinics/2017(04)09
https://doi.org/10.1023/a:1020280623807
https://doi.org/10.1023/a:1020280623807
https://doi.org/10.1136/bmj.n256
https://doi.org/10.1136/bmj.n256
https://doi.org/10.1111/cge.13514
https://doi.org/10.1038/s41598-017-05129-y
https://doi.org/10.1038/s41598-017-05129-y
https://doi.org/10.1007/s13277-014-2375-1
https://doi.org/10.1038/cddis.2017.440
https://doi.org/10.1016/j.lfs.2020.117473
https://doi.org/10.1016/j.canlet.2004.12.017
https://doi.org/10.1186/bcr2091
https://doi.org/10.1186/s13148-016-0282-6
https://doi.org/10.1016/j.ejca.2017.12.025
https://doi.org/10.1126/science.aar3247
https://publications.gc.ca/site/eng/9.817597/publication.html
https://publications.gc.ca/site/eng/9.817597/publication.html
https://doi.org/10.3322/caac.21557
https://doi.org/10.1093/jjco/hyw008
https://doi.org/10.1038/srep39459
https://www.moh.gov.sg/resources-statistics/reports/national-health-survey-2010
https://www.moh.gov.sg/resources-statistics/reports/national-health-survey-2010
https://doi.org/10.1016/j.vhri.2013.02.004
https://doi.org/10.17061/phrp2921911
https://doi.org/10.17061/phrp2921911
https://doi.org/10.1038/bjc.2017.6
https://ec.europa.eu/health/sites/default/files/major_chronic_diseases/docs/2017_cancerscreening_2ndreportimplementation_en.pdf


default/files/major_chronic_diseases/docs/2017_cancerscreening_
2ndreportimplementation_en.pdf

64. Huang Y, Tong Z, Chen K, et al. Interpretation of breast cancer
screening guideline for Chinese women. Cancer Biol Med. 2019;
16(4):825‐835. doi:10.20892/j.issn.2095-3941.2019.0322

65. Klarenbach S, Sims‐Jones N, Lewin G, et al. Recommendations
on screening for breast cancer in women aged 40‐74 years who
are not at increased risk for breast cancer. CMAJ. 2018;190(49):
E1441‐e1451. doi:10.1503/cmaj.180463

66. Urban L, Chala LF, Bauab S, et al. Breast cancer screening:
updated recommendations of the Brazilian College of Radiology
and Diagnostic Imaging, Brazilian Breast Disease Society, and
Brazilian Federation of Gynecological and Obstetrical Associa-
tions. Rev Bras Ginecol Obstet. 2017;39(10):569‐575. doi:10.1055/
s-0037-1606348

67. Practitioners TRACoG. Guidelines for preventive activities in general
practice. 9th ed. 2018. Accessed October 11, 2021. https://www.racgp.
org.au/clinical-resources/clinical-guidelines/key-racgp-guidelines/
view-all-racgp-guidelines/guidelines-for-preventive-activities-in-
general-pr/early-detection-of-cancers/breast-cancer

68. He J, Chen WQ, Li N, et al. China guideline for the screening and
early detection of female breast cancer (2021, Beijing) (in
Chinese). Chin J Oncol. 2021;43(4):357‐382. doi:10.3760/cma.j.
cn112152-20210119-00061

69. Stout NK, Lee SJ, Schechter CB, et al. Benefits, harms, and costs
for breast cancer screening after US implementation of digital
mammography. J Natl Cancer Inst. 2014;106(6):dju092. doi:10.
1093/jnci/dju092

70. Chootipongchaivat S, Wong XY, Ten Haaf K, et al. Cost‐effectiveness
analysis of breast cancer screening using mammography in
Singapore: a modeling study. Cancer Epidemiol Biomarkers Prev.
2021;30(4):653‐660. doi:10.1158/1055-9965.Epi-20-1230

71. Lee SY, Jeong SH, Kim YN, et al. Cost‐effective mammography
screening in Korea: high incidence of breast cancer in young
women. Cancer Sci. 2009;100(6):1105‐1111. doi:10.1111/j.1349-
7006.2009.01147.x

