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Purpose : To evaluate the magnetic resonance imaging (MRI) and clinicopathological
features of triple negative breast cancer, and compare them with those of non-triple
negative breast cancer.

Materials and Methods : This study included 231 pathologically confirmed breast
cancers from January 2007 to May 2008. We retrospectively reviewed the MRI
findings according to the Breast Imaging Reporting and Data System (BI-RADS)
lexicon: mass or non-mass type, mass shape, mass margin, non-mass distribution,
and enhancement pattern. Histologic type, histologic grade, and the results for
epidermal growth factor receptor, p53, and Ki 67 were reviewed.

Results : Of 231 patients, 43(18.6%) were triple negative breast cancer. Forty triple
negative breast cancers (93.0%) were mass-type lesion on MRI. A round or oval or
lobular shape (p=0.006) and rim enhancement (p=0.004) were significantly more in
triple negative breast cancer than non- triple negative breast cancer. In contrast,
irregular shape (p=0.006) and spiculated margins (p=0.032) were significantly more
in non-triple negative breast cancer. Old age (p=0.019), high histologic grade
(p<0.0001), EGFR positivity (p<0.0001), p53 overexpression (p=0.038), and Ki 67
expression (<0.0001) were significantly associated with the triple negative breast
cancer.

Conclusion : MRI finding may be helpful for differentiation between triple negative
and non-triple negative breast cancer.
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Introduction

Triple negative (TN) breast cancer is a subtype that is
negative for the three main receptors for breast cancer,
namely estrogen receptor (ER), progesterone receptor
(PR) and human epidermal growth factor receptor type
2 (HER2). TN breast cancer has been considered to
have a clinical feature with aggressive behavior and
poor prognosis because there is no specific therapeutic
target for the tumor. Previous literatures reported that
TN breast cancer had a pathologic entity with a high
histologic grade, and an overexpression of molecular
factors such as epidermal growth factor receptor
(EGFR), and Ki 67 (1-4).

However, there are a few reports describing MR
imaging features of TN breast cancer (5, 6). We
hypothesized that comparison of MRI features between
TN breast cancer and non-TN breast cancer could yield
additional information for pretreatment planning and
assessment of prognosis. Therefore, the purpose of our
study was to evaluate the MRI findings of TN breast
cancer and to compare the findings with those of non-
TN breast cancer. We also compared the MRI findings
with the clinicopathological results.

Materials and Methods

Patients

This study consisted of 302 consecutive patients who
were confirmed to have breast cancer and who
underwent breast MRI in our institution from January
of 2007 to May of 2008. Seventy one patients were
excluded from the analysis for the following reasons;
42 patients underwent MRI after the excision of breast
cancer, 24 patients received neo-adjuvant
chemotherapy, two patients had cancers that were not
visible on MRI scans, one patient had recurrent breast
cancer after surgery, one patient had breast sarcoma
and one patient had no information available on the ER
status of the breast cancer. Two hundred-thirty one
breast cancers in 231 patients were enrolled in this
study. In patients with two or more pathologically-
confirmed tumors, including three patients with
bilateral breast cancers, the largest one was selected.

Total 43 TN breast cancers and 188 non-TN breast

cancers were included in this study. The age of the

patients ranged from 31 to 86 years (mean age, 53.2
years). The size of the breast cancer ranged from 0.3 to
11.0 cm (mean size, 2.76 cm). This study was approved
by the institutional review board of our institution.

Imaging Acquisition

MR images were acquired with a 1.5T scanner
(Signa; GE Medical Systems, Milwaukee, WI, U.S.A.
and Achieva; Philips Medical system, Best, the
Netherlands) using a breast coil. MRI with the Signa
scanner was performed using the following sequences;
sagittal, fat-suppressed, fast spin-echo T2-weighted
imaging, and axial or sagittal, fat-suppressed, fat-spoiled
gradient-echo T1-weighted imaging (TR/TE=6.2/3.1,
flip angle of 10°, 2.6 mm section thickness, and an
acquisition time of 1 min 31 minutes) obtained before
and 91, 182, 273, 364 and 455 sec after the rapid bolus
injection of 0.2 mmol/kg body weight of Gd-DPTA
(Magnevist, Schering, Berlin, Germany). MRI with the
Achieva scanner was performed using the following
sequences; sagittal, fat-suppressed, fast spin-echo T2-
weighted imaging and axial fat-suppressed, fat-spoiled
gradient-echo T1-weighted imaging obtained before
and 91, 182, 273, 364 and 455 sec after the rapid bolus
injection of the same contrast agent.

