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Neoadjuvant chemotherapy for breast
cancer: correlation between the baseline
MR imaging findings and responses

to therapy

Abstract Objective: To retrospec-
tively evaluate the magnetic reso-
nance (MR) imaging findings of
breast cancer before neoadjuvant
chemotherapy (NAC) and to compare
findings of chemosensitive breast
cancer with those of chemoresistant
breast cancer. Methods: The MR
imaging findings before NAC in 120
women undergoing NAC were
reviewed. The MR imaging findings
were compared with the pathological
findings and responses. Results: A
complete response (pCR) and marked
response were achieved in 12 and
35% of 120 breast cancers in 120
women respectively. Breast cancers
with a pCR or marked response were
classified as chemosensitive breast
cancer. The remaining 64 breast can-
cers (53%) were classified as chemo-
resistant breast cancer. Large tumour

size, a lesion without mass effect, and
very high intratumoural signal intensity
on T2-weighted MR images were sig-
nificantly associated with chemoresist-
ant breast cancer. Lesions with mass
effect and washout enhancement pat-
tern were significantly associated with
chemosensitive breast cancer. Areas
with very high

intratumoural signal intensity on T2-
weighted images corresponded patho-
logically to areas of intratumoural
necrosis. Conclusion: Several MR
imaging features of breast cancer
before NAC can help predict the
efficacy of NAC.

Keywords Breast cancer -
Chemotherapy - Neoadjuvant
therapy - Magnetic resonance
imaging - Response

Introduction

The use of neoadjuvant chemotherapy (NAC) has become
the standard treatment of breast cancer, especially locally
advanced breast cancer. Breast imaging techniques are
important both for early identification of non-responders
and for more accurate assessment of residual tumours at
the termination of NAC in determining the surgical course
of action. Some reports indicate that magnetic resonance
(MR) imaging is the most effective technique for assess-
ing residual disease [1-5] and monitoring tumour response
[4-7]. However, the main concern may be a delay
between the MR imaging findings and the treatment
response of NAC. If it were possible to predict who will
respond and who will have a relapse based on the baseline

MR imaging characteristics, then the baseline MR imag-
ing findings would yield data that could assist in both the
pre-treatment planning and the prognosis, as well as in
providing an effective non-invasive imaging technique.
Previous studies have demonstrated correlations between
the initial morphological patterns of breast tumours in
baseline MR imaging and their likelihood of response to
NAC [8-10]. The Breast Imaging Reporting and Data
System (BI-RADS) MR imaging lexicon has been devel-
oped to standardise breast MR imaging terminology [11].
Nonetheless, no study has addressed the correlations between
the MR imaging findings of breast tumours at baseline using
the BI-RADS lexicon and their likelihood of response to
NAC. This study was undertaken to retrospectively evaluate
the MR imaging findings of breast cancer before NAC, using
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terminology defined in the BI-RADS MR imaging lexicon,
and to compare those of chemosensitive breast cancer with
those of chemoresistant breast cancer.

Materials and methods
Patients

The study protocol was approved by the institutional
review boards. All patients provided their written informed
consent to undergo the NAC protocol, and separate consent
for the review of their medical records, files and images.
The eligibility criteria were as follows: patients with
histopathologically confirmed breast cancer >3 cm in
diameter or with histocytologically confirmed axillary
lymph node involvement who underwent NAC from
December 2005 to December 2008, who had undergone
baseline MR imaging and who underwent surgery after
completing NAC. In the analysis, 120 patients (mean age
53 years, range 28—75 years) met the criteria to be included.
No data were excluded from the analysis.The patient
characteristics, including age, pre-treatment tumour size,
histological type, histological tumour grade, receptor status
[oestrogen (ER), progesterone (PR) and human epidermal
growth factor receptor 2 (HER-2)], intratumoural necrosis
positivity, and nodal status are listed in Table 1. One of the
four metaplastic carcinomas was determined to be a matrix-
producing carcinoma.

All diagnostic interventions were performed after the
MR examination to avoid confounding features such as
haemorrhage.

