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Abstract The enhancing area sur-
rounding breast carcinoma on MR
mammography is correlated with
findings from pathological examina-
tion. We studied 194 patients with
breast cancer who underwent preop-
erative MR mammography. Of all
malignant lesions presenting with an
enhancing surrounding area on MR
mammography, morphologic fea-
tures including long spicules, a duc-
tal pattern, diffuse enhancement or
nodules were evaluated and com-
pared with histopathological exami-
nation. A double breast coil was
used; we performed a 3D FLASH se-
quence with contiguous coronal
slices of 2 mm, before and after in-
jection of 0.2 mmol/kg GD-DTPA,
and subtraction images were ob-
tained. In total, 297 malignant le-
sions were detected at MR mam-
mography and 101 of them had one
or more types of enhancing sur-
rounding area. In 49 of the 53 can-
cers with long spicules and in 49 of
the 55 cancers with surrounding duc-
tal pattern of enhancement, patho-
logical examination showed in situ
and/or invasive carcinoma. Multiple

nodules adjacent to the carcinoma
were seen in 20 patients and corre-
sponded with six cases of invasive
and ten cases of ductal in situ carci-
noma. A diffuse enhancing area next
to a mass was seen in ten patients
and consisted of carcinoma in all
cases: seven in situ and three inva-
sive carcinomas. Enhancing areas in-
cluding long spicules, a ductal pat-
tern, noduli, or diffuse enhancement
surrounding a carcinoma corre-
sponded with in situ or invasive ex-
tension of the carcinoma in 92.5, 89,
80 and 100% of cases, respectively.

Keywords Breast cancer · Extent ·
MR mammography · Surroundings

Eur Radiol (2004) 14:1363–1370
DOI 10.1007/s00330-004-2295-3 B R E A S T

M. Van Goethem
K. Schelfout
E. Kersschot
C. Colpaert
I. Verslegers
I. Biltjes
W. A. Tjalma
J. Weyler

A. De Schepper

Enhancing area surrounding breast carcinoma
on MR mammography: 
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Introduction

Accurate assessment of tumor size and detection of intra-
ductal spread are necessary when selecting patients for
breast-conserving surgery [1]. Moreover, tumor size is
critical for decisions regarding prognosis and the use of
adjuvant systemic therapy. Ductal carcinoma in situ

(DCIS) around an invasive cancer represents a high risk
of local recurrence [2]. Mammography often underesti-
mates tumor size and DCIS around the invasive mass
[3]. On ultrasound, intraductal carcinoma is often under-
estimated [4]. MR mammography has the highest accu-
racy in assessment of tumor extent [5–7]. A drawback of
this technique is the low specificity; benign lesions and
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normal glandular tissue around a cancer may also en-
hance and can lead to overestimation of tumor size.
Therefore, study of the histopathology of this enhancing
surrounding region is important in deciding whether this
region should be included in the measurement of the
pathological area on MR mammography.

The purpose of our study was to compare the enhanc-
ing area surrounding breast carcinoma on MR mammog-
raphy with findings on pathological examination and to
study the assessment of tumor size and extent.

Materials and methods

Patients. In total, 194 consecutive patients with breast cancer di-
agnosed on clinical examination, mammography, and/or ultra-
sound who underwent preoperative MR mammography were in-
cluded in this study. Exclusion criteria were pregnancy, prior
breast surgery for malignancy in the same breast, neoadjuvant che-
motherapy, and patient age older than 80 years. The study was
performed in two hospitals. All patients signed an informed con-
sent form.

Imaging protocol. In both hospitals, patients were imaged with a
dedicated breast coil and a three-dimensional fast low-angle shot
(3D FLASH) sequence. Sixty-four coronal images were obtained
before and after 0.2 mmol/kg GD-DTPA administration and sub-
traction images were acquired. In center A, we performed one
measurement before contrast injection, followed by six measure-
ments after contrast injection. In center B, two measurements were
performed after contrast injection. The percentage of maximal en-
hancement and type of curve were obtained in both centers, mo-
ment of maximal enhancement could only be achieved in center
A. To evaluate the curve in the enhancing surrounding structures
we chose a region of interest (ROI) in a nodule or in the thickest
part of a spicule, with ductal or focal enhancement, and we used a
ROI that was small enough to avoid underestimation caused by in-
clusion of nonenhancing environment.

