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Abstract:

Background: This study evaluated the diagnostic and prognostic roles of magnetic resonance spectroscopy
(MR Spectroscopy) and diffusion-weighted imaging (DWI) in breast cancer.

Methods: Quantitative DWI and MR Spectroscopy were employed for lesion characterization. ADC values
were calculated, and MR Spectroscopy assessed choline concentrations. Kinetic curve analysis and cross-
tabulation with histopathological diagnosis were performed for validation. Statistical analysis included Cohen's
Kappa and ROC curve analysis.

Results: A cohort of 77 women with 88 breast lesions underwent MR Spectroscopy and DWI, comprising 65
malignant and 23 benign cases. The mean age for malignancy was 48.1 years and for benign lesions was 36.2
years. The study included 77 women with 88 breast lesions, encompassing invasive ductal carcinoma,
inflammatory intra-ductal carcinoma, and benign lesions such as fibroadenoma and idiopathic granulomatous
mastitis. The study found a significant difference in mean ADC values between malignant (0.9526 x 10"-3
mm?/s) and benign (1.48 x 10"-3 mm?s) breast lesions. The ADC cut-off of 1.1 x 10"-3 mm?'s demonstrated
92.3% sensitivity and 73.9% specificity. No significant associations were observed between ADC values and
ER/HER2 statuses, but a significant association was found with positive PR expression (p=0.04). MR
Spectroscopy showed a mean total choline concentration of 0.186 ppm for malignancy and 0.104 ppm for
benignity.

Conclusion: Quantitative DWI and MR Spectroscopy offer valuable insights into breast lesion characterization,
with ADC values and choline concentrations serving as key discriminators between malignant and benign
lesions. The study emphasizes the potential clinical utility of these imaging techniques for accurate diagnosis
and prognostication in breast cancer.

Keywords: Breast cancer, Diffusion-weighted imaging, MR Spectroscopy, Diagnostic accuracy,
Prognostication.
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Introduction

Breast cancer stands as a formidable global health
challenge, affecting millions of women worldwide
and necessitating continuous advancements in
diagnostic and prognostic tools. The ability to
accurately predict disease progression and patient
outcomes is pivotal for tailoring effective treatment
strategies and improving overall survival rates.[1,2]
While conventional imaging modalities such as
mammography and ultrasound have long been
cornerstones in breast cancer diagnosis, their
limitations in providing comprehensive insights
into tumor biology underscore the need for more
sophisticated approaches.[2,3]

This research paper delves into the evolving
landscape of Dbreast cancer prognostication,
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focusing specifically on the emerging roles of
Diffusion-Weighted Imaging (DWI) and Proton
Magnetic Resonance Spectroscopy (1H MRS).
These advanced MRI techniques offer unique
perspectives into the cellular and molecular
characteristics of breast tumors, providing valuable
information that extends beyond the capabilities of
traditional imaging methods.

Breast cancer is a heterogencous disease with
diverse clinical behaviors, necessitating a nuanced
understanding of individual tumor characteristics
for effective management.[4,5] Prognostication, the
ability to foresee the likely course of the disease,
plays a pivotal role in guiding treatment decisions,
optimizing therapeutic interventions, and ultimately
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improving patient outcomes. [5,6] While
histopathological assessment remains central to
prognostication, the integration of advanced
imaging techniques offers a non-invasive means to
obtain real-time information about the tumor
microenvironment, aiding in a more comprehensive
and dynamic assessment.[6,7]

Diffusion-Weighted Imaging (DWI) has emerged
as a powerful tool in oncologic imaging, leveraging
the inherent mobility of water molecules to provide
insights into tissue microstructure and cellularity.
In the context of breast cancer, DWI has shown
promise in characterizing lesions, differentiating
between benign and malignant tumors, and
predicting responses to therapy. The quantification
of the apparent diffusion coefficient (ADC) has
become a valuable metric, reflecting the degree of
water diffusion within tissues and offering a
surrogate marker for tumor aggressiveness. [8,9]

Complementing DWI, Proton Magnetic Resonance
Spectroscopy (IH MRS) focuses on the metabolic
alterations within tissues, providing a unique
window into the molecular landscape of breast
tumors.  [10,11]  The  identification  and
quantification of specific metabolites, such as
choline, lactate, and lipids, offer insights into
cellular proliferation, energy metabolism, and
membrane turnover. By elucidating these metabolic
signatures, 1H MRS contributes to a more holistic
understanding of tumor biology and has the
potential to refine prognostic assessments.