Table 1 Patient characteristics (n=120)

Value

53 (28-75)
44.6 (14-130)

Characteristic

Age (years)
Tumour size (mm)
Histological type

Invasive ductal carcinoma 97 (81)
Invasive lobular carcinoma 7 (6)
Invasive micropapillary carcinoma 7 (6)
Metaplastic carcinoma 4 (3)
Apocrine carcinoma 2 (1.5)
Tubular carcinoma 2 (1.5)
Mucinous carcinoma 1 (1)
Histological grade

Low 13 (11)
Moderate 55 (46)
High 52 (43)
Receptor status

ER positivity 70 (58)
PR positivity 50 (42)
HER-2 positivity 33 (28)
Triple-negative cancer rate 26 (22)
Intratumoural necrosis positivity 18 (15)
Axillary lymph node positivity 115 (96)

Age and tumour size are means (range). All other data are numbers of
patients (percentages)

ER Oestrogen receptor, PR progesterone receptor, HER-2human epidermal
growth factor receptor 2

Neoadjuvant chemotherapy

Fifty-five patients received a combination of epirubicin
and cyclophosphamide followed by docetaxel, 23 patients
received a combination of epirubicin and cyclophospha-
mide followed by paclitaxel and trastuzumab, 18 patents
received a combination of 5-fluorouracil, epirubicin and
cyclophosphamide followed by docetaxel, 14 patients
received a combination of epirubicin and cyclophospha-
mide followed by paclitaxel, and 10 patients received a
combination of epirubicin and cyclophosphamide accord-
ing to standard protocols in use at the time. Trastuzumab
was administered to 23 patients who had HER-2-positive
tumours, however, 9 HER-2-positive patients did not
receive trastuzumab because they began therapy before
trastuzumab was introduced.

MR imaging technique

Magnetic resonance examinations were performed with the
patients in the prone position using a 1.5 T Gyroscan Intera
(Philips Medical Systems, Best, the Netherlands) with
breast-surface coils. A localising sequence was followed by
sagittal fast-spin echo T2-weighted imaging (TR/TE 5056/
90, ETL 15, matrix 158 x320) with fat suppression (spectral
presaturation inversion recovery, SPIR) of the affected
breast. Other parameters were field-of-view 18 cm, section
thickness 4 mm, interslice gaps 0.8 mm. This examination
was followed by a dynamic study of the affected breast,
consisting of serial imaging of a three-dimensional sagittal
turbo-field echo T1-weighted sequence (TR/TE 11/5.4, flip
angle 20, matrix 143 x256) with fat suppression (principle
of selective excitation technique, ProSet). The parameters
were field-of-view 18 cm and section thickness 2-mm slices
were interpolated to 1 mm. Gadopentetate dimeglumine
(Magnevist; Bayer Healthcare Pharmaceuticals) was
administered as a bolus intravenous injection (2 ml/s) at a
dose of 0.1 mmol/kg body weight followed by a 20-ml
saline solution flush. One pre- and three post-enhancement
images were acquired over a period of 6 min after
intravenous injection.

Interpretation of MR findings

Magnetic resonance images in 120 patients with 120
breast cancers were randomised and independently
reviewed using the BI-RADS MR lexicon (11) by two
radiologists (T.U. and S.Y., who have 9 and 13 years of
breast MR imaging experience respectively) without
knowledge of the clinicopathological findings. If different
BI-RADS assessment categories were assigned by the two
readers, then a consensus was reached after discussing the
findings. The morphology and kinetics at MR imaging
were evaluated for all lesions following the BI-RADS MR
lexicon. In addition, the intratumoural signal intensity of
the tumour was visually evaluated on fat-suppressed T2-
weighted MR images. A visual evaluation determined
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whether the intratumoural signal intensity was stronger
and almost the same as water or vessels (very high). The
radiologist (T.U.) placed regions of interest to evaluate the
enhancement pattern that was demonstrative of the higher
visual enhancement on an interactive workstation for the
time-signal intensity curves. Time-signal intensity curve
patterns were categorised into three types (persistent,
plateau, or washout pattern) on the images obtained
during the last three phases of contrast-enhanced dynamic
imaging according to the BI-RADS MR guidelines [11].
In addition, the tumour size was measured at the longest
diameter. The tumour location was also recorded. The
disease extent type was classified into the following three
types: unifocal type was defined when only one malignant
focus was found in the breast, multifocal type was defined
when more than one malignant focus was shown in the
same quadrant, and multicentric type was defined when
more than one malignant focus was shown in more than a
single quadrant. A composite measurement of all tumours
was taken when multifocal tumours were observed over a
large area. When multicentric tumours were observed, the
MR imaging findings of the largest tumour were recorded.