72. Schiller‐Fruehwirth I, Jahn B, Einzinger P, Zauner G, Urach C,
Siebert U. The long‐term effectiveness and cost effectiveness of
organized versus opportunistic screening for breast cancer in
Austria. Value Health. 2017;20(8):1048‐1057. doi:10.1016/j.jval.
2017.04.009

73. Wang J, Greuter MJW, Zheng S, et al. Assessment of the benefits
and cost‐effectiveness of population‐based breast cancer screen-
ing in urban China: a model‐based analysis. Int J Health Policy
Manag. 2021. doi:10.34172/ijhpm.2021.62

74. Niëns LM, Zelle SG, Gutiérrez‐Delgado C, et al. Cost‐effectiveness
of breast cancer control strategies in Central America: the cases
of Costa Rica and Mexico. PLOS One. 2014;9(4):e95836. doi:10.
1371/journal.pone.0095836

75. Sun L, Sadique Z, Dos‐Santos‐Silva I, Yang L, Legood R. Cost‐
effectiveness of breast cancer screening programme for women
in rural China. Int J Cancer. 2019;144(10):2596‐2604. doi:10.1002/
ijc.31956

76. Puliti D, Duffy SW, Miccinesi G, et al. Overdiagnosis in
mammographic screening for breast cancer in Europe: a
literature review. J Med Screen. 2012;19(suppl 1):42‐56. doi:10.
1258/jms.2012.012082

77. Miller AB, Wall C, Baines CJ, Sun P, To T, Narod SA. Twenty five
year follow‐up for breast cancer incidence and mortality of the
Canadian National Breast Screening Study: randomised screen-
ing trial. BMJ. 2014;348:g366. doi:10.1136/bmj.g366

78. Zackrisson S, Andersson I, Janzon L, Manjer J, Garne JP. Rate of
over‐diagnosis of breast cancer 15 years after end of Malmö
mammographic screening trial: follow‐up study. BMJ. 2006;
332(7543):689‐692. doi:10.1136/bmj.38764.572569.7C

79. Hofvind S, Ponti A, Patnick J, et al. False‐positive results in
mammographic screening for breast cancer in Europe: a literature
review and survey of service screening programmes. J Med Screen.
2012;19(suppl 1):57‐66. doi:10.1258/jms.2012.012083

80. Bond M, Pavey T, Welch K, et al. Systematic review of the
psychological consequences of false‐positive screening mammo-
grams. Health Technol Assess. 2013;17(13):1‐170, v‐vi. doi:10.
3310/hta17130

81. Nelson HD, Pappas M, Cantor A, Griffin J, Daeges M,
Humphrey L. Harms of Breast Cancer Screening: systematic
review to update the 2009 U.S. Preventive Services Task Force
recommendation. Ann Intern Med. 2016;164(4):256‐267. doi:10.
7326/m15-0970

82. Mann RM, Hooley R, Barr RG, Moy L. Novel approaches to
screening for breast cancer. Radiology. 2020;297(2):266‐285.
doi:10.1148/radiol.2020200172

83. McKinney SM, Sieniek M, Godbole V, et al. International
evaluation of an AI system for breast cancer screening. Nature.
2020;577(7788):89‐94. doi:10.1038/s41586-019-1799-6

84. Eigeliene N, Saarenheimo J, Jekunen A. Potential of liquid
biopsies for breast cancer screening, diagnosis, and response to
treatment. Oncology. 2019;96(3):115‐124. doi:10.1159/000495615

85. Shieh Y, Eklund M, Madlensky L, et al. Breast cancer screening in the
precision medicine era: risk‐based screening in a population‐based
trial. J Natl Cancer Inst. 2017;109(5):djw290. doi:10.1093/jnci/djw290

86. Zhang H, Ahearn TU, Lecarpentier J, et al. Genome‐wide
association study identifies 32 novel breast cancer susceptibility
loci from overall and subtype‐specific analyses. Nat Genet. 2020;
52(6):572‐581. doi:10.1038/s41588-020-0609-2

87. Mavaddat N, Michailidou K, Dennis J, et al. Polygenic risk scores
for prediction of breast cancer and breast cancer subtypes. Am
J Hum Genet. 2019;104(1):21‐34. doi:10.1016/j.ajhg.2018.11.002