As the field progresses, the synergistic application
of DWI and 1H MRS emerges as a promising
avenue for refining breast cancer
prognostication.[9,10,11] This study explores the
current state of knowledge regarding the individual
and combined roles of these advanced imaging
techniques, examining their contributions to
predicting treatment response, differentiating tumor
subtypes, and ultimately informing personalized
therapeutic strategies.

This research paper aims to assess the alignment
between Diffusion Weighted Imaging (DWI) and
Proton (1H) MR Spectroscopy with histopathology
in breast cancer, exploring their potential as reliable
prognostication tools. The study's general objective
is to evaluate the role of these advanced imaging
techniques in characterizing breast lesions,
contributing to a more  comprehensive
understanding of the disease. Specific objectives
involve studying the association between apparent
diffusion coefficient (ADC) and conventional
histopathological prognostic factors, as well as
determining the correlation between total choline-
containing compounds obtained through MR
Spectroscopy and established histopathological
parameters. Through these objectives, the study
seeks to elucidate the clinical utility of DWI and
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IH MRS in enhancing breast cancer
prognostication.

Methodology:

Study Population: This prospective observational
study was conducted at the Department of
Radiodiagnosis in  collaboration with  the
Department of General Surgery and Department of
Pathology at Jagannath Gupta Institute of Medical
Sciences and Hospital, Kolkata. Institutional
Ethical Committee approval was obtained. The
study included 77 women with 88 suspicious breast
lesions who underwent MR Mammogram between
January 2021 and July 2022.

Inclusion Criteria:

Female patients with suspicious breast lesions
identified through clinical/physical examination,
ultrasonography, or mammography were included.

Exclusion Criteria:

e Lesions less than lem in size with contrast
enhancement.

o Patients undergoing neo-adjuvant or radiation
therapy.

e Previous interventional or surgical procedures
within the three months preceding the
examination.

e  Male patients with breast lumps.

o Patients lacking histopathological confirmation
of the breast lesion.

o Postmenopausal ~women on  hormone
replacement therapy.

e General contra-indications to MRI, including
allergy to contrast, implanted cardiac
pacemaker, aneurysm clips, cochlear devices,
or claustrophobia.

o Unwillingness to participate in the study.

All patients provided written informed consent,
underwent history-taking, and general and local
examinations. MR imaging, including dynamic
contrast-enhanced and DWI sequences, was
performed during the second week of the menstrual
cycle for premenopausal women.

MRI Acquisition and Post-processing: Bilateral
breast MRI utilized a 1.5 T MR with a dedicated
16-channel bilateral breast coil. The imaging
protocol included axial T2 and STIR sequences,
DWTI at b values of 0 and 800 s/mm?, and an axial
VIBRANT multiphase 3D T1-weighted dynamic
gradient-echo  sequence. Dynamic  contrast-
enhanced MRI comprised pre-contrast and 7 post-
contrast series, with automated subtracted images
obtained for each phase.

Proton MR spectroscopy was performed using a
single-voxel water- and fat-suppressed technique.

MRI Interpretation: T2 and STIR images were
analyzed for lesion presence, location, and size.
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Dynamic curves were assessed based on initial and
late-phase enhancement, classified according to the
ACR BI-RADS MRI lexicon. MRI BI-RADS
classification involved both morphology and
kinetic curve assessment.

Diffusion-Weighted Imaging and MR
Spectroscopy Analysis: ADC maps were
generated from DWI, and ADC values were
calculated using ROI analysis. MR spectroscopy
utilized a volume of interest encompassing the
enhancing part of the lesion. Total choline values
were determined using freeware named iNMR.

Reference Standard: Lesions categorized as MR
BI-RADS 3, 4, or 5 underwent surgical excision or
core  needle  biopsy under  ultrasound.
Histopathological reports provided the gold
standard diagnosis, including tumor grade, estrogen
receptor (ER), progesterone receptor (PR), and
HER?2 status.

Statistical Analysis: Data were summarized as
mean and standard deviation. Student’s t-test
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compared numerical variables between benign and
malignant ~ subgroups.  Receiver  Operating
Characteristics (ROC) curve analysis identified cut-
offs for ADC and total choline to predict
malignancy. Correlation between mean ADCs/total
choline and histological grade and biological
factors was analyzed using MedCalc and Statistical
software. Significance was set at P < 0.05.

