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ABSTRACT

Objectives: Breast cancer is the most frequently diagnosed type of cancer worldwide. Magnetic 
resonance spectroscopy (MRS) is a diagnostic method that non-invasively measures metabolite levels 
in tissues and analyzes their biochemical composition. In this study, we aimed to examine the choline 
metabolite levels in patients with BIRADS category 4 and 5 breast lesions through MRS performed 
before biopsy.

Methods: We included 30 female patients with lesions detected in examinations, ultrasonography, or 
mammography and performed dynamic contrast-enhanced breast magnetic resonance imaging (MRI), 
diffusion-weighted imaging, and MRS. We compared the conventional findings of breast masses on 
MRI with histopathological results and choline level measurements separately.

Results: Although the median choline level in the malignant group was clinically found to be higher 
compared to the benign group, there was no significant difference between the groups (p=0.473). The 
area under the ROC curve was 0.580 (95% Confidence Interval: 0.369–0.792), indicating that choline 
levels were not statistically significantly predictive (p=0.454). Among all cases, there was no correla-
tion between choline levels and tumor diameter, minimum, mean, and maximum ADC measurements 
(p>0.05). The choline levels in the HER-2 positive group were higher compared to the HER-2 negative 
group (p=0.009).

Conclusion: Although the choline level was found to be higher in malignant breast lesions, there was 
no statistically significant correlation. It is evident that interpreting MRS data in conjunction with 
morphological data is much more valuable than evaluating it alone.
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Breast cancer is the most frequently diagnosed cancer type worldwide, with over 2 mil-
lion individuals receiving this diagnosis annually. It is also the most prevalent cancer 

across all anatomical regions. Breast cancer accounts for approximately 7% of annual can-
cer-related deaths and ranks fifth in mortality rates among all cancers, following lung, 
colorectal, liver, and stomach cancers (1).

Advancements in breast cancer screening have facilitated early diagnosis, enabling the ini-
tiation of treatment at earlier stages; this is a critical factor influencing prognosis. Regular 
self-examination of the breasts, clinical examinations, and the appropriate application of 
radiological diagnostic methods within a well-structured algorithm enhance the likeli-
hood of early diagnosis (2).

Mammography is the standard imaging modality for breast cancer diagnosis and screen-
ing. The sensitivity of mammography for diagnosing breast cancer has been reported to 
range from 69% to 90% in various studies. However, mammography also has a false-neg-
ative rate of 10–15%. Sensitivity increases with age, as younger women often have dense 
breast tissue rich in glandular tissue, which reduces mammography sensitivity (3). Ultraso-
nography and magnetic resonance imaging (MRI) are the other principal imaging methods 
for breast and axillary examination besides mammography. MRI is recognized as the most 
sensitive method for breast examination (4).

MRI is a non-ionizing radiation technique characterized by high contrast resolution. In 
addition to conventional breast examination methods, MRI can be performed for diag-
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nostic purposes due to its capability for multiplanar and dynamic 
contrast imaging. Emerging techniques enable rapid sequences 
and functional examinations, leveraging advancements in stronger 
gradients and computer programs that quickly analyze data. These 
improvements have led to shorter acquisition times, enhanced 
image quality, and minimized motion artifacts. Diffusion-weighted 
imaging (DWI) and magnetic resonance spectroscopy (MRS) are 
among these rapid MRI applications (5).

Diffusion MR has proven effective in determining local cancer 
spread and detecting metastatic axillary lymph nodes. Cancers with 
initially low apparent diffusion coefficient (ADC) values tend to 
respond better to chemotherapy. Furthermore, an increase in ADC 
values, indicating chemotherapy effectiveness, can occur before any 
reductions in tumor size are noted (6,7).

