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Abstract

Introduction: Breast cancer is the commonest female malignancy in Malaysia and other
countries the world. All races are affected in Malaysia and breast cancer comprised 30.4% of
all newly diagnosed cancer cases. A women in Malaysia has a 1 in 19 chances of getting breast
cancer in her lifetime. The Age Standardized Rate (ASR) of female breast cancer in Malaysia is
52.8 per 100,000 people and is higher than that in Singapore, Hong Kong and Shanghai, but it
is lower than that in Australia and the UK. Out of the 4,337 new cases of female breast cancer
cases reported to the National Cancer Registry of Malaysia in 2002, 52.3% were for women less
than 50 years old. Genetic risk factors have not been studies thoroughly in Malaysia.

Methods: We prospectively studied 55 patients with breast lumps in whom MR imaging was
performed. The T1- and T2-weighted, axial STIR, fat-suppression contrast enhanced fast spin
echo and two dimensional dynamic enhanced fast spoiled gradient-echo images were obtained.
The tumour margins and shape, enhancement pattern and time-signal intensity curves were
analysed.

Results: A total of 37 patients fulfilled the study criteria with the mean age of 43.46 +11.99
years (age ranged 21-70). There were 23 benign and 14 malignant lesions. The MR imaging
criteria suggestive of malignancy were poorly defined and spiculated margins, irregular shape,
heterogeneous and rim enhancement as well as type II and III curves. On the other hand, the
criteria for a benign breast lesions were well-defined margin, regular and lobulated shape, none
or homogeneous enhancement and type I curve. Only the malignant lesions are characterised by
skin, retroareolar, nipple and pectoralis muscle involvement.

Conclusion: MR imaging is a valuable complementary breast imaging tool to further evaluate
equivocal findings on conventional x-ray mammography. A combination of lesion morphology
and enhancement characteristics is useful in distinguishing benign from malignant lesions.
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Introduction

Breast cancer is the commonest female malignancy in
Malaysia and other countries the world. All races are
affected in Malaysia and breast cancer comprised 30.4%
of all newly diagnosed cancer cases. A women in Malaysia
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has a 1 in 19 chances of getting breast cancer in her lifetime.
The Age Standardized Rate (ASR) of female breast cancer
in Malaysia is 52.8 per 100,000 people and is higher than
that in Singapore, Hong Kong and Shanghai, but it is lower
than that in Australia and the UK. Out of the 4,337 new
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cases of female breast cancer cases reported to the National
Cancer Registry of Malaysia in 2002, 52.3% were for
women less than 50 years old. Genetic risk factors have not
been studies thoroughly in Malaysia. Women in Malaysia
present with larger tumors and at later stages than women in
the US. Certain health beliefs, lack of correct information,
and inadequate health care facilities are a barrier to routine
early detection and treatment of the disease. There is in
addition no mass screening program for breast cancer in
Malaysia.

At present, conventional x-ray mammoraphy and clinical
breast examination are the current standard measures for
breast cancer screening and initial evaluation of breast
signs and symptoms. The combination of conventional
x-ray mammography and clinical breast examination
has a moderate sensitivity and high specificity for breast
cancer. Conventional x-ray mammography, which is
readily available, relatively inexpensive and suited for
microcalcification detection, remains the primary imaging
modality for breast evaluation. However, detection of
lesions at conventional x-ray mammography depends on
many factors: the technical quality of the mammograms,
the contrast between the lesions and adjacent normal
breast parenchyma and the experience of the readers.
Approximately 5-15% of palpable breast cancers are not
detected with mammography. This means some cancers
goes undetected at conventional x-ray mammography in
early stage resulting in delay in diagnosis and treatment.
Despite several technical advances affecting the actual data
acquisition as well as film processing, several limitations of
mammography remains well documented. These includes
difficulties in assessing dense glandular breast tissue,
regions located close to the chest wall or within axilla,1
breast implants and post operative changes.

Mammography tends to underestimate tumour size
and multifocality. Mammography and ultrasonography
significantly underestimated tumour size by 14% and 18%
respectively 2. Multicentricity of breast cancer has been
reported at MR imaging in a substantial number of patients
whose mammograms otherwise showed unifocal disease 3,
4, 5. These limitations have stimulated exploration into
alternative or adjunctive imaging modalities to improve
lesion detection and characterisation.

