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Introduction:  Breast  cancer  is  the  most  prevalent  cancer  in  women,  with  slightly  more  than  ten  percent
developing  the  disease  in Western  countries.  Mammography  screening  is a well  established  method  to
detect breast  cancer.
Aims: The  aim of  the  position  statement  is  to  review  critically  the  advantages  and  shortcomings  of
population  based  mammography  screening.
Materials  and methods:  Literature  review  and  consensus  of  expert  opinion.
Results and conclusion:  Mammography  screening  programmes  vary  worldwide.  Thus  there  are  differences

in  the  age  at  which  screening  is started  and  stopped  and  in  the  screening  interval.  Furthermore  differences
in  screening  quality  (such  as equipment,  technique,  resolution,  single  or double  reading,  recall  rates)
result  in  a sensitivity  varying  from  70%  to 94% between  studies.  Reporting  results  of  screening  is subject
to  different  types  of bias  such  as  overdiagnosis.  Thus  because  of  the limitations  of  population-based
mammography  screening  programmes  an  algorithm  for  individualized  screening  is proposed.
. Introduction

Breast cancer originates from the malignant transformation of
pithelial cells within the ducts and lobules of the breast. A malig-
ant cell is the result of the accumulation of consecutive mutations.

p or down regulation of different mutated genes will ultimately

esult in the heterogeneity of breast cancers [1]. Some tumors will
emain in situ and will never threaten the health of women. Other

∗ Corresponding author. Tel.: +32 9 221 67 57; fax: +32 9 234 35 37.
E-mail address: Herman.depypere@ugent.be (H. Depypere).

ttp://dx.doi.org/10.1016/j.maturitas.2014.09.002
378-5122/© 2014 Elsevier Ireland Ltd. All rights reserved.
©  2014  Elsevier  Ireland  Ltd.  All  rights  reserved.

tumors will become invasive and ultimately metastasize and hence
be fatal when not treated. The doubling time of tumor cells is
estimated between 150 and 200 days [2]. With systematic screen-
ing one would expect to detect more tumors at a pre-invasive
stage. With adequate local treatment these tumors are associated
with a nearly one hundred percent survival rate. If, on the other
hand, the tumors have already progressed to an invasive carci-
noma, one would expect screen detected tumors to be smaller and

hence have a lower chance of nodal involvement. Consequently
that would reduce the extent of breast and axillary surgery. The
latter could be limited to the well established, reliable sentinel
procedure in women  with an early breast cancer. If there is no
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odal involvement, extensive axillary surgery and radiotherapy
ould be avoided. According to the Sankt Gallen guidelines [3]
maller, node negative tumors are less likely to require adjuvant
hemotherapy. However, population based mammography screen-
ng increases radiotherapy and breast surgery rates, including

astectomy, partly due to overdiagnosis [4,5]. Moreover, mam-
ography screening has not decreased the number of adjuvant

hemotherapies and hormone therapies in the screened population
6].

. Publicly organized population mammography screening

.1. Screening: advantages, limitations and risks

Different mammography screening studies give conflicting
esults. Some studies indicate a survival benefit of systematic
creening while others do not. Recent publications provide exten-
ive comments on screening [7–11]. Since 1990, mortality from
reast cancer in industrialized countries has been decreasing at
he rate of approximately 2.2% per year [12]. This decline has
een attributed both to advances in adjuvant therapy and to an

ncreasing use of screening mammography. The St Gallen classi-
cation system categorizes invasive breast carcinomas into the

ollowing five distinct molecular subtypes; luminal A, luminal B
HER2−), luminal B (HER2+), HER2, and basal-like subtypes [3].
hese subtypes together with the TNM stage will determine adju-
ant systemic treatment. As treatments and healthcare systems
ontinue to improve, the impact of screening on breast cancer mor-
ality will further decrease. In most countries, the main decline
f breast cancer mortality started before the implementation of
opulation-based screening [13,14]. Moreover, the Cochrane meta
nalysis of 2011, involving 3 studies with adequate randomization
ollowing up women aged 50–69 years old over 13 years, has shown
o significant effect of mammographic screening on breast can-
er mortality (RR 0.90; 95% CI 0.79 to 1.02) [4]. A recent Cochrane
eview (2013) by Gøtzsche and Jørgensen [15], included seven ran-
omized trials. Three of these trials with adequate randomization
howed no statistical difference in breast cancer mortality. Adding
he four trials with suboptimal randomization resulted in a breast
ancer mortality reduction (RR: 0.81 (95% CI 0.74 to 0.87)).

