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a  b  s  t  r  a  c  t

Objective:  To  assess  the  value  of  breast  MRI  in  size  assessment  of  breast  cancers  in  high  risk  patients,
including  those  with  a  BRCA  1 or  2  mutation.  Guidelines  recommend  invariably  breast  MRI  screening
for  these  patients  and  therapy  is  thus  based  on  these  findings.  However,  the  accuracy  of  breast  MRI  for
staging purposes  is  only  tested  in  sporadic  cancers.
Methods:  We  assessed  concordance  of  radiologic  staging  using  MRI  with  histopathology  in  49  tumors  in
46  high  risk  patients  (23  BRCA1,  12 BRCA2  and  11  Non-BRCA  patients).  The  size  of  the  total  tumor  area
(TTA) was  compared  to  pathology.  In  invasive  carcinomas  (n =  45)  the  size  of  the  largest  focus  (LF)  was
also addressed.
reast MRI
umor size

Results:  Correlation  of MRI  measurements  with  pathology  was  0.862  for  TTA  and 0.793  for  LF.  TTA  was
underestimated  in  8(16%),  overestimated  in 5(10%),  and  correctly  measured  in  36(73%)  cases.  LF was
underestimated  in 4(9%),  overestimated  in  5(11%),  and  correctly  measured  in  36(80%)  cases.  Impact  of
BRCA  1  or  2 mutations  on the  quality  of  size  estimation  was  not  observed.
Conclusions:  Tumor  size  estimation  using  breast  MRI  in  high  risk  patients  is  comparable  to  its  performance

efore,
in sporadic  cancers.  Ther

. Introduction

Breast MRI  has been accepted as screening modality for women
ith a very high risk for the development of breast cancer [1,2].
omen  at high risk either have a BRCA 1, BRCA 2, or other recog-

ized high risk gene, are untested relatives of women with these
enes, or have been tested negative but remain at very high risk
ue to their family history. For these women the lifetime risk to
evelop breast cancer is 30% or more.
Although breast MRI  is usually still combined with mammog-
aphy for the detection of microcalcifications, treatment decisions
re nowadays largely based on MRI  findings. This seems deservedly
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 breast  MRI  can  safely  be  used  for treatment  planning.
© 2013 Elsevier Ireland Ltd. All rights reserved.

so, as studies have repeatedly shown that tumor size estimation
with MRI  is much better than with mammography [3–7]. This holds
especially true in women  with dense breasts and those develop-
ing invasive lobular carcinomas [8,9]. Moreover, breast MRI  tends
to detect carcinomas in an earlier stage than mammography and
many carcinomas are not even visible on mammography [10].

Nevertheless, it has been shown that tumors of BRCA carriers,
especially those with a BRCA 1 mutation, differ in their features
from sporadic cancers. In general they have more benign features,
often with a round or oval shape and sharp borders [11,12], and
also more commonly show a high signal on T2 weighted images
[13]. Moreover, compared to BRCA 2 carriers and other women at
high risk tumor size at diagnosis in BRCA 1 carriers is larger and the
fraction of pure ductal carcinoma in situ (DCIS) lesions is lower [14].
This leads to the assumption that, if anything, cancers in high risk

women  are easier to measure than sporadic cancers. Nevertheless,
at the same time in prophylactic mastectomy specimen malignant
and pre-malignant lesions are found even after negative MRI  stud-
ies [15,16], which leads to the conclusion that at least some of the
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esions in high risk patients are not easily recognized as potential
alignancies. Therefore, it is not certain that tumor size measure-
ents using MRI  in these patients are as accurate as in other breast

ancer patients, nor has it ever been tested.
Accurate size estimation is of clinical relevance for treatment

lanning. Several sizes are important. For patients that receive
urgery as their primary treatment, the size of the total tumor
rea is the most important, including the dominant invasive lesion,
ventual other invasive tumor foci, and surrounding DCIS [17].
owever, all guidelines for administration of chemotherapy are
ased on the pathologic T-score that only takes the largest invasive
ocus into account [18]. In the neoadjuvant setting this score is not
vailable. Guidelines recommend the use of the clinical T-score, but
his is notably inaccurate. Consequently, treatment decisions are
ften based on a radiologic surrogate for the T-score. The largest
nhancing mass or confluent area, hereafter referred to as “largest
ocus”, is the surrogate score that is most commonly used [6].