MR imaging of the breast is emerging as a very powerful
technique for detection, diagnosis and monitoring of
breast abnormalities. It provides better soft tissue contrast
resolution than conventional x-ray mammography and does
not require ionizing radiation. It has multiplanar imaging
capability compared to the other imaging modalities. Hence,
this improves lesion detection and characterisation. With
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improvements of breast surface coils and pulse sequences
designs, as well as the increased use of gadolinium based
contrast agents, breast MR imaging has rapidly evolved in
recent years. The early success of contrast enhanced MRI
has lead to considerable enthusiasm about its potential
clinical impact. In particular, it has been suggested that
MRI may be helpful in further evaluating patients that have
abnormal mammograms, especially for the women with
breast cancers who desire breast conservation therapy than
mastectomy.

Methods

This prospective study was carried out in the Dept. of
Radiology, Hospital Universiti Sains Malaysia (HUSM),
Health Campus, Universiti Sains Malaysia, Kubang
Kerian, Kelantan, Malaysia. A total of 55 patients who
presented with breast lump were included in the study for
MR imaging examination of the breast.

Inclusion criteria
1. Patients of all age and ethnic groups.
2. No contraindication to MR examination.

3. Cytology/histopathologically confirmed benign or
malignant breast diseases.

4. Patient consented for examination.
Exclusion criteria
1. Patient with pregnancy.

Out of 55 patients 18 were excluded from the study due to
lack of cytology/histopathology confirmation results.

MR imaging protocol

MR imaging was performed using 1.0-Tesla whole body
MR system (GE Signa Horizon LX, Milwaukee, US) using
a circular-polarised body coil for RF transmission and
dedicated double-breast coil for RF detection. All patients
were imaged in the prone position. No compression device
was used. An intravenous canula was inserted prior to the
examination. It was connected to the long tube to allow
the injection of contrast medium from outside the bore of
the magnet. After the acquisition of a precontrast scan,
gadopentetate dimeglumine (Magnevist; Schering) was
injected manually as a bolus dose of 0.10mmol/kg followed
by 10ml of saline flush. During the injection dynamic scan
was acquired.

MR imaging sequences were performed based on our
department protocols. There were sagittal T1-weighted
fast spin-echo (TR/TE, 500-600/10-15 msec), sagittal T2-
weighted fast spin-echo (TR/TE, 3600-4300/99-101 msec),
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axial T1-weighted fast spin-echo (TR/TE, 500-600/10-15
msec), axial STIR (TR/TE, 4000-6000/12-13 msec; TI,
140-150 msec), two-dimensional, dynamic enhanced,
fast spoiled gradient-echo (FSPGR TR/TE, 150/3.0-4.0
msec; flip angle, 90 degree) and contrast-enhanced axial
and sagittal T1 weighted fat suppression fast spin-echo.
The dynamic series lasted for six minutes. This consisted
of dynamic images before and after the rapid bolus of
intravenous gadopentetate dimeglumine injection.

All MR imaging studies were assessed by a radiologist with
knowledge of clinical findings but blinded to the cytology/
histopathology results. The number, border (well-defined,
ill- defined, spiculated), shape (regular, irregular, lobulated),
size (maximal diameter) and enhancement pattern
(homogenous, heterogeneous, rim) of all the lesions were
evaluated. The signal-time curve was obtained in suspicious
breast lesions using the ‘Functool’ program installed in the
Advantage Window workstation (GE Medical Systems,
US). It was to depict the lesions’ enhancement behaviour in
the early, intermediate and late post-contrast periods. The
signal-time curves were then classified as steady (type I),
plateau (II) or washout (type III) as shown in Figure 1.6

Type I — straight or curved.

There is a monotonic increase in signal intensity during a 6
minutes examination.

Type 11 — plateau.

There is an initial upstroke, after which enhancement is
abruptly cut off and the signal intensity plateaus in the
intermediate and late postcontrast period.

Type III — washout.

There is an initial upstroke, after which enhancement is
abruptly cut off and the signal intensity decreases in the
intermediate postcontrast period.

Signal intensity

Type I (steady)  Type II (plateau) Type III (washout)

Fig. 1. Schematic drawing of time-signal intensity curves
in contrast enhancement kinetics and their classification.

