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BacKground: The clinical need for 
improved BreasT cancer screening 
meThods
Breast cancer continues to represent one of the major causes 
of cancer death in the female population.1 Improved under-
standing of the biologic heterogeneity of breast cancer 
and of its molecular determinants has led to considerably 
refined treatment strategies that are targeted to specific 
genomic tumour features, and that are better tailored to 
the individual patient’s need for treatment. Introduction of 
population-wide mammographic screening programmes 
have improved early diagnosis of breast cancer. Both, 
improved breast cancer treatment efficacy, as well as 
improved early diagnosis, do contribute to the reduced 
breast cancer mortality observed in western countries over 
the past decade.2–4

Mammography is the mainstay of breast cancer screening; 
it is broadly available, with established quality assurance, 
and has been tested within prospective randomized trials. 
Based on long-term follow up of females participating 

in mammographic screening trials conducted in the last 
century, there is compelling evidence that mammography, 
through early diagnosis of breast cancer, will improve 
survival.1,5

Major points of criticisms risen against mammographic 
screening relate to overdiagnosis of biologically irrel-
evant, and underdiagnosis of biologically important 
cancer.6,7  The latter is evidenced by the fact that, in spite 
of long-standing mammographic screening programmes, 
breast cancer continues to be a major cause of cancer death. 
This, in turn, will be due to incomplete participation rates 
in mammographic screening programmes, as well as high 
interval cancer rates—i.e. a high rate of females in whom 
early diagnosis by mammographic screening fails.

Failure to detect biologically relevant breast cancer with 
mammographic screening is driven not only by host-re-
lated factors, i.e. the individual female’s mammographic 
breast density, but also by tumour-related factors, i.e. 
the individual cancer’s genotype and thus its imaging 

Received: 
12 June 2017

Accepted: 
19 July 2017

Revised: 
13 July 2017

https:// doi. org/ 10. 1259/ bjr. 20170441

aBsTracT

Early diagnosis improves survival of females with breast cancer. Mammographic screening improves early diagnosis of 
breast cancer. And yet, there appears to be room for improvement. Major shortcomings of mammographic screening 
are overdiagnosis of prognostically unimportant cancer, as well as underdiagnosis of cancers that are indeed rele-
vant. Failure to detect biologically relevant breast cancer with mammographic screening is driven not only by host- 
related factors, i.e. breast tissue density, but also by  tumour-related factors: Biologically relevant cancers may 
exhibit imaging features that render them indistinguishable from normal or benign breast tissue on mammography. 
These cancers will then progress to become the advanced-stage interval cancers observed in females undergoing 
mammographic screening. Since breast cancer continues to represent a major cause of cancer death in females, the 
search for improved breast cancer screening method continues. Abbreviated breast MRI has been proposed for this 
purpose because it will greatly reduce the cost associated with this method, due to a greatly reduced magnet time 
(down to 3 min), but especially also due to a greatly abridged image interpretation time, i.e. radiologist reading time. 
This commentary reviews the current situation and presents the EA1141 trial designed to investigate the utility of abbre-
viated breast MRI for screening average-risk females with dense breast tissue.
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phenotype: Biologically relevant cancers may exhibit imaging 
features that renders them indistinguishable from normal or 
benign breast tissue on mammography. These cancers will 
then progress to become the advanced-stage interval cancers 
observed in females undergoing mammographic screening.8

Breast ultrasound, or automated whole-breast ultrasound, has 
been shown to improve cancer detection rate in females with 
dense breast tissue. However, it is associated with long exam-
ination or image reviewing times, and a low PPV. So although 
ultrasound per se is an inexpensive test, it is associated with 
significant direct and downstream costs. Moreover, additional 
cancer detection rate is moderate, ranging from 3.5 to 4.4 per 
1000.9

Digital breast tomosynthesis has been proposed to improve 
breast cancer detection in females with dense breasts; however, 
the additional cancer detection rate is modest, with an average 
1.2 per 1000. Moreover, and more importantly, although several 
large-scale tomosynthesis screening trials have been published 
over the past years, none of these trials report on the biologic 
profiles of cancers detected through tomosynthesis, or investi-
gated its clinical impact, i.e. regarding its efficacy in reducing 
interval cancer rates, or shift of cancer stage distribution.10