In literature it is often unclear which size is actually measured
nd specific data for women with a gene mutation or familial pre-
isposition are lacking altogether. Consequently, the aims of our
tudy are:

. To assess the quality of tumor size estimation using MRI  in high
risk patients.

a. For the whole tumor area (including invasive carcinoma and
DCIS).

. For the largest focus (in the subset of patients with invasive
carcinomas).

. To assess whether differences in the quality of size estima-
tion between BRCA1, BRCA2, and non-BRCA carrier patients are
present.

. Materials and methods

.1. Patients

We  retrospectively reviewed the prospective databases of the
epartments of Human Genetics and Pathology for all high risk
omen (based on presence of BRCA mutation or family history)
ho presented with breast cancer at our hospital between June

002 and January 2011. Patient characteristics such as age at diag-
osis and presence of a BRCA mutation were extracted from the
atient files. Subsequently, this list was cross-referenced with the
rchive of the radiology department to obtain all women  who
nderwent a contrast enhanced breast MRI  within 3 months prior
o surgery. Institutional review board (IRB) approval is waived by
aw for such observational studies.

.2. Imaging

All patients were scanned in the prone position using a 1.5T or 3T
RI  machine (Avanto or TRIO Tim, Siemens, Erlangen, Germany),
ith a 4, 7 or 16 Channel bilateral breast coil. Contrast was admin-

stered in the cubital vein trough an intravenous canula inserted
ust before the procedure at a dose of 0.1–0.2 mmol/kg (Gd-DOTA,
uerbet, France) using a power injector at a speed of 2.5 ml/s.

The scan protocol has been adapted over the years to keep up
ith the state-of-the-art, however all scans contained a 3D T1
eighted non-fatsat spoiled gradient echo sequence, that was per-

ormed prior to and at least four times after contrast administration.
he spatial resolution of this sequence ranged from 0.9 to 1.3 mm

sotropic. Our breast MRI  protocol before June 2002 did not meet
hese standards, therefore patients scanned earlier are excluded.
ll mammograms were obtained with a full field digital mammog-
aphy machine (Senograph2000/SenographDS, GE, USA).
Radiology 82 (2013) 1416– 1422 1417

2.3. Image evaluation

All MRI  studies were independently evaluated by two experi-
enced readers (R.M., J.V.) at a dedicated breast MRI  workstation
(DynaCAD, Invivo/Philips, Eindhoven, The Netherlands). This work-
station provides subtraction of precontrast and postcontrast
acquisitions, image registration to correct for motion artifacts,
multi plane reconstructions in any plane, maximum intensity pro-
jections, and instant dynamic analysis tools including color overlays
of enhancement characteristics such as wash-out of contrast.

Both readers were aware of the breast in which the tumor was
located but had no further patient information nor information on
tumor histology. All tumors were evaluated according to the BI-
RADS lexicon [19]. Furthermore, the maximum diameter of the total
tumor area in any plane as well as the maximum size of the largest
focus were recorded (Fig. 1). Incidentally, measurement of the total
tumor area was difficult due to strong background enhancement or
other enhancement that could or could not be part of the tumor. In
case of strong doubt, readers were asked to provide two measure-
ments. The best corresponding measurement was then selected
after review of pathology. This reflects clinical practice, as such
findings would have led to biopsy to observe the nature of the
abnormal surrounding enhancement. Both readers were instructed
to measure the largest focus as a surrogate for the T-score. Conse-
quently, areas that they interpreted as surrounding DCIS needed
to be excluded. Since this does not often influence therapy, it is
generally no indication for biopsy. Therefore, only one size was
allowed.

All mammograms were evaluated by only one reader (R.M.)
using a normal PACS system with a 5 MP  breast certified monitor
(Barco N.V., Kortrijk, Belgium)

2.4. Pathology

Specimen processing in our hospital is performed according
to protocol. The handling of the simple mastectomy specimens
was  based on the correlated radiographic and pathology technique
developed by Egan [20], which has been routinely performed in
our pathology department for many years [21], and is described in
detail elsewhere [22]. In summary, the specimens were cooled and
sliced in serial sections with approximately 5 mm  intervals. Radio-
graphs were made from these tissue slices. Suspicious lesions and
randomly selected areas from each quadrant and the nipple were
sampled for histopathologic evaluation. Lumpectomy specimens
were, after inking of the resection margins, sliced in approximately
5 mm  intervals usually perpendicular to the longest axis of the
specimen. Radiographs were made from these tissue slices. Small
lumpectomies were totally embedded and large specimen were
extensively sampled for histopathologic evaluation. Size measure-
ments were performed on the specimen X-rays after microscopic
examination of tissue samples.