Result
Demographic data for the study

77 women (between 18 and 85 years of age) with
88 breast lesions were included in the study, of
which 65 were malignant and 23 were benign.

The mean age of women with malignant breast
lesions was 48.1 years (age range 22-85 years;
standard deviation 12.7) and for benign it was 36.2
years (age range 18-49 years; standard deviation
9.04), Figure 1.
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Figure 1: Demographic data for the study

Distribution of the study Lesion: Invasive ductal
carcinoma ( n= 48) ,invasive ductal carcinoma with
ductal carcinoma in situ(n= 3),inflammatory
intraductal  carcinoma(n= 8),invasive lobular
carcinoma (n=1), pure mucinous carcinoma (n= 1),
mixed mucinous carcinoma ( n=1), malignant
phylloides (n=1 ) and invasive Metaplastic
carcinoma ( n=2) while the benign lesions included
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fibroadenoma ( n= 4), idiopathic granulomatous
mastitis ( n= 5 ), benign phylloides ( n= 1 ),
fibrocystic disease of breast ( n= 4 ),
fibroadenolipoma ( n=2), benign proliferative
lesion ( n=1 ),ductal adenoma (n=2), tubular
adenoma (n=1), hyalinised fibroadenoma (n=1),
fibroadenosis ~ with  epitheliosis (n=1) and
intraductal papilloma(n= 1), Figure 2.
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Figure 2: Distribution of lesions among the population

Table 1: Cross-tabulation of diagnosis by ADC cut-off vis-a-vis the gold standard histopathological
diagnosis with extent of agreement depicted as Cohen’s Kappa

Status ADC
Histopathological diagnosis Benign Malignant
Benign 17 6 23 (26.1%)
Malignant 12 53 65 (73.9%)
29(33.0%) 59(67.0%) 88
Kappa 0.511
95% CI 0.317 to 0.706
Table 1 presents a cross-tabulation of erroneously classified as benign. The overall

histopathological diagnoses against ADC cut-off
values in a cohort of 88 breast lesions, with the
extent of agreement quantified using Cohen's
Kappa statistic. The table reveals that 23 lesions
(26.1%) were histopathologically diagnosed as
benign, out of which 17 were correctly identified as
such based on ADC values, while 6 were
misclassified as malignant. For the 65 malignant
lesions (73.9%), 53 were accurately characterized
as such by ADC cut-off values, while 12 were

agreement between ADC cut-off values and
histopathological diagnosis is represented by a
Kappa value of 0.511, with a 95% confidence
interval from 0.317 to 0.706. This Kappa value
suggests moderate to substantial agreement,
indicating that ADC cut-off values demonstrate a
noteworthy  level of  concordance  with
histopathological diagnoses in distinguishing
between benign and malignant breast lesions in the
studied cohort.

Table 2: Cross-tabulation of diagnosis by Kinetic curve analysis vis-a-vis the gold standard
histopathological diagnosis with extent of agreement depicted as Cohen’s Kappa

Observer A Status Kinetic Curve
Observer B Histopathological diagnosis
Status Kinetic Curve
Histopathological Benign Malignant Indeterminate (Type 2
diagnosis (Typel curve) (Type 3 curve) curve)
Benign 7 6 10 23 (26.1%)
Malignant 0 54 11 65 (73.9%)
Indeterminate 0 0 0 0 (0.0%)
7 (8.0%) 60 (68.2%) 21 (23.9%) 88
Kappa 0.355
95% CI 0.219 to 0.491
Kothari ef al. International Journal of Pharmaceutical and Clinical Research
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Table 2 presents a  cross-tabulation of
histopathological diagnoses against kinetic curve
analysis, as assessed by two observers (Observer A
and Observer B), in a cohort of 88 breast lesions.

The table categorizes lesions into three groups
based on kinetic curve patterns: Benign (Type 1
curve), Malignant (Type 3 curve), and
Indeterminate (Type 2 curve).

The results show that out of the 23 lesions
histopathologically diagnosed as benign, 7 were
correctly identified as having a benign kinetic
curve (Type 1), 6 were misclassified as having a
malignant kinetic curve (Type 3), and 10 were
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deemed indeterminate (Type 2). For the 65
histopathologically malignant lesions, 54 were
accurately characterized as having a malignant
kinetic curve (Type 3), while 11 were misclassified
as having a benign kinetic curve (Type 1). No
lesions were categorized as indeterminate by
kinetic curve analysis.

