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Abbreviations

ACS	 American Cancer Society
AUC	 Area under the curve
BC	 Breast cancer
CBE	 Clinical breast examination
CE-MRI	 Contrast-enhanced magnetic 

resonance imaging
DBT	 Digital breast tomosynthesis
DCIS	 Ductal carcinoma in situ
EBM	 Evidence-based medicine
HER2	 Human epidermal growth factor 

receptor 2
HR	 Hazard ratio
LTR	 Lifetime risk
MRI	 Magnetic resonance imaging
PPV	 Positive predictive value
RCT	 Randomized controlled trial
ROC	 Receiver operating characteristic
US	 Ultrasound

9.1	 �Introduction

Evidence-based medicine (EBM) [1] is generally 
adopted as a method for guiding clinicians as 
well as governmental bodies so that we should be 
able to define the best evidence-based medical 
practices. The EBM principles are increasingly 
applied to radiology [2], where a specific safety 
criterion regards the reduction of radiation expo-
sure to a level defined as low as reasonably 
achievable (ALARA) [3].

The Oxford center for EBM [4] clearly distin-
guishes between diagnostic tests and screening 
tests.1 For example, the definition of the disease 
size (or extent, at large) is a diagnostic task for 
which tests can be validated by cohort studies 
with reference standards independent of the test 
and applied blindly or objectively to all patients. 
This means that non-randomized prospective 
(especially intra-individual) studies enable us to 
choose the test with the best sensitivity/specific-
ity, without needing randomized controlled trials 
(RCTs). Conversely, screening tests should be 
demonstrated to be effective in terms of patient 
outcome (i.e., overall or disease-specific survival, 
disease-free or metastasis-free survival, etc.) by 
RCTs before being implemented in practice [4], a 
rule also affirmed in 2002 by a European 
Guideline [5].

1 See also Chap. 11 (in particular Table  11.1) on this 
matter.
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As already outlined in Chap. 1, during the 
1990s, the availability of both BRCA genetic test-
ing and contrast-enhanced (CE) breast MRI 
determined the conditions for studies aimed at 
comparing MRI with conventional imaging, i.e., 
mammography and ultrasound (US), for the 
detection of breast cancers (BCs) in BRCA muta-
tion carriers, in their first-degree relatives as well 
as in women with family history implying a high 
risk of hereditary BC predisposition. Thus, an 
intra-individual design was adopted to firstly 
demonstrate the diagnostic performance of MRI, 
characterized by a superior sensitivity coupled 
with an acceptable specificity. This was the aim 
of the studies that initially reported on MRI ver-
sus mammography/US for screening women at 
high BC risk [6–12].

The gap in sensitivity between MRI and mam-
mography, the standard BC screening tool, was 
so high that the ideal second phase, i.e., RCTs, to 
demonstrate that high-risk women screened with 
MRI have an advantage in terms of patient out-
come became ethically unfeasible. This unfeasi-
bility was due to the combination of the high 
MRI sensitivity with the high probability of BC 
in a high-risk population: the BC diagnosis antic-
ipated by MRI was considered as more likely 
positively impacting survival than determining a 
negative effect in terms of overdiagnosis and 
overtreatment. The known effect of mortality 
reduction by early BC detection through screen-
ing mammography in the general population was 
translated to MRI in the high-risk population.

In this chapter, after an overview of the gen-
eral context given by screening mammography in 
the general female population, we describe the 
main results obtained by intra-individual studies 
comparing MRI with conventional imaging for 
screening women at high BC risk.

9.2	 �The Context: Secondary 
Prevention of BC by 
Screening Mammography

In the last 50 years, the context of secondary pre-
vention of BC in the general female population 
has been the kingdom of screening mammogra-

phy, notwithstanding its intrinsic limitations in 
terms of sensitivity and specificity. Mammography 
evolved from the screen-film to the digital tech-
nique, demonstrated to be more sensitive in 
women under 50, those with dense breasts, or in 
premenopausal or perimenopausal age [13]. 
Although substantial differences do exist in terms 
of organizational matters and testing perfor-
mance between organized population-based mass 
screening in most European countries and spon-
taneous screening in the United States (mainly 
consisting in a higher false-positive recall rate in 
the latter modality [14]), the general issue char-
acterizing the debate on screening mammogra-
phy in the last two decades is the effectiveness of 
screening mammography in reducing the BC 
mortality and the harm-to-benefit balance.

This debate has been dominated by a never-
ending discussion on overdiagnosis, i.e., the 
screening diagnosis of a cancer that would not 
become clinically evident during the woman’s 
lifetime in the absence of the screening participa-
tion. The harm of overdiagnosis is not only the 
psychological effect of the diagnosis but mainly 
the overtreatment that follows the overdiagnosis. 
It is clear that the final judgment on the harm-to-
benefit balance of screening mammography is 
dependent on the extent of this phenomenon in 
relation to the mortality reduction. A review [15] 
recently highlighted the huge variability in the 
ratio between the estimated overdiagnosis and 
the estimated mortality reduction in eight studies. 
A 25-fold variation (from 0.4 to 10) was found to 
strongly correlate with the “attitude” of the cor-
responding authors to the screening, which could 
mean that being either in favor or against screen-
ing mammography influences the results. We do 
not enter here in the highly complex statistical 
issues regarding the estimation of overdiagnosis. 
We only note that the discussion is hot and prob-
ably will continue in the next years.

What is more relevant is the other side of the 
dilemma, i.e., the general question about the role 
of early (preclinical) detection in determining a 
mortality reduction. A basic argument against 
screening mammography is the following: the 
more effective the treatments, the less favorable 
is the harm-to-benefit balance of screening mam-
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mography [16]. Considering that therapies (espe-
cially adjuvant treatment and radiation therapy) 
strongly improved in the last 20 years, a funda-
mental question is: did we reach the break-even 
point where the T stage of the tumor is no longer 
impacting patients’ outcome? If yes, there would 
be no reason to organize any screening, indepen-
dently of the preferred estimation of overdiagno-
sis. If no, to screen for detecting smaller cancers 
than those we would encounter waiting for their 
clinical appearance should remain a major goal 
of preventive medicine.

In 2005, Donald A. Berry and coworkers [17] 
estimated the changes in the rate of deaths from 
BC (the number of deaths/100,000 women) from 
the 1970s to 2000, showing that only the combi-
nation of screening and adjuvant therapy 
explained the reduction of this rate from a peak 
near to 50  BC deaths/100,000 women to about 
35  in 2000. The proportion in this reduction 
attributed to screening mammography varied 
from 28% to 65% in seven models considered 
(median 46%), the remaining proportion being 
attributed to adjuvant therapy. Thus at that time, 
the authors described a near 50%-to-50% contri-
bution of screening mammography and adjuvant 
therapy in determining the decline of BC 
mortality.

Today, the crucial question is the following:  is 
early detection still relevant for BC patient out-
come in the era of modern powerful systemic 
therapies including targeted biological treat-
ments? The answer is yes. This has been demon-
strated by a population-based study from the 
Netherlands Cancer Registry [18], evaluating 
more than 170,000 patients: although the rate of 
those receiving neoadjuvant/adjuvant therapy 
from 1995–2005 to 2006–2012 increased from 
53% to 60%, the mortality in 2006–2012 still 
increased with progressing tumor stage, signifi-
cantly for T1c versus T1a (hazard ratio [HR] 
1.54), and independently of the nodal status. 
Moreover, we must consider that screening mam-
mography has a relevant role in making neoadju-
vant treatment more effective, as shown by its 
ability to downscale the clinico-pathological fea-
tures of invasive BCs and reducing the need for 
loco-regional and adjuvant treatments [19–22].