Imaging in center A was performed on a 1.5-T Magnetom 
63 SP system and a 1.5-T Symphony Quantum system (Siemens,
Erlangen, Germany). Parameters were, respectively, repetition
time (TR) of 12.0 and 13.0 ms, echo time (TE) of 5.0 and 6.3 ms,
time to acquisition (TA) of 1.27 and 1.15 min, field of view (FOV)
of 320 mm, rec FOV 4/8 with an 87% phase resolution (matrix of
112×256) and FOV 320 mm, 50% FOV, and 80% phase resolution
(matrix 102×256). On both systems a flip angle of 25° was used
and 64 coronal sections of 2.0 mm slice thickness (SL) were ac-
quired. On the Symphony Quantum system an additional sequence
with fat saturation with TR 32.0 ms, TE 6.3 ms, TA 6.07 min, SL
3.0 mm, FOV 160–320, and matrix 205×512 was performed.

In center B examinations were performed on a 1-T Magnetom
Impact Expert MRI machine (Siemens) and a 3D FLASH sequence
with selective water excitation was used with TR 24.0 ms, TE
7.0 ms, TA 3.34 min, flip angle 30°, FOV 160–320 mm, rec FOV
4/8, 70% phase resolution (177×512 matrix), and SL of 3.2 mm.

All MR mammograms were interpreted by an experienced ra-
diologist with knowledge of the patient’s history, clinical examina-
tion results, and mammography and ultrasound examination find-
ings.

MR mammography: image interpretation. “Enhancing area sur-
rounding breast carcinoma” contains: enhancing long spicules, a
ductal pattern, noduli, or diffuse enhancement surrounding a carci-
noma. The first carcinoma detected was called the primary lesion,
lesions subsequently identified were called second or subsequent
foci, and lesions only seen on MR were called additional foci.

MR mammography–pathology comparison. The radiologist and
the gynecologist who performed the operation later, discussed MR
mammography examinations preoperatively and therapy was
planned taking into account the diameter of the mass and of the
surrounding enhancing area. The largest diameter was looked for
and measured. Tumorectomy and lumpectomy specimens were
anatomically oriented and a drawing was made by the surgeon to
show the origin of the specimen; they were then serially sectioned
and slices were radiographed. Mastectomy specimens were sec-
tioned at a 5-mm interval. The radiologist and pathologist jointly
evaluated tissue slices and MR images. The morphology of the en-
hancing area surrounding the carcinoma, as seen on MR images,
was correlated with the area around the tumor on pathological ex-
amination. The extent of lesions on MR mammography was com-
pared with the diameter of the total lesion on pathological exami-
nation. In tumorectomy specimens, the in situ component was
considered extensive (extensive intraductal component, EIC+) if
in the histological cross-section more than 25% of the tumor area
consisted of DCIS and if DCIS was present in the surrounding
breast tissue outside the margins of the invasive tumor. In lumpec-
tomy specimens, the in situ component was considered extensive
if at least 15 ductulobular units around the invasive tumor were in-
volved [8].

The carcinoma was considered multifocal if two or more sepa-
rate lesions were at a distance of less than 4 cm from each other
and multicentric if two or more separate lesions were at a distance
of more than 4 cm from each other or in two different quadrants.

Of all malignant lesions presenting with an enhancing sur-
rounding area on MR mammography, morphologic features such
as long spicules (>1 cm), a ductal pattern, diffuse enhancement, or
nodules were sought, described, and compared with findings on
pathological examination by calculating the positive predictive
value (PPV).

Diameters of lesions with and without the enhancing surround-
ing area were measured on MR mammography and compared with
the greatest diameter of the lesion on pathological examination. A
Spearman Rank correlation coefficient was used. Measurement of
the enhancing lesion was considered “exact” if overestimation or
underestimation was less than 2 mm.

Results

In 194 patients with breast cancer, 297 malignant lesions
were detected on MR mammography. In 101 of these
297 (34%) carcinomas, one or more types of enhancing
surrounding area were seen. Table 1 shows histopatho-
logical diagnosis of the 101 masses with surrounding en-
hancement. Of these 101 lesions, 81 were primary tu-
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Table 1 Carcinomas presenting with surrounding enhancement on
MR mammography (DCIS ductal carcinoma in situ)