The study design and protocol were reviewed and
approved by the USM Health campus research and ethical
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committee.
Statistical Analysis

Statistical analysis was done using SPSS for Windows
version 9.0 software and Intercooled Stata 7.0 program.
The sociodemographic data was analysed using descriptive
analyses. The student t test for independent samples was
applied to check for a statistically significant difference
between the age group and size of benign and malignant
lesions. In univariate analysis, the associations between the
various MR imaging parameters and time-signal intensity
curve type and cytology/histopathology were determined.
The chi-square test was used for the univiarate analysis.
For all the tests, a P-value of less than 0.05 was taken as
significant level. The significant parameters were analysed
for sensitivity, specificity, positive predictive value,
negative predictive value and overall accuracy. The null
hypotheses were: there is no correlation between the MR
features of breast lesions and cytology/histopathology
results and there is no correlation between the enhancement
characteristics and cytology/histopathology results.

Results

Actotal of 37 patients included in the study, 23 had benign and
14 had malignant breast lesions. The mean age for patients
with benign and malignant groups was 40.26 £10.31 years
and 48.71 *13.1 years, respectively. Independent t test
revealed no statistical significance in the mean age for these
two groups (p-value of 0.298). When age distribution was
further subgrouped into below and above 50 years of age,
82.6% of patients with benign breast lesions were below 50
years age. Four patients were 50 years and above, whereas
for the patients with malignant lesions, they were equally
distributed in these two age groups. Three patients (8.1%) on
hormone replacement therapy were accounted in the study.
The duration of hormone replacement therapy was one to
six years. Two had benign and one had malignant breast
lesions. Analysis based on chi square test showed there was
no statistically significant correlation between the family
history of breast cancer or hormone replacement therapy
and cytology/histopathology results. Table-1. showed the
lesions detected on MR imaging, 23 (62.2%) were benign
and 14 (37.8%) malignant. Of these benign breast lesions,
12 fibroadenomas, 6 fibrocystic changes and 5 were breast
cysts. The malignant lesions were mainly infiltrating ductal
carcinomas. Only one aprocine carcinoma encountered. No
DCIS was found in this study.

Journal of Institute of Medicine, August, 2012; 34:2 28-37



MR features in benign and malignant breast lesions

Table 1: Breast lesions.
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Frequency Total

Fibroadenoma

Benign Fibrocystic changes
Cyst
Infiltrating ductal
carcinoma
Malignant
Apocrine carcinoma
All the diagnosis were proven by cytological

examination. Only nine of them were then reconfirmed by
histopathology.

Majority of malignant lesions were found in the upper outer
quadrant and retroareolar region which account for 35.7%.
This was followed by upper inner (21.4%) and lower outer
(7.1%) quadrant. For benign lesions, the commonest site
was upper outer quadrant with least common site in the
lower inner quadrant. Majority of the malignant lesions
exhibited either spiculated (57.1%) or poorly defined
(35.7%) margins (Fig. 2).

Fig. 2: Contrast-enhanced MR image
showing a spiculated breast lesion.

Only 1 lesion demonstrated well-defined border. Most of
them were irregular in shape. All these lesions were of
low signal intensity on T1-weighted image. The signal
intensity on T2WI were variable, 9 of the 14 lesions
were highly intense while the others were of low signal
intensity. However all these lesions were highlighted on
STIR sequences. Thirteen lesions (92.9%) characterised by

WWW.jiom.com.np

12 (52.2%)
6 (26.1%) 23
5(21.7%)
13 (92.9%)
14

1(7.1%)

heterogeneous enhancement pattern following intravenous
contrast administration whereas the other lesion
demonstrated rim enhancement pattern.

All benign lesions were characterised by well-defined
border (Fig. 3).

Fig. 3: T1-weighted MR image
showing a well-defined breast lesion.

They were either regular (73.9%) or lobulated (26.1%) in
shape. None of them had irregular outline. They were of low
signal intensity on T1-weighted images and 78.3% were
highly intense on T2-weighted images. Four lesions were
isointense while one was hypointense to the fibroglandular
tissue on T2-weighted images. Like malignant lesions,
they were highlighted on STIR sequences.

Homogenous enhancement pattern was seen in 16 out of 23
lesions (Fig. 4).
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Fig. 4: Contrast-enhanced MR image
showing a homogenous enhancing
breast lesion.