Breast MRI has repeatedly been shown to represent the most 
sensitive imaging method for diagnosing breast cancer regard-
less of stage (DCIS or invasive) or type, and regardless of radio-
graphic breast density. The major advantage of MRI, however, 
is the fact that it improves detection of biologically relevant 
cancers, i.e. cancers with active angiogenic activity. Although it 
has so far been mainly recommended for screening females at 
high risk of breast cancer, there is increasing evidence to suggest 
that it appears to be equally useful to improve cancer detection 
rate in females at average risk. The additional cancer detection 
rate afforded by supplemental MRI screening in average risk 
females was unexpectedly high, with 15.5 per 1000.11  Most 
importantly, the interval cancer rate of females undergoing 
MRI screening was reduced to zero. This was similar to find-
ings previously reported for females at increased risk of breast 
cancer.12 The more or less complete absence of interval cancers 
observed with MRI screening of females at average or even at 
increased risk of breast cancer suggests that interval cancers do 
not, or not mostly, develop in between screening rounds, but are 
present, yet missed by current screening methods, i.e. mammog-
raphy. In other words: screening MRI detects cancers which, if 
MRI had not been done, would have progressed to become the 
more advanced interval cancers observed in females partici-
pating in usual mammographic screening. Since interval cancers 
are known to be associated with an adverse biologic profile,10,13 
this observation is another piece of evidence for the fact that 
mammographic breast cancer detection fails especially in many 
biologically important cancers. This is the reverse side of a well-
known phenomenon called “length time bias”, i.e. the observa-
tion that mammographic detectability of a cancer is associated 
with improved prognosis of a breast cancer. Breast MRI, by way 
of contrast, preferentially detects cancers with adverse biologic 
profile due to their increased perfusion.14

Overdiagnosis is a major concern with mammographic 
screening. Additional cancers found by supplemental imaging. 
The low (absent) interval cancer rate associated with breast 
MRI screening indicates that the additional cancers found by 
supplemental MRI will not, or not for the majority, constitute 
overdiagnosis.

So although breast MRI appears to be a useful screening test for 
females regardless of their personal risk, it is currently only used 
in a minority of high risk females. The many reservations against 
a more widespread use of MRI for screening include its high 
cost, its limited availability and its false positive rate. However, 
the false positive rate, or PPV3 (positive predictive value) of MRI 
screening of recent trial results, has been shown to be compa-
rable to that observed for screening mammography.

The concepT of aBBreviaTed BreasT mri
To reduce cost associated with image acquisition and image 
interpretation of screening breast MRI, abbreviated proto-
cols have been proposed. The method was introduced by our 
group in 2014, when we published results of a prospective clin-
ical study on the use of abbreviated breast MRI in 443 females 
at average or mildly increased risk who underwent 606 MRI 
screening rounds.15  Key components of the proposed method 
was (a) to reduce the women’s magnet time by acquiring only one  
pre-contrast and one post-contrast T1 weighted image set, and 
(b) to use maximum intensity projections  (MIP) to fuse the 
first post-contrast subtracted images into one single high-con-
trast image. Concept was to use these MIP images for a very 
fast overview to check for presence or absence of significant 
enhancement, and then to use the individual subtracted images 
for further categorization of possible enhancement seen on the 
MIP image. Further categorization of enhancement was achieved 
by assessing its configuration, morphology, margins and internal 
architecture. Since all of these features are best evaluated in the 
early post-contrast phase, working without late post-contrast 
images was not considered problematic. Although no complete 
dynamic series was acquired, the MIPs and the respective first 
post-contrast subtracted images provide implicit kinetic infor-
mation because they are obtained immediately after contrast 
injection, such that all enhancement seen on these images corre-
sponds to fast enhancement. In difficult cases, further classifi-
cation of enhancement was achieved based on the review of the 
respective non-subtracted T1  weighted pre- and post-contrast 
source images because they provide useful information on breast 
architecture at the site of the lesion.

With the abbreviated protocol, radiologists reading time was 
below 3 s for interpretation of a MIP, i.e. deciding upon pres-
ence or absence of significant enhancement, and below 30 s for 
the interpretation of the complete study in cases where there was 
significant enhancement on the MIPs. These values are compet-
itive with batch reading of screening mammograms, and are 
substantially shorter than the time it takes to review tomosyn-
thesis images.

Since in a screening situation, the vast majority of participants 
will not harbour breast cancer, and the respective imaging 
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studies will be normal, the time it takes to establish absence of 
breast cancer will be the single most important metric for cost 
associated with screening. The specific advantage of abbreviated 
breast MRI is that establishing absence of breast cancer—in other 
words: reviewing a negative MIP image—is a simple task that is 
done within time which is counted in seconds. This is explain-
able by the fact that MIPs are high-contrast images, whereas with 
mammographic or tomosynthesis screening, radiologists need 
to meticulously search low-contrast images for subtle signs of 
breast cancer.

With the abbreviated protocol, we were able to achieve the same 
cancer detection rate of 18.2 per 1000, and the same sensitivity as 
that achieved with the full multiparametric protocol (Figure 1). 
Although our expectation was that using less information for 
lesion classification would result in reduced specificity and PPV, 
the results after interpretation of the abbreviated protocol were 
similar or even (not statistically significantly) better than those 
achieved after reviewing the full multiparametric protocol.