MRS is a diagnostic method that non-invasively measures metab-
olite levels in tissues and analyzes their biochemical composition. 
The objective is to measure and differentiate signals from small 
quantities of metabolites that resonate between water and fat. The 
principal metabolites detectable in breast MRS include N-acetyl 
aspartate (NAA), choline, and creatine. Elevated levels of choline 
(3.2 ppm), which indicate membrane metabolism, have been asso-
ciated with breast cancer. An increase in choline levels is thought 
to serve as a biomarker reflecting tumor aggressiveness. Stud-
ies utilizing 1.5 Tesla machines report an average sensitivity of 
80–90% and specificity of 80–90% for distinguishing malignant 
from benign lesions. Incorporating the MRS technique alongside 
dynamic contrast MRI has reportedly enhanced the specificity of 
this method from around 70% to as high as 92% (8,9).

In this study, we aimed to examine choline metabolite levels in 
patients with BIRADS category 4 and 5 breast lesions via MRS per-
formed prior to biopsy. We investigated the effectiveness of MRS in 
distinguishing between malignant and benign lesions by compar-
ing findings with patients’ pathology results.

METHODS

Following the approval of the ethics committee for our study (Ethics 
Committee Decision Date: 10.05.2017, Decision Number: 2017-
05/1), we conducted our research between May 2017 and January 
2018 at the Health Sciences University Dr. Abdurrahman Yurtaslan 
Ankara Oncology Health Application and Research Center, Depart-
ment of Radiodiagnostics. Patients presenting with complaints of 
breast pain and palpable masses underwent physical examinations, 
breast ultrasonography, or mammographic examinations. The study 
included 30 female patients with detected BIRADS 4 and 5 lesions, 
for whom we performed dynamic contrast-enhanced breast MRI, 
DWI, and MRS with 3 Tesla MRI prior to biopsy. Histopathological 
diagnoses were established by pathologists using either tru-cut 
biopsy or surgical specimens.

Eligible participants for the study were women aged 18 and older, 
suspected of having lesions through physical examination, ultra-
sonography, and mammography, who were planned for MRI and 
biopsy. It was required that there be no contraindications for MRI.

To mitigate potential effects of the menstrual cycle on ADC values in 
premenopausal cases, breast MRI was performed between days 7–17 
of the cycle. Breast MRI examinations were conducted using a 3 Tesla 
MRI device (Magnetom-Skyra, Siemens, Erlangen, Germany) available in 

our clinic. As part of the standard breast MRI examination protocol, we 
obtained axial plane TSE T1 fat-suppressed and T2-weighted fat-sup-
pressed sagittal-axial images, along with pre-contrast and dynamic 
post-contrast gradient echo 3D T1-weighted images in the axial 
plane. According to the breast MRI examination protocol, we adminis-
tered a gadolinium-based contrast agent at a routine dose of 0.1–0.2 
mmol/kg via venous access in the antecubital region. In the dynamic 
study, images were captured in the axial plane at 60-second intervals, 
repeated five times post-contrast injection using a T1-weighted 3D 
FLASH sequence. The parameters for TSE T1-weighted sequences 
included TR: 550 ms, TE: 8 ms, matrix: 256 x 256, section thickness 3 
mm, and section interval 0.3 mm. For the TSE T2-weighted sequence, 
parameters were TR: 5000 ms, TE: 110 ms, matrix: 256 x 256, section 
thickness 3 mm, and section interval 0.3 mm.

For the dynamic contrast study, parameters were programmed as TR: 
5.16 ms, TE: 2.38 ms, flip angle: 10 degrees, matrix: 256 x 256, sec-
tion thickness 1.10 mm, and section interval 0.3 mm. Additionally, 
sagittal images with TSE T1A were obtained using a small FOV of 
approximately 18–36 cm, with variations according to breast size. 
Utilizing the standard subtraction program available on the Siemens 
MRI console, subtracted series were generated to reveal the con-
trast profile by pixel-wise subtraction of pre-contrast images from 
their corresponding post-contrast images. We transferred images to 
the workstation and plotted time/signal curves for the lesions from 
dynamic contrast images; the lesions were evaluated quantitatively 
and qualitatively according to their contrast uptake dynamics.

