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Abstract

Background: This retrospective study aims to determine: |) the sensitivity of preoperative
mammography (Mx) and ultrasound (US), and re-reviewed Mx to detect multifocal multicentric
breast carcinoma (MMBC), defined by pathology on surgical specimens, and 2) to analyze the
characteristics of both detected and undetected foci on Mx and US.

Methods: Three experienced breast radiologists re-reviewed, independently, digital
mammography of 97 women with MMBC pathologically diagnosed on surgical specimens. The
radiologists were informed of all neoplastic foci, and blinded to the original mammograms and US
reports. With regards to Mx, they considered the breast density, number of foci, the Mx
characteristics of the lesions and their BI-RADS classification. For US, they considered size of the
lesions, BI-RADS classification and US pattern and lesion characteristics. According to the
histological size, the lesions were classified as: index cancer, 2nd lesion, 3rd lesion, and 4th lesion.
Any pathologically identified malignant foci not previously described in the original imaging reports,
were defined as undetected or missed lesions. Sensitivity was calculated for Mx, US and re-
reviewed Mx for detecting the presence of the index cancer as well as additional satellite lesions.

Results: Pathological examination revealed |3 multifocal and 84 multicentric cancers with a total
of 303 malignant foci (282 invasive and 21 non invasive). Original Mx and US reports had an overall
sensitivity of 45.5% and 52.9%, respectively. Mx detected 83/97 index cancers with a sensitivity of
85.6%. The number of lesions undetected by original Mx was 165/303. The Mx pattern of breasts
with undetected lesions were: fatty in 3 (1.8%); scattered fibroglandular density in 40 (24.3%),
heterogeneously dense in 91 (55.1%) and dense in 31 (18.8%) cases. In breasts with an almost
entirely fatty pattern, Mx sensitivity was 100%, while in fibroglandular or dense pattern it was
reduced to 45.5%. Re-reviewed Mx detected only 3 additional lesions. The sensitivity of Mx was
affected by the presence of dense breast tissue which obscured lesions or by an incorrect
interpretation of suspicious findings.
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US detected 73/80 index cancers (sensitivity of 91.2%), US missed | 17 malignant foci with a mean
tumor diameter of 6.5 mm; the sensitivity was 52.9%

Undetected lesions by US were those smallest in size and present in fatty breast or in the presence

of microcalcifications without a visible mass.

US sensitivity was affected by the presence of fatty tissue or by the extent of calcification.

Conclusion: Mx missed MMBC malignant foci more often in dense or fibroglandular breasts. US
missed small lesions in mainly fatty breasts or when there were only microcalcifications. The
combined sensitivity of both techniques to assess MMBC was 58%. We suggest larger studies on

multimodality imaging.

Background

Multifocal-multicentric tumors of the breast (MMBC) are
defined by the presence of two or more physically separate
neoplasms in the same breast. Pathologists define multi-
ple, simultaneous primary lesions when there are two or
more foci of tumors without intervening neoplastic tissue
[1,2]. They are defined as multifocal when only one breast
quadrant is involved and multicentric when two or more
quadrants are involved [1,3]. An exact "radiological defi-
nition" does not exist, but tumors are usually considered
as multifocal when the distance is less than or equal to 5
cm and multicentric when the distance is more than 5 cm
between lesions [4]. Given the lack of anatomically dis-
tinct borders between the breast quadrants, and the diffi-
culty in radiologically evaluating the actual distance
between lesions, for the purpose of the current investiga-
tion multifocal and multicentric tumors were collectively
identified as MMBC.

The estimated prevalence of MMBC is between 4 and 65%
of all breast carcinomas; this variability is mainly due to
lack of standardization in the gross examination and sam-
pling of breast specimens [5,6]; furthermore, sampling
may be limited to the areas with suspicious macroscopic
findings, or may be extensively performed, sometimes
using whole mount sections.

Several reports have shown that the sensitivity of mam-
mography (Mx) and ultrasound (US) for detecting multi-
ple malignant foci is about 50% [4,7-14], while the
sensitivity of Magnetic Resonance Imaging (MRI) is
higher in detecting MMBC, reaching 94-99% sensitivity
for invasive ductal carcinoma (IDC) and 50-80% for duc-
tal intraepithelial neoplasia (DIN) [10,15].

This retrospective study aims at assessing the sensitivity of
preoperative Mx and US and of re-reviewed mammo-
grams to detect MMBC identified at pathological exami-
nation of surgical specimens, as well as analyzing the
characteristics of both detected and undetected foci on Mx
and US and the sensitivity of both methods.