In 2015, the International Agency for Research 
on Cancer (IARC) summarized the evidence for 
screening mammography [23], contributing to 
clarify a so hotly discussed matter [24]. The esti-
mated reduction in BC mortality has been esti-
mated to be 23% for all women aged 50–69 
invited to be screened (i.e., also including those 
not accepting the invitation) and 40% for women 
aged 50–69 who are screened. A limited evidence 
was reported for mortality reduction in women 
aged 40–49 (less pronounced mortality reduc-
tion) and 70–74 (substantial mortality reduc-
tion). The IARC working group also reported the 
overdiagnosis rate to be from 1% to 10% or from 
4% to 11%, according to different estimation 
methods, substantially confirming the estimates 
provided in 2012 by the EUROSCREEN work-
ing group [25].

The EUROSCREEN working group [26] also 
presented their estimate of the harm-to-benefit 
balance of screening mammography using natu-
ral frequencies, a method that allows for a better 
understanding by the public. They say that for 
every 1,000 women that have biennial mammog-
raphy in a European population-based screening 
program from 50 to 69 years of age and are fol-
lowed up to 79 years of age, we observe:

•	 8 women with a screen-detected BC, treated 
for the disease, who survived thanks to the 
screening

•	 Other 47 women diagnosed with a BC, treated 
and survived

•	 4 women with BC overdiagnosis (and 
overtreatment)

•	 12 women who died for BC
•	 30 women who underwent image-guided nee-

dle biopsy for benign findings
•	 170 women who underwent further imaging 

(during the recall session) for benign findings
•	 729 women, never recalled, reassured on the 

absence of cancer in their breasts

This means that the risk for a false-positive 
recall is limited to 20% for women aged 50–69 
who have ten screens in 20 years; 15% of recalled 
women have an invasive procedure, which results 
in a probability during the 20 years of 3%. The 
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probability of overdiagnosis is half the probabil-
ity to have the life saved. Notably, overdetection, 
a radiological issue, should be considered as a 
quite different topic from overdiagnosis [27], 
which implies also an essential role of patholo-
gists, with their suboptimal reproducibility, espe-
cially in the case of differential diagnosis between 
atypical ductal hyperplasia and ductal carcinoma 
in situ [DCIS] [28, 29], where a second opinion 
may be beneficial [29, 30], while more efforts 
should be directly dedicated to the reduction of 
overtreatment.

However, one weak point of population-based 
screening programs is the one size fits all general 
principle: in Europe, mammography every 
2 years (every 3 years in the United Kingdom) 
from 49 to 69  years. Some changes mainly 
regarded the invitation of women from 40 or, 
more frequently, from 45 to 49 to get a mammo-
gram every year. All in all, organizational issues 
and other factors worked against the idea to strat-
ify the screening strategy according to the risk 
level and breast density. The latter factor is rele-
vant: even though density as an independent risk 
factor is commonly overestimated [31], its mask-
ing effect results in a relevant reduction in mam-
mography sensitivity [32], as also discussed in 
Chap. 20 of this book. An organized screening 
strategy tailored for the woman’s individual risk, 
also considering breast density, is a hope for the 
future.

Coming to the crucial point, in the late 1990s 
and the early 2000s, the current recommenda-
tions for BRCA mutation carriers were to undergo 
breast surveillance from age 25  years onward 
with annual mammography and clinical breast 
examination (CBE) every 6 months [33, 34]. It 
was clear that screening mammography in high-
risk women was inadequate. Its sensitivity ranged 
from 29% to 50%, interval cancer rate from 35% 
to 50%, and metastatic nodal involvement at 
diagnosis from 20% to 56% [35].

A new strategy to be implemented had to con-
sider three crucial needs:

	1.	 To start very early in the life of high-risk 
women, accounting for the high probability of 
an early onset of BC

	2.	 To perform screening events every year or 
closer, accounting for the fast BC growth in 
these women

	3.	 To warrant independence of the screening tool 
from breast density, accounting for the wom-
an’s young age and for the higher breast den-
sity in high-risk women

In addition, the possibility of avoiding ioniz-
ing radiation exposure is an important issue, 
accounting for the higher susceptibility to radia-
tion of BRCA mutation carriers, as extensively 
discussed in Chap. 12 of this book.

This was the context when the first MRI-
including screening studies were reported, during 
the first decade of 2000. As mentioned above, 
mammography had moved from screen-film to 
digital but no impact from this transition was 
expected for high-risk women.

9.3	 �High-Risk Screening 
with MRI: From a Mission 
Impossible to the First 
Evidence (2000–2006)

To explore the diagnostic power of breast MRI in 
a screening setting was initially considered as a 
mission impossible. The typical criticism, espe-
cially from epidemiologists, was: MRI specificity 
is too low, and you will be flooded by a deluge of 
false positives. The reasons for this view are 
extensively explained in Chap. 2 of this book.

Several breast imaging research groups started 
to verify the hypothesis that CE-MRI could be 
useful for BC screening in women at increased 
BC risk, especially those with hereditary predis-
position. This was also a way to begin to discuss, 
from the side of high risk, the one size fits all 
principle. Breast radiologists had to get at least 
basic knowledge about familial/genetic predispo-
sition to BC. In 2010, we summarized this knowl-
edge as follows [36]:

•	 Autosomal dominant inherited BCs are only 
5% of all BCs (one third of all familial BCs).

•	 BRCA1/2 mutations account for only about 
40% of autosomal dominant inherited BCs 

F. Sardanelli and F. Podo

https://doi.org/10.1007/978-3-030-41207-4_20
https://doi.org/10.1007/978-3-030-41207-4_12
https://doi.org/10.1007/978-3-030-41207-4_2


135

and other known genes explain about 10%, 
while the remaining 50% has no gene muta-
tion clearly identified. BRCA1/2 deleterious 
mutations confer to the carrier an over 40–50% 
of lifetime risk (LTR).2

•	 Most BCs in very young women are associ-
ated with a BRCA1 mutation, a condition that 
may also show association with ovarian 
cancer.

•	 In women carrying a BRCA2 mutation, the 
risk profile is shifted to a slightly more 
advanced age, while BCs in males are com-
monly associated with this type of mutation.

More detailed information on this topic can be 
found in Chap. 3 of this book.

This basic knowledge allowed radiologists to 
identify those women whose family history indi-
cates the possibility of an inherited BC predispo-
sition. Since 2004–2005, software could be used 
for a preliminary risk evaluation, such as that 
based on the Tyrer-Cuzick model [37, 38] (BC 
risk modeling is extensively treated in Chap. 20 
of this book). However, radiologists (and other 
professionals who suspected a BC genetic predis-
position) had to refer the woman suspected to be 
at high-risk to a specialized department/center 
for genetic and psycho-oncology counseling to 
define the possibility of genetic testing. 
Importantly, radiologists learned that in the case 
of strong family history of BC and/or ovarian 
cancer without identification of known gene 
mutations in the family, genetic testing had to be 
defined as inconclusive and the case had to be 
labeled as BRCAX [39]. Finally, it was important 
to know that for different reasons, including 
unsuitable psycho-oncologic condition, women 
with strong family history often prefer not to per-
form any genetic testing.