All pathology data were extracted from the pathology reports
by a dedicated breast pathologist (P.B.). In any case of lack of clarity
in the pathology report, the histologic slides and specimen radio-
graphs were reviewed (P.B.).

2.5. Statistics

Interreader variability in the evaluation of the MRI images was
first explored using a scatter plot. Subsequently we  calculated intr-
aclass correlation coefficients (ICC) for the whole tumor area in all
tumors and for the largest focus in invasive carcinomas.
All MRI  measurements were averaged between the two readers.
Relevant under- or overestimation of tumor size on MRI  compared
to pathology was defined as a size difference of more than 1 cm,
corresponding to the usual margin our surgeons use. Correlations
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Evaluation of the size of the largest focus was however signif-
icantly worse than in other types of tumor (PCC 0.583 vs. 0.894
(p = 0.02)) (Fig. 4).
Fig. 1. Subtraction images of a bifocal breast tumor in the left breast. Bot

f MRI  and mammographic measurements (both for total tumor
rea and largest focus) with pathologic size were explored with
catter plots and Pearson’s correlation coefficients (PCC). This was
erformed for the whole dataset, as well as for specific subsets
ontaining all BRCA 1 carriers, all non-BRCA 1 carriers, all BRCA

 carriers, and all non-BRCA 2 carriers. Differences in correlation
ere evaluated using Fisher’s r-to-z transformation. Differences in

umor size estimations were further explored using the indepen-
ent samples T-test.

To test whether it is feasible to determine the T stadium from
RI  images, we created a crosstab of radiologic T-stages (defined as

ize (cm) of the largest focus: rT1a ≤ 0.5, rT1b > 0.5- ≤ 1.0, rT1c > 1.0-
 2.0, rT2 > 2.0- ≤ 5.0, and rT3 > 5.0) and pathologic T-stages and
alculated a linear weighted kappa. Larger tumors may  be eligi-
le for neoadjuvant systemic therapy. A tumor size of 3 cm or more

s an often used arbitrary cut-off size. Therefore, we  performed an
OC analysis to evaluate the accuracy of MRI  to determine whether
he size of the largest focus is actually 3 cm or more.

Finally, differences between BRCA 1 carriers, BRCA 2 carriers,
nd non-BRCA high risk patients were explored using one-way
NOVA analysis for continuous data, and a Chi-square test or Fisher
xact test whenever appropriate for categorical data.

.6. Results

Seventy-six high risk patients presented between June 2002 and
anuary 2011 at our hospital with breast cancer. Fifty-one and had
n MRI  within 3 months prior to surgery. Twenty-five women  were
xcluded because no MRI  was available within this timeslot. Three
atients underwent neoadjuvant chemotherapy, one was  treated
ith radiofrequency ablation, and in one no pathologic size could be
etermined due to fragmentation of the specimen. Consequently,
hese 5 patients were excluded. Of the remaining 46 patients, two
resented with synchronous bilateral breast cancer, while 1 other
resented with a metachronous tumor in the other breast 9 years
fter detection of the first malignancy. In total 49 tumors were thus
ncluded in our analysis, 45 invasive carcinomas and 4 cases of pure
CIS. Characteristics of patients, MRI  findings, and histopathology
re depicted in Table 1. Mammograms were available for 47 of these
umors. However, in 5 cases the mammograms were obtained more
han 6 months prior to the MRI  and were therefore excluded.

At MRI  all tumors were visible, although in 1 case only after
eviewing the mammogram to observe the location of mam-
ographically detected microcalcifications. At mammography,

bnormalities were only seen in 28 cases, and 14 tumors were even
etrospectively occult.

.7. Interreader variability
Both readers agreed well in their tumor size estimation on
RI. The ICC for size estimation of the total tumor area was  0.981

p < 0.001), while the size estimation of the largest tumor focus was
ses measure 9 mm in diameter (LF). The total tumor area (TTA) is 37 mm.

only slightly less robust (0.921, p < 0.001). Fig. 2 provides a scatter
plot of the respective measurements.