Methods

From October 2000 to October 2004, 1129 (14.5%) of
7769 breast cancers treated at the European Institute of
Oncology in Milan were diagnosed as MMBC.

Among these, we selected 97 patients who undertoke pre-
operative digital imaging Mx and for whom the complete
series of images were retrievable. Eighty of them (82%)
were also examined by US. The median age of the patients
with MMBC was 48 years (range 26-78 years). Sixteen
(17%) patients were treated pre-operatively with neo-
adjuvant chemotherapy and presurgical Mx and US were
evaluated.

Fifty-six (58%) patients underwent mastectomy and 41
(42%) breast-conserving surgery. For macroscopic sam-
pling we used the reference standard of serial 5-mm slic-
ing of the surgical specimen (lumpectomy or
mastectomy) following Egan's methods [16]. Pathological
evaluation was performed on tumor blocks sampled from
any suspicious areas. The histopathologic examination of
the specimens had been performed independently by the
2 breast pathologists who are co-authors of this paper.

Tumors were defined as MMBC when at least 5 mm of
normal tissue was interposed between the two lesions
[17]. For all identified neoplastic lesions, the histological
features, including size, tumor type, grade, presence of
intraepithelial neoplasia (including lobular intraepithe-
lial neoplasia [LIN] which has disagreeing pathologic
interpretations especially in regard to multifocal lesions)
were recorded and correlated with the original Mx report.
The pathologically identified malignant foci not previ-
ously described in the original imaging report, were
defined as undetected lesions. All lesions were recorded
and ranked according to size: "index cancer" designated as
the one seen at Mx, which prompted the operation, fol-
lowed by 2nd lesion, 3rd lesion, and 4th lesion. The mean
histologic tumor size was measured for the index cancer as
well as for each additional lesion. The mean distance, tak-
ing into consideration, the longest and the shortest dis-
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tance between neoplastic foci was also determined. Three
expert radiologists, with more than 5 years experience in
breast imaging, re-reviewed independently all the mam-
mograms, after being informed of the histopathological
findings. Mx had been performed with digital equipment
(GE SENOGRAPHE 2000 D, Milwaukee, WI, USA). Rou-
tine mediolateral, oblique and craniocaudal mammo-
grams were obtained in all patients, and whenever
required by the radiologist, additional spot-compression
magnification and true-lateral images were performed, to
better study the suspicious findings and the extent of dis-
ease. Fach breast was classified into one of the four fol-
lowing groups according to its density as defined by the
BI-RADS lexicon 1) breast with the density of fat, 2) fatty
breast with scattered fibroglandular densities, 3) heteroge-
neously dense breast, 4) dense breast [18-27]. We evalu-
ated the number of lesions, their Mx features and
classified the lesions with respect to: microcalcifications
(elements, distribution, and number), mass lesions
(shape, margin, and density), microcalcifications in a
mass, architectural distortions and focal asymmetry of
glandular tissue. The largest pathological diameter was
used as the lesion size.

The microcalcifications were further classified according
to the BI-RADS lexicon: benign or amorphous, scattered,
diffuse, in multiple clusters (BI-RADS<= 3); amorphous,
pleomorphic, heterogeneous, with distribution in clus-
ters, segmental or regional (BI-RADS 4); allomorphic, het-
erogeneous, linear, branching with linear or segmental
distribution (BI-RADS 5).

Based on the description of mass lesions, the lesions were
classified according to BI-RADS: round, oval with circum-
scribed margins and equal or low density (BI-RADS 3);
lobular, irregular with microlobulated, obscured, indis-
tinct margins and equal or rather high density (BI-RADS
4); irregular with indistinct, spiculated margins and high
density (BI-RADS 5). "Architectural distortion": the nor-
mal architecture is distorted with no definite mass visible
(BI-RADS 4-5). Focal asymmetric breast tissues were clas-
sified as BI-RADS 4 [27,28].

Eighty out of 97 (82.5%) patients were also examined by
US. US was performed using a 10-14-MHz linear-array