Pathological examination

Samples for histopathological examination were prepared
by making serial 5-mm slices of breast-conserving
surgical specimens and 5- to 10-mm slices of mastectomy
specimens according to the technique of Egan [12]. All
surgical specimens were sliced perpendicular to an
imaginary line from the nipple to the axilla. Histological
diagnoses were made by one pathologist (M.K.) with
16 years’ experience in breast histology. The histological
therapeutic effects were determined according to the
criteria established by the Committee for Production of
Histopathological Criteria for Assessment of Therapeutic
Response of the Japanese Breast Cancer Society [13]. The
histological therapeutic effect was classified in one of four
categories: grade 0, no response, almost no change in cancer
cells after treatment; grade 1, slight response, mild changes

in cancer cells regardless of the extent, and/or marked
changes in less than one-third of cancer cells or marked
changes in one-third or more but less than two-thirds of
cancer cells; grade 2, marked response, marked changes in
two-thirds or more of tumour cells with apparent remaining
cancer cells or marked changes approaching a complete
response with only a few remaining cancer cells; grade 3,
complete response, necrosis and/or disappearance of all
tumour cells, and/or the replacement of cancer cells by
granulation and/or fibrosis [13]. Breast cancer was divided
into two types according to the histological therapeutic
effects: chemosensitive breast cancer was defined when the
histological therapeutic effect was evaluated as grade 2 or 3;
and chemoresistant breast cancer was defined when the
histological therapeutic effect was evaluated as grade 0 or 1.

Immunohistochemical analyses for ER (1D5, DAKO,
Carpinteri, CA, USA), PR (pGR636, DAKO) and HER2
(HercepTest, DAKO) were performed by using the DAKO
autostainer (Glostrup, Denmark). The status of each receptor
was considered to be negative if the expression was less than
10%, and positive if the expression was 10% or greater. The
results for HER2 expression by immunohistochemical
analysis were scored as negative, 1+, 2+ or 3+, according to
the manufacturer’s recommendations. Specimens with a score
of negative or 1+ were considered HER2-negative. HER2/
chromosome 17 FISH was performed using Vysis PathVysion
(Abbott, Downers Grove, IL, USA) and Histra (JOKOH,
Tokyo, Japan) on tumours in which the immunohistochemical
analysis score was 2+. The correlation between the histo-
logical and the MR findings was examined by the radiologists
(T.U. and S.Y.) and pathologist (M.K.) in all cases.

Statistical analysis

The chi-squared, Fisher’s exact and Student’s #-tests were
used to compare the MR findings between chemosensitive
breast cancer and chemoresistant breast cancer. All
analyses were performed using the SPSS 11.0 statistical
software package (Chicago, IL, USA), with a value of P<
0.05 considered to be significant.

Table 2 Correlation of MR imaging morphological descriptors with histology and receptor status

Characteristic

Lesions with mass effect (n=85)

Lesions without mass effect (n=35)

Histological type

Invasive ductal carcinoma 70 (72) 27 (28)
Invasive lobular carcinoma 3 (43) 4 (57)
Invasive micropapillary carcinoma 4 (57) 3 (43)
Metaplastic carcinoma 4 (100) 0 (0)
Apocrine carcinoma 1 (50) 1 (50)
Tubular carcinoma 2 (100) 0 (0)
Mucinous carcinoma 1 (100) 0 (0)
Receptor status

ER positivity 41 (59) 29 (41)
PR positivity 27 (54) 23 (46)
HER-2 positivity 25 (78) 7 (22)

Values are numbers of patients (percentages). Percentages reflects the proportion of numbers with each characteristic that were with or without mass effect

ER Oestrogen receptor, PR progesterone receptor, HER-2human epidermal growth factor receptor 2
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Table 3 Histological therapeutic effects (n=120)

Effect Number (percentage)
Chemoresistant

Grade 0 0 (0)

Grade 1 64 (53)
Chemosensitive

Grade 2 42 (35)
Grade 3 14 (12)

Grade 0 No response, grade 1 slight response, grade 2 marked response,
grade 3 complete response

Results
Histology, hormone receptor status and MR imaging descriptor

Women with invasive ductal carcinoma were more likely
to have a lesion with mass effect on MR images than
women with invasive lobular carcinoma, although this
tendency was not significant (P=0.192; Table 2).