2.8. Correlation of findings with pathology

Overall correlation of MRI  measurements with pathology was
good. The PCC for assessment of the total tumor area was 0.862
(p < 0.001), while the PCC for the largest focus was 0.793 (p < 0.001)
for the subset of invasive carcinomas (n = 45), as depicted in Fig. 3.
The mean size of the total tumor area on MRI  was 2.3 mm smaller
than at pathology, whereas the size of the largest focus was overes-
timated by a mean of 0.9 mm.  Mammographic size estimates were
substantially poorer. PCC for total tumor area and largest focus were
0.563 (p < 0.01) and 0.567 (p = 0.08), respectively.

We observed a moderate agreement between MRI  determined
T stage and pathologic determined T stage, with a linear weighted
kappa value of 0.496. However, the overall accuracy in classifying
tumors as larger or smaller than 3 cm is excellent with an area under
the curve of 0.951.

2.8.1. BRCA 1 Carriers
Twenty-six of all 49 tumors occurred in BRCA 1 carriers. Two of

these tumors were pure DCIS, all others were invasive. Assessment
of the total tumor area was slightly poorer in BRCA 1 carriers, com-
pared to all others, although this was not statistically significant
(PCC 0.759 vs. 0.868 (p = 0.28)).
Fig. 2. Scatter plot of interreader variability (x- and y-axis: size in mm).
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Table  1
Characteristics of patients, MRI  findings, and histopathology.

Total BRCA 1 BRCA 2 NON-BRCA

Tumors (n) 49 26 12 11
Age  at diagnosis (years) 46 (11) 44 (10) 52 (12) 45 (10) P = 0.118
MRI  lesion type (n) Mass: 40 Mass: 22 Mass: 10 Mass: 8 P = 0.714

NMLE: 9 NMLE: 4 NMLE: 2 NMLE: 3
Average MRI  size total tumor area (mm)  27 (22) 22 (11) 20 (16) 49 (33) P = 0.000
Average  MRI  size largest focus (mm)  18 (11) 18 (9) 13 (7) 25 (15) P = 0.025
Average  pathologic size total tumor area (mm)  30 (29) 23 (15) 16 (11) 61 (42) P = 0.000
Average  pathologic size largest focus (mm)  17 (16) 16 (10) 8 (3) 32 (27) P = 0.002
Histological type (n) IDC: 38 IDC: 22 IDC: 9 IDC: 7 P = 0.384

ILC:  4 ILC: 1 ILC: 1 ILC: 2
TC: 1 SecCa: 1 TC: 1 DCIS: 2
SecCa: 1 DCIS: 2 DCIS: 1
DCIS: 5

Histological grade invasive tumors (n) I: 4 I: 1 I: 1 I: 2 P = 0.233
II:  15 II: 6 II: 5 II: 4
III:  25 III: 17 III: 5 III: 3

Numbers between parenthesis represent standard deviations. NMLE = non-mass like 

TC  = tubular carcinoma. SecCa = secretory carcinoma.

Fig. 3. Scatter plot of radiologic versus pathologic tumor size (x- and y-axis: size in
mm).

Fig. 4. Correlation of largest radiologic focus with largest invasive tumor at pathol-
ogy  (x- and y-axis: size in mm).
enhancement. IDC = invasive ductal carcinoma. ILC = invasive lobular carcinoma.

The largest invasive focus was on average overestimated on MRI
by a mean of 2.2 mm in BRCA 1 carriers, whereas it was underesti-
mated by 0.7 mm in all other patients (ns).

2.8.2. BRCA 2 carriers
Twelve tumors occurred in BRCA 2 carriers, 11 invasive carci-

nomas and 1 pure DCIS. While in BRCA 2 carriers the quality of
tumor size estimation of the largest focus was highly comparable
to its quality in all other patients (PCC 0.746 vs. 0.793 (p = 0.77)),
the quality of estimation of the total tumor area was  worse (PCC
0.406 vs. 0.904 (p < 0.01)) (Fig. 5). On average the total tumor area
was  overestimated in BRCA 2 carriers by 3.9 mm,  whereas it was
underestimated in all others by a mean of 4.3 mm (ns).