The first pilot study was reported by Christiane 
K. Kuhl in 2000 [6]. In 192 asymptomatic women 
proven or suspected to be carriers of a BC sus-
ceptibility gene mutation included in this report 
(which also included 6 symptomatic cases, here 
not considered), 9 BCs were detected at the 

2 Unless differently specified, in this chapter, with LTR we 
mean cumulative LTR.

University of Bonn Medical Center in 293 screen-
ing events. Sensitivity was 33% for mammogra-
phy, 33% for US (44% for mammography and 
US combined), and 100% for MRI; the positive 
predictive value (PPV) was 30% for mammogra-
phy, 14% for US, and 64% for MRI. The authors 
concluded that the accuracy of MRI was signifi-
cantly higher than that of conventional imaging 
in screening high-risk women. These data were 
later included in the final report published in 
2005 [12].

Thereafter, several cohort prospective single- 
or multi-center studies on asymptomatic high-
risk women followed, building a robust body of 
evidence in favor of breast MRI screening in this 
population. We will now focus on these studies 
for which reports were published up to 2017. To 
present the historical pathway that led to the 
acceptance of MRI in this setting, we firstly 
describe the results of the studies on which the 
American Cancer Society (ACS) based the 2007 
guidelines [40] in favor of MRI screening for 
women at high risk, which represented a turning 
point in this story. In the next section we will 
describe the results of the prospective studies 
published after the publication of the ACS 
guideline.

In 2002, we reported [7] the preliminary results 
of the first phase (21 months) of the High Breast 
Cancer Risk Italian (HIBCRIT-1) study. At that 
time, 105 asymptomatic women (mean/median 
age 46/51  years; range 25–77  years) had been 
enrolled in 12 centers in Italy, under the coordina-
tion of the Istituto Superiore di Sanità, Roma. 
They either were proven BRCA1 or BRCA2 muta-
tion carriers, or had a 1:2 probability of being 
BRCA mutation carriers, or had a high record of 
first- and/or second-degree relatives at very high 
incidence of breast cancer. Importantly, 40 of 105 
(38%) had a previous personal history of BC. The 
study protocol included yearly mammography, 
US, and MRI, independently interpreted.3 During 
this first phase of the study (119 screening events), 
8 BCs were detected (2 invasive ductal; 2 invasive 
lobular; 1 invasive mixed ductal/lobular; 2 multi-

3 Data on clinical breast examination will be illustrated 
below, with the final results of the HIBCRIT-1 study.
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focal DCIS; 1 DCIS associated with lobular car-
cinoma in situ). All study-detected BCs (8/8) 
were identified by MRI, while mammography 
and US correctly classified only one. MRI had 
one false-positive case, mammography and US 
none. Of 7 BCs detected on MRI-only (4 inva-
sive, 3 DCIS), 2 occurred in premenopausal 
women, 5  in postmenopausal women. Despite 
the still preliminary nature of these data, we con-
firmed that MRI is a very useful tool to screen 
subjects at high genetic risk for breast carcinoma, 
not only in premenopausal but also in postmeno-
pausal age, with a low probability of false-posi-
tive cases. We also estimated that the cost per 
MRI-only detected BC in the high-risk setting 
was substantially lower than that of a screen-
detected cancer in the general female population 
undergoing screening mammography.

The general trends were already clear:

	1.	 High BC prevalence due to the eligibility 
criteria

	2.	 An overall very large gap in sensitivity 
between MRI and conventional imaging, i.e., 
not only mammography but also US

	3.	 Lower sensitivity of mammography also in 
postmenopausal high-risk women

	4.	 Absence of data suggesting high frequency of 
false positives, low specificity, and low PPV

In 2004, Mieke Kriege and coworkers [8] 
reported the results of the Magnetic Resonance 
Imaging Screening (MRISC) study carried out in 
six centers in the Netherlands comparing clinical 
breast examination (CBE), performed every 
6 months, MRI and mammography (both of them 
performed yearly) in women with a cumulative 
LTR for BC ≥15%. They screened 1,909 women, 
including 358 carriers of germ-line mutations. A 
total of 51 malignant lesions (44 invasive cancers, 
6 DCIS, 1 lymphoma) and 1 lobular carcinoma in 
situ were diagnosed in a total of 5,249 woman-
years at risk. The sensitivity for detecting invasive 
BCs was 18% for CBE, 33% for mammography, 
and 80% for MRI; specificity was 98%, 95%, and 
90%, respectively. The reported sensitivity values 
for al BCs (invasive or DCIS) were 18% for CBE, 

40% for mammography, and 71% for MRI. The 
overall diagnostic power of MRI (area under the 
curve [AUC] at receiver operator characteristics 
[ROC] analysis 0.83) was significantly higher 
than that of mammography (AUC 0.69).

The authors also compared their results with 
those obtained in two control groups external to 
the study, matched for age with the patients in the 
study group. The first control group was derived 
from all women diagnosed with BC in 1998  in 
the Netherlands (data from the National Cancer 
Registry). The second control group consisted of 
patients diagnosed with primary BC in Leiden or 
Rotterdam from 1996 to 2002, participating in a 
prospective study of the prevalence of gene muta-
tions. The second control group included all the 
unscreened patients with 25–60 years of age and 
cumulative LTR for BC higher than 15% on the 
basis of the family history. The proportion of 
invasive tumors ≤10 mm in diameter was signifi-
cantly greater in the study group (43%) than in 
either control group (14% and 13%, respectively). 
In the study, 21% invasive cancers had positive 
axillary nodes or micrometastases, while this rate 
was significantly higher in the two control groups 
(52% and 56%, respectively). The straightforward 
conclusion was: MRI appears to be more sensi-
tive than mammography in detecting tumors in 
women with an inherited susceptibility to BC [8].

In 2004, Ellen Warner and coworkers [9] com-
pared the sensitivity and specificity of CBE, 
mammography, US, and MRI for screening in 
high-risk women. A total of 236 Canadian women 
aged 25 to 65  years being BRCA1 or BRCA2 
mutation carriers underwent 1–3 annual screen-
ing events (for a total of 457 screening events) at 
the Sunnybrook and Women’s College Health 
Sciences Centre and University of Toronto. CBE 
was performed on the day of imaging examina-
tions and at 6-month intervals. Twenty-two can-
cers were detected (16 invasive and 6 DCIS). The 
sensitivity and specificity (based on biopsy rates) 
were 77% and 95.4% for MRI, 36% and 99.8% 
for mammography, 33% and 96% for US, and 
9.1% and 99.3% for CBE, respectively. All 
screening modalities combined had a sensitivity 
of 95% (1 interval cancer) to be compared with 
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45% for mammography and CBE combined. The 
authors concluded that in BRCA mutation carri-
ers, MRI is more sensitive for detecting breast 
cancers than mammography, US, or CBE alone, 
and noted that the possibility of MRI to reduce 
BC mortality in high-risk women required fur-
ther investigation.

The year after, in 2005, Martin O. Leach and 
coworkers [10] published the results of a pro-
spective cohort study (Magnetic Resonance 
Imaging Breast Screening, MARIBS) performed 
in 22 centers in the United Kingdom. A total of 
649 women aged 35–49 years with a strong fam-
ily history of BC or a high probability of a 
BRCA1, BRCA2, or TP53 mutation underwent 
annual screening with CE MRI and mammogra-
phy for 2–7  years. Thirty-five BCs were diag-
nosed during 1,881 screening events, 19 by 
CE-MRI only, 6 by mammography only, and 8 by 
both, with two interval cancers. The sensitivity of 
MRI (77%) was significantly higher than that of 
mammography (40%), reaching 94% when com-
bining both of them. The specificity of mammog-
raphy (93%) was significantly higher than that of 
MRI (81%), and 77% when combining both 
modalities. The authors noted that the difference 
in sensitivity between MRI and mammography 
was very high in BRCA1 mutation carriers 
(92% versus 23%, respectively, on a total of 13 
cancers). Again, the authors concluded that in 
this population, MRI was more sensitive than 
mammography for cancer detection and that 
specificity for both procedures was acceptable, 
also noting that, despite a high proportion of 
grade 3 cancers, tumors were small, with few 
cases of nodal involvement. They suggested the 
combined use of MRI and mammography for 
screening this high-risk group.