Table I: Breast density for US lesions.
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probe (Esaote Technos, Genoa, IT). Suspicious areas were
also scanned by radial and antiradial orientation with and
without compression. US assessment was based on
reports and the images were re-reviewed by the same three
expert radiologists in breast imaging. All the US reports
were appropriate to the corresponding images. In the US
reports relating to images, the following features were
considered: echo pattern, shape, boundary and margin of
the lesions (Table 1). The index cancer and subsequent
lesions were evaluated and descriptions classified accord-
ing to BI-RADS: oval, isoechoic with circumscribed mar-
gins, sometimes having an echogenic halo, posterior
acoustic enhancement or none (BI-RADS 3); irregular,
hypoechoic with abrupt interface and without posterior
acoustic shadowing (BI-RADS 4-5); the same sono-
graphic assessment but with the presence of microcalcifi-
cation in the lesion (BI-RADS 5). All lesions detected by
Mx and US were classified according to BI-RADS lexicon:
BI-RADS code 5: highly suggestive of malignancy; BI-
RADS code 4: suspicious for malignancy; BI-RADS code 3:
probably benign; BI-RADS code 2 benign; BI-RADS code
1 negative [18,27]. Lesions categorized as BI-RADS 1, 2
and 3 were considered missed in the sensitivity calcula-
tions.

Sensitivity was calculated for Mx and Us to detect the
index and additional cancers: true positive\true positive +
false negative.

The imaging characteristics of the lesions were analyzed
together with the specific sensitivity. A case report form
(CRF), composed of three sections was prepared for
recording data of the lesions. The first CRF section
included the pathological findings, the second the data
from the original imaging reports and the last section
included the findings from mammogram re-review and
the subsequent observations of the radiologist who re-
reviewed the cases. In order to perform statistical analysis
and calculate sensitivity, the data were also recorded in a
customized digital data base (Access 97, Microsoft®, Red-
mond, WA, USA). Statistical analysis was carried out to
determine whether the detection rate of MMBC at Mx and
at US was related to the size of the index cancer or to
breast density.

[} Foci Det ubD Dense Heterogeneous Fatty Fatty with
pathology uUs uUs Breast Dense Breast breast fibroglandular
detected tissue...

I 23,8 mm(2-70) 80 73 7 2 | 3 |
2 87 mm(0,1-39) 80 35 45 8 3 18 16
3 6,6 mm(0,1-20) 46 I5 31 4 2 I5 10
4 6,6 mm(0,1-39) 45 10 35 9 5 17 4
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Results

Pathological examination of the 97 histopathologic spec-
imens revealed 303 neoplastic foci (282 invasive and 21
intra-epithelial). The mean number of foci per patient was
3. Neoplastic lesions were: invasive ductal carcinoma
NOS in 215 (71%) cases, invasive lobular carcinoma in
57 (19%) cases, ductal intraepithelial neoplasia in 16
(5%) cases, lobular intraepithelial neoplasia (LIN2) in 5
(1.6%) cases, invasive micropapillary and tubular carci-
noma in 10 (3.2%) cases (Table 2).

The mean tumor size was 25 mm for the index cancer
(range: 2 - 77), 9 mm for the second lesion (range 8-39
mm), and 6.6 mm (range 1-25 mm) for the additional
lesions (Table 3). The mean distance, between neoplastic
foci was 10 mm, 80 mm and 5 mm (Table 4). Mx detected
83/97 index cancers (85.6% sensitivity), 38/97 2nd
lesions (39.2% sensitivity), 11/55 3rd lesions (21.8% sen-
sitivity), 3/33 4th lesions (12.1% sensitivity), 3/23 further
lesions (13.0% sensitivity).

For index cancers, the evaluation of Mx BI-RADS was 14
(15%) BI-RADS 1; 10 (10%) BI-RADS 3; 30 (31%) BI-
RADS 4; 43 (45%) BI-RADS 5. Mx missed 165 malignant
foci with a mean size of 7.6 mm. Overall sensitivity for Mx
was 45.5% (138/303) (Table 5).

The patterns of lesions defined at Mx re-review were as fol-
lows: 32 microcalcifications, 51 mass lesions, 46 micro-
calcifications in masses, 8 distortions and 4 glandular
asymmetries (Table 6). The histological type of carcino-
mas undetected by Mx was invasive ductal carcinoma
NOS in 105 (63.6%) cases, invasive lobular carcinoma in
36 (21.8%) cases, ductal intraepithelial neoplasia in 12
(7.2%) cases, lobular intraepithelial neoplasm in 5
(3.03%) cases, and invasive micropapillary and tubular
carcinoma in the 7 (4.2%) remaining cases (Table 2).

The breast pattern of those undetected Mx lesions was:
fatty breast in 3 (1.8%) cases, fatty breast with scattered
density in 40 (24.3%) cases, heterogeneous dense breast

http://www.biomedcentral.com/1471-2407/8/275

in 91 (55.1%) cases, and dense breastin 31 (18.8%) cases
(Table 3).

In our series, Mx sensitivity of breasts with an almost
entirely fatty pattern was 100%, while in fibroglandular or
dense pattern, sensitivity is reduced to 46% (Table 7).