2.9. Overestimated and underestimated lesions with more than
1 cm

2.9.1. Total tumor area
Underestimation of the total tumor size with more than

1 cm occurred in 8 cases (16%; 1.7, 1.8, 1.9, 2.2, 2.3, 2.5, 3.0,

and 6.0 cm,  respectively), whereas 5 cases were overestimated
with more than 1 cm (10%; 1.1, 1.2, 1.2, 2.3, and 4.3 cm respec-
tively). This is strongly related to tumor size, larger lesions (≥T2)
were more often underestimated whereas in smaller lesions

Fig. 5. Correlation of total tumor area at MRI  with total tumor size at pathology
(x-  and y-axis: size in mm).
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Table 2
Number of cases in which the total tumor size on MRI  was under- and overestimated in relation to pathologic tumor size.

pT-stage Underestimated (>1 cm) MRI  measurements within 1 cm
from pathologic size

Overestimated (>1 cm)

pTis 1 (25) 2 (50) 1 (25)
pT1a  2 (67) 1 (33) 0 (0)
pT1b  0 (0) 14 (93) 1 (7)
pT1c  1 (7) 11 (73) 3 (20)
pT2  2 (22) 7 (78) 0 (0)
pT3  2 (66) 1 (33) 0 (0)
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Total  8 (16)

umbers between parentheses represent percentages.

nderestimation and overestimation were equally likely (Table 2)
p = 0.02). Furthermore, mass like lesions were more accurately

easured than non-mass like lesions, both underestimation (22 vs.
5%) and overestimation of lesion size (33 vs. 5%) were more fre-
uent in non-mass like lesions (p = 0.02). It also appears that tumors
ith an extensive DCIS component outside the tumor are more

ikely to be underestimated. Four of 8 cases were underestimated,
nly once the lesion was overestimated (p = 0.06).

Proportions of underestimation and overestimation with more
han 1 cm were similar in the BRCA 1 carriers (2 overestimated and

 underestimated lesions) and BRCA 2 carriers (3 overestimated and
 underestimated). The total tumor area was underestimated in 4
f 11 non BRCA carriers, whereas in these patients no overestima-
ion occurred. However, this did not reach statistical significance
p = 0.13). We  did not observe a relation between under- or overes-
imation of the total tumor area with patient age, mammographic
ensity, tumor histology, or tumor grade.

.9.2. Largest focus
The largest focus was underestimated with more than 1 cm in

 cases (9%; 1.4, 1.5, 1.7, and 4.0 cm,  respectively) and overesti-
ated in 5 cases (11%; 1.1, 1.2, 1.6, 1.7, and 3.1 cm,  respectively).
lso here, pathologic tumor size was most strongly related to the
isk of under- or overestimation. Whereas larger tumors (≥T2) tend
o be underestimated, smaller tumors are overestimated (Table 3)
p < 0.01). Tumors presenting as non-mass like enhancement are
ess adequately measured (p < 0.01). The amount of DCIS in and
round the tumor is not of influence (p = 0.32), nor did we  detect a
elation with patient age, mammographic density, tumor histology,
r tumor grade.

Both in BRCA 1 carriers (3 vs. 1) and BRCA 2 carriers (2 vs. 0) the
argest focus was more often overestimated than underestimated,

hereas in patients without a known BRCA mutation underes-
imation was more frequent. However, this was not statistically
ignificant (p = 0.12).

. Discussion
In this study we show that there is reasonable agreement of
RI  determined tumor sizes with histopathologic findings in high

isk patients. MRI  strongly outperforms mammography, both in

able 3
umber of cases in which the largest focus on MRI  was under- and overestimated compa

pT-stage Underestimated (>1 cm) M
fr

pT1a NA 

pT1b  NA 1
pT1c  0 (0) 1
pT2  1 (11) 

pT3  3 (100) 

Total  4 (9) 3

umbers between parentheses represent percentages. NA = not applicable.
6 (73) 5 (10)

sensitivity and in tumor size estimation. The presence or absence
of a BRCA 1 or BRCA 2 mutation does not appear to be strongly
related to failures of tumor size estimation, nor are BRCA related
tumors better measured than sporadic tumors. The poor correla-
tion of the radiologically assessed total tumor area with pathologic
size in BRCA 2 carriers is a striking exception, but must be inter-
preted with caution due to the low number of BRCA2 carriers in our
study.

The most influential factor for failure of adequate tumor size
estimation is the pathologic T-score. We  observed a clear risk of
tumor size underestimation in larger cancers. This also implies that
tumors with a lot of surrounding DCIS are less accurately measured
than tumors with only a limited DCIS fraction. Moreover, the quality
of tumor size estimation is dependent on the appearance of a tumor
at MRI, and is worse in non-mass like enhancing lesions than in clear
masses.