DWI was routinely conducted before obtaining dynamic images in 
both breasts using a standard breast coil in the axial plane to avoid the 
negative effects of the contrast agent. DWI parameters were adjusted 
using a single-shot SE sequence with TR: 7500 ms, TE: 84 ms, matrix: 
256 x 256, section thickness 4 mm, and section interval 2 mm. For 
each section, three different b-values of 0, 400, and 800 s/mm² were 
employed. The standard measurement area (ROI) on the workstation 
was utilized to identify the area where diffusion restriction values of 
the lesion would be quantitatively evaluated on the ADC map.

For accurate lesion localization, MRS images were routinely obtained 
after dynamic images using a standard breast coil in the axial plane. 
We employed fast spin echo (FSE) T2A images and post-contrast 
T1A images to define the region to be selected. In single voxel 
examinations, we selected a voxel size of approximately 1x1x1 cm³ 
from suitable sections in the axial plane. The voxel was typically 
positioned to fully encompass the pathology of either the solid 
or necrotic components of the tumor area. We favored the PRESS 
(Point-resolved surface coil spectroscopy) sequence (TR=1500 
TE=135) for spectrum acquisition, ensuring a high signal-to-noise 
ratio (SNR). The examination time was set at 5–10 minutes. Gradi-
ent shimming was applied to suppress water signals, and data were 
automatically processed using packaged software.

We assessed breast MRI images in conjunction with mammography 
and ultrasound findings by two radiologists. In the breast MRI eval-
uation, we considered not only the morphological characteristics 
of each lesion but also the contrast enhancement pattern, kinetic 
characteristics, presence of diffusion restriction, mean ADC value, 
and choline peak.

For morphological characteristics, we evaluated the diameter of the 
mass (calculating the average of two perpendicular diameters), its 
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shape (oval, round, irregular), and edge characteristics (well-defined, 
poorly defined, irregular, or spiculated). We assessed the presence of 
homogeneous or heterogeneous enhancement patterns, along with 
peripheral rim enhancement and the existence of non-enhancing 
internal septa within the contrast enhancement patterns.

Lesions were evaluated quantitatively and qualitatively according 
to their contrast uptake dynamics. We obtained the maximum con-
trast uptake rate, amount, and time-signal intensity curves utilizing 
the region-of-interest (ROI) technique over the lesion. A significant 
increase in signal intensity of at least 90% within the first two 
minutes post-contrast was defined as significant, followed by an 
examination of the signal intensity curve’s shape. The persistent 
curve (Type 1) was identified as one that continued to increase 
in contrast over time; the plateau curve (Type 2) was defined as 
achieving maximum signal intensity at 2–3 minutes after contrast 
injection and maintaining this level, and the wash-out curve (Type 
3) was characterized by peaking at 2–3 minutes and subsequently 
decreasing in signal intensity.

Post-processing operations were performed on the dynamic, DWI, 
and spectroscopic examinations sent to the workstation. Prior to 
evaluating DWI, we located each lesion based on conventional 
sequences. Utilizing dynamic images, we created subtracted max-
imum intensity projection (MIP) and multiplanar reconstruction 
(MPR) images, placing ROIs in areas of greatest enhancement using 
post-processing software to derive time-dependent enhancement 
curves. Choline resonance was identified from MRS data at 3.2 ppm 
based on previous studies of breast lesions. We calculated the inte-
gral value of the choline peak from the acquired spectra.

Following MRI, histopathological evaluations were conducted 
using thick-needle biopsy or surgical specimens with ultrasound 
guidance on all lesions. The specimens were assessed by our hos-
pital’s pathology clinic. Immunohistochemical statuses of ER, PR, 
HER-2, and Ki-67 were evaluated for lesions diagnosed with breast 
cancer. A staining level of 1% or greater was considered positive for 
ER and PR. HER-2 status was assessed using the CB-11 monoclo-
nal HER-2 antibody, with tumor cell membrane scoring as follows: 
scores of 0 for difficult-to-detect incomplete membranous staining 
(<10%), score 1 for >10% incomplete membranous staining, score 2 
for >10% weak-moderate complete membranous staining or com-
plete strong membranous staining (≤10%), and score 3 for >10% 
strong complete membranous staining. The Mib-1 monoclonal 
antibody was used to evaluate Ki-67 status, recording the percent-
age of positive nuclear staining.