Re-review of mammograms detected 3 additional lesions
not reported at the original examination: one index cancer
and two 4th lesions (Table 5). These lesions were defined
as masses with margins obscured by superimposing adja-
cent tissue which was isodense with fine amorphous cal-
cifications (BI-RADS 4). The 3 additional lesions were in
heterogeneous dense breasts.

US detected abnormal imaging as solid lesions with ill
defined or irregular borders, non calcified lesions with
posterior acoustic shadowing, solid intracistic or intraduc-
tal lesions.

We based a patient's final imaging diagnosis on the com-
bination of mammographic and sonographic findings.

US detected 73/80 index cancers (91.2% sensitivity), 35/
80 2nd lesions (43.8% sensitivity), 16/46 31d lesions
(34.8% sensitivity), 10/45 further lesions (22.2% sensitiv-
ity). For index cancers, the evaluation of US BI-RADS were
9 (11%) BI-RADS 1; 2 (3 %) BI-RADS 3; 28 (35) BI-RADS
4; 41 (51%) BI-RADS 5 [27]. US missed 117 malignant
foci with a mean tumor diameter of 6.5 mm. The sensitiv-
ity was 52.9% (133/251) (Table 8).

US missed the smallest lesions that were close in proxim-
ity to the largest lesion in fatty breast or when there were
microcalcifications without a US visible lesion mass
(Table 4, 9). Clusters of microcalcifications or some linear
or segmental microcalcifications are not visible at US for
the lack of a lesion mass.

The re-review gave the same results only based on the
reports corresponding to the US images.

Table 2: Sensitivity of mammography and number of lesions detected and undetected at the original Mx report according to the
histological type: IDC = Invasive ductal carcinoma; ILC = invasive lobular carcinoma; other IC = invasive carcinoma of special type;
DIN = ductal intraepithelial neoplasia; LIN = lobular intra-epithelial neoplasia;

N. Mx detected Mx Undetected Sensitivity (%)
IDC 215 110 105 51.2
ILC 57 21 36 368
other IC 10 3 7 30
DIN 16 4 12 25
LIN 5 I 5 0.0
Tot 303 138 165 455
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Table 3: Number of undetected lesions at the original Mx report according to breast pattern and lesion rank (1° = index cancer)

Lesion rank mean diameter Total number of Dense Breast (%) Heterogeneous Fatty Breastwith  Breast with the
and range UD Mx lesions Dense Breast (%) scattered density of fat (%)
Fibroglandular
densities (%)

index lesion 25 mm (2-77) 14 3(21.4) 8(57.2) 3(21.4) 0 (0.0)

2nd 9 mm (0.1-39) 6l 12 (19.7) 31 (50.8) 17 (27.9) 1 (1.6)

3rd 6.9 mm (0.1-20) 44 6 (13.6) 25 (56.8) 12 (27.3) 1 (23)

4th 6.8 mm (0.1-39) 29 6 (20.7) 17 (58.6) 5(17.2) I (3.5)

> 5th 6.3 mm (0.1-25) 17 4 (23.5) 10 (58.8) 3(17.7) 0 (0.0)

Total 165 31 (18.8) 91 (55.1) 40 (24.3) 3(1.8)

(UD Mx = Lesions undetected at mammography).

Discussion

The accurate definition of multifocal and multicentric
breast carcinoma according to the distribution of the neo-
plastic foci within the same or different quadrants of the
affected breast is hampered by the lack of anatomically
defined borders between the quadrants and it gives no
precise information about the intervening distance. The
different definitions may be responsible for the wide
range of prevalence of MMBC reported in literature [6].
The current TNM classification criteria (AJCC/UICC),
refers to diameter of the largest lesion mass for the T clas-
sification of multifocal-multicentric carcinomas, thus
underestimating the total tumor volume and understag-
ing these tumors [14,19]. However, if the sum of the
diameters of all tumor masses is taken into account, then
the metastatic pattern of MMBC does not significantly dif-
fer from that of unifocal tumors of the same size of the
sum [21,22]. Moreover, Brenin and Morrow demon-
strated a higher incidence of axillary lymph node metas-
tases in MMBC than unifocal tumors of the same pT class
[20]. For these reasons we think that any neoplastic foci
should be measured to verify Fish's statement: "mean size
of unifocal tumors was smaller than multifocal cases
when an aggregate measurement of foci was utilized"
[24].

Accurate pre-operative information about the occurrence,
size and location of multifocal lesions is a prerequisite for
a proper breast conserving surgical management.

Mx has been established as the fundamental breast imag-
ing modality.