The screening programmes in different countries vary in screen-
ng interval and the age at which population screening is started
nd stopped. Furthermore the quality and process of screening has
hanged over time and some studies were undertaken 30–50 years
go. Factors to consider include digital versus film imaging, involve-
ent of experienced breast radiologists and nurses, double reading

y different radiologists, the recall rate and the true positive and
egative rates. The sensitivity between studies varies between 70%
nd 94% [16–23]. Some of the initial studies have a high inter-
al breast cancer rate [21]. Furthermore one needs to accept that
creening is subject to different forms of bias. Women  undergo-
ng screening may  be more health conscious than those who do
ot, which may  result in better survival rates. Even randomized
rials may  be subject to bias. Women  invited for screening may
ecide against it, while uninvited women may  organize a mammo-
ram themselves(opportunistic screening). Many screen detected
umors will be slow-growing luminal A type tumors which have an
ntrinsically better prognosis. This may  reflect in the better survival
f screen detected tumors. This will result in a length bias. Another
orm of bias is the lead-time. A slow growing tumor, detected pre-
linically – before it is palpable or there is skin tethering – will

e detected one or more years earlier in the screening arm. This
ime is not included when the survival time is reported in clinically
etected tumors. Thus screen detected tumors will appear to have

 longer survival. This is lead-time bias. Overdiagnosis has received
s 79 (2014) 481–486

considerable attention in recent years. Some tumors grow so slowly
that they will not threaten the health of women during their life-
time [24–26]. The women  will die from another cause and thus it is
argued that these tumors should not have been treated. Treatments
can be invasive and painful, have major side-effects, especially
in those with significant co-morbidities. While this is easy from
an epidemiological standpoint, it is a dilemma for the treating
physician dealing with individual women. It is virtually impossi-
ble to make the diagnosis of breast cancer and to predict the future
behavior of that tumor. An independent UK Panel on breast cancer
screening, concluded that screening may  result in a relative risk
reduction of breast cancer mortality of 0.80 (95% CI 0.73–0.89), with
an overdiagnosis of 19% (15–23) [27]. This means that for 10.000
UK-women aged 50 years, invited for screening over the next 20
years, 43 deaths will be prevented and 129 cases of breast can-
cer will be overdiagnosed (in situ + invasive). This review has been
criticized [see for example 28] with concerns that this estimate is
far too positive. Furthermore some of the healthy overdiagnosed
women will die from their treatment. Welsch and coworkers report
that for every breast cancer death prevented in the US in a 10 year
annual screening setting starting at the age of 50, 490–670 women
are likely to have a false positive mammogram with a repeat exam-
ination. A group of 70–100 women will undergo a biopsy and 3–14
will have an overdiagnosed breast cancer [29].

More than three out of four breast cancers occur after the age
of fifty. In Flanders breast cancer incidence peaks in women  aged
60–64 with four new cases per 1000 women per year [30]. With sys-
tematic screening, detection rate of 80 percent will result in three
tumors detected by mammography and one missed. To detect three
breast cancers 1000 mammographic exams have to be performed.
In younger age groups the number of breast cancers per 1000 mam-
mograms performed is even lower. Including women younger than
50 years of age may  alter the results of organized screening. Based
on the data of Surveillance, Epidemiology, and End Results program,
Breast Cancer Surveillance Consortium, and the medical literature,
it has been concluded that mammography every 1–2 years from
age 40 to 80 is expensive if false-positives and the costs of over
diagnosis are taken into account [31]. Population screening has
now become so controversial that the Swiss Medical Board rec-
ommended abolition of screening programs and that ‘Providing
clear, unbiased information, promoting appropriate care, and pre-
venting overdiagnosis and overtreatment would be a better choice.’
http://www.nejm.org/doi/full/10.1056/NEJMp1401875.