Interpretations of MR Image Findings

MRI findings for TN breast cancers and non-TN
breast cancers were reviewed by the consensus of two
radiologists (with 4 and 9 years of breast MR imaging
experience). The morphology and enhancement of the
lesions were described according to the BI-RADS
lexicon. The lesions were divided into mass or non-
mass types. Mass type lesions were assessed for size,
shape, margins, and enhancement pattern. Non-mass
type lesions were assessed for distribution and
enhancement pattern. We evaluated the enhancement
pattern on 2 min post-contrast MR images.

Pathological Analysis

We reviewed the size, histologic type, and histologic
grade of the TN and non-TN breast cancers.
Immunohistochemistry was performed to assess the
expression of the following molecular markers; ER, PR,
HER2, p53, Ki 67, and epidermal growth factor
receptor (EGFR). ER and PR positivity was defined as
the presence of 10% or more positively stained nuclei
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in ten high-power fields. The intensity of HER2
membrane staining was scored as 0, 1+, 2+ or 3+.
Tumors with 2+ or 3+ scores were classified as
positive for HER2 overexpression, whereas tumors
with scores of 0 or 1+ were negative for HER2
overexpression. Among 231 patients, assessment of
EGFR was performed in 204 patients, p53 in 132
patients, and Ki 67 in 228 patients. EGFR was
considered as positive if membrane staining was
observed. Ki 67 expression level of >=15% was
considered as expression.

Statistical Analysis
Continuous variables are shown as means =+ standard

MRI Findings of Triple Negative Breast Cancer

deviation and categorical variables are presented as
frequencies and percentages. The differences between
the imaging findings for the TN cancer and non-TN
cancer were compared using the unpaired t-test, Chi-
square test and Fisher's exact test. In addition, logistic
regression analysis was performed to assess the
contribution of the major risk factors. Statistical
significance was established at a p-value<0.05.
Statistical analyses were performed using SAS version
9.1 (SAS Institute Inc., Cary, NC, USA).

Results

Forty three patients (18.6%) had TN breast cancer,

Table 1. Characteristics of the 43 Triple Negative Breast Cancer and 188 Non Triple Negative Breast Cancer Groups

Triple Negative Breast Cancers

Non-Triple Negative Breast Cancers

Characteristics P value
(n=43) (n=188)
Mean Age (year) 56.6 52.5 0.019
Tumor Size (cm)
Mean 2.79 2.76 0.918
<2cm 16 (37.2%) 78 (41.5%) 0.606
>=2cm 27 (62.8%) 110 (58.5%)
Histologic Grade <0.0001
Grade 1 3 (7.0%) 40 (21.3%)
Grade 2 10 (23.2%) 73 (38.8%)
Grade 3 26 (60.5%) 38 (20.2%)
Not Available 4 (9.3%) 37 (19.7%)
Histologic Type 0.740
Invasive ductal carcinoma 32 (74.4%) 151 (80.3%)
Invasive lobular carcinoma 2 (4.7%) 3 (1.6%)
Medullary carcinoma 5(11.6%) 2 (1.1%)
Mucinous carcinoma 0 2 (1.1%)
Papillary carcinoma 0 2 (1.1%)
Metaplastic carcinoma 1(2.3%) 1 (0.5%)
Mixed invasive carcinoma 0 2 (1.1%)
Ductal carcinoma in situ 3(7.0%) 25 (13.2%)
EGFR
Negative 17 (39.5%) 136 (72.3%) <0.0001
Positive 20 (46.5%) 31 (16.5%)
Not Available 6 (14.0%) 21 (11.2%)
p53
Negative 13 (30.2%) 73 (38.8%) 0.038
Positive 14 (32.6%) 32 (17.0%)
Not Available 16 (37.2%) 83 (44.2%)
Ki 67
Mean 45.3 17.4 <0.0001
< 15% 33 (76.7%) 76 (40.4%) <0.0001
>=15% 10 (23.3%) 109 (58.0%)
Not Available 0 3(1.6%)
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and 188 patients (81.4%) had non-TN breast cancer.
The characteristics of TN breast cancer and non-TN
breast cancer are summarized in Table 1. The mean
age was significantly older for the TN cancer group
compared with the non-TN cancer group (p=0.019).
There was no significant difference in the tumor size
between two groups.

TN breast cancers included invasive ductal
carcinomas, medullary carcinomas, invasive lobular
carcinomas, metaplastic carcinoma and ductal
carcinoma in situ. Non-TN breast cancers included
invasive ductal carcinoma, invasive lobular carcinoma,
medullary carcinoma, mucinous carcinoma, papillary
carcinoma, mixed carcinoma, metaplastic carcinoma
and ductal carcinoma in situ. There were no significant
differences in the histologic types between TN breast
cancer and non-TN breast cancer groups.