In the same year (2005), Constance D. Lehman 
and coworkers of the International Breast MRI 
Consortium Working Group [11] compared the 
performance of mammography versus MRI for 
screening genetically high-risk women through a 
prospective study carried out in 13 centers in the 
United States and Canada. They were eligible 
from the age of 25 years, even if they had a per-
sonal BC history (contralateral screening when 

they had been diagnosed within 5 years; bilateral 
screening if they had been diagnosed more than 
5 years previously). A total of 367 women com-
pleted (only once) all examinations in 13 centers, 
under the coordination of the University of 
Washington, Seattle Cancer Care Alliance, 
Seattle, United States. Imaging evaluations rec-
ommended 38 biopsies, 27 of them being per-
formed, resulting in 4 cancers diagnosed; MRI 
detected all cancers, mammography only one. 
The biopsy recommendation rate was 8.5% for 
MRI and 2.2% for mammography. The conclu-
sion, based on a lower BC incidence if compared 
to the other studies, was that screening MRI in 
high-risk women was capable of detecting mam-
mographically and clinically occult BC with a 
tradeoff in terms of false positives causing a 5% 
rate of benign biopsy.

Finally, still in 2005, Christiane K. Kuhl and 
coworkers [12] reported on the final results of the 
single-center study whose preliminary results we 
mentioned earlier [6]. They compared mammog-
raphy, US, and MRI for screening women with a 
lifetime risk ≥20%. The surveillance cohort 
study, carried out at the University of Bonn, 
enrolled 529 asymptomatic women suspected or 
proven to be BRCA mutation carriers. A total of 
1,542 annual rounds were completed. A total of 
43 BCs cancers were identified during the study 
(34 invasive, 9 DCIS). The sensitivity of mam-
mography (33%) and ultrasound (40%) or the 
combination of both (49%) was significantly 
lower than that of MRI (91%). The overall node-
positive rate was 16%. The specificity of MRI 
(97.2%) was equivalent to that of mammography 
(96.8%). The authors concluded that mammogra-
phy, even when combined with US, was insuffi-
cient for early BC diagnosis in women at 
increased familial risk and that screening MRI 
allowed for BC diagnosis in this population with 
a significantly higher sensitivity and at a more 
favorable stage.

Thus, by 2005, 7 prospective studies on a total 
of 3,794 women undergoing multimodality 
screening and 172 cancers diagnosed in a total of 
9,614 annual screening events showed that MRI 
emerged as a breast imaging modality with a sen-
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sitivity ranging from 77% to 100%, always by far 
superior to that of mammography or US (not over 
50% even when combined), with a variable but 
substantially acceptable specificity, as also 
judged by the group from the United Kingdom 
[10], where a long tradition of BC screening with 
mammography should be considered a reliable 
testing bench for evaluating a new screening 
modality.

9.4	 �The American Cancer Society 
2007 Guidelines

What we have described was the basis of evi-
dence available to the panel of experts of the ACS 
Breast Cancer Advisory Group who, in 2007, 
published the new guidelines for breast screening 
with MRI as an adjunct to mammography [40]. 
Their conclusions were as follows:

Screening MRI is recommended for women with 
an approximately 20–25% or greater lifetime risk 
of breast cancer, including women with a strong 
family history of breast or ovarian cancer and 
women who were treated for Hodgkin disease. 
There are several risk subgroups for which the 
available data are insufficient to recommend for or 
against screening, including women with a per-
sonal history of breast cancer, carcinoma in situ, 
atypical hyperplasia, and extremely dense breasts 
on mammography. Diagnostic uses of MRI were 
not considered to be within the scope of this 
review. [40]

The panel recommended MRI screening (as 
an adjunct to mammography) on the basis of evi-
dence from nonrandomized screening trials and 
observational studies (those we have described 
above) in:

•	 BRCA mutation carriers
•	 First-degree relative of BRCA mutation carri-

ers, but untested
•	 All women with a modeled cumulative LTR of 

~20% to 25% or greater

Conversely, the panel also recommended MRI 
screening (as an adjunct to mammography) on 
the basis of expert consensus opinion taking into 
consideration only the evidence for LTR for BC 
in the case of:

•	 Radiation to chest between age 10 and 
30 years

•	 Li-Fraumeni syndrome (TP53 mutation carri-
ers) and first-degree relatives

•	 Cowden and Bannayan-Riley-Ruvalcaba syn-
dromes and first-degree relatives

As we will see, the evidence subsequently 
accumulated reinforced the indication of MRI 
screening for women at hereditary high risk (see 
the following paragraphs of this Chapter and also 
Chaps. 10 and 11) and offered a new basis of evi-
dence for the indication to MRI screening for 
women with previous chest radiation therapy (see 
Chap. 14). As outlined in Chap. 16, the thresh-
olds for LTR to recommend MRI was already a 
matter for discussion, as demonstrated by the 
choice of the ACS Breast Cancer Advisory Group 
that defined a threshold as a range of 20–25% of 
LTR, which implies to offer (when the cutoff is 
20%) or not to offer screening MRI (when the 
cutoff is 25%) to thousands and thousands of 
women in Europe or North America. Recent 
reviews highlighted the role of MRI surveillance 
for TP53 mutation carriers [41] and more gener-
ally in the era of next-generation sequencing and 
moderate-risk genetic mutations, anyway defined 
as associated with a LTR of 20% or higher, such 
as ATM, CHEK2, and PALB2 [42].4

The new paradigm launched by the ACS was 
MRI as an adjunct to mammography. The subse-
quent body of evidence will work for reverting 
this scheme opening the discussion about whether 
and when mammography should be used as an 
adjunct to MRI.

9.5	 �High-Risk Screening 
with MRI: More Evidence 
from Prospective Studies 
(2007–2017)

A number of studies followed and the body of evi-
dence have grown up in the 10 years after the ACS 
2007 guidelines publication. The general trend for 
a huge difference in diagnostic power, especially in 
sensitivity, between MRI and conventional imag-

4 See also Chap. 3 on this matter.
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ing modalities was largely confirmed. The list of all 
the studies published in the period from 2000 to 
2015, with their main results, is reported in 
Table 9.1, grouping together the results of subse-
quent phases of individual projects [6–12, 43–50].

In 2007, Anne I.  Hagen and coworkers [43] 
described their results obtained offering breast 
MRI screening besides conventional imaging 
(mammography ± US) to 445 BRCA1 and 46 
BRCA2 mutation carriers at five centers in 
Norway (total of 867 screening events). They 
observed a total of 25 BCs (including 21 invasive 
and 4 DCIS), 5 of them (20%) as interval cancers. 
At the time of diagnosis, sensitivity was 19/22 
(86%) for MRI and 12/24 (50%) for mammogra-
phy. Among 21 cancers that were examined by 
both methods (in 19/21 BRCA mutation carriers), 
the sensitivity of mammography was 10/21 
(48%) and that of MRI was 18/21 (86%). 
Furthermore, the authors noted that MRI had a 
higher sensitivity than mammography to diag-
nose all BCs staged less than pT2, which was a 
major conclusion of their study.