Meanwhile, several groups have replicated our results by using 
abbreviated breast MRI protocols. All studies are concordant in 
that a comparable diagnostic accuracy is achieved.16–27

The promising and concordant results of several single-centre 
studies on the utility of abbreviated breast MRI, together with 
the urge to find adequate supplemental breast cancer screening 
methods in view of the breast density legislation in the USA, 
have prompted the proposal of a multicentre study that inves-
tigates the utility of a low-cost, abbreviated breast MRI as a 
supplemental screening test for females with dense breast 
tissue.

The ea1141 Trial
The so-called EA1141 study entitled “Comparison of Abbre-
viated Breast MRI and Digital Breast Tomosynthesis in Breast 
Cancer Screening in Women with Dense Breasts”28 is designed 
as a prospective multicentre diagnostic accuracy study and spon-
sored by ECOG/ACRIN. Asymptomatic females aged 40–75 
with dense breast tissue, defined as mammographic density cate-
gories C and D, and without breast cancer-related risk factors, 
will undergo digital breast tomosynthesis and abbreviated breast 
MRI in randomized order for 2 consecutive years; females will 
then return to regular mammographic screening and followed 
for another 3 years (Figure 2). Metric will be the cancer detec-
tion rate achieved by digital breast tomosynthesis vs abbreviated 
breast MRI in the same females in the first (prevalence) and 
second (incidence) screening round. Secondary objectives are 
to compare the PPVs and—and most importantly—the type of 
cancers found by the two competing imaging methods. The latter 
will be done by investigating the differences of the biological 
detection profiles of tomosynthesis vs AB-MRI. The biological 
importance will be interrogated by genomic profiling studies of 
screen detected cancers (PAM50 for invasive disease and DCIS 
score for intraductal cancer). Since breast MRI has the reputa-
tion of being a strain to females, the study will also investigate 
patient-reported quality of life, as well as their willingness to 
return for repeat AB-MRI or tomosynthesis after the first study 
screening round.

Assuming that inadequate information will be available on up 
to 6% of cases, we expect that a sample size of 1450 females will 
provide 90% power to compare the diagnostic yield regarding 
invasive cancer detection rates of tomosynthesis vs AB-MRI.

The study was initiated in November 2016; it is open for partic-
ipation of international sites and will include both academic as 
well as community level radiologists. At the time this article 
was written, a total of 30 sites were open for accrual. Quality 
assurance is achieved through an in-depth accreditation 
process that also involves a test of reader expertise in inter-
preting breast MRI studies. Moreover, interpretation guide-
lines have been set up and are used throughout the EA1141 
consortium.

Regarding pulse sequence protocol, this trial uses a relatively 
liberal definition of “abbreviated” breast MRI in that the protocol 
requires an acquisition time of less than 10 min. Instead of 
imposing a specific pulse sequence to be used, this trial leaves 
it up to the individual site to use their respective known pulse 
sequence, and sets a corridor of acquisition parameters regarding 
contrast and spatial resolution.

Figure 1. (a) C-view of a breast tomosynthesis study, MLO view, 
of a 55-year-old female at average risk with dense breast tis-
sue, interpreted as negative (BIRADS2). (b) The correspond-
ing MIP image of the abbreviated breast MRI study is positive 
for significant enhancement which corresponded to a small 
invasive breast cancer. MIP, maximum intensity projections; 
MLO, mediolateral oblique.
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to assume that screening by MRI alone could be useful not 
only to avoid underdiagnosis of biologically important cancer, 
but also to avoid overdiagnosis of unimportant disease—quite 
similar to the way multiparametric MRI of the prostate is used 
to improve detection of significant prostate cancer, and help 
avoid detection of insignificant disease.32

conclusion
In spite of decades of mammographic screening, breast cancer 
continues to represent a major medical and socio-economic 
challenge. Mammography is a good test with proven outcomes 
for breast cancer screening, but has well-established limitations. 
Based on current evidence, these limitations are only marginally 
addressed with improved radiographic imaging such as digital 
mammography or digital breast tomosynthesis. Aim of contempo-
rary breast cancer screening is not to simply increase the number 
of cancers detected—but to improve and ensure early detection 
of biologically important breast cancer. If combined with dedi-
cated MRI systems that are optimized for breast imaging, and that 
ensure fast patient throughput, abbreviated breast MRI could be a 
viable alternative for population-wide screening.

Figure 2.Flow chart of the EA1141 study. AB-MR, abbreviated breast MRI. DBT, digital breast tomosynthesis. PRO, patient reported 
outcomes; QOL, quality of life.
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