Conventional findings of breast masses on MRI were compared with 
histopathological results and choline level measurements separately.

Statistical Analysis
We evaluated the distribution of continuous numerical variables for 
normality using the Shapiro-Wilk test. The homogeneity of variance 
assumption was investigated using the Levene test. Descriptive 
statistics were presented as mean ± standard deviation or median 
(minimum–maximum) for continuous numerical variables, and fre-
quency and percentage for categorical variables.

The significance of differences in mean values between groups was 
assessed using Student’s t-test. Categorical variables were evalu-
ated for differences using the Continuity Corrected Chi-Square test.

Spearman’s rank correlation test was employed to investigate sta-
tistically significant correlations between choline measurements 
and tumor diameter, ADC, nuclear pleomorphism, mitosis, tubules, 
Ki-67, and CerbB2.

Given that the assumptions of parametric test statistics were not 
satisfied between groups, we utilized the Mann-Whitney U test to 
assess differences for continuous numerical variables when the 
number of independent groups was two; for more than two inde-
pendent groups, the Kruskal-Wallis test was employed.

The discriminatory power of choline measurements in distinguish-
ing between benign and malignant groups was evaluated by cal-
culating the area under the ROC curve and the 95% confidence 
interval.

Data analysis was performed using IBM SPSS Statistics 17.0 (IBM 
Corporation, Armonk, NY, USA) software. A significance level of 
p<0.05 was considered statistically significant.

RESULTS

In our study, we identified a total of 30 solid lesions in 30 female 
patients using dynamic contrast-enhanced breast MRI and MRS. 
The mean age of the participants was 38.7 years (range: 24–67). 
According to the histopathology results, the mean age of the 14 
patients with benign diagnoses was 36.1 years, whereas the mean 
age of the 16 patients with malignant diagnoses was 49.5 years.

The mean age of the malignant group was statistically significantly 
higher compared to the benign group (p<0.001). The median max-
imum diameter was also statistically significantly larger in the 
malignant group (p=0.005).

The minimum ADC level was lower in the malignant group com-
pared to the benign group, though this difference did not reach sta-
tistical significance (p=0.093). Conversely, the mean and maximum 
ADC levels were statistically significantly lower in the malignant 
group compared to the benign group (p<0.001) (Table 1).

Table 1. Demographic and diffusion characteristics of cases according to benign and malignant groups

Benign (n=14) Malign (n=16) p

Age 36.1±8.3 49.5±10.2 <0.001

Diameter 13.5 (10-45) 22 (13-40) 0.005

BIRADS 4 (4-4) 5 (4-5) <0.001

ADC (minimum) 0.796 (0.58-1.58) 0.681 (0.51-0.97) 0.093

ADC (mean) 1.134 (0.81-2.13) 0.804 (0.74-1.23) <0.001

ADC (maximum) 1.432 (1-2.44) 1.026 (0.82-1.56) <0.001
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The frequency distributions of other MRI characteristics of the 
cases based on benign and malignant classifications are shown in 
Table 2.

Although the median choline level in the malignant group was 
clinically higher than in the benign group, the difference did not 
achieve statistical significance (p=0.473). The area under the ROC 
curve (AUC) for distinguishing between the benign and malignant 
groups based on choline measurements was 0.580 (95% Confi-
dence Interval: 0.369–0.792), indicating that choline levels did not 
demonstrate statistically significant predictive capability (p=0.454).