In the same year (2007), Christopher C. Riedl 
and coworkers [44] reported preliminary results 
obtained at the Medical University of Vienna by 
multimodality BC screening in 327 high-risk 
women (BRCA mutation carriers and women 
with a familial LTR higher than 20%) who under-
went 672 complete annual rounds. Of a total of 
28 BCs diagnosed, sensitivities were 50% for 
mammography, 43% for US, and 86% for MRI 
(the sensitivity of MRI was higher than that of 
conventional imaging also for the DCIS sub-
group), specificities 98%, 98%, and 92%, respec-
tively. Of 101 false-positive findings, 35 (35%) 
were atypical ductal hyperplasias, 9 (26%) 
detected by mammography, 2 (6%) by US, and 
32 (91%) by MRI.  They concluded that MRI 
improves the detection of invasive and pre-
invasive BCs as well as premalignant lesions in a 
high-risk population.

The results of this study were updated in 2015 
[45] for 559 women (including 156 
BRCA1/BRCA2 mutation cariers) with 1,365 
complete rounds. The sensitivity of MRI (90%) 
was significantly higher than that of mammogra-
phy (38%) and ultrasound (38%). Of 40 cancers, 
18 (45.0%) were detected by MRI alone, 2 can-

cers were found by mammography alone (a DCIS 
with microinvasion and a DCIS with less than 
10-mm invasive areas), without a significant 
increase in sensitivity compared to MRI alone. 
No BCs were detected by US alone. Of 14 DCIS, 
all were detected by MRI, whereas mammogra-
phy and US each detected 5 DCIS (36%). The 
authors also noted that age, mutation status, and 
breast density did not influence MRI sensitivity, 
confirming the MRI superiority over mammogra-
phy and US under these different conditions. 
They concluded that MRI allows early detection 
of familial breast cancer regardless of patient age, 
breast density, or risk status. In addition, they 
noted that in this setting US provides no addi-
tional value, mammography only a limited one.

Still in 2007, we published the mid-term 
results of the HIBCRIT Italian study [46] for 278 
BRCA1 or BRCA2 mutation carriers, first-degree 
relatives of BRCA1 or BRCA2 mutation carriers, 
or women enrolled because of a strong family 
history of breast or ovarian cancer for a total of 
377 rounds: the criteria for enrolling women on 
the only basis of family history were: three or 
more events in first- or second-degree relatives in 
either maternal or paternal line; these included 
breast cancer in women younger than 60 years, 
ovarian cancer at any age, and male breast cancer 
at any age. Of 18 BCs diagnosed, 6 (33%) were 
detected only with MRI. Sensitivity was 50% for 
CBE, 59% for mammography, 65% for US, 94% 
for MRI; PPV3 (i.e., based on performed biopsy) 
was 82%, 77%, 65%, and 63%, respectively.

We updated these data as final results in 2011 
[47] for 501 high-risk women enrolled in 18 cen-
ters in Italy. Considering a total of 1,592 rounds 
(3.2 rounds/woman), 49 screen-detected and 3 
interval BCs were diagnosed: 8 DCIS and 44 
invasive; 4 pT2 stage and 32 G3 grade. Twenty-
eight of 39 patients explored for nodal status 
(72%) were negative. The incidence per year-
woman resulted 3.3% overall, significantly lower 
(2.1%) under 50 years of age than over 50 (5.4%), 
significantly higher (4.3%) in women with previ-
ous personal BC than in those without (2.5%). 
MRI was significantly more sensitive (91%) than 
CBE (18%), mammography (50%), US (52%), or 
mammography plus US (63%). Specificity 
ranged from 97% to 99%, PPV from 56% to 
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71%, positive likelihood ratio from 25 to 50, 
without significant differences. MRI showed a 
significantly better negative predictive value 
(99.6%) and negative likelihood ratio (0.09) than 
those of the other modalities. At ROC analysis, 
the AUC of MRI (0.97) was significantly higher 
than that of mammography (0.83) or US (0.82) 
and not significantly increased when MRI was 
combined with mammography and/or US (exam-
ples in Fig. 9.1; Table 9.2). Of 52 BCs, 16 (31%) 
were diagnosed only by MRI, 8 of 21 (38%) in 
women <50, and 8 of 31 (26%) in women 
≥50  years of age. A subanalysis distinguishing 
screen-film from digital mammography did not 
find any increase in sensitivity. We concluded 
that MRI largely outperformed mammography, 
US, and their combination for screening high-
risk women below and over 50.

In 2010, Christiane K.  Kuhl and coworkers 
[48] published the results of the EVA observa-
tional cohort study, conducted at four academic 

centers in Germany. They enrolled 687 asymp-
tomatic women with familial LTR ≥ 20% who 
underwent 1,679 annual rounds with CBE, 
mammography, US, and MRI; 371 women had 
additional half-yearly US and CBE during 869 
rounds. A total of 27 BCs were diagnosed: 11 
DCIS (41%) and 16 invasive BCs (59%); 3/27 
(11%) with positive nodal status. No interval 
cancers; no cancers detected with half-yearly 
US. The BC yield of US (6.0/1,000) and mam-
mography (5.4/1,000) was equivalent, not sig-
nificantly increased when mammography and 
US were combined (7.7/1,000). BC yield by 
MRI alone (14.9/1,000) was significantly higher 
than that of mammography, US, or their combi-
nation and was not significantly improved by 
adding mammography or US; PPV was 39% for 
mammography, 36% for US, and 48% for 
MRI. The authors concluded that in women at 
elevated familial risk, MRI screening shifts the 
distribution of screen-detected BCs toward the 

a b c

d

Fig. 9.1  A case from the HIBCRIT study. A 53-year-old 
BRCA1 mutation carrier, already treated for an invasive 
ductal cancer of the left breast at 33 years of age, under-
went multimodal screening including clinical breast 
examination (CBE), mammography, US, and MRI.  The 
left breast only showed minimal signs of the previous 
treatment at each screening modality (not shown). 
Mammography of the right breast showed a negative 

dense breast (a and b). Also CBE and US (not shown) 
were negative; at MRI the unenhanced T2-weighted axial 
short-tau inversion recovery sequence (c) showed a small 
hyperintense mass, confirmed at the subtracted (contrast-
enhanced minus unenhanced T1-weighted gradient echo) 
coronal image (d). Final diagnosis: node-negative inva-
sive ductal carcinoma (6  mm in diameter). From Podo 
et al. (2016) Clin Cancer Res 22:895–904

F. Sardanelli and F. Podo
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pre-invasive stage, while neither mammogra-
phy, nor annual or half-yearly ultrasound or 
CBE significantly increase BC detection over 
MRI alone.

In the same year (2010), Adriana J. Rijnsburger 
and coworkers [49] updated the results of the 
Dutch MRISC study, which had enrolled women 
with LTR for BC ≥ 15%, screened with biannual 
CBE and annual mammography and MRI 
[8].  Considering 2,157 eligible women, 599 of 
them being mutation carriers, 97 primary BCs 
were diagnosed. The MRI overall sensitivity was 
significantly higher than that of mammography 
for invasive cancer (77% versus 36%), but not for 
DCIS.  Mammography sensitivity was only 
25.0% in the BRCA1 group, 62% in the BRCA2 
group, 46% in the high-risk group (with a 
30–50% LTR), and 47% in the moderate-risk 
groups (with a 15–30% LTR). Results in the 
BRCA1 group were also worse compared with 
the BRCA2 group, high- and moderate-risk group 
regarding tumor size ≤1 cm at diagnosis (21%, 
62%, 41%, and 64%, respectively); proportion of 
DCIS (7%, 19%, 15%, and 31.3%); and interval 
cancers (32%, 6%, 4%, and 6%). The authors 
also reported on cumulative distant metastasis-
free and overall survival at 6 years for invasive 
BCs, which were 84% and 93%, respectively, in 
42 BRCA mutation carriers with invasive BC and 
100% in 43 women of familial groups. They con-
cluded that screening results were somewhat 
worse in BRCA1 mutation carriers, but the 6-year 
survival was high in all groups.

