
Abstract. This study investigated the relationship between
choline by magnetic resonance spectroscopy (MRS) and late
enhancement curves by dynamic magnetic resonance imaging
(DMRI) in determining therapeutic response to neoadjuvant
chemotherapy (NAC) among invasive breast cancer patients.
Subjects comprised 21 women (22 breasts) with biopsy-
confirmed invasive breast cancer (mean age 54 years) who
underwent MRS with choline and gadolinium-enhanced
DMRI at 1.5 T before and after NAC. Choline signals on MRS
were classified into 2 patterns: choline-positive or choline-
negative, while late enhancement curves were classified as
‘plateau’ or ‘washout’ (type A), or ‘persistent’ (type B)
according to the consensus of 2 radiologists. Maximum tumor
diameters and clinical tumor reduction rates were assessed by
MRI. Before NAC, choline-positive results were found in all
22 tumors, 21 of which were type A and 1 of which was
type B. After NAC, a change from choline-positive to choline-
negative was observed with MRS in 11 tumors, while another
11 remained choline-positive. According to DMRI, enhance-
ment curves changed from type A to type B in 14 tumors,
remained type A in 7 tumors, and remained type B in 1 tumor.
Tumor reduction rates were significantly greater for choline-
negative tumors than for choline-positive tumors after NAC
(p=0.0115). Following NAC, no significant correlation was
noted between enhancement curves and reduction rates
(p=0.1210), although a significant correlation was noted
between enhancement curves and choline signals (p=0.0014).
Changes in choline signals as noted using MRS might offer
advantages over changes in enhancement curves by DMRI
when evaluating response to NAC in terms of the tumor
reduction rate in invasive breast cancer.

Introduction

Among conventional modalities such as ultrasonography,
mammography and computed tomography (1-3), magnetic
resonance imaging (MRI) has priority for the detection of
breast cancer and for the evaluation of breast cancer response
to neoadjuvant chemotherapy (NAC) (4-11). Enhancement
curves by dynamic MRI (DMRI) are known to be useful for
detecting or monitoring breast cancer (4,12,13). In addition to
MRI, magnetic resonance spectroscopy (MRS) is becoming
increasingly attractive for the detection or monitoring of
breast cancer (14-24). MRS detects elevated levels of choline-
containing compounds in breast cancer tissue, which yield a
signal at a chemical shift of 3.2 ppm (25). Choline by MRS
and enhancement curves by DMRI represent common methods
for dealing with non-morphological diagnostic parameters.
The present study therefore assessed the correlation between
MRS and enhancement curves from DMRI in determining
response to NAC.

Materials and methods

Patients. The present study was performed at our institution
between January 2007 and Feburary 2008. Subjects comprised
21 patients with invasive ductal breast carcinoma (unilateral
n=20; bilateral n=1) diagnosed by ultrasonography-guided fine
needle biopsy. Mean subject age was 54 years (range 40-67
years).

Neoadjuvant chemotherapy. NAC was performed with the
informed consent of all patients. Basic NAC comprised 4
courses of epirubicin at 100 mg/m2 and cyclophosphamide at
600 mg/m2 (EC). In 5 patients with tumors beyond stage IIIA,
6 courses of EC were administered.

MRI examination. MRS and DMRI examinations were per-
formed with the subject prone on a 1.5-T unit (Signa HD x 1.5;
GE Healthcare, USA) using a breast coil both before and after
full courses of EC. DMRI was performed using axial T1-
weighted first three-dimensional spoiled gradient recall echo
sequence (VIBRANT, volume imaging for breast assessment)
[repetition time (TR), 6.9 msec; echo time (TE), 3.4 msec; flip
angle, 10˚; field of view, 30x30 cm; matrix, 384x320; slice
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thickness, 5 mm; space, 0 mm] obtained before and after
intravenous administration of gadopentate dimeglumine (Gd-
DTPA) at 0.1 mmol/kg. Contrast agent was injected at 2 ml/
sec (Gd-DTPA 1 mmol/sec). The contrast bolus was followed
by a 30-ml saline flush. Single-voxel MRS (BREASE, breast
spectroscopic examination) using an 8-cm3 voxel size was
performed on all patients (TR, 2000 msec; TE, 155 msec).
MRS was performed after DMRI as the visibility of tumors
was clearly improved on contrast-enhanced images.