Carcinomas Number

Invasive ductal carcinoma 82
Invasive lobular carcinoma 7
Apocrine and lobular carcinoma 1
Tubular carcinoma 1
Medullar carcinoma 1
Squamous carcinoma 1
Invasive ductal and squamous 1
DCIS 7
Total 101



mors, 10 were second or subsequent foci, and 10 were
additional lesions. Of 81 patients with a primary carcino-
ma with enhancing surrounding area, 16 had multifocal,
7 had multicentric, and 4 had bilateral carcinomas. In 92
enhancing areas, comparative studies between histopa-
thology and MR mammography were achieved by the ra-
diologist and pathologist. In 81 of these 92 cases (88%)
histopathological examination of the surrounding area
revealed carcinoma around the cancer, in 2 cases the sur-
rounding enhancement corresponded with lobular in situ
carcinoma, in 1 case lymphovascular invasion was pres-
ent, and in 8 only benign pathology or normal glandular
tissue was seen. In 9 of the 101 carcinomas, the sur-
rounding area seen on MR as spiculae, ductal pattern, or
small nodules could not be exactly correlated with a his-
topathological finding, but the maximal diameter on MR
(=diameter of the lesion+enhancing surrounding area)
was equal to the maximum diameter of the tumor on his-
topathology. In three of these nine cases, the tumor was a
pure DCIS, six other cases were invasive cancers. Taking
these 9 cases into account, in 90 (81+9) of the 101
(89.1%) masses with enhancing surroundings, the sur-
roundings correlated with malignant extension. Table 2
shows the pathological findings in different types of ar-
eas surrounding these masses.

In 49 of 53 cancers with long spiculae (92.5%)
(Fig. 1), pathological examination revealed in situ and/or
invasive carcinoma in these spiculae, 14 were EIC+ tu-
mors. In four cases the spicules contained only benign
lesions.

Pathological examination of the lesions presenting as
a surrounding ductal pattern (Fig. 2) of enhancement on

MR mammography revealed the presence of DCIS
(n=31), invasive cancer (n=6), or both (n=12) in 49 of 55
cases (89%); 23 of them were EIC+ tumors. Lymphovas-
cular invasion around a carcinoma was detected in one
patient. Benign lesions surrounding the carcinoma were
seen in five cases.

Multiple nodules (Fig. 3) adjacent to the lesion were
seen in 20 cases, in 16 of them the nodules proved to be
malignant (80%). Pathological examination revealed six
cases of invasive carcinoma within these nodules and ten
cases with DCIS, seven of them with an EIC+ tumor. In
two cancers with enhancing nodules around them, lobu-
lar carcinoma in situ was found around the tumor.

A diffuse enhancing area (Fig. 4) adjacent to a mass
was seen in ten cases and consisted of carcinoma in all
cases (100%), seven were pure DCIS, three showed also
invasive carcinoma, and in five cases it was an EIC+ tu-
mor.

Of all types of enhancing surrounding areas, 23.9%
(n=33) corresponded with strands or small foci of inva-
sive carcinoma surrounding the tumor and 16.7% (n=23)
with invasive carcinoma and DCIS. Only six of the small
foci of invasive carcinoma surrounding the main carci-
noma presented as nodules, while most of them present-
ed as ductal enhancement, as a diffuse enhancing area, or
as spicules. The surrounding area contained only DCIS
in 49.3% (n=68). In 35.5% the enhancing surrounding
area corresponded with DCIS in EIC+ tumors.

The diameter of the total pathological area ranged
from 6 to 180 mm (mean size 39.4 mm) on pathological
examination. Figure 5 shows the diameters of the total
lesions measured on MR mammography compared with
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Table 2 Pathological examination results of enhancing surrounding areas on MR mammography of 92 carcinomas in which exact corre-
lation of surrounding areas with pathology was possible

Invasive Invasive DCIS (EIC+ Lobular Lympho- Fibrocystic Adenosis Fibrosis
carcinoma carcinoma tumors)a carcinoma vascular disease

and DCIS in situ invasion

Long spiculae 21 8 20 (14) 2 1 1
n=53 PPV: 
49/53=92.5%

Ductal pattern 6 12 31 (23) 1 1 2 2
n=55 PPV: 
49/55=89%

Multiple nodules 6 0 10 (7) 2 1 1
n=20 PPV: 
16/20=80%

Diffuse enhancement 0 3 7 (5)
n=10 PPV=
10/10=100%

Total n=138 33 23 68 (49) 2 1 4 4 3 
(23.9%) (16.7%) (49.3%) (35.5%) (1.4%) (0.7%) (2.8%) (2.8%) (2.2%)