Another concern on systematic screening is that ionizing radi-
ation may  actually induce breast cancers [32,33]. It has been
estimated one tumor will arise due to mammography per 100
malignant detected tumors in women aged 50–69. In those aged
between 40 and 50 years four tumors will arise per 100 detected
breast cancers [32]. The total lifetime risk (until 85 years of age) of
radiation-induced breast cancer has been evaluated by mathemat-
ical models as 10 per 100,000 women  screened biannually from 50
to 69 years old. The number of deaths by radiation-induced breast
cancer was  1 per 100,000-screened women  in the same study [33].

2.2. Risk factors for breast cancer and screening

Risk factors for the development of breast cancer include:
increasing age, gene mutations (BRCA1&2,CHEK2, ATM, FGFR2,
MAP3KI), early menarche, late menopause, nulliparity/first preg-
nancy after 30, family history of breast cancer, history of breast
surgery, high breast density, exposure of the chest to ionizing
radiation, postmenopausal hormone therapy and postmenopausal

obesity, alcohol use, absence of physical activity. A crucial step to
optimize screening could be to implement all risk and protective
factors in the screening strategy. To decrease the costs and the bur-
den of false positives and over-diagnosis, lower risk women could

http://www.nejm.org/doi/full/10.1056/NEJMp1401875
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e screened less frequently (i.e. every 3 years as in UK) and screen-
ng could stop when co-morbidities are significant. Lower risk

omen include mainly no familial risk, Breast Imaging Reporting
nd Data System (BI-RADS) category 1 fatty breasts and menopause
35 years old. The other protective factors such as increased phys-
cal activity, history of breast feeding, low BMI  are minor (RR > 0.5)
nd should not modify the screening strategy. As such proposals
ave ethical considerations, they are unlikely to be researched. Also,

t could take 20 years to show an effect on breast cancer mortal-
ty. However mathematical models show altering the frequency of

ammography according to risk is cost-effective [31,34].

.3. Improving population screening

So with the extensive experience of current publicly organized
creening, it can be concluded it is currently suboptimal. However,
topping all kind of screening of low- and average-risk women
ould be problematic as about 70% of breast cancers are diagnosed

n those subgroups, and only undertaking screening in high-risk
omen would be insufficient. Consequently, there is an urgent
eed to improve the effectiveness of breast cancer screening.

Women  should be informed about the advantages and disad-
antages of systematic screening. In the invitation letter a clear
nd understandable information leaflet should be included. Prior
o the examination health professionals should again explain what
o expect and the risk of false positives and negatives. In the dou-
le reading setting, where initially no sonography is performed,
he possibility of recall should also be explained. Individualized
creening, could therefore be a better strategy.

. Principles of individualized breast cancer screening

Screening effectiveness may  be improved by individualizing
he screening timing and modalities, as women have different
evels of risk.

Optimal individual screening should follow these principles
35]:

As most western societies have invested in public breast cancer
screening programmes from age 50 for average risk women, indi-
vidual screening should begin from the age at which the breast
cancer risk is equal to that for an average risk women  aged 50
years (≈2% in the next 10 years or remaining lifetime risk ≈8%).
Individual screening should stop when the risk of co-mortality
from other diseases exceeds the risk of breast cancer mortality.
The frequency of screening rounds should be adapted to the indi-
vidual level of risk.
Imaging modality should be adapted to breast characteristics in
order to reach the best sensitivity and specificity.
The screening strategy should be regularly and individually
reassessed.

Women  should be informed with due care about the
isks/benefits of screening and about their risk of breast cancer
n comparison with other health issues (e.g. cardiovascular dis-
ases). The doctor should accept an eventual thoughtful refusal. In
ll cases, participation to screening should be voluntary and indi-
idual. Information giving should be personally and not population
ocused.