The median choline level in the benign group was 0.94; when 
cases were divided into two groups based on this median value, 
there was no statistically significant difference in the frequency of 
choline levels being above (or below) 0.94 between the benign and 
malignant groups (p=0.749).

Moreover, using weighted average choline levels, we categorized 
the benign group into quartiles. Those with choline levels below 
0.17 constituted the 1st quartile, those between 0.17 and 0.94 con-
stituted the 2nd quartile, those between 0.94 and 2.12 constituted 
the 3rd quartile, and those above 2.12 constituted the 4th quartile. 
Statistically significant differences in the frequency distributions of 

choline levels between the benign and malignant groups according 
to this classification were not observed (p=0.448).

Among all cases, no correlation was found between choline levels 
and tumor diameter, minimum ADC, mean ADC, and maximum ADC 
measurements (p>0.05). Additionally, no statistically significant 
differences in choline levels were observed according to BIRADS 
staging (p=0.723), kinetic curve types (p=0.739), or staining patterns 
(p=0.728) across all cases. No significant differences in choline 
levels were found between lymphadenopathy (LAP) negative and 
LAP positive groups (p=0.746).

Among malignant cases, no statistically significant differences 
in choline levels were found between the group with perineural 
invasion and the group without perineural invasion (p=0.958). Sim-
ilarly, no significant difference in choline levels was found between 
the group with lymphovascular invasion and the group without 
(p=0.958).

ER positivity did not demonstrate a statistically significant impact 
on choline measurements (p=0.267). Additionally, no statistically 
significant association was observed between PR positivity and 
choline measurements (p=0.681).

However, choline levels in HER-2 positive cases were statistically 
significantly higher than in HER-2 negative cases (p=0.009). Among 
malignant cases, no statistically significant differences in choline 
levels were evident regarding intrinsic subtypes (p=0.534).

As depicted in Table 3, the choline levels according to various histo-
pathological features of cases in the malignant group were shown.

Table 2. MRI characteristics of lesions and association with LAP 
according to benign and malignant groups

Benign (n=14) Malign (n=16)

Lesion border

Sharp border 13 (92.9%) 2 (12.5%)

Irregular border 1 (7.1%) 6 (37.5%)

Spiculated border 0 (0%) 8 (50.0%)

Kinetic curves

Type 1 2 (14.3%) 0 (0%)

Type 2 10 (71.4%) 2 (12.5%)

Type 3 2 (14.3%) 14 (87.5%)

Type 1 signal

Hyperintense 1 (7.1%) 0 (0%)

Hypointense 9 (64.3%) 16 (100%)

Isointense 4 (28.6%) 0 (0%)

Type 2 signal

Hyperintense 9 (64.3%) 1 (6.25%)

Hypointense 1 (7.1%) 9 (56.25%)

Isointense 4 (28.6%) 6 (37.5%)

Staining

Unpainted 1 (7.15%) 0 (0%)

Homogeneous 10 (71.4%) 6 (37.5%)

Heterogeneous 1 (7.15%) 10 (62.5%)

Peripheral 2 (14.3%) 0 (0%)

Lymphadenopathy

Negative 14 (100%) 11 (68.75%)

Positive 0 (0%) 5 (31.25%)

Table 3. Choline levels according to various histopathological 
features in the malignant group

n (%) Choline p

Perineural invasion 0.958

Negative 6 (37.5%) 1.07 (0.21-6.42)

Positive 10 (62.5%) 1.63 (0.04-4.70)

Lymphovascular invasion 0.958

Negative 6 (37.5%) 1.07 (0.21-6.42)

Positive 10 (62.5%) 1.63 (0.04-4.70)

ER 0.267

Negative 2 (12.5%) 0.71 (0.51-0.92)

Positive 14 (87.5%) 1.33 (0.04-6.42)

PR 0.681

Negative 7 (43.7%) 0.92 (0.21-4.52)

Positive 9 (56.3%) 1.16 (0.04-6.42)

Her-2 (cerbB2) 0.009

Negative 11 (68.7%) 0.92 (0.04-4.52)

Positive 5 (31.3%) 4.35 (1.49-6.42)

Intrinsic subtype 0.534

Luminal A 3 (18.8%) 1.08 (1.07-1.77)

Luminal B 11 (68.7%) 1.49 (0.04-6.42)

Triple negative 2 (12.5%) 0.71 (0.51-0.92)
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Within the malignant cases, no correlation was identified between 
choline levels and nuclear pleomorphism, mitosis, and tubules 
(p>0.05).