TN breast cancers were more likely to have high
histologic grade tumors (p<0.0001). For the TN breast
cancers, 26 breast cancers (67%) were grade 3. For the
non-TN breast cancers, 38 breast cancers (25%) were
grade 3. Compared with non-TN breast cancer, TN
breast cancer was associated with EGFR positivity
(p<0.0001), p53 overexpression (p=0.038), and Ki 67
expression (p<0.0001).

Based on the multivariate analysis, a high histologic
grade (odds ratio of grade 3 vs. grade 1, 9.1; 95% CI,
2.6-32.6), p53 overexpression (odds ratio, 2.5; 95% ClI,
1.0-5.8), EGFR positivity (odds ratio, 5.2; 95% CI, 2.4~
11.0), and Ki 67 expression (odds ratio of < 15% vs.
>= 15%, 4.9; 95% CI, 2.3-10.5) were associated with
the risk of TN breast cancer (Table 2).

MRI Findings for TN Breast Cancer and non-TN
Breast Cancer

TN breast cancers (93.0%) were more likely to show
mass-type than non-TN breast cancers (80.8%).
However, there was no significant difference in the
lesion type between TN breast cancers and non-TN
breast cancers (p=0.055).

Among mass-type lesions, 33 TN breast cancers
(82.5%) showed round or oval or lobular shape.
Irregular shape was found in 7 TN breast cancers
(17.5%) and 69 non-TN breast cancers (45.4%).
Irregular shape was significantly lesser in TN breast
cancers than non-TN breast cancers (p=0.006) (Table
3). Smooth margins were more frequently found in TN

breast cancers (37.5%) than non-TN breast cancers
(23.0%). Spiculated margins were more frequently
found in non-TN breast cancers (31.6%) than TN breast
cancers (12.5%) (p=0.032). 25 TN breast cancers
(62.5%) showed rim enhancement, which was
significantly more than TN breast cancers (33.6%)
(p=0.004). 59.9% of non-TN breast cancers showed
heterogeneous enhancement (Fig. 1 and Fig. 2). There
was no significant difference in the findings of non-
mass lesions between TN breast cancers and non-TN
breast cancers.

Based on the multivariate analysis, the oval, round
and lobular shapes (hazard ratio 3.92; 95% CI, 1.6-9.4)
and the rim enhancement (hazard ratio, 3.43; 95% CI,
1.6-7.3) were associated with the risk of TN breast

Table 2. Odds Ratios (95% CI) for the Triple Negative Breast
Cancer Associated with Patient and Tumor Characteristics

Triple Negative Cancers
Odds Ratio (95% CI)

Age (year)

> =50 1.91 (0.96-3.96)

< 50 1.0 (reference)
Lesion Type on MRI

Mass 3.16 (0.92-10.78)

Non-mass 1.0 (reference)
Mass Shape

Oval, Round, Lobular 3.92 (1.63-9.41)

Irregular 1.0 (reference)
Mass Margin

Smooth 2.01 (0.95-4.22)

Irregular, Spiculated 1.0 (reference)

Mass Enhancement

Homogeneous 1.4 (0.28-7.11)

Heterogeneous 1.0 (reference)

Rim 3.43 (1.62-7.28)
Histologic Grade

Grade 1 1.0 (reference)

Grade 2 1.83(0.48-7.01)

Grade 3 9.12 (2.55-32.64)
p53

Negative 1.0 (reference)

Positive 2.46 (1.04-5.82)
EGFR

Negative 1.0 (reference)

Positive 5.16 (2.43-10.98)
Ki 67

< 15% 1.0 (reference)

>=15% 4.86 (2.26-10.45)
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Fig. 1. MRI finding for triple negative breast cancer in 42
year-old woman.

T1-weighted sagittal MR image with contrast enhance-
ment shows a lobular mass with smooth margins and a
rim enhancement pattern.

cancer (Table 2).

Discussion

Triple negative breast cancer has been reported in
10-25% of all types of breast cancer. It occurs with a
higher incidence in pre-menopausal African/American
women (1-4). In our study, TN breast cancer accounted
for 18.6% of all types of breast cancers. Patients with
TN breast cancer were older than those with non-TN
breast cancer. This result was similar to the findings
obtained for the Japanese series (2).