Six lesions were not enhanced and only one had
heterogeneous enhancement pattern. The non-enhancing
lesions were confirmed as fibrocystic changes and breast
cysts while the heterogeneous enhancing lesion were
proven breast cyst with highly dysplatic cells. None of the
benign lesions showed rim enhancement pattern. There
were three lesions where dynamic study was not performed.
Hence, only time-signal intensity curve of 34 lesions were
evaluated. The shape of the time-signal intensity curves of
benign and malignant lesions differed significantly. (Table.
2)

Table 2: Correlation between type of time-signal intensity
curve and breast lesions.

Time-signal
t=3

Benign Malignant Total

intensity curve

No enhancement 4 (20.0%) 0 4
Type I 16 (80.0%) 1 (7.1%) 17
Type 1T 0 2 (14.3%) 2

Type IIT 0 11 (78.6%) 11
Total 20 14 34

Fig. 5: Contrast-enhanced MR image
showing a mass with internal septation.
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Neither malignant nor other benign lesions demonstrated
internal septation. Similar to the necrosis, the involvement
of skin, retroareolar, nipple (Fig. 6) and pectoralis muscle
were demonstrated exclusively in the malignant lesions
only. Therefore, presence of these structures were suggestive
of a malignant breast lesion. All cytology/histopathology
proven benign lesions did not establish these features.

Fig. 6: Contrast-enhanced MR
image showing nipple retraction and
thickened skin.

Using cytological/histopathological examination as the
gold standard, the sensitivity, specificity, predictive value
and accuracy of border, shape, enhancement patterns and
time-signal intensity curves were analysed.

The MR imaging criteria suggestive of malignancy were
poorly defined and spiculated margin, irregular shape,
heterogeneous and rim enhancement as well as type I and
III curves. On the other hand, the criteria for a benign breast
lesion were well-defined margin, regular and lobulated
shape, no or homogenous enhancement and type I curve.
Hence the following diagnostic indices were derived for
each individual parameter.

Among the evaluated variables, the feature with highest
sensitivity was enhancement pattern (100%) and the
lowest sensitivity was the shape of the mass (85.7%). The
specificity was 100% for all the criteria except enhancement
pattern.

The spiculated margin, irregular shape and type II and
III curves were characteristic of a malignant lesion with
PPV of 100%. Well-defined margin, regular and lobulated
shape, no or homogenous enhancement and type I curve
were highly predictive of benign disease. The NPV were
95.8%; 92.0%; 100% and 95.2% respectively. Overall
accuracy based on the tumour margin, shape, enhancement
pattern and time-signal curve was 97.3%, 94.6%, 97.3%
and 97.0% respectively (Table. 3).
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Table 3: Diagnostic indices for MR parameters.

Parameters

Sensitivity (%)

Specificity (%)

33

PPV (%) NPV (%) Accuracy (%)

Border 92.8 100
Shape 85.7 100
Enh t
nhancemen 100 95.6
pattern
Ti intensit
ime intensity 9.8 100
curve
Discussion

Sixty percent of breast cancers are found in the upper and
outer quadrant of breast. This is followed by upper inner,
lower outer and lower inner quadrant. Similar findings were
also found in our study whereby benign and malignant
lesions involved upper outer quadrant most commonly. In
this study, the margin, shape and size of the lesions were
analysed. Generally benign lesions were well-defined and
regular in outline. They were smaller in size as compared to
malignant lesions. In contrast, malignant lesions revealed
either poorly defined or spiculated margin and irregular
shape. These findings support several previous studies. Orel
et al 7 identified fifteen of sixteen carcinomas exhibited
at least partially irregular borders. Nunes et al reported
absence of a lesion at MR imaging, smooth masses,
lobulated masses with non-enhancing internal septation,
and lobulated masses with minimal or no enhancement had
high negative predictive value. Enhancing irregular masses
and enhancing spiculated masses without septation were
almost always malignant 8,9,10, 11. We observed presence
of internal septation in 4 of 12 fibroadenomas. This
morphologic characteristic was seen only in fibroadenomas
and not found in other benign or malignant lesions. Similar
finding was also documented in the studies by Orel & Nunes
etal 7,9,10. However, Nunes et al. reported presence of non-
enhancing internal septations in an irregular and spiculated
mass did not reflect benignity. Three septated irregular
masses in his study were confirmed histopathologically as
intraductal papillary carcinoma, colloid carcinoma with
DCIS and fibrocystic change 11.