While a decrease in choline level was noted as the Ki-67 staining 
percentage increased, the correlation between these variables was 
not statistically significant (r=-0.438 and p=0.090). In contrast, an 
increase in CerbB2 positivity corresponded with a statistically sig-
nificant increase in choline levels (r=0.690 and p=0.003) (Table 4).

DISCUSSION

In our study, when evaluating the sizes of the lesions, the aver-
age diameter of benign lesions was calculated as 13.5 mm (range: 
10–45), while the average diameter of malignant lesions was 22 
mm (range: 13–40). The median diameter of lesions was statisti-
cally significantly larger in the malignant group (p=0.005). However, 
it is evident that lesion size alone is not a definitive criterion for 
malignancy diagnosis.

When examining the relationship between choline levels and 
tumor diameter among all cases, an increase in choline levels was 
noted with an increase in lesion diameter; however, this correla-
tion did not reach statistical significance (p=0.951). Chen et al. (10) 
identified a relationship between choline density in solid lesions 
and tumor size. Similarly, Katz-Brull et al. (11) subdivided patients 
into three groups based on lesion size (<2.5 cm, 2.5–4.9 cm, and 
≥5 cm), reporting that as lesion size increased, choline levels also 
increased, with sensitivity for diagnosing malignancy rising from 
72% to 90%, and then to 100% (p=0.025).

Smaller diameter lesions are often interpreted as benign due to 
insufficient choline signal for detection. Utilizing MRI machines 
with magnetic field strengths greater than 1.5 Tesla has elevated 
the sensitivity for detecting choline. In our study, the utilization of 
a 3 Tesla machine enhanced our sensitivity in detecting choline 
signals. However, the inconsistency of our data with the literature 
may stem from the relatively small patient population in our study.

In dynamic contrast-enhanced breast MRI, breast lesions can be 
qualitatively evaluated post-contrast agent administration, facili-
tating the plotting of time versus signal intensity curves. Accord-
ing to this methodology, three types of curves are identified. Type 
1 persistent curves are typically associated with benign lesions 
(83% benign vs. 9% malignant). The sensitivity for benign lesions 
is reported at 52.2%, with specificity at 71%. For malignant lesions, 
plateau curves (Type 2) exhibit sensitivities of 42.6% and speci-
ficities of 75%. Type 3 wash-out curves are generally not seen in 
benign lesions (specificity 90.4%), but sensitivity is notably low 

(20.5%) (12). In our study, 14.3% of benign lesions exhibited Type 1 
kinetics, 71.4% exhibited Type 2 kinetics, and 14.3% exhibited Type 
3 kinetics; conversely, 12.5% of malignant lesions exhibited Type 2 
kinetics, while 87.5% exhibited Type 3 kinetics.

A study by Kuhl et al. (13) compared the staining kinetics of a total 
of 266 lesions with their pathology results, revealing that among 
diagnosed benign lesions, 83% exhibited Type 1 kinetics, 11.5% 
exhibited Type 2, and 5.5% exhibited Type 3 patterns. Among malig-
nant lesions, 57.4% exhibited Type 3 kinetics, while 33.6% exhibited 
Type 2, and 8.9% exhibited Type 1 patterns. This population demon-
strated an 87% likelihood of malignancy for those showing Type 3 
kinetics, compared to only 6% for those showing Type 1.

While the contrast kinetics of benign and malignant lesions in our 
study aligned with the literature, no statistically significant differ-
ences were found when evaluating their relationship with choline 
levels (p=0.739).