The overall agreement, as measured by Cohen's
Kappa, is 0.355 with a 95% confidence interval
from 0.219 to 0.491. This Kappa value indicates
fair to moderate agreement, suggesting that kinetic
curve analysis demonstrates a reasonable level of
concordance with histopathological diagnoses.

Table 3: Role of Advanced Imaging Techniques in Breast Cancer Diagnosis and Prognostication

Parameter MR Spectroscopy (Choline | DWI MR Spectroscopy (Total
Peak) Choline)

Number of Lesions 58 46 28

Histological 38 Malignant / 20 Benign Grade II (28) / Grade III | ER-positive (11) / ER-

Distribution (18) negative (22) / HER-2neu
(25)

Sensitivity 84.21% [CI 68.75% - | Not specified Not specified

93.98%]

Specificity 40% [CI 19.12% - 63.95%] | Not specified No significant difference
between ER-positive and -
negative

True Positive | 32 Not specified Not specified

(Choline Peak)

False Positive | 12 Not specified Not specified

(Choline Peak)

True Negative (No | 8 Not specified Not specified

Choline Peak)

False Negative (No | 6 Not specified Not specified

Choline Peak)

Total Choline Cut-off | > 0.1046 ppm Not applicable >0.1046 ppm

for Malignancy

ADC Values Not specified Grade II: (0.994 + 0.256) | No significant difference

/ Grade III: (0911 = | between PR-positive and -
0.089) negative

ADC and ER/PR | Higher in  ER-positive | Higher in PR-positive | No significant difference

Status (1.046 = 0.302) vs. ER- | (1.063 = 0.314) vs. PR- | between HER-2neu

negative (0.914 + 0.124) negative (0.915+0.127) | positive and negative

Her-2neu Status and | Not specified Not specified No significant difference

Choline between grade II and III

Concentration

This comprehensive comparison Table 3 parameters such as sensitivity, specificity, and cut-

synthesizes findings from studies utilizing MR off values, emphasizing the distinctive strengths

Spectroscopy  (MRS)  with  choline  peak and characteristics of each imaging modality in the

identification, Diffusion-Weighted Imaging (DWI),
and MRS with total choline concentration
assessment in breast cancer diagnosis and
prognostication. The table highlights key
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context of breast cancer assessment.

Receiver Operating Characteristics (ROC)
curve analysis to see if there is any cut-off for
the Total Choline for predicting malignancy
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Figure 3: Graph shows receiver operating characteristic (ROC) curve for total choline.

Area under the curve, which represents the
probability the lesion, will be classified accurately
as benign or malignant according to the total
choline value, is 0.663. ROC curve analysis is
suggesting that Total Choline > 0.1046 ppm
indicates the possibility of malignancy in the breast
lesion with 68.4% (95% CI 51.3 - 82.5) sensitivity
and 65.0% specificity (95% 40.8 - 84.6), Figure 3.

Discussion

In this study, we explored the utility of diffusion-
weighted imaging (DWI) in distinguishing between
benign and malignant breast lesions. DWI, a non-
contrast, functional MRI sequence with a relatively
short imaging time, has been recognized for its
potential to enhance specificity of dynamic
contrast-enhanced MRI (DCE-MRI). However, it is
imperative to acknowledge the limitations
associated with DWI, including susceptibility

artifacts and image distortion, particularly
challenging for characterizing small lesions
[11,12,13].

Our investigation focused on the apparent diffusion
coefficient (ADC) derived from DWI at a b-value
of 800 s/mm? The mean ADC values exhibited a
statistically ~ significant  difference  between
malignant and benign breast lesions. Malignant
lesions demonstrated lower mean ADC values
(0.9526 x 107(-3) mm?*s) compared to benign
lesions (1.48 x 10"(-3) mm?s). This finding aligns
with previous studies by Woodhams et al. (14),
Abdulghaffar et al. [15], Park MJ et al. (16), Bansal
Retal. [17], and Palle L et al. [18].

The established cutoff value for ADC, derived from
receiver operating characteristic (ROC) analysis,
was 1.1 x 10°(-3) mm?/s. The study demonstrated
high sensitivity (92.3%) and specificity (73.9%) in
distinguishing malignant from benign lesions.
Notably, lower specificity was attributed to cases of
idiopathic granulomatous mastitis, emphasizing the
challenges in certain diagnostic scenarios. The
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study also observed elevated ADC values in pure
and mixed mucinous carcinomas, potentially linked
to their low cellularity compared to invasive ductal
carcinoma (IDC), consistent with findings by Jin et
al. [19] and Woodhams et al. [20].