MRS and DMRI data analysis. Choline signals by MRS were
classified as ‘positive’ or ‘negative’ according to the consensus
of 2 radiologists. Late enhancement curves were classified as
‘plateau’ or ‘washout’ (type A) or ‘persistent’ (type B), again
with the consensus of 2 radiologists.

Tumor reduction rate. Maximum tumor diameter was mea-
sured on enhanced MRI before and 2 weeks after the fourth
administration of EC chemotherapy. The tumor reduction rate
was calculated as: [(maximum tumor diameter before chemo-
therapy - maximum tumor diameter after chemotherapy)/
maximum tumor diameter before chemotherapy] x 100.

Statistical analysis. Data were analyzed using the Mann-
Whitney U-test. Values of p<0.005 were taken to indicate
statistical significance.

Results

Before NAC, choline-positive results were noted in all 22
tumors, while enhancement curves were type A in 21 tumors
and type B in 1 tumor. With NAC, a change from choline-

positive to choline-negative was observed in 11 tumors, while
another 11 remained choline-positive. In the enhancement
curves, a change from type A to type B was seen in 14 tumors,
while 7 tumors remained type A and 1 remained type B.
After NAC, all 11 choline-negative tumors and 4 of the 11
choline-positive tumors displayed type B enhancement curves.
The remaining 7 choline-positive tumors showed type A
enhancement. Tumor reduction rates were significantly greater
for choline-negative tumors than for choline-positive tumors
after NAC (negative 46.4%; positive 27.7%; p=0.0115;
Fig. 1). No significant correlations were found between choline
and tumor diameter after NAC (positive 27.5 mm; negative
15.5 mm; p=0.1150; Fig. 2). A significant correlation was
identified between enhancement patterns and choline results
after NAC (p=0.0014) (Table I). However, no significant
relationship was apparent between enhancement patterns
after NAC and reduction rates (type A 28.9%; type B 40.8%;
p=0.1210; Fig. 3) or between enhancement patterns and
tumor diameter after NAC (type A 23.0 mm; type B 21 mm;
p=0.3782; Fig. 4). No significant correlation was noted
between enhancement curves and reduction rate or tumor
diameter for the 11 choline-positive tumors after NAC
(reduction rate: type A 28.9%; type B 25.8%; p=0.7768;
Fig. 5) (diameter: type A 23.6 mm; type B 34.0 mm; p=0.8501;
Fig. 6). Tumor reduction rate did not differ according to the
number of courses of chemotherapy (4 courses 35.8%;
6 courses 41.2%; p=0.5328). Fig. 7 shows a representative
patient with right breast cancer that exhibited a type A
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Figure 1. Choline signal after NAC and tumor reduction rate. Figure 2. Choline signal and maximum tumor diameter after NAC.

Table I. Choline signals and enhancement patterns after
NAC.
–––––––––––––––––––––––––––––––––––––––––––––––––

Enhancement patterns
––––––––––––––––––––––––
Type A Type B

–––––––––––––––––––––––––––––––––––––––––––––––––
Choline-positive 7 4
Choline-negative 0 11
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. Enhancement pattern and maximum tumor diameter after NAC.



enhancement pattern and positive choline peak before NAC,
and a type B enhancement pattern and negative results for
choline after NAC. Tumor reduction rate was 45.9%.

Discussion

The present findings indicate that MRS may enable the sim-
ple evaluation of response to NAC more effectively than
enhancement curves from DMRI. Although the mean tumor
reduction rate tended to be greater for type B than for type A
tumors after NAC, no significant difference in reduction rate
was observed between the 2 types of enhancement curves.