a Cases are also included in column “invasive carcinoma and DCIS” and “DCIS”
PPV positive predictive value for the detection of a histopathological malignant lesion, EIC extensive intraductal component
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Fig. 1a–d A 46-year-old wom-
an. MR: large mass of 38 mm
surrounded by spicules and
ductal enhancement reaching
from the posterior part of the
breast up to the nipple 
(a coronal subtraction image;
b,c sagittal reconstruction im-
age). Histopathology (HP)
findings: invasive ductal carci-
noma of 45 mm, surrounded by
low-grade DCIS reaching from
the posterior up to the nipple,
with multiple small foci of in-
filtrative carcinoma and lym-
phovascular invasion. d A duc-
tus lactiferous near the nipple,
surrounded by a focus of inva-
sive carcinoma and lymphovas-
cular invasion



the total diameters on histological examination. The
Spearman Rank correlation coefficient r was 0.789
(p<0.0001). On MR mammography, if only the part of
the lesion without the enhancing surroundings were tak-
en into account, the Spearman Rank correlation coeffi-
cient was only 0.485 (Fig. 6). MR mammography over-
estimated the size of the total lesion in 29 cancers
(Fig. 7), was correct in 48 cancers, and underestimated it
in 22 cases. In two other patients exact measurement on
MR was not possible due to diffuse enhancement of nor-
mal breast tissue. The mean overestimation was
19.8 mm, ranging from 3 to 75 mm. The mean underesti-
mation was 19.2 mm, ranging from 3 to 114 mm. Seven-

teen lesions showed an overestimation of more than
1 cm, 11 of them of more than 2 cm. Overestimation of
more than 1 cm was caused by enhancement of normal
glandular tissue in five cases and fibrocystic disease or
adenosis in eight cases. In three other cases a radial scar,
fat necrosis, and desmoplastic reaction were the cause of
the enhancement and in one case lymphovascular inva-
sion was seen. In nine overestimated cancers, core biop-
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Fig. 2 A 32-year-old woman. MR: mass of 32 mm, with area of
ductal enhancement of 30 mm adjacent to it (arrow). HP: invasive
ductal carcinoma, EIC+. DCIS did not extent far beyond the mass
of the invasive cancer, total diameter of the carcinoma was
27 mm. Area of ductal enhancement corresponded to area of ade-
nosis

Table 3 Enhancement kinetics of enhancing areas surrounding
breast carcinomas

Surrounding Surrounding 
area benign area malignant

Percentage enhancement
50–70 0 1 (3.7%)
70–100 0 (0%) 2 (12.50%)

100–200 2 (40%) 15 (50%)
>200 3 (60%) 12 (40%)
Total 5 30

Type of curve
Wash-out 0 (0%) 10 (33%)
Steady state 3 (60%) 3 (10%)
Continuous 2 (40%) 17 (56.7%)
Total 5 30

Time max enhancement
1–3 min 0 (0%) 6 (26%)

>3 min 5 (100%) 17 (74%)
Total 5 23

Fig. 3a,b A 66-year-old woman. MR: mass of 28 mm, surrounded
by ductal enhancement (arrow) and nodules (arrowhead), total di-
ameter 65 mm. HP: invasive ductal carcinoma of 30 mm, sur-
rounded by low-grade DCIS, total diameter 60 mm. Shows mi-
cropapillary, low-grade DCIS, extending far beyond the margin of
the invasive carcinoma



sy was performed before MR examination and in these
cancers mean overestimation was 26.6 mm, compared to
10.5 mm in the cancers in which puncture was per-
formed after MR examination (p=0.17237).

In 35 tumors, the time–intensity curves of the sur-
rounding areas were measured. Kinetic results are sum-
marized in Table 3. Most of the perilesional enhancing
areas showed more than 100% enhancement, both in be-
nign and in malignant lesions. Benign lesions enhanced
even slightly more. Ten of the 30 malignant extensions
showed a wash-out, but 17 of them showed a continuous
enhancement. None of the benign enhancing areas
showed a wash-out.