In our study, 93% of the TN breast cancers were
mass-type lesions on MRI. Several studies have reported
that TN breast cancer is more likely to exhibit mass on
MRI and mammography (5-7). However, there was no
significant difference in the lesion type between TN
breast cancers and non-TN breast cancers in our study.
This result may be due to the fact that 28 DCIS were
included in our study. Non-mass type enhancement is a
common feature of DCIS on MRI (8, 9).

We found that the lobular shape, smooth margins,

Fig. 2. MRI finding for non-triple negative breast cancer in
46 year-old woman.

T1-weighted sagittal MR image with contrast enhance-
ment shows an irregular mass with spiculated margins
and a heterogeneous enhancement pattern.

and rim enhancement are associated with TN breast
cancers. Because TN breast cancers have an aggressive
growing nature, they may reveal bulging shape with
pushing borders. Rim enhancement may be due to
tumor necrosis. Uemastu T, et al. reported that a very
high intratumoral signal intensity on T2-weighted MR
images is associated with intratumoral necrosis (5). In
contrast, non-TN breast cancers were associated with
spiculated margins, due to the desmoplastic reaction of
the tumor.

Metaplastic carcinoma and medullary carcinoma
show a basal-like subtype, and they have higher
incidences in TN breast cancer (10-15). Our study
included five medullary carcinomas and one
metaplastic carcinoma in 43 TN breast cancers. The
frequency of the histologic types did not differ between
the TN breast cancers and the non-TN breast cancers.
This result may be due to the small number of TN
breast cancers evaluated.

In our study, EGFR, p53 and Ki 67 were
overexpressed in TN breast cancer. We assumed that
aggressiveness and rapid growing of TN breast cancer
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Table 3. MRI findings for the 43 Triple Negative Breast Cancer and 188 Non Triple Negative Breast Cancer Groups

Triple Negative Cancers

Non-Triple Negative Cancers

MRI Findings (n=43) (n=188) P value
Lesion Type 0.055
Mass 40 (93.0%) 152 (80.9%)
Non-mass 3(7.0%) 36 (19.1%)
Mass Shape 0.006
Round, Oval 16 (40.0%) 41 (27.0%)
Lobular 17 (42.5%) 42 (27.6%)
Irregular 7 (17.5%) 69 (45.4%)
Mass Margins 0.032
Smooth 15 (37.5%) 35 (23.0%)
Irregular 20 (50%) 69 (45.4%)
Spiculated 5(12.5%) 48 (31.6%)
Mass Enhancement 0.004
Homogeneous 2 (5.0%) 10 (6.6%)
Heterogeneous 13 (32.5%) 91 (59.9%)
Rim 25 (62.5%) 51 (33.5%)
Non-mass Distribution 0.614
Focal 1(33.3%) 5 (13.9%)
Segmental 2 (66.7%) 28 (77.8%)
Regional 0 3 (8.3%)
Non-mass Enhancement 0.765
Homogeneous 0 5(13.9%)
Heterogeneous 1 (33.3%) 15 (41.7%)
Stippled, Punctuate 0 2 (5.5%)
Clumped 2 (66.7%) 14 (38.9%)

related to overexpression of the markers. EGFR, a type
of cell surface receptor, is associated with cell
proliferation. EGFR has been considered as a potential
therapeutic target in TN breast cancer (16). p53 is a
tumor suppression gene that regulates cell proliferation
and apoptosis (17). p53 overexpression is an indicator
used to predict the response to anthracycline-based
chemotherapy in breast cancer. They are associated
with a poor prognosis (16-21). Ki 67 is a nuclear
antigen that appears during the proliferative phase of
the cell cycle. It is related to a high mitotic count and a
high level of cell proliferation (22-24).

Our study has limitations. First, a small number of
patients were enrolled. Further validation in a larger
study is warranted. Second, we used only
immunohistochemistry to define HER2 status. We
classified the HER2 2+ score as positive for HER2
overexpression, without considering the results of
fluorescence in situ hybridization (FISH). However, the
definition of HER2 status in TN breast cancer remains
controversial. Third, inter-observer variability in the

assessment of BI-RADS-based MRI findings was not
considered in the present study. However, two
radiologists reached a consensus in the evaluation of
the MRI findings.

In conclusion, TN breast cancer occurred in elderly
women. On MRI, rim enhancing mass with round or
oval or lobular shape is favorable to TN breast cancer
rather than non-TN breast cancer. It may be due to
aggressive histologic behavior of TN breast cancer.
MRI finding may be helpful for planning treatment and
prediction prognosis in triple negative and non-triple
negative breast cancer patients.
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