Our results are in line with reported MRI-pathology correlations
in women  without specific high risk profile that are usually cal-
culated by correspondence of the largest focus with the largest
invasive tumor at pathology although this is often not specifi-
cally mentioned. Reported correlation coefficients range from 0.75
to 0.98 [3–7] and are within the same range for tumors with
an extensive intraductal component (0.87), invasive lobular car-
cinoma (0.89), and DCIS (0.65–0.83) [8,23–26]. However, in the
largest prospective trial to preoperative staging with MRI, reported
correlations are much lower. Turnbull et al. reported a correlation
of only 0.4 for patients with invasive lobular carcinoma and 0.53 for
patients with other tumors, which is probably largely explained by
lack of experience of the participating radiologists within this trial,
but may  also imply that accurate tumor size estimation is more
difficult in a prospective setting [27].

Surprisingly little is reported in the literature on the causes
of under- and overestimation of tumor size on MRI  compared to
pathology, even though many papers on the correlation of size have
appeared. In our study the allowed delay of up to 3 months between
MRI  and surgery may  explain some under-estimation, especially
since tumors in high risk patients tend to grow faster than in the

general population. However, most MRI’s were performed within a
week from surgery and consequently the effect is, if present, small.
One of the major contributors may  be the large difference in the
shape of the breast at both examinations. Whereas on MRI  the

red to pathologic tumor size in the subset of invasive carcinomas.

RI  measurements within 1 cm
om pathologic size

Overestimated (>1 cm)

2 (67) 1 (33)
3 (87) 2 (13)
3 (87) 2 (13)
8 (89) 0 (0)

0 (0) 0 (0)
6 (80) 5 (11)
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reast hangs freely within the loops of the breast coil, at pathology
he simple mastectomy specimen or lumpectomy specimen are flat
n the table. Consequently, the left-to right and cranial-to-caudal
iameter of the breast at pathology is larger than at MRI, while
he anterior–posterior diameter decreases [28]. Especially diffuse
rowing tumors may  stretch with the normal fibroglandular tissue
nd hence change in shape and size. Moreover, pathologic specimen
andling results in fixation and dehydration of the tissue, which

eads to shrinkage of the tissue, which may  also cause some shrink-
ge of the tumor. An average shrinkage of 4.5% was reported [29].
owever, in our study this was of no concern, as size assessment
as estimated on the specimen radiographs, which were made of

he fresh non-fixed specimen slices, after microscopic examination.
Furthermore, MRI  features of the breasts may  affect the quality

f size estimation. Especially in women with moderate to marked
ackground enhancement the quality of tumor size estimation is
elatively poor [30].

Occurrence of overestimation of tumor size may  further be
elated to the occurrence of neovascularisation just outside of the
athologic tumor area, which has been documented especially for
CIS [31], and is probably due to diffusion of vascular growth fac-

ors produced by the tumor. Moreover, some precursor lesions such
s atypical ductal hyperplasia and lobular carcinoma in situ may
nhance, but are not included within the pathologic total tumor
rea [32,33].

Underestimation of tumor size on the other hand is most likely
ue to small satellite foci that do not show enhancement. After
eticulous pathologic evaluation Schmitz et al. reported the occur-

ence of MR  invisible satellite foci beyond 10 mm from the largest
nvasive focus in 52% of patients and even beyond 20 mm in 25% of
atients [6]. In our study breast specimens were also examined in

 more than standard way with specimen radiographs and exten-
ive tissue sampling. However, we observed underestimation of
he total tumor area with more than 1 cm in only 10% of cases. Con-
equently, many of these occult foci occur apparently within the
RI  visible total tumor area and will therefore be correctly treated
hen the treatment plan is based on the MRI.

It is likely that at least some tumor foci may  escape detection on
oth MRI  and in standard pathologic analysis. The importance of
hese occult satellite foci for surgery is, however, questionable. It is
ell known that lumpectomy is often debulking rather than cura-

ive in itself. Earlier studies by Holland et al. showed that residual
isease within the breast more than 2 cm from the known can-
er is present in up to 43% of patients [21]. However, as long as
umpectomies are followed by radiotherapy local recurrence rates
re under 10% and overall survival is not affected. This holds also
rue for high risk patients, including BRCA 1 and 2 carriers [34].

Therefore, despite the less than perfect concordance of MRI
ith pathologic findings,we conclude that treatment decisions in
igh risk patients can safely be made on the basis of MRI  findings.
bviously, it remains essential to inform patients about the risks of

umor size under- and overestimation that nevertheless exist.
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