Upon examining diffusion-weighted series, we observed a statis-
tically significant correlation between lesion histopathology and 
ADC values, consistent with existing literature. The mean and max-
imum ADC levels were lower in the malignant group compared to 
the benign group (p<0.001) (14,15).

Our study highlighted a statistically significant relationship 
between lesion histopathology and mean and maximum ADC 
values; however, no statistically significant difference in minimum 
ADC values was observed between the malignant and benign 
groups (p=0.093). In parallel, when comparing mean and maximum 
ADC values with choline levels, p-values of 0.769 and 0.814 were 
documented, signifying no correlation between these variables. 
These discrepancies may be attributed to the limited patient popu-
lation in our study compared to previous literature.

By measuring the total choline peak integral, we calculated the aver-
age choline level in the benign group to be 0.94 (0.08–4.54) AU, in 
contrast to 1.12 (0.04–6.42) AU in the malignant group. Metabolic 
variations due to cellular proliferation in malignantly transformed 
cells lead to alterations in the concentrations of choline-containing 
molecules, particularly phosphocholine. Consequently, the choline 
levels detected through MR spectroscopy are positively correlated 
with the metabolic proliferative activity of malignant cells (16).

Breast cancer cells reportedly exhibit higher levels of phosphocho-
line than normal breast epithelial cells (11). In a study conducted 
by Roebuck et al. (17) in 1998, elevated choline was qualitatively 
identified for the first time in vivo as a biomarker for breast malig-
nancies. This study, featuring 17 lesions, reported 70% sensitivity, 
86% specificity, and 88% positive predictive value for elevated cho-
line levels in malignancy detection. Numerous studies emphasize 
the advantages of incorporating supplementary MR methods, such 
as MRS, to enhance the specificity of breast malignancy detection 
via routine breast MRI examinations (18–20).

In our study, while the median choline level in the malignant 
group was higher than that of the benign group, the difference was 
not statistically significant (p=0.473). The AUC for distinguishing 
between benign and malignant groups based on choline measure-
ments was 0.580 (95% Confidence Interval: 0.369–0.792), indicat-
ing the absence of statistically significant predictive power for cho-
line levels (p=0.454).

Table 4. Correlation coefficients and significance levels between 
choline levels and histopathological characteristics within malignant 
cases

n Correlation coefficient p

Nuclear pleomorphism 16 0.132 0.626

Mitosis 16 0.374 0.153

Tubule 16 0.117 0.667

Ki-67 16 -0.438 0.090

CerbB2 (Her-2) 16 0.690 0.003
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Several factors may account for the lack of correlation between 
choline levels and histopathological outcomes. Firstly, perform-
ing MRS necessitates an MRI machine with at least 1.5 Tesla. It is 
widely acknowledged that higher spatial and spectral resolution is 
achievable with 3 Tesla machines. Furthermore, in literature utilizing 
machines with higher magnetic field strengths, choline peaks have 
been identified even in benign lesions and normal breast tissue (21).

In a study assessing 43 asymptomatic volunteers during lacta-
tion, resonances were observed within the choline spectral region 
(3.2 ppm) in all three breastfeeding mothers (22). Additionally, 40 
other volunteers exhibited three false positive choline peaks. In 
our study, the use of a 3 Tesla machine likely increased the prob-
ability of detecting choline peaks, even in benign lesions, match-
ing observations made in the literature. Prior literature has also 
reported choline peaks in benign lesions, including fibroadenomas 
and fibrocystic changes, as well as atypical ductal hyperplasia and 
atypical chronic inflammatory alterations (23,24).

Inclusion criteria restricted our study to mass lesions greater than 
10 mm in diameter, excluding non-mass lesions and those mea-
suring less than 10 mm. Consequently, this may have augmented 
the likelihood of obtaining pathological diagnoses for benign 
lesions such as fibrocystic changes, fibroadenomas, atypia-contain-
ing ductal hyperplasia, and chronic inflammatory changes, further 
facilitating the detection of choline peaks in benign lesions.