In our study the most frequent Mx pattern was character-
ized by heterogeneous dense breast (encountered in
56.7% of the patients), while a fatty pattern was observed
in only 2.1%. In the literature Mx is most sensitive for
detection of index cancer in fatty breasts, while the sensi-
tivity decreases in breasts with fibroglandular or dense
patterns.

In our series, sensitivity of Mx was 85.6% in the detection
of the index cancer, but reduced to 45.5% in the detection
of all the neoplastic foci. It is also important to emphasize
that the re-review of mammograms did not significantly
increase the overall sensitivity in detecting MMBC, con-
firming that, while the sensitivity for identifying the index
cancer is high, it decreases for the smaller additional foci.
This indicates that in dense breasts the smallest foci can-
not be distinguished [25].

The re-review of mammograms detected 3 additional
lesions: one index cancer and two 4th lesions, described as
masses with margins obscured by adjacent tissue that was
isodense with fine amorphous calcifications.

Following prior definitions in the literature, lesion pat-
terns were defined at Mx re-review as: 32 microcalcifica-
tions, 46 microcalcifications in nodules, 51 masses, 8
distortions and 4 others, confirming that even small clus-
ters of microcalcifications are well detected in dense
breasts. The mean diameter of the pathology rank was 2
and 6.3 mm, for the index cancer and ultimate satellite
lesion, respectively (Table 5). The mean size of the lesions
undetected by Mx re-review is 11 and 2.5 mm, for the
index cancer and ultimate satellite lesion, respectively
(Table 9).

Table 4: Range of the distance between each of the lesions and all of the other satellite lesions measured at histopathology.

Range of Histological distance Intra lesion (mm) Index lesion 2nd 3rd > 4th
Range 5-80 5-80 5-25 5
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Table 5: Number of lesions detected by Mx at the original report and at re-review of mammograms with their BI-RADS (Mx) class

according to re-review rank.

Lesion Number of Number of Mx BIRADS Number of Sensitivity Mean
rank lesions lesions lesion % diameter at
detected by detected by detected at Pathology
Pathology original MX re-revision
I 2 3 4 5
Index lesion 97 83 I 0 1 3 4 84 85.6 25
2nd 97 38 4 1 0 0 3 38 392 9
3rd 55 I 5 0 5 I 1 12 20.0 6.9
4th 33 3 9 o0 I 5 7 5 9.1 6.8
>5th 23 3 4 - 0 6 4 3 13.0 6.3
6th 4 -2 1
7th 3 2
8th 0
9th 2
0
Tot 303 138 141 45.5 "

The most common causes of undetected breast cancer by
Mx include: above all, dense parenchyma obscuring
masses particularly in the absence of microcalcifications
followed by technical errors and incorrect interpretation
of suspicious findings [29,30]. These results are in line
with the conclusions of Mendelson et al., who evaluated
breast density as a predictor of mammographic lesion
detection [31].

Us is a useful complementary method in detecting addi-
tional tumors that escaped Mx detection [13,14]. US may
detect small masses in glandular tissue but is not as help-
ful in fatty tissue or in the characterization of morphology
or the extent of calcifications [29,31].

In our series dealing with a majority of dense breasts, the
global sensitivity of US is 52.9%, being 91.2% for the
index lesion. The use of US in addition to Mx, increases
global sensitivity to 58% in assessing multifocality (Table
10).

According to the literature, mammographic-sonographic
sensitivity does not exceed 60-63% [30], thus we can then

speculate that undetected malignant foci in the remaining
breast tissue after breast-conserving surgery should not
affect the overall survival rates of the patients, as indicated
by the randomized trials comparing mastectomy with
conservative surgery [32]. Post-operative radiotherapy has
a major role in reducing the risk of ipsilateral tumor recur-
rence in conservatively treated patients [33]. These argu-
ments could question the need for an accurate pre-
operative diagnosis of MMBC using MRI to detect all sat-
ellite foci around the main lesion to exactly determine the
impact of imaging on the recurrence rate and on the over-
all survival of patients with breast cancer: ad hoc clinical
trials should be designed to answer this question.

Conclusion

Mx and US missed 165 and 118 of 303 malignant fodi,
respectively. Mx missed small malignant foci of MMBC
especially in dense or fibroglandular breasts. Re-review of
the Mx detected only a few additional lesions and did not
significantly increase the sensitivity of the examination.
US missed small lesions, close to the largest lesion, in fatty
breasts. US also missed cancers presenting as Mx microcal-

Table 6: Characteristics of the lesions seen at re-review of the mammograms according to their rank.