88. Ho WK, Tan MM, Mavaddat N, et al. European polygenic risk
score for prediction of breast cancer shows similar performance
in Asian women. Nat Commun. 2020;11(1):3833. doi:10.1038/
s41467-020-17680-w

89. Allweis TM, Hermann N, Berenstein‐Molho R, Guindy M.
Personalized screening for breast cancer: rationale, present
practices, and future directions. Ann Surg Oncol. 2021;28(8):
4306‐4317. doi:10.1245/s10434-020-09426-1

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Luo C, Wang L, Zhang Y,
et al. Advances in breast cancer screening
modalities and status of global screening
programs. Chronic Dis Transl Med. 2022;8:
112‐123. doi:10.1002/cdt3.21

ADVANCES IN BREAST CANCER SCREENING | 123

https://ec.europa.eu/health/sites/default/files/major_chronic_diseases/docs/2017_cancerscreening_2ndreportimplementation_en.pdf
https://ec.europa.eu/health/sites/default/files/major_chronic_diseases/docs/2017_cancerscreening_2ndreportimplementation_en.pdf
https://doi.org/10.20892/j.issn.2095-3941.2019.0322
https://doi.org/10.1503/cmaj.180463
https://doi.org/10.1055/s-0037-1606348
https://doi.org/10.1055/s-0037-1606348
https://www.racgp.org.au/clinical-resources/clinical-guidelines/key-racgp-guidelines/view-all-racgp-guidelines/guidelines-for-preventive-activities-in-general-pr/early-detection-of-cancers/breast-cancer
https://www.racgp.org.au/clinical-resources/clinical-guidelines/key-racgp-guidelines/view-all-racgp-guidelines/guidelines-for-preventive-activities-in-general-pr/early-detection-of-cancers/breast-cancer
https://www.racgp.org.au/clinical-resources/clinical-guidelines/key-racgp-guidelines/view-all-racgp-guidelines/guidelines-for-preventive-activities-in-general-pr/early-detection-of-cancers/breast-cancer
https://www.racgp.org.au/clinical-resources/clinical-guidelines/key-racgp-guidelines/view-all-racgp-guidelines/guidelines-for-preventive-activities-in-general-pr/early-detection-of-cancers/breast-cancer
https://doi.org/10.3760/cma.j.cn112152-20210119-00061
https://doi.org/10.3760/cma.j.cn112152-20210119-00061
https://doi.org/10.1093/jnci/dju092
https://doi.org/10.1093/jnci/dju092
https://doi.org/10.1158/1055-9965.Epi-20-1230
https://doi.org/10.1111/j.1349-7006.2009.01147.x
https://doi.org/10.1111/j.1349-7006.2009.01147.x
https://doi.org/10.1016/j.jval.2017.04.009
https://doi.org/10.1016/j.jval.2017.04.009
https://doi.org/10.34172/ijhpm.2021.62
https://doi.org/10.1371/journal.pone.0095836
https://doi.org/10.1371/journal.pone.0095836
https://doi.org/10.1002/ijc.31956
https://doi.org/10.1002/ijc.31956
https://doi.org/10.1258/jms.2012.012082
https://doi.org/10.1258/jms.2012.012082
https://doi.org/10.1136/bmj.g366
https://doi.org/10.1136/bmj.38764.572569.7C
https://doi.org/10.1258/jms.2012.012083
https://doi.org/10.3310/hta17130
https://doi.org/10.3310/hta17130
https://doi.org/10.7326/m15-0970
https://doi.org/10.7326/m15-0970
https://doi.org/10.1148/radiol.2020200172
https://doi.org/10.1038/s41586-019-1799-6
https://doi.org/10.1159/000495615
https://doi.org/10.1093/jnci/djw290
https://doi.org/10.1038/s41588-020-0609-2
https://doi.org/10.1016/j.ajhg.2018.11.002
https://doi.org/10.1038/s41467-020-17680-w
https://doi.org/10.1038/s41467-020-17680-w
https://doi.org/10.1245/s10434-020-09426-1
https://doi.org/10.1002/cdt3.21