. Identifying women at higher risk
Attempts to reduce occurrence of interval cancers through more
ensitive and/or intensive screening should focus on subgroups
n which observed incidence of those cancers is increased: higher
reast density, hormone use and family history [36].
s 79 (2014) 481–486 483

A 2.45 fold increase in breast cancer incidence has been reported
for women with extremely or moderately dense breasts compared
with those with fatty breasts, and a 60% increase in the likelihood
that a screened woman with dense breasts would develop inter-
val versus screen-detected cancer [37]. High breast density may
mask discrete mammographic abnormalities. Also high breast den-
sity is an even stronger predictor of interval cancers in older women
(over 50 years) compared with younger women, as breast density
decreases with age after the menopause [38].

Combined estrogen–progestogen menopausal hormone ther-
apy (MHT) slows down the age-related decrease of breast density.
Kerlikowske and coworkers found in the WHI  study that low breast
density was associated with low breast cancer risk and decreased
risk of advanced-stage disease regardless of hormone therapy use
[39]. On the contrary, in women  with high breast density, com-
bined MHT  was  associated with higher cancer risk and advanced
stage at diagnosis, probably because of decreased mammography
sensitivity and more aggressive tumoral phenotype [39]. The influ-
ence of hormone use on the incidence of breast cancer is complex. In
the Women’s Health Initiative (WHI) Study, continuous combined
equine estrogens with medroxyprogesterone acetate (MPA) was
associated with an increased risk of breast cancer when taken more
than five years. Equine estrogens combined with MPA  increase
breast density and may  obscure the detection of small tumors.
This type of breast density disappears quickly when hormones are
stopped, and is different from the dense formations used to define
dense breasts [40]. However, estrogens combined with natural pro-
gesterone were not associated with an increased risk of breast
cancer in the initial years of use in the French E3N study [41] and
the Finnish study [42]. Equine oestrogens alone (WHI) were asso-
ciated with a reduction in breast cancer [43]. There is no evidence
at present to recommend increasing the frequency of screening in
combined MHT  users with no other risk factors.

In women  with dense breasts, especially in those with familial
risk or combined MHT  users more sensitive imaging techniques are
needed. Furthermore, because of the more aggressive tumoral phe-
notypes found in dense breasts, intervals between screening rounds
should be shorter [44]. Incidence of interval cancers is increased
in women at familial risk, as the absolute number of breast can-
cers is higher in this subgroup, and because of the more aggressive
characteristics of the tumors [45]. Both extremely dense breasts
and first-degree relatives with breast cancer are associated with
at least a 2-fold increase in risk for breast cancer in women aged
40–49 years [46]. The FH01 trial has shown evidence of a reduction
in advanced stage disease with yearly mammography in women
aged 40–49 years with a medium familial risk of breast cancer [47].
In women with inherited gene mutations (BRCA1/2), it seems that
annual MRI  from age 25 and delayed alternating digital mammog-
raphy from age 30 to 40 is probably the most effective screening
strategy, despite false positives and radiation-induced cancers [48].
One could screen in these young women at high risk with MRI  with-
out mammography. MRI  is not only more sensitive for detecting
invasive cancers but also more sensitive in the detection of in situ
cancers and avoids radiation.

Digital mammography was shown to be more sensitive than
film mammography in women under the age of 50, in women with
dense breasts, and in premenopausal or perimenopausal women
[49]. However, specificity was lower and the extra tumors detected
by digital mammography mainly had a more favorable prognosis,
increasing thus the risk of false positives and overdiagnosis. Varia-
tions in mammographic density over the menstrual cycle are small
for women  examined by either film or digital mammography.

Timing of mammography in the menstrual cycle is unlikely to
have a significant influence in breast cancer detection screening
mammography [50]. The American Cancer Society mentions that a
mammography in the follicular phase may  be less painful and may
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e associated with better pictures. ‘Try to schedule your mammo-
ram at a time of the month when your breasts are not tender or
wollen to help to reduce discomfort and assure a good picture’
ttp://www.cancer.org/cancer/breastcancer/moreinformation/
reastcancerearlydetection/breast-cancer-early-detection-acs-rec
mammograms. Although ACS does not mention anything on the
iming of MRI, absence of congestion during the first half of the
ycle, may  facilitate the interpretation of the MRI  examination.