Still in 2010, Isabelle Trop and coworkers 
[50] reported results obtained at the Université 
de Montréal, Canada. They enrolled 184 asymp-
tomatic women being BRCA1/2 mutation carri-

ers or with >30% probability of being BRCA1/2 
mutation carriers as estimated by 
BRCAPRO.  During 387 rounds, 12 BCs were 
detected (9 invasive, 3 DCIS), for an overall 
yield of 6.5%; 7/9 invasive cancers were smaller 
than 2  cm in diameter; only 1 case of positive 
nodal status was observed; all BCs were negative 
to the human epidermal growth factor receptor 2 
(HER2). Sensitivity was 10/12 for MRI (83%), 
7/12 (58%) for mammography; US did not detect 
any additional cancers. The recall rate was 22% 
for MRI, 16% for mammography, and 11% for 
US.  Importantly, the authors noted that recall 
rates declined with successive screening rounds. 
In total, 45 biopsies were performed: 21 due to 
US, 17 due to MRI, and 7 due to mammography. 
The authors concluded that MRI offers to high-
risk women the best sensitivity for BC screening 
and that the combination of yearly MRI and 
mammography reached a negative predictive 
value of 100%.

In 2012, Wendy D. Berg and coworkers [51] 
reported on the results of a subproject of ACRIN 
6666 multicenter study to determine supplemen-
tal cancer detection yield of US and MRI in 
women at elevated BC risk. Women were eligi-
ble if being asymptomatic, having heteroge-
neously dense or extremely dense breast tissue, 
and also having at least one of other risk factors. 
A total of 2,809 women at 21 sites had annual 
independent screens with mammography and 
US in randomized order; after three rounds of 
both screenings, 612 women underwent MRI 
and had complete data. A total of 2,662 women 
underwent 7,473 mammogram and US screen-
ings, 110 of whom had 111 BCs diagnosed: 33 
detected by mammography only, 32 by US only, 

Table 9.2  Diagnostic performance of the different modalities in the HIBCRIT-1 study

Modality Sensitivity % Specificity % PPV % NPV % LR+ LR−

Clinical breast examination 17.6 99.3 56.3 96.1 26.4 0.83
Mammography 50.0 99.0 71.4 97.6 52.3 0.50
Ultrasound 52.0 98.4 61.9 97.7 33.0 0.49
MRI 91.3 96.7 56.0 99.6 27.6 0.09
Mammography + ultrasound 62.5 97.6 55.6 98.2 26.0 0.38
MRI + mammography 93.2 96.3 53.2 99.7 25.4 0.07
MRI + ultrasound 93.3 96.0 52.5 99.7 23.6 0.07

PPV positive predictive value, NPV negative predictive value, LR+ positive likelihood ratio, LR− negative likelihood 
ratio, MRI contrast-enhanced magnetic resonance imaging. From Sardanelli F et al. [47]
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26 by both, and 9 by MRI after mammogra-
phy + US; 11 were not detected by any imaging 
modality. Supplemental US identified additional 
BCs in 3.7/1,000 screens. Sensitivity for mam-
mography + US was 76%, specificity 84%, and 
PPV3 (i.e., based on performed biopsy) 16%. 
For mammography alone, sensitivity was 52%, 
specificity 91%, and PPV3 38%. Of the MRI 
participants, 16 women (2.6%) had a BC diag-
nosed. The supplemental yield of MRI was 
14.7/1,000. Sensitivity for MRI and mammogra-
phy plus US was 100%, specificity was 65%, 
and PPV3 19%. For mammography and US, sen-
sitivity was 44%, specificity 84%, and PPV3 
18%. The number of screens needed to detect 
one cancer was 127 for mammography, 234 for 
supplemental US, and 68 for MRI after negative 
mammography and US. The authors concluded 
that the addition of screening US or MRI to 
mammography in women at increased risk of 
breast cancer resulted in a higher cancer detec-
tion yield, but also an increase in false-positive 
findings. The study has a particular interest: it 
shows the additional diagnostic power of each 
breast imaging technique when applied sequen-
tially, with MRI associated with the lowest num-
ber of screens needed for detecting one cancer 
(68) as third examination versus mammography 
(127) at the beginning of the sequence, and US 
(234) in between. However, the study design 
does not allow an intra-individual comparative 
analysis. Data are not comparable with those of 
the other prospective studies. For this reason, we 
did not include this study in Table 9.1.

Finally, in 2014, Anna M.  Chiarelli and 
coworkers [52] reported on the results obtained 
by the Ontario Breast Screening Program which 
in July 2011 started to screen women at high BC 
risk from 30 to 69 years of age with annual MRI 
and digital mammography in 28 centers. 
Eligibility was based on the following criteria: 
known BRCA1 or BRCA2 mutation or other gene 
mutations associated with high BC risk; untested 
first-degree relative of a mutation carrier; family 
history consistent with hereditary BC syndrome 
and estimated personal LTR  ≥  25%; or chest 
radiation therapy (before age 30 and ≥8  years 

previously). These results have a particular rele-
vance, for being the first screening program for 
high-risk women organized on a regional base. 
Thirty-five BCs were diagnosed (16.3/1,000), 
none of them by mammography alone, 23 (66%) 
by MRI alone (10.7/1,000); 25/35 BCs (71%) 
were detected among mutation carriers 
(30.8/1,000). The recall rate was significantly 
higher in the cases of positive MRI alone (15.1%) 
than with mammography alone (6.4%); PPV was 
highest for detection based on both mammogra-
phy and MRI (12.4%). The authors concluded 
that screening with annual MRI and mammogra-
phy has the potential to be implemented into an 
organized breast screening program for women 
at high risk for breast cancer.

To summarize, in 10  years after the ACS 
guidelines, different prospective studies per-
formed in Europe and in North America increased 
the body of knowledge on BC screening in high-
risk women (see Table 9.1), showing that:

	1.	 The higher sensitivity of MRI versus mam-
mography (combined with acceptable MRI 
specificity and PPV values) was confirmed on 
a larger basis.

	2.	 The transition from screen-film to digital tech-
nique did not provide an increase in BC detec-
tion by mammography.

	3.	 When performed, the additional value of US 
appeared very low, if any, also with a 6-month 
interval.

	4.	 The additional value of mammography also 
appeared open for debate, due to the low num-
ber of cases diagnosed by mammography 
only, mostly of them being DCIS.

	5.	 A higher diagnostic power of MRI was also 
reported in postmenopausal women.

	6.	 The value of MRI screening was also shown 
in high-risk women already treated for BC.

Points 1, 2, and 3 above were reinforced by 
the ROC analysis curves from the HIBCRIT-1 
study [47, 53] (Fig. 9.2); also the EVA trial [48] 
gave similar results.

Lastly, we wish to mention the multicenter 
study by Tomasz Huzarski and coworkers [54] 
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from the Polish Hereditary Breast Cancer Study 
Group, investigating the role of MRI for screen-
ing women at average or intermediate risk, hence 
being outside our focus on high risk. However, 
their results can be useful to a general reasoning. 
They enrolled 2,995 women aged 40–65, without 
previous BC history: 356 (12%) with a CHEK2 
mutation, 370 (12%) with a first-degree relative 
with BC but without CHEK2 mutation, and 2,269 
(76%) without any risk factor. These women 
underwent two rounds of MRI, US, and mam-
mography, 1  year apart and were followed for 
3 years. During the 4-year time frame, 27 inva-
sive cancers, 6 DCIS, and 1 angiosarcoma were 
diagnosed. Of the 27 cancers, 20 were screen-
detected, 2 interval, and five during follow-up. 