In our study, all benign and malignant lesions were identified
as low or intermediate signal on T1-weighted images and
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100 95.8 973
100 92.0 94.6
93.3 100 97.3
100 95.2 97.0

high signal on STIR sequence. The signal intensity on T2-
weighted images was variable. Eighteen (78.3%) of 23
benign lesions demonstrated high signal intensity and 5
exhibited either low or intermediate signal intensity on T2-
weighted images. A large proportion of malignant lesions
(64.3%) were highly intense and 5 (35.7%) exhibited low
signal on T2-weighted images. The reason for the variability
of signal intensity on T2-weighted images was not entirely
clear. The lesions that had low signal intensity on both
T1- and T2-weighted images were difficult to detect for
precontrast tumour localization. In general, lesions in fatty
involution breast were easier to be identified. Statistical
analysis revealed significant correlation between different
signal intensity on T2-weighted images and cytology/
histopathology results. This finding contradicted to a
report by Liberman L et al. where he has concluded that
signal intensity on T2WI was not a significant predictor for
malignancy 12. Buadu at el. also documented unenhanced
MR imaging was inadequate for lesion detection and
characterisation13. All malignant lesions demonstrated
either heterogeneous (92.9%) or rim (7.1%) enhancement
pattern in this study. In contrast, benign lesions exhibited
homogenous or no enhancement except one lesion revealed
heterogenous enhancement. These were in agreement with
many previous studies 3,7,14. However, majority of the
malignant lesions were infiltrating ductal carcinoma and
further study is needed to assess the enhancement pattern in
lobular carcinoma, invasive lobular carcinoma and DCIS.

There was significant difference in the dynamic
enhancement as represented by the time-signal intensity
curves for benign and malignant enhancing lesions. In breast
cancers, plateau (14.3%) or washout (78.6%) time course
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prevail. In contrast, benign enhancing lesions exhibited
steadily progressive signal intensity time courses. Other
studies have revealed the similar findings 6. However,
some researchers found that there were overlapping in
enhancement between benign and malignant lesions 7,13,
15. The rate of contrast enhancement may be related to the
degree of vascularisation of a tumour than to malignancy
or benignity. This was supported by the fact that malignant
lesions had higher vessel densities than benign lesions
13,16.

Review articles showed several empiric measurements of
enhancement had been used by other studies. Kaiser and
Zeitler has classified a lesion as suspicious if the lesion
demonstrated a 100% increase in signal intensity within
first two minutes after contrast agent injection 15. Gilles et
al. defined enhancement concomitant with early vascular
enhancement as suggestive 17. Boetes et al. defined
enhancement within 11.5 seconds after aortic enhancement
as suggestive 18. Kuhl et al. classified a lesion as suspicious
if it demonstrated a greater than 60% increase in signal
intensity that was apparent on the first contrast-enhanced
images 6,19. Kuhl et. al. achieved a lower specificity of
37% when they used enhancement rate alone as the criterion
as compared to the shape of the signal intensity time course
curve where they achieved specificity of 83% 6.

It is becoming increasingly clear that while most
investigators have used either enhancement kinetics or
morphological appearances in an attempt to differentiate
benign enhancing lesions from enhancing breast cancers,
an integrated interpretation strategy where the combined
enhancement kinetics data and morphologic feature
analysis may be superior than the use of either method
alone 20,21. Malignant lesions identified in this study,
were mainly infiltrating ductal carcinoma confirmed by
cytology or histopathology. Due to small sample size, no
DCIS was found in this study. Thus the sensitivity of MRI
in detecting DCIS in this study cannot be evaluated.

Waurdinger et al. had reported 5 of 41 carcinoma in situ were
missed even after re-evaluation 22. This was attributed to
none or late contrast enhancement. Kaiser et al. reported
20% of lesions were detected only because of the tumour
enhancement 15. Among 36 women with DCIS, Gilles et
al. demonstrated 2 cases with comedo-type without early
contrast enhancement 23. Orel et al. also documented 3
cases of DCIS were not identified on MR imaging as there
was neither microcalcifications nor abnormal enhancement
7. Liberman et.al. reported a washout kinetic pattern in
70% of infiltrating carcinoma but only in 9% of DCIS
lesions. The lower frequency of washout in DCIS may
attribute to differences in vascularity between in situ and
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invasive cancers. They identified most malignant masses
were infiltrating carcinoma, whereas most malignant non
mass lesions were DCIS 12.