Histological therapeutic effect

The histological therapeutic effects showed chemosensitive
breast cancer and chemoresistant breast cancer in 47% (56/
120) and 53% (64/120; Table 3) of patients respectively. The
characteristics of patients with chemosensitive breast cancer
and chemoresistant breast cancer are listed in Table 4. There
was no age-related bias between the groups. There was no
association of disease extent type, histological grade, axillary
lymph node positivity and triple-negative breast cancer with
chemosensitive breast cancer and chemoresistant breast
cancer. The mean tumour size in women with chemoresistant
breast cancer was significantly larger than that in women
with chemosensitive breast cancer.

Lesion type on MR imaging and histological therapeutic effect
The lesions with mass effect (Fig. 1) on MR images were

significantly associated with chemosensitive breast cancer
(P=0.032; Table 5). Most of the chemosensitive breast

cancers showed the lesions with mass effect on MR
images (80%). The MR images of the remaining 11
lesions without mass effect consisted of nine segmental
(16%), one focal (2%) and one ductal (2%) non-mass-like
enhancements. The chemoresistant breast cancer group
showed 40 lesions with mass effect (63%), 23 (36%)
segmental lesions without mass effect (Fig. 2) and 1 (2%)
focal lesion without mass effect.

MR findings of lesions with mass effect

A washout enhancement pattern (P=0.014) was significantly
associated with chemosensitive breast cancers (Table 5).
Very high intratumoural signal intensity on T2-weighted
images (P=0.003) was significantly associated with chemo-
resistant breast cancer (Table 5). Three (19%) of the 16
chemoresistant breast cancers with very high intratumoural
signal on T2-weighted images were mucinous carcinoma,
matrix-producing carcinoma and invasive ductal carcinoma
with intratumoural haemorrhage. The remaining 13 (82%)
had intratumoural necrosis. In the remaining MR findings of
lesions with mass effect, no association was observed with
any other MR imaging findings with chemosensitive breast
cancer and chemoresistant breast cancer.

MR findings of lesions without mass effect

In addition, no association was seen between MR imaging
findings of lesions without mass effect and either chemo-
sensitive breast cancer or chemoresistant breast cancer
(Table 5). Furthermore, for the lesions without mass effect,
none showed very high intratumoural intensity on T2-
weighted images.

Necrosis

Areas with very high intratumoural signal intensity on T2-
weighted images corresponded pathologically to areas of
intratumoural necrosis (Fig. 3). The rate of intratumoural
necrosis in chemoresistant breast cancer was 20%, which

Table 4 Characteristics of patients with chemosensitive breast cancer and chemoresistant breast cancer

Characteristic Chemosensitive (n=56) Chemoresistant (n=64) P value
Age (years) 52 (28-75) 54 (30-75) 0.364
Tumour size (mm) 39 (14-120) 49 (16-130) 0.029
Disease extent 0.084
Unifocal 3 (5 10 (15.5)

Multifocal 25 (45) 21 (33)

Multicentric 28 (50) 33 (51.5)

Histological grade 0.168
Non-high 28 (50) 40 (62.5)

High 28 (50) 24 (37.5)

Triple-negative cancer rate 14 (25) 12 (19) 0.407
Intratumoural necrosis positivity 509) 13 (20) 0.123
Axillary lymph node positivity 53 (95) 62 (97) 0.663

Age and tumour size are means (range). All other data are numbers of patients (percentages)
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Fig.1 Chemosensitive breast cancer of the left breast in a 46-year-
old woman. a Sagittal fat-suppressed T2-weighted MR image
(5056/90/15) shows a mass with a smooth border with relatively
higher intensity than that of the surrounding breast tissue. Sagittal

was slightly, but not significantly, higher than the 9% rate
of chemosensitive breast cancer (Table 4). Thirteen (33%)
of the 40 chemoresistant breast cancers that were lesions
with mass effect had intratumoural necrosis (Tables 4, 5).
Five (11%) chemosensitive breast lesions with mass effect
had very high intratumoural signal intensity on T2-weighted
images that corresponded pathologically to areas of intra-
tumoural necrosis (Tables 4, 5).

turbo-field echo T1-weighted image (11/5.4/20) with fat suppression
(b) and dynamic breast MR images obtained at 120 s (¢) and 360 s
(d) after the administration of gadolinium show a rapid, strong,
washout, and rim-enhancing mass with a smooth border

Discussion

Previous studies have found correlations between the
initial morphological patterns of breast tumours on base-
line MR imaging and their likelihood of response to NAC
[8-10]. However, previous studies did not use the BI-
RADS MR imaging lexicon when analysing the MR
findings. In recent years, the BI-RADS MR imaging