Lesions Index lesion 2nd 3rd 4th 5th ALL

Microcalcifications 18 9 3 | | 32
Mass feature 30 16 2 2 | 51
Microcalcifications+Mass 28 15 3 - - 46
Distortion 5 2 | - - 8
Other 3 | - - - 4

total 84 43(38) 9(12) 3(5) 2(3) 141
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Table 7: Pattern and sensitivity of mammography in the index lesion related to their BI-RADS class.
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BIRADS
ALL | %* 3 %* 4 %* 5 %%
Entirely fatt 2 - - - - | 1.0 | 1.0
Scattered fibroglandular densities 26 4 4.1 3 3.1 10 10.3 9 9.3
Heterogeneously dense 55 9 9.3 4 4.1 16 16.5 26 26.8
Extremely dense 14 4 4.1 | 1.0 3 3.1 6 6.3
97 17 8 30 42

In breast with an almost entirely fatty pattern, the sensitivity of Mx was 100% while in dense breast sensitivity was 40.5%.

Table 8: Sensitivity of US and number of lesions detected by US according to lesion rank and size with their BI-RADS code and US

pattern: hypo-echoic (hypo); iso-echoic (iso)

Lesion rank  Mean histologic Total number of Number of lesions BIRADS US Hypo Iso Sensitivity (%)
diameter lesions detected by detected by US
pathologists
1 23 4 5
Index lesion 25 80 73 7 - 4 28 4| 71 2 91.2
2nd 9 80 35 45 - 3 16 16 33 2 438
3rd 6.9 46 15 3 - 177 15 326
> 4th 6.5 45 10 35 - 2 4 4 8 2 222
Tot 1 251 133 52.9

Table 9: Size (mean, median and range in millimeters) and rank of lesions undetected by US, Mx and re-reviewed mammograms

Lesion rank Undetected by US Undetected by Mx Undetected by re-Rev Mx
Index lesion 23.8 15.8 14.7
15 11.5 1
2-70 3-52 3-52
2nd 88 84 8.4
6 6 6.4
0.1 -39 0.1 -39 0.1 -39
3rd 6.6 6.6 6.1
5 5 4.5
0.1 -20 0.1 -20 0.1 -20
4th 6.2 6.8 6.8
4 4 4
0.2-39 0.1 -39 0.1 -39
> 5th 6.3 5.7 5.7
3 2.5 2.5
0.1 =25 0.1 -25 0.1 -25
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Table 10: Sensitivity of US, Mx and combined sensitivity of Mx + US
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Foci Focidetected Focidetected Focidetected Sensitivity US Sensitivity Sensitivity
pathology by US by Mx by Mx and/or % MX % MX + US %
detected uUs

Index Lesion 80 73 69 77 9l 86 96
2nd 80 35 31 43 44 39 54

3rd 46 15 9 15 33 20 33

> 4th 45 10 6 10 22 13 22

z 251 133 115 145 52 46 58

cifications without a mass. The combined sensitivity of
both techniques was 58%.

The need for an accurate pre-operative assessment of
patients with MMBC is currently debated, due to the
uncertain effect of multifocality or multicentricity on the
recurrence rate and on the overall survival of patients
treated with breast-conserving surgery and post-operative
radiotherapy.

In summary, whole breast sonography is the first-line
complementary imaging modality to mammography in
the preoperative examination of women. Considering
that the global sensitivity for assessing multifocality is
58%, we suggest more and larger studies on multimodal-
ity imaging (US and Mx and then MRI in comparison)
and long term observation periods to determine the influ-
ence on the incidence of recurrence and on the overall
prognosis of patients with breast cancer.
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Competing interests
The authors declare that they have no competing interests.

Authors' contributions

AB: devised the study, participated in the design, carried
out the re-reviewed mammograms and US and drafted the
manuscript. GR: participated in the conception and
design of the study, carried out the histopathologic exam-

inations and helped in drafting the manuscript. LM and
GB: carried out the re-reviewed mammograms and US
and helped drafting the manuscript. GS and ARV: carried
out surgical data and helped in drafting the manuscript.
SM and SA : collected the statistical data, performed the
statistical analysis and helped draft the manuscript. GV:
carried out the histopathologic examinations and helped
draft the manuscript. EC and MB: participated in the con-
ception and the design of the study and critically reviewed
the manuscript. All authors read and approved the final
manuscript.