Changes in choline signal are reportedly useful for evalu-
ating response to treatment in many types of tumors (26-28).
Choline elevation has also been confirmed to be a sensitive
and specific marker of response to treatment for breast cancer
(17,20). However, the utility of MRS in determining breast
cancer response to NAC has not previously been established.
The precise mechanisms by which neoplastic tissues exhibit
elevated choline levels remain unclear (20). Increased levels
of phosphocholine, the primary metabolite responsible for
choline signals in neoplastic tissue, may result from increased
membrane synthesis by replicating cells (20). Choline signals
may reflect a change in the balance between the biosynthetic
and catabolic pathways, in which choline serves as both a
precursor and a catabolite (29). 

Conversely, DMRI is already established for the evalua-
tion of breast cancer (4,10,17). Late enhancement curves are
known to be useful in diagnosing and differentiating breast
cancers from benign tumors (4,13,16,30). Malignant tumors
show specific washout or plateau enhancement patterns, while
benign tumors show a persistent pattern (10,30). Changes in
enhancement curves have been reported after chemotherapy
for breast cancer (4,16). 

MRS and enhancement curves, which do not provide
morphological information, might be of only limited use in
surgical planning, but can provide important information
concerning changes in tumor characteristics in terms of vascu-
larity or metabolism after NAC. The current results indicate
that a multiparametric approach using MRS and enhancement
patterns is likely to prove useful for determining therapeutic
response to breast cancer. 

A significant correlation was noted between choline
and enhancement curves after NAC. Without a doubt, all
choline-negative tumors after NAC demonstrated the type B
enhancement. However, 4 of the 11 tumors that were choline-
positive after NAC also demonstrated the type B enhancement.
No significant correlation existed between enhancement
curves and decreased tumor diameter or reduction rate in the
11 tumors that remained choline-positive. Changes in choline
within 24 h of first or second treatment have been reported to
be predictive markers of breast cancer response to NAC
(17,20). Changes in choline concentration after the second
treatment may represent an indicator for predicting response to
NAC, rather than pharmacokinetic parameters (17). Choline
metabolism reportedly correlates with angiogenesis activity
before NAC (19), and chemotherapy can be considered to
induce decreased choline metabolism and angiogenic activity.
However, the balance between choline metabolism and angio-
genesis may become confused during chemotherapy until
tumors respond sufficiently in size and activity. As well, the
correlation between choline metabolism and angiogenesis after
NAC might be complicated.

The present study displayed several limitations. First, the
patient population was small. Nevertheless, and though
additional studies with larger populations are necessary for
further assessment, some significant results emerged. Second,
peak choline was only categorized into 2 types, positive and
negative. The quantitative assessment of the choline peak
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Figure 4. Enhancement pattern after NAC and tumor reduction rate.

Figure 5. Enhancement pattern and maximum tumor diameter in 11 choline-
positive tumors after NAC.

Figure 6. Enhancement pattern and tumor reduction rate in 11 choline-positive
tumors after NAC.
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Figure 7. A 59-year-old woman with right breast cancer and a clinical tumor reduction rate of 45.9% (maximum diameter 30.1-16.3 mm) with NAC. (a)
Enhancement curves by DMRI of the tumor before NAC. (b) The tumor displayed type B enhancement curves (b-1) and positive choline signals (b-2) before NAC.
(c) Enhancement curves by DMRI of the tumor after NAC. (d) The tumor displayed type B enhancement curves (d-1) and negative choline signals (d-2) after NAC.



remains problematic. Third, the 8-cm3 single voxel MRS used
offers limited spatial coverage. Partial volume effects might
be excluded using an 8-cm3 voxel MRS. Reductions in tumor
size might affect choline detection by MRS, as tumors shrink
after NAC. However, the current results do not contradict the
findings of previous studies that have demonstrated that the
choline peak is related more to the malignant nature than to
the size of the tumor (21). Finally, MRS in this study was per-
formed after DMRI. Adverse effects impacting the detection
of choline signals remain controversial (14,28). MRS after
contrast administration was useful in improving the detect-
ability of the shrinking tumor after NAC.

In conclusion, MRS using a choline peak, when classified
simply as positive or negative, may prove far more useful than
late enhancement curves for monitoring the response of breast
cancer to NAC in terms of tumor reduction rate.
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