Table 5 Comparison of MR findings between patients with chemosensitive breast cancer and patients with chemoresistant breast cancer

Chemosensitive (n=56) Chemoresistant (n=64) P value
With mass Without mass With mass Without mass With Without
effect (n=45) effect (n=11) effect (n=40) effect (n=24) mass effect mass effect
MR findings 0.032
Mass shape 0.343 -
Round 3 (6.5) - 9 (22.5) -
Oval 17 (38) - 10 (25) -
Lobulated 12 (26.5) - 13 (32.5) -
Irregular 13 (29) - 8 (20) -
Mass margin 0.959 -
Smooth 20 (44) - 18 (45) -
Irregular 17 (38) - 14 (35) -
Spiculated 8 (18) - 8 (20) -
Internal enhancement 0.791 0.478
Homogeneous 0 (0) 0 (0) 0 (0) 0 (0)
Heterogeneous 17 (38) 8 (73) 14 (35) 14 (58)
Rim 28 (62) - 26 (65) -
Reticular/dendritic - 327 - 10 (42)
Very high intratumoral intensity on 5 (11) 0 (0) 16 (40) 0 (0) 0.003 -
T2-weighted image positivity
Initial phase enhancement kinetic descriptor 0.702 0.226
Fast 42 (93) 7 (64) 36 (90) 20 (83)
Medium 3(7) 4 (36) 3(7.5) 4 (17)
Slow 0 (0) 0 (0) 1(2.5) 0 (0)
Delayed phase enhancement kinetic descriptor 0.014 0.451
Persistent 9 (20) 5 (45.5) 9 (22.5) 7 (29)
Plateau 17 (38) 5(45.5) 24 (60) 14 (58)
Washout 19 (42) 109 7 (17.5) 3 (13)

Values are numbers of patients (percentages)
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Fig. 2 Chemoresistant breast cancer of the left breast in a 45-year-
old woman. Sagittal fat-suppressed T2-weighted MR image (5056/
90/15) shows a mass with an irregular border with equivalent
intensity to that of the surrounding breast tissue (a). Note the very
high peritumoral (outside the tumour) intensity which might reveal

lexicon has been developed to standardise breast MR
imaging terminology [11]. This study is the first full study
to demonstrate a correlation between the baseline MR
imaging and histopathological findings about their like-
lihood of response to NAC. The current study showed that
several MR findings, such as a lesion with mass effect, a
washout enhancement pattern, and very high intratumou-
ral signal intensity on T2-weighted MR images are useful
in predicting the efficacy of NAC.

Esserman et al. [8] reported that five distinct MR
imaging patterns were identified and the morphological
pattern was found to be associated with the tumour
response, with 77% of circumscribed tumours with mass
effect demonstrating a partial or complete response versus
25% of tumours of the septal spread type. The present
study showed a statistically significantly higher rate of
lesions with mass effect in patients with chemosensitive
breast cancer. Forty-five out of 56 (80%) patients with
chemosensitive breast cancer and 40 out of 64 (63%)

Fig. 3 Chemoresistant breast
cancer of the right breast in a
35-year-old woman. Sagittal
fat-suppressed T2-weighted
MR image (5056/90/15) shows
a mass with a relatively smooth
border with an area of very high
intratumoural intensity (a).
Note an area with very high
intratumoural signal intensity
that corresponded
pathologically to an area of
intratumoural necrosis. Sagittal
turbo-field echo T1-weighted
image (11/5.4/20) with fat
suppression (b) and dynamic
breast MR images obtained at
120 s (¢) and 360 s (d) after the
administration of gadolinium
show a slow, washout, and rim-
enhancing mass with a
relatively smooth border

peritumoral oedema. Sagittal turbo-field echo T1-weighted image
(11/5.4/20) with fat suppression (b) and dynamic breast MR images
obtained at 120 s (¢) and 360 s (d) after the administration of
gadolinium show a persistent segmental enhancing lesion without
mass effect (arrows)

patients with chemoresistant breast cancer had a lesion
with mass effect on MR imaging. These results are
consistent with those described in previous reports [8, 10].