Nevertheless, the literature indicates a significant increase in sen-
sitivity for detecting choline in malignant lesions over 2 cm (25). 
However, in our cohort, 62.5% of the malignant lesions measured 
less than 2 cm in diameter, potentially diminishing the rate of 
observed choline peaks among malignant lesions.

One notable limitation of breast MRS is that voxel placement for 
MR spectroscopy typically occurs after the contrast series to ensure 
accurate placement. Literature suggests that the accumulation of 
the contrast agent may influence spectroscopic examination (26). 
In our study, MRS voxel placement was also executed after the 
contrast series to facilitate precise lesion localization, a factor that 
could adversely impact our measurements.

Prognostic factors and markers (Ki-67, ER, PR, HER-2) are frequently 
employed in clinical practice for breast cancer management. Pres-
ently, the status of axillary lymph nodes represents the most critical 
prognostic factor utilized to predict breast cancer outcomes (27). In 
our study, we examined the relationships between lymphovascular 
invasion and LAP positivity and choline levels but did not yield sig-
nificant findings (p=0.958).

Although MRS was not performed on lymph nodes, we sought to 
ascertain correlations between choline peak levels and LAP posi-
tive patients, discovering no significant associations.

Ki-67 is instrumental in evaluating cell proliferation in lymph 
node-negative patients, while ER and PR status relate to the 
response to hormone replacement therapy, and HER-2 status per-
tains to the response to Herceptin (28,29). In our study, no statis-
tically significant differences were noted between Ki-67 staining 
percentages, ER and PR positivity, and choline measurements 
(p=0.090, p=0.267, p=0.681, respectively). However, it was notewor-
thy that choline levels in the HER-2 positive group were signifi-
cantly higher than those in the HER-2 negative group (p=0.009). 

Given that HER-2 positive tumors exhibit more aggressive behav-
ior, heightened levels of choline, indicative of cell metabolism and 
angiogenesis, may be particularly significant in these cases. Various 
studies have established associations between choline-containing 
metabolite presence and HER2/neu expression, as well as aggres-
sive tumor phenotypes (25,30).

CONCLUSION

Research into breast MRS is rapidly advancing; however, the clinical 
application of this technique for breast lesions has not yet become 
routine due to several limitations. Despite the existence of numer-
ous studies indicating a correlation between breast malignant 
lesions and choline levels, no consensus has emerged regarding 
specific cut-off values for measuring and evaluating choline due to 
variations in measurement protocols.

There is a clear increase in choline levels resulting from height-
ened angiogenesis and cellular activity in malignant lesions; how-
ever, the concurrent detection of increased choline levels in certain 
benign lesions and even normal breast tissue, particularly with high 
Tesla machines, represents a significant limitation of the method.

Moreover, as MRS is acutely sensitive to magnetic field inhomoge-
neities, achieving objective results in patients with hematomas or 
metallic clips is another critical constraint of this technique.

In conclusion, while MRI demonstrates high sensitivity for detect-
ing breast lesions, its specificity is comparatively low. A range of 
modalities, including dynamic studies, contrast kinetics, and diffu-
sion-weighted assessments, are employed to improve MRI specific-
ity in imaging breast lesions. In our study, we aimed to determine 
whether MRS could enhance specificity in differentiating between 
benign and malignant choline peaks. While higher choline levels 
were identified in malignant breast lesions, the correlation was 
not statistically significant. Integrating MR spectroscopic data with 
morphological analyses proves considerably more valuable than 
evaluating each individually.

Additionally, a significant finding of our study is the positive cor-
relation between choline peak levels and HER-2 expression. Given 
their aggressive nature, HER-2 positive tumors may utilize height-
ened choline levels, reflective of cell metabolism and angiogenesis, 
as a valuable prognostic parameter in guiding treatment selection.
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