In a large retrospective cohort, ultrasonography has been shown
o fully compensate the lack of sensitivity of mammography in
ense breasts. Indeed, the rate of underlying cancers in dense
reasts screened by mammography and ultrasonography was  sim-

lar to mammography alone in non-dense breasts, despite the
igher incidence of cancers in dense breasts [51]. However, adding
ltrasonography systematically to mammography increases signif-

cantly the biopsy rate, averaging 5% of women screened, with only
.4% of those women found to have cancer [52,53]. Moreover, this

maging technology is operator-dependent. We  recommend that
ltrasonography is added to mammography only in dense or very
ense breasts, and is carried out by trained radiologists.

Despite its high sensitivity, addition of screening MRI  rather
han ultrasound to mammography in women at intermediate risk
ith dense breasts may  not be appropriate, particularly when the

urrent high false positive rates (especially in young women with
ense breasts), the cost, and the reduced tolerability of MRI  are
onsidered [54].

. Proposed algorithm

Further studies are needed for refining individual risk evalua-
ion, improving sensitivity and specificity of imaging techniques
nd validating prognostic factors. However, prospective random-
zed controlled trials about individualized screening would need
o follow-up large populations for at least 20 years and may  never
e conducted. Also rapid advances in imaging techniques, which
ould need validation, also needs to be borne in mind. We  there-

ore propose that waiting for decades with the current evidence
egarding population screening is not justified and that the time
as come for individualized screening.

This algorithm is an example of individualized screening that
an be used in clinical practice. This is based on familial risk and
reast Imaging Reporting and Data System (BI-RADS) category
55,56]. For the reasons explained before, it has not been validated
y prospective clinical trials.

Low t o modera te  risk < 17 % 
from age 20 (NICE)*

High ris k > 17 -30  % fro m 
age 20 (NICE)

Very hi g
from age 

BI-RADS 
1-3

BI-RADS 4

First mammography 
at age 40 years

Breast awareness 
and  dis cuss 
screening 

Yearly digital 
mammograph y 
ultraso und and clinic al 

Screening
approach
multidis ci
mammography every 
2- 3 years  from 50  to 
69-74  years of age

examination until  69-74 
years  of age 

*NICE guidelines 2013 [55].
s 79 (2014) 481–486

6. Conclusions

Individualizing screening appears to be a relevant strategy
for improving effectiveness on breast cancer mortality without
increasing costs and harms for the vast majority of women and soci-
ety. There is a need to intensify screening in a minority of higher
risk women by increasing the frequency of mammography and/or
by addition of other imaging modalities to mammography. This
intensification comes at the price of a higher numbers of false posi-
tives and biopsies. On the other hand, individualization reduces the
screening burden in a majority of lower risk women. To decrease
the costs and the burden of false positives and over-diagnosis, lower
risk women  should be screened less frequently (i.e. every 3 years as
in the UK) and screening should stop when co-morbidities are sig-
nificant. Lower risk women  include mainly no familial risk, BIRADS
1 fatty breasts and menopause before the age of 35. The other pro-
tective factors such as normal postmenopausal BMI, no combined
MHTuse and exercise are minor (RR > 0.5) and should not modify
the screening strategy. Increasing screening in high risk women
and decreasing screening in low risk women have not been and
will probably never be studied in clinical trials because of ethi-
cal concerns. Moreover, it could take 20 years before showing an
effect on breast cancer mortality can be demonstrated. However
mathematical models show that intensifying in higher risk women
and decrease frequency of mammograms in lower risk women is
cost-effective [31].

Individualization of publicly organized population screening is
a challenge and would be difficult to administer. It needs time-
consuming discussion between women and health professionals
about risks and benefit, recall and false positives. However a per-
sonalized strategy is likely to increase adherence to screening.
Moreover, information about the possibility of false positive will
reduce its psychological impact. Provision of balanced informa-
tion does not appear to alter participation in screening but allows
women to make an informed choice [57].
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