For invasive cancers, sensitivity was 86% for 
MRI, 59% for US, and 50% for mammography; 
of the 19 invasive cancers detected by MRI, 17 
(89%) were also detected by US or mammogra-
phy. MRI prompted 156 biopsies, US 57, mam-
mography 35. The authors concluded that MRI 
sensitivity was only slightly better than that of 
mammography/US and that, also considering 
costs, MRI screening is probably not warranted 
outside of high-risk populations. In Chaps. 21 
and 22, the reader can find an extensive explana-
tion of the limited evidence for using MRI in 
intermediate-risk population. Anyway, this study 
shows how the application of MRI screening to a 
mixed population composed of average-risk 
women for over three quarters does not seem to 
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Fig. 9.2  ROC analysis of diagnostic performance of 
annual mammography (XM), US, MRI, and their combi-
nations for screening high-risk women in the HIBCRIT-1 
study. The MRI AUC was significantly higher than that of 

mammography, US, or their combination, without a sig-
nificant increase in diagnostic power when mammogra-
phy and/or US were combined with MRI. With permission, 
from Sardanelli F, Podo F [53]
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provide relevant results in terms of additional 
cancer yield.

Of note, after 2007, studies also offered a 
basis of evidence in favor of MRI screening in 
women who underwent chest radiation therapy, 
even though with lower sensitivity than for 
women with hereditary BC predisposition. 
Mammography as adjunct to MRI has been sug-
gested for women of this BC risk category, in 
consideration of the relatively higher probability 
of DCIS with microcalcifications and low angio-
genesis [55]. This topic is extensively treated in 
Chap. 14.

9.6	 �Other Guidelines and the Ten 
Key Points from EUSOMA 
Recommendations

After 2007, many other national and interna-
tional bodies issued guidelines and recommen-
dations for MRI screening of women at high BC 
risk, among them, the American College of 
Radiology [56], the European Society of Breast 
Imaging [57, 58], or the multidisciplinary 
European Society of Breast Cancer Specialists 
(EUSOMA) [59], but also governmental bodies 
such as the National Comprehensive Cancer 
Network [60] in the United States and the 
National Institute for Health and Care Excellence 
[61] in the United Kingdom. Differences exist 
among guidelines, especially for the threshold of 
LTR to define the indication to MRI, lower (20–
25%) in guidelines from the United States 
(where the ACR recently recommended screen-
ing MRI also in lower risk categories [62]), 
higher (30% or more) in some European guide-
lines. However, in all guidelines MRI is pro-
posed for screening high-risk women. In Chap. 
16, the reader can find an extensive review of 
these and other guidelines.

In this paragraph, we only wish to reserve a 
special mention to the EUSOMA recommenda-
tions published in 2010 [59] for their characteris-
tic of having been provided by a multisciplinary 
panel, with a list of ten key points for breast MRI 
screening in high-risk women that we still con-
sider useful today (Table 9.3).

9.7	 �Rethinking of the Relative 
Role of Mammography 
versus MRI for Screening 
High-Risk Women

During the last two decades, also retrospective 
studies on breast MRI screening of high-risk 
women were published. We did not mention them 
earlier because of the lower value that a retrospec-
tive study design implies in this context. However, 
some of them, recently published, deserve in our 
opinion a particular consideration.

In particular, three retrospective studies pro-
vided further contribution to rethinking the role 
of mammography for screening high-risk women.

In 2014, Inge-Marie Obdeijn and coworkers 
[63] reported specifically on 93 cases of BC in 
BRCA1 mutation carriers who underwent screen-
ing with MRI and digital mammography at the 
Erasmus Medical Center in Rotterdam, the 
Antoni van Leeuwenhoek Hospital in Amsterdam, 
and at the University Medical Center in Nijmegen: 
82 invasive cancers and 12 DCIS. Screening sen-
sitivity was 90/94 (96%) overall, significantly 
higher for MRI (88/94, 94%) than for mammog-
raphy (48/94, 51%). While 42/94 malignancies 
(45%) were detected only by MRI, only 2 DCIS 
(2/94, 2%) were detected only with mammogra-
phy (one G3 DCIS in a 50-year-old patient and 
one G2 in a 67-year-old patient). All the 4 inter-
val cancers (4/94, 4%) were G3 triple-negative 
invasive ductal carcinomas. The authors con-
cluded that digital mammography added only 2% 
to the breast cancer detection in BRCA1 patients, 
without any benefit of additional mammography 
under 40 years of age. They proposed that, given 
the potential risk of radiation-induced breast can-
cer in young mutation carriers, BRCA1 mutation 
carriers could be screened yearly with MRI from 
age 25 onward and with mammography not ear-
lier than age 40.

In 2017, Lo and coworkers [64] reviewed the 
prospective database of 3,934 screening studies 
(1,977 MRI and 1,957 mammography examina-
tions) performed on 1,249 high-risk women at 
three academic hospitals in Canada. A total of 45 
cancers (33 invasive and 12 DCIS) were diagnosed, 
43 of them seen with MRI and 14 with both mam-
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mography and MRI. Additional tests (further imag-
ing and/or biopsy) were recommended in 461 
screening MRI (recall rate, 23%) while mammog-
raphy recalled 217 (recall rate, 11%). The detection 
rate was significantly higher for MRI (21.8/1,000) 
than for mammography (7.2/1,000). The sensitivity 
of MRI (96%) was significantly higher than that of 
mammography (31%); the specificity of MRI 
(78%) was significantly lower than that of mam-
mography (89%); the PPV1 (i.e., for recalls) of 
MRI (9.3%) was higher, but not significantly, than 
that of mammography (6.5%). The authors con-
cluded that mammography did not have an added 
value for BC detection in high-risk women under-
going MRI screening. As a consequence, they said 
that routine mammography in women undergoing 
screening MRI imaging warrants reconsideration.

Lastly, Suzan Vreeman and coworkers [65] 
from Radboud University Medical Center, 
Nijmegen, investigated the added value of mam-
mography in different age-groups of women with 
and without BRCA mutation screened with breast 

MRI, based on 6,553 rounds in 2,026 women at 
increased BC risk of breast cancer (1 January 
2003–1 January 2014). Of a total of 125 screen-
detected cancers, 112 were detected by MRI and 
66 by mammography: 13 cancers were detected 
only by mammography, 8 of them being 
DCIS.  Cancer detected only by mammography 
were 3/61 (5%) in BRCA mutation carriers, and 
10/64 (16%) in non-BRCA mutation carriers. 
While 77% of mammography-only cancers were 
detected in women ≥50 years of age, mammog-
raphy also added more to the false-positive recalls 
in these women. Below 50 years of age, the num-
ber of mammographic examinations needed to 
find an MRI-occult cancer was 1,427. The authors 
concluded that the benefit of mammography 
appears slightly larger in women over 50 years of 
age without BRCA mutation, associated with a 
substantial increase in false-positive recalls.

Conversely, two recent retrospective reports 
focused on missed BCs in high-risk screening, in 
particular on MRI false negative cases.