Ethics

Our Institute is a Comprehensive Cancer Center classified
by the Italian Ministry of Heath as ;IRCCS; (Institute for
Research and Care with Scientific Purposes), this means
we are at the same time a Research institute and an Hospi-
tal. Each patient who refers to our institute for diagnosis,
tratment or care, upon his/hers first visit is asked to sign a
generic consent form. This consent form informs the
patient that the anonimised clinical data of their exams
and procedures might be used for scientific (i.e. clinical
studies, retrospective studies and so on) and/or educa-
tional purposes (the Institute hosts many Postgraduate
Schools of the University of Milan).

Aknowledgements

Elena Ottina (Department of Radiology, European Institute of Oncology),
for formatting and editing the manuscript. Mara Joe Miller (Department of
Pathology and Laboratory Medicine, European Institute of Oncology) and
Linda Ann Cairns (Scientific Direction, European Institute of Oncology) for
reviewing the manuscript for English.

References

I.  Rosen PP: Rosen's Breast Pathology. 2nd edition. Philadelphia:
Lippincott Williams & Wilkins; 2001.

2. Elston CWV, Ellis 1O: The Breast Edinburgh, London, New York, Phila-
delphia, San Francisco, Sydney, Toronto: Churchill Livingstone;
1998:386-390.

3. Lagios MD, Westdahl PR, Margolin FR, Rose MR: Duct carcinoma
in situ. Relationship of extent of non infiltrating disease to
the frequency of occult invasion, multicentricity, lymph node
metastases, and short-term treatment failures. Cancer 1982,
50:1309-1314.

4. Sardanelli F, Giuseppetti GM, Panizza P, Bazzocchi M, Fausto A,
Simonetti G, Lattanzio V, Del Maschio A: Italian Trial for Breast

Page 8 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6286091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6286091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6286091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15385322

BMC Cancer 2008, 8:275

20.

21.

22.

23.

24.

25.

26.

MR in Multifocal/Multicentric Cancer. Sensitivity of MRI ver-
sus mammography for detecting foci of multifocal, multicen-
tric breast cancer in Fatty and dense breasts using the
whole-breast pathologic examination as a gold standard. AR
Am | Roentgenol 2004, 183:1149-1157.

Sobin LH, Greene FL: Multifocal/multicentric breast carci-
noma. Cancer 2004, 100:2488-2489.

Coombs NJ, Boyages J: Multifocal and multicentric breast can-
cer: does each focus matter? | Clin Oncol 2005, 23:7497-7502.
Van Goethem M, Schelfout K, Dijckmans L, Auwera |C Van Der,
Weyler J, Verslegers |, Biltjes |, De Schepper A: MR mammography
in the pre-operative staging of breast cancer in patients with
dense breast tissue: comparison with mammography and
ultrasound. Eur Radiol 2004, 14:809-816.

Winnekendonk G, Krug B, Warm M, Gohring UJ, Mallmann P, Lack-
ner K: Diagnostic value of preoperative contrast-enhanced
MR imaging of the breast. Rofo 2004, 176:688-693.

Lee JM, Orel SG, Czerniecki BJ, Solin LJ, Schnall MD: MRI before
reexcision surgery in patients with breast cancer. AR Am |
Roentgenol 2004, 182:473-480.

Malur S, Wurdinger S, Moritz A, Michels W, Schneider A: Compar-
ison of written reports of mammography, sonography and
magnetic resonance mammography for preoperative evalu-
ation of breast lesions, with special emphasis on magnetic
resonance mammography. Breast Cancer Res 2001, 3(1):55-60.
Morris EA: Breast cancer imaging with MRI. Radiol Clin North Am
2002, 40:443-466.

Wilkinson LS, Given-Wilson R, Hall T, Potts H, Sharma AK, Smith E:
Increasing the diagnosis of multifocal primary breast cancer
by the use of bilateral whole-breast ultrasound. Clin Radiol
2005, 60:573-578.

American Joint Committee on cancer breast: AJCC Cancer Staging
Manual 5th edition. Philadelphia: Lippincott-Raven; 1997:127-133.
Rizzatto G, Chersevani R: Breast ultrasound and new technolo-
gies. Eur | Radiol 1998, 2:5242-249.

Londero V, Bazzocchi M, Del Frate C, Puglisi F, Di Loreto C, Franc-
escutti G, Zuiani C: Locally advanced breast cancer: compari-
son of mammography, sonography and MR imaging in
evaluation of residual disease in women receiving neoadju-
vant chemotherapy. Eur Radiol 2004, 14:1371-1379.

Egan RL: Multicentric breast carcinomas: clinical-radio-
graphic-pathologic whole organ studies and 10-year survival.
Cancer 1982, 49:1123-1130.