Discussion

In this study population, 101 of 297 (34%) malignant le-
sions had an enhancing surrounding area. Exact patho-
logical correlation was possible in 92 cases. The present
study revealed that enhancement around a cancer corre-
sponded in 89.1% of cases with malignant pathology.
This means that histopathological examination of all en-
hancing areas around a mass must be performed. Of all
types of enhancing surrounding areas, 23.9% corre-
sponded with invasive carcinoma, 16.7% with invasive
and DCIS, and 49.3% with DCIS, including 35.5% EIC+
tumors. These findings are in concordance with a study
of Mumtaz et al. where 42 of 53 cancers showed accom-
panying DCIS, 19 of which were EIC+. In their study,
MRI showed an adjacent area of diffuse or linear en-
hancement around a mass in EIC+ tumors and the extent
of enhancement correlated well with the extent of EIC
[9]. Detection of ductal carcinoma around a mass is im-
portant as EIC+ carcinomas have a high recurrence rate
[2]. On mammography, the majority of DCIS can be rec-
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Fig. 4 A 25-year-old woman. MR: mass of 32 mm, adjacent to it
a diffuse enhancing area (arrowhead), total diameter is 55 mm.
HP: invasive ductal carcinoma of 50 mm, infiltrative growth pat-
tern on one side and expansive growth pattern on other side, sur-
rounded by high-grade DCIS and lymphovascular invasion

Fig. 5 Diameter of the total enhancing area measured on MR
mammography compared with measurement of the total lesion on
histopathology

Fig. 6 Diameter of the enhancing lesion without enhancing sur-
rounding area, measured on MR mammography, compared with
measurement of the total lesion on histopathology

Fig. 7 Overestimation (in millimeters) of MR mammography
compared to histopathology. Y axis shows number of overestimat-
ed cases; total number of cases in study, 101. Obs observations



ognized as suspicious microcalcifications, but are often
underestimated [10, 11]. On ultrasound, intraductal
spread can be recognized as duct dilatation with or with-
out intraductal contents, as a tubular structure, or as an
area of architectural distortion [4]. Detection by MR
mammography is lower for DCIS than for invasive carci-
noma and sensitivities of 40–100% are described [12].
On the other hand, MRI is more accurate in determining
the extent of a tumor than conventional imaging [12].

In our study, the surrounding enhancing area on MRI
was exclusively due to enhancement of benign lesions or
normal glandular tissue in only eight cases. In two more
patients the enhancing area corresponded with LCIS and
in one other lymphovascular invasion was seen around
the carcinoma. Moreover, overestimation of more than
1 cm was seen in 17 cancers in our study, mostly due to
fibrocystic disease or adenosis, or to normal glandular
tissue. Mumtaz et al. also reported false-positive en-
hancement adjacent to 5 of 19 EIC+ tumors, in which
histology showed atypical epithelial hyperplasia and
sclerosing adenosis, the latter enhancing consistently [9].
A study by Satake et al. of 46 patients showed that MR
mammography detected intraductal spread of breast can-
cer in 91% of cases, but tumor extension could not be
evaluated in four cases because of strong enhancement
of fibrocystic disease or normal glandular tissue [4]. In
their study, lymphocytic infiltration and fibrosis associat-
ed with a tumor showed enhancement around the cancer
as well. They suggested that morphologic characteristics
of enhancement, such as segmental or linear distribution,
could be helpful in differentiating between intraductal
spread and benign lesions. Gilles et al. also reported that
fibrocystic disease around intraductal carcinoma can be a
source of overestimation [13].

Others proposed that evaluation of enhancement kinet-
ics can help in differentiating between benign and malig-

nant lesions [14]. With the present study, we cannot con-
firm this, because a limitation of our study is the small
number of dynamic studies (n=35) and maximal enhance-
ment measurement (n=28). This is due to different imag-
ing techniques used in both cooperating centers. In center
B the moment of maximal enhancement was not known
and kinetic features of surrounding enhancing lesions
were not assessed in all carcinomas. Another reason for
the rather small number of dynamic studies is that some
spiculae or ductal structures were too thin to obtain a good
ROI, and partial volume effects of the unenhanced area
might otherwise have been included in the ROI. Choi et
al. reported on a new subtraction algorithm that can poten-
tially replace the time–intensity profile analysis on user-
selected ROI, which could solve this problem [15]. A
combination of MR with fluorodeoxyglucose positron
emission tomography (FDG-PET) could possibly decrease
the false-positive results, as Walter et al. reported a high
specificity of this technique in 42 breast lesions [16].

Conclusion

Enhancing areas including long spicules, a ductal pat-
tern, noduli, or diffuse enhancement surrounding a carci-
noma correlated with in situ or invasive extension of the
carcinoma in 92.5, 89, 80 and 100%, respectively, of this
study population. If breast-conserving treatment is
planned, the preoperative MR mammography should be
discussed carefully between the radiologist and the sur-
geon as he/she needs to know the presence and extent of
the enhancing region surrounding a carcinoma. However,
an enhancing surrounding area can be caused by benign
pathology in a minority of cases and thus pathological
diagnosis is necessary before performing an extensive
wider excision or mastectomy.
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