Table 9.3  Ten key points on screening women with an increased BC risk from EUSOMA recommendations

  1. �Women with a family history suspicious for inherited BC predisposition should have their risk assessed by an 
appropriately trained professional group (genetic counseling); LTR thresholds for including women in 
surveillance programs with annual MRI may be selected on the basis of regional or national considerations

  2. �High-risk screening including MRI should be conducted only at a nationally/regionally approved and audited 
service or as part of an ethically approved research study. Periodical audit should be undertaken to ensure that 
high sensitivity is achieved and recall rate (MRI more frequently than annual) is less than 10%, and to monitor 
detection rate, needle biopsy rate and interval cancers

  3. �Annual MRI screening should be available starting from the age of 30. Starting screening before 30 may be 
possible for BRCA1/2 mutation carriers (from 25 to 29) and TP53 (from 20)

  4. �Annual MRI screening should be offered to: BRCA1, BRCA2, and TP53 mutation carriers; women at 50% risk 
for BRCA1, BRCA2, or TP53 mutation in their family (first-degree relatives of mutation carriers); women from 
families not tested or inconclusively tested for BRCA mutation with a 20–30% LTR or greater

  5. MRI-including screening should be offered also to high-risk women previously treated for BC.
  6. �Screening mammography should not be performed in high-risk women below 35. In TP53 mutation carriers of 

any age annual mammography can be avoided based on discussion on risks and benefits from radiation exposure
  7. Annual mammography may be considered for high-risk women from age 35
  8. �If annual MRI is performed, screening whole breast using US and clinical breast examination are not necessary. 

They are recommended in women under 35 who do not tolerate or have contraindication to MRI or to Gd-based 
contrast material administration

  9. �Cases requiring workup after MRI should be initially assessed with conventional imaging (re-evaluation of 
mammograms, targeted US). In case of only MRI-detected suspicious findings, MR-guided biopsy/localization 
should be performed

10. �Risk factors such as heterogeneously or extremely dense breasts, previous diagnosis of breast invasive cancer or 
ductal carcinoma in situ, atypical ductal hyperplasia, lobular intraepithelial neoplasia, when not associated with 
other risk factors, do not confer an increased risk that justifies screening MRI

BC breast cancer, LTR lifetime risk, MRI contrast-enhanced magnetic resonance imaging, US ultrasound. From 
Sardanelli et al. [59], modified. Notably, the EUSOMA recommendations include also women who underwent chest 
radiation therapy, discussed in Chap. 14
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Antony J Maxwell and coworkers [66] from 
Nightingale Centre, University Hospital of South 
Manchester, Manchester, reported on 32 high-risk 
women who had undergone screening MRI and 
had been diagnosed with breast cancer within 
2 years after a negative MRI. For 23 cases, MRI 
images were available for review. Fourteen were 
diagnosed at MRI, 4 at interim mammography, 
two symptomatically, one incidentally on US, and 
two at risk-reducing mastectomy. Ten of the 23 
women (43%) had a potentially avoidable delayed 
diagnosis. The preceding MRIs were classified as 
false-negative screens in five women (one preva-
lent, four incident), false-negative assessment in 
seven, and minimal signs in three (three women 
were assigned dual classifications). Reasons for 
the diagnostic delay mostly were small over-
looked enhancing masses, areas of non-mass 
enhancement showing little, if any, change 
between screens, false reassurance from normal 
conventional imaging at assessment, and overreli-
ance on repeat MRI at short-interval. The authors 
concluded recommending double reading of both 
screening and assessment examinations, ready 
access to MRI biopsy, and limited use of short-
interval repeat MRI only for areas likely to be 
benign glandular enhancement. They also recom-
mend annual mammography in these women.

Suzan Vreemann and coworkers by the 
Nijmegen group [67] investigated the same issue 
for a larger case series of 131 missed BCs for 
which negative prior MRI was available. Overall, 
visible findings on prior negative MRI were 
observed in 31% of cases, minimal signs in 34%, 
no signs in 35%. These visible findings were sig-
nificantly less frequent in BRCA mutation carri-
ers (19%) than in non-carriers (46%). Less than 
perfect image quality significantly increased the 
probability of visible findings and minimal signs 
in the negative prior MRI. The author concluded 
that almost one-third of cancers detected in a 
high-risk screening program are already visible 
at the last negative MRI scan, and even more so 
in women without BRCA mutations, so that regu-
lar auditing and double reading for breast MRI 
are warranted.

Finally, the same group from Nijmegen [68] 
reported on real-life performance of a large 

screening program for women with different cat-
egories of increased risk in their academic hospi-
tal. They analyzed 8,818 MRI and 6,245 
mammography examinations performed in 2,463 
women. On a total of 170 cancers, 129 were 
screen-detected cancers, 16 interval, and 25 
found at prophylactic mastectomy. Overall sensi-
tivity was 76% including cancers from prophy-
lactic mastectomy and 90% excluding them. 
Sensitivity was lowest for carriers of the BRCA1 
mutation (66 and 81%, respectively). Specificity 
was higher at follow-up (96%) than in first rounds 
(85%) and was high for both MRI (97%) and 
mammography (99%); PPV of recall and of 
biopsy were lowest in women with only family 
BC history. The authors’ conclusions were that 
screening performance was dependent on risk 
category, with lowest sensitivity in BRCA1 muta-
tion carriers, and that specificity improved at 
follow-up rounds.

9.8	 �Conclusions and Open Issues

As the readers can understand, a general agree-
ment for recommending breast MRI annual 
screening in women at high risk does exist on the 
basis of a large body of evidence provided by a 
dozen of prospective studies including 6,360 
women, about 18,900 rounds, and 357 BCs diag-
nosed. However, a number of issues deserve 
attention and, for them, we refer the reader to 
other Chapters in this book.

First, systematic reviews and meta-analyses 
have explored interesting aspects, especially 
allowing for subgroup analyses that the power of 
original studies would not have permitted. The 
reader can find these results in Chap. 11.

Second, the possibility of using MRI alone for 
screening at least certain categories at high-risk 
women should be considered, not only for the 
low contribution of mammography and US to the 
screening sensitivity, but also for their increase in 
false-positive recalls rate, a topic extensively 
treated in Chap. 10. In addition, also radioprotec-
tion considerations may play in favor of avoiding 
mammography [69] (and other radiation expo-
sure of the chest, including computed tomogra-
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phy!), especially in BRCA mutation carriers, a 
topic extensively treated in Chap. 12.

Third, the top sensitivity of breast MRI in 
high-risk women should determine positive 
effects in terms of patient outcome, i.e., at least 
disease-specific and disease-free survival. The 
reader can find the illustration of the results 
already available in the absence of randomized 
controlled trials in Chap. 13.

At any rate, due to the very low, if any, contri-
bution of US and the low contribution of mam-
mography when compared to MRI for screening 
a high-risk population, we can propose the fol-
lowing simple recommendations [53]:

	1.	 MRI alone up to 35 years of age for all high-
risk women

	2.	 MRI alone for BRCA1 and TP53 mutation 
carriers without age limitations

	3.	 Mammography as an adjunct to MRI for 
BRCA2 mutation carriers after 35 years of age 
and to women who had previous chest radia-
tion therapy

Thus, the paradigm “MRI as an adjunct to 
mammography” has been reverted into its con-
trary. When “mammography as an adjunct to 
MRI” is under consideration for high-risk 
women, a good conservative approach has been 
suggested, consisting of performing only one 
projection, the mediolateral oblique one [70].

About two decades after the start of the first 
prospective studies on breast MRI screening in 
high-risk women, the efforts of several research 
groups in Europe and North America have opened 
an efficient way of surveillance as an alternative 
to prophylactic mastectomy to be offered to these 
women. Much work still needs to be done but one 
important step forward has been done.
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