Lagios MD, Westdahl PR, Rose MR: The concept and implica-
tions of multicentricity in breast carcinoma. Pathol Annu 1981,
16:83-102.

Bassett LW, Feig SA, Jackson VP, Kopans DB, Linver , Sickles , Amer-
ican College of Radiology (ARC), et al.: Breast imaging reporting and
data system (BIRADS) 3rd edition. Reston (VA): American College of
Radiology; 1998.

Fisher B, Slack NH, Bross ID: Cancer of the breast: size of neo-
plasm and prognosis. Cancer 1969, 24:1071-1080.

Brenin DR, Morrow M, Moughan ], Owen |B, Wilson JF, Winchester
DP: Management of axillary lymph nodes in breast cancer: a
national patterns of care study of 17,151 patients. Ann Surg
1999, 230:686-691.

Sobin LH, Greene FL: Pathologic analysis of tumor size and
lymph node status in multifocal/multicentric breast carci-
noma. Cancer 2003, 97:1364.

Andea AA, Wallis T, Newman LA, Bouwman D, Dey |, Visscher DWV:
Pathologic analysis of tumor size and lymph node status in
multifocal/multicentric breast carcinoma. Cancer 2002,
94:1383-1390.

Andea AA, Bouwman D, Wallis T, Visscher DW: Correlation of
tumor volume and surface area with lymph node status in
patients with multifocal/multicentric breast carcinoma. Can-
cer 2004, 100:20-27.

Fish EB, Chapman JA, Link MA: Assessment of tumor size for
multifocal primary breast cancer. Ann Surg Oncol 1998,
5:442-446.

Roubidoux MA, Bailey JE, Wray LA, Helvie MA: Invasive cancer
detected after breast cancer screening yielded a negative
result: relationship of mammographic density tumor prog-
nostic factor. Radiology 2004, 230(1):42-48.

Early Breast Cancer Trialists' Collaborative Group (EBCTCG):
Effects of radiotherapy and of differences in the extent of

http://www.biomedcentral.com/1471-2407/8/275

surgery for early breast cancer on local recurrence and 15-
year survival: an overview of the randomised trials. Lancet
2005, 366:2087-2106.

27. Llazarus E, Mainiero MB, Schepps B, Koelliker SL, Livingston LS: BI-
RADS lexicon for US and mammography: interobserver var-
iability and positive predictive value. Radiology 2006,
239:385-391.

28. Obenauer S, Hermann KP, Grabbe E: Applications and literature
review of the BI-RADS classification. Eur Radiol 2005,
15:1027-1036.

29. Moon WK, Noh DY, Im |G: Multifocal, multicentric and contral-
ateral breast cancer: bilateral whole breast US in the preop-
erative evaluation of patients. Radiology 2002, 224:569-576.

30. Hlawatsch A, Teifke A, Schmidt M, Thelen M: Preoperative assess-
ment of breast cancer: sonography versus MR imaging. AR
Am | Roentgenol 2002, 179:1493-1501.

31. Mandelson MT, Oestreicher N, Porter PL, White D, Finder CA, Tap-
lin SH, White E: Breast density as a predictor of mammo-
graphic detection: comparison of interval- and screen-
detected cancers. | Natl Cancer Inst 2000, 92:1081-1087.

32. Veronesi U, Saccozzi R, Del Vecchio M, Banfi A, Clemente C, De Lena
M, Gallus G, Greco M, Luini A, Marubini E, Muscolino G, Rilke F, Sal-
vadori B, Zecchini A, Zucali R: Comparing radical mastectomy
with quadrantectomy, axillary dissection, and radiotherapy
in patients with small cancers of the breast. N Engl | Med 1981,
305:6-11.

33. Osteen RT: Selection of patiens for breast conserving surgery.
Cancer 1994, 74:366-371.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/8/275/pre
pub

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15385322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15385322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15160362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15160362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16234516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16234516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14615904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14615904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14615904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15122467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15122467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14736685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14736685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11250746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11250746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11250746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12117186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15851045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15851045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15851045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14986052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14986052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14986052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6277457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6277457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6276850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6276850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5353940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5353940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10561093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10561093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12599247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12599247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12599247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11920492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11920492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11920492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14692020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14692020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14692020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9718174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9718174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14695385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14695385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14695385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16360786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16360786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16360786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16360786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16569780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16569780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16569780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15856253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15856253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12147858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12147858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12147858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12438043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12438043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10880551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10880551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10880551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7015141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7015141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7015141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8004609
http://www.biomedcentral.com/1471-2407/8/275/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Ethics
	Aknowledgements
	References
	Pre-publication history