Neubauer et al. studied on the high grade and non-high grade
DCIS and found that unilateral segmental enhancement
to be the most commonly seen and most striking feature
of DCIS (82%), usually combined with a granular dotted
pattern, M2 (73%). However, linear or linear-branched
enhancement was not found in his study. He concluded that
a normal MR imaging may exclude high grade DCIS 24.
Secondary signs of carcinoma were well identified on MR
imaging. The enhancement characteristics of the nipple
and retroareolar region were considered abnormal when
the signal intensity of the nipple and retroareolar region
exceeded that of the normal breast parenchyma following
intravenous contrast administration5. We observed the
involvement of skin, retroareolar, nipple and pectoralis
muscle were demonstrated exclusively in the malignant
lesions only. Therefore presence of these structures
involvement suggestive of a malignant breast lesion. These
are important for preoperative evaluation of breast cancer,
especially for posterior and retroareolar located breast
cancer. Having said that, malignant lesions can not virtually
be excluded if there is absence of such findings.

Several studies have demonstrated that MR imaging
can offer more accurate determination of tumour extent
5,25,26. Potential clinical indications include staging
newly diagnosed breast cancer before excisional biopsy,
identifying the extent of residual disease following
excisional biopsy where the tumour is identified at the
margin of resection and identifying a mammographically
and clinically occult primary breast cancer in patients
presenting with metastatic axillary node from an unknown
primary 27. Conrad et al. reported that MR mammography
changed the surgical procedure offered in more than half
of the patients (19 of 37) 28. The sensitivity, specificity,
PPV, NPV and accuracy were very high for each evaluated
variables in this study. The sensitivity ranged from 85.7
to 100%; specificity 95.6 - 100%; PPV 93.3 — 100%;
NPV 92.0 — 100%; accuracy 94.6 — 97.3% for the criteria
evaluated. This could be due to the patient selection
criteria where only cytology/histopathology proven breast
masses, either benign or malignant, were included in our
study. The presented malignancies were mainly infiltrating
ductal carcinomas. Chronic granulomatous mastitis and
lactational changes were excluded from this study. Patient
referral biasness might also contribute to these favourable
results.

Review of the literature yields a wide range of results,
with reported specificities ranging from 37% to 97%
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3,15,18,29,30. Although MR imaging has demonstrated
variable specificity, the demonstration of invasive breast
cancer has approached 100% in several series 3,7,15,17,18.
The invasive cancers in these studies have predominantly
been invasive ductal carcinoma. In terms of the sensitivity
of MR imaging for detection of invasive lobular carcinoma,
relatively few studies has been published 31,32,33.
Weinstein et al.described a spiculated or irregular mass,
regional or multifocal contrast enhancement and regional
enhancement with architectural distortion on MR imaging in
18 women with infiltrating lobular carcinoma 32. Qayyum
et al. found 3 basic patterns of infiltrating lobular carcinoma
on MR imaging. The commonest pattern was of multiple
enhancing foci with either connecting enhancing strands or
non enhancing intervening tissue. The other patterns were
a solitary mass with irregular margin and enhancing septa
only 33. Although MRI appears to be highly sensitive for
the detection of breast cancer, the actual false negative rate
of MR imaging is currently unknown. There have been
reports of false negative cases on MR imaging, including
cases of invasive lobular carcinoma, tubular carcinoma and
DCIS 3,17,22,34.

Conclusion

A combination of lesion morphology and enhancement
characteristics is useful in distinguishing benign from
malignant lesions. The significant MR variables were lesion
margin and shape, enhancement patterns and time-signal
intensity curves. The poorly defined and spiculated margin,
irregular shape, heterogeneous and rim enhancement,
plateau (type II) and washout (type III) time-signal intensity
curves were associated with malignancy. In contrast,
well-defined border, regular shape, non or homogenous
enhancement and type I time-signal intensity curve were
highly suggestive of benign lesions. Internal septation was
associated with fibroadenoma. MR imaging is a valuable
complementary breast imaging tool to further evaluate
equivocal findings on conventional x-ray mammography.
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