The current study showed that a washout enhancement
pattern was significantly associated with chemosensitive
breast cancer. Initially rapid enhancement and a washout
pattern are generally regarded to be a malignant pattern on
breast MR imaging. Early signal enhancement with rapid
washout of intravenous contrast material correlated with
high tumour vascularity [14]. In addition, Rieber et al.
reported that chemosensitive breast cancer showed a
higher average enhancement on baseline MR imaging
before NAC and that the phenomenon could be due to
greater vascularisation in chemosensitive breast cancer in
comparison to chemoresistant breast cancer [15]. A
washout enhancement pattern can be a surrogate for the
extracellular extravascular space of the tumour, which is
considered to be a surrogate measure of the amount of
exposure that cells of the tumour have to the initial
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delivery of primary chemotherapy [16, 17]. Therefore, a
washout enhancement pattern can indicate high exposure
of tumour cells to chemotherapeutic agents and a more
effective initial cycle of primary chemotherapy. However,
the frequency of the fast initial phase enhancement kinetic
descriptor was shown in both chemosensitive breast
cancer and chemoresistant breast cancer, and therefore
this study showed that an initially rapid enhancement was
not useful in predicting the efficiency of NAC.

A very high intratumoural signal on T2-weighted
images, corresponding to necrosis, was significantly more
frequent in masses with chemoresistant breast cancer than
in masses with chemosensitive breast cancer. Necrosis is a
prognostic factor in invasive breast cancer [18, 19]. In
addition, Leek et al. suggested that aggressive invasive
breast cancers rapidly outgrew their vascular supply in
certain areas, leading to areas of prolonged hypoxia within
the tumour and, subsequently, to necrosis [20]. The
present study showed a correlation of intratumoural
necrosis with the very hyperintense area on T2-weighted
images consistent with the findings in a previous study of
breast tumours [21, 22]. The presence of tumour necrosis,
which is assessed using surgical specimens obtained after
NAC, is considered to be a pathological complete
response because the necrosis is caused by NAC [13]. A
recent study reported that it is very important and difficult
to determine whether the presence of intratumoural
necrosis treated with NAC has truly been produced by
NAC or not [23]. The baseline MR imaging findings can
easily predict the presence of intratumoural necrosis
before NAC. The current study found three chemo-
resistant breast cancers without necrosis that revealed
very high intensity on T2-weighted images, consisting of
one mucinous carcinoma, one matrix-producing carci-
noma and one invasive ductal carcinoma with haemor-
rhage. These special types of breast cancers with a long
T2 relaxation time may be chemoresistant.

This study showed that women with invasive ductal
carcinoma were more likely to have a lesion with mass
effect on MR images, which was significantly associated
with chemosensitive breast cancer, than women with
invasive lobular carcinoma. The result may be a key to

the reason why the pathological complete response rates
were lower in patients with invasive lobular carcinoma in
comparison to those with invasive ductal carcinoma [24,
25]. The present study implies that the lesion type on
baseline MR imaging can predict the efficiency of NAC
regardless of the histological type.

This study has limitations: First, the number of patients
studied was small. Therefore, the statistical significance of
these findings may be insufficient. Second, not all patients
with HER-2-positive disease in this series were treated
according to recent guidelines with the standard agent
trastuzumab. However, 23 out of 32 patients (72%) who
had HER-2-positive tumours received trastuzumab. The
chemosensitive breast cancer incidence was 18 out of 23
(78%). The result is consistent with that described in a
previous report [26]. The NAC regimens tend to differ
substantially from centre to centre because the inclusion
criteria also tend to differ. All these facts might lead to
some bias when evaluating any correlations between the
baseline MR imaging findings and the pathological
responses to NAC. Third, this study was a retrospective
analysis with two experienced radiologists, which poten-
tially limits the generalisability of the results to studies of
prospectively assessed BI-RADS descriptors across a
diverse group of radiologists and patients.

In conclusion, the current study provided clinical data
regarding the MR imaging findings of breast cancer before
NAC for predicting the efficacy of NAC in the BI-RADS
MR imaging lexicon. Furthermore, the results demonstrate
that several MR imaging features before NAC can be
useful for predicting the efficacy of NAC. A large tumour
size (P=0.029), a lesion without mass effect (P=0.032)
and very high intratumoural signal intensity on T2-
weighted MR images (P=0.003) were all significantly
associated with chemoresistant breast cancer. Conversely,
a lesion with mass effect (P=0.032) and a washout
enhancement pattern (P=0.014) were also observed to be
significantly associated with chemosensitive breast cancer.
The early MR imaging prediction of the efficacy of
therapy response before NAC could assist in both the pre-
treatment planning and the prognosis, as well as in
providing an effective non-invasive imaging technique.
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