Concerning hormonal receptor status, our study
found no significant association between ADC
values and estrogen receptor (ER) or human
epidermal growth factor receptor 2 (HER2)
statuses. However, a significant association was
noted with positive expression of progesterone
receptor (PR). The literature on the correlation
between immunohistochemical markers and ADC
values remains inconclusive, with varying results
across different studies. Previous research by
Soerjomataram et al. [21] and Bogner et al [22].
indicated associations between ER expression and
ADC values, while Choi et al. [23] and Jeh et al.
[24] reported conflicting results.

Regarding tumor cellularity, our study did not find
a significant association between ADC values and
histological grade, consistent with previous reports
[24,25]. However, the study acknowledged recent
findings by Cipolla et al. [25], indicating an
association between low ADC values and high-
grade invasive breast cancer.

Moving to in vivo proton magnetic resonance
spectroscopy (1H-MRS), the study delved into its
role in differentiating benign and malignant breast
lesions. Quantitative MRS demonstrated superior
specificity compared to qualitative MRS, while
qualitative MRS exhibited higher sensitivity.

Benign lesions showing a choline peak in MRS
included various types, such as tubular adenoma,
ductal adenoma, fibrocystic disease,
fibroadenolipoma, ductal papilloma, and idiopathic
granulomatous mastitis. Notably, invasive ductal
carcinoma and pure mucinous carcinoma did not
exhibit a choline peak.
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The study also evaluated the diagnostic
performance of total choline (tCho) concentration
levels measured by 1H-MRS, establishing a cutoff
point (> 0.1046 ppm) for distinguishing benign
from malignant lesions. The resulting sensitivity
was 68.4%, and specificity was 65.0%. Comparing
these findings with existing literature, our study
reported a mean total choline concentration of
0.186 + 0.15 ppm for malignancy at 3T, consistent
with diverse ranges reported in prior studies [26-
28].

Despite these valuable insights, the study has
acknowledged limitations, including the exclusion
of lesions smaller than 1 cm for DWI and potential
partial volume effects in IH-MRS due to the voxel
size. Additionally, the absence of in-situ and grade
1 breast carcinomas reflects the current
presentation trends in a tertiary care center in
eastern India, highlighting the challenges posed by
delayed diagnoses.

Overlapping ADC map values between benign and
malignant lesions, unreliability for mucinous
carcinoma and idiopathic granulomatous mastitis,
and the study's limited sample size for the
evaluation of DWI and MR Spectroscopy in
prognostication further emphasize the need for
larger cohorts to validate these findings.

Conclusion

In conclusion, our study underscores the
effectiveness of quantitative diffusion-weighted
imaging (DWI) as a valuable technique for
characterizing breast lesions, providing a reliable
apparent diffusion coefficient (ADC) cutoff for
differentiating between benign and malignant
lesions. However, limitations are acknowledged,
particularly in the diagnosis of mucinous carcinoma
and idiopathic granulomatous mastitis. Magnetic
resonance spectroscopy of the breast emerges as a
useful tool in distinguishing malignant from benign
lesions, with choline concentration serving as a key
discriminator. The study's findings reveal that
neither the histologic grade of breast cancer nor the
ADC value and mean total choline concentration
exhibit significant associations. Moreover, no
significant correlations were identified between
ADC values and estrogen receptor (ER) or human
epidermal growth factor receptor 2 (HER2)
statuses. Notably, a significant association was
observed between ADC values and positive
expression of progesterone receptor (PR).
Furthermore, no significant associations were
found between mean total choline concentration
and ER, PR, and HER2 statuses. These
comprehensive insights highlight the multifaceted
diagnostic potential of DWI and magnetic
resonance  spectroscopy in  breast cancer
characterization, emphasizing the nuanced
interplay between imaging metrics and molecular
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markers in refining our understanding of breast
lesions.

Ethical approval: The study was approved by the
Institutional Ethics Committee

References

1. Alkabban FM, Ferguson T. Breast Cancer.
2022 Sep 26. In: StatPearls Treasure Island
(FL): StatPearls Publishing; 2023 Jan.

2. Harbeck N, Gnant M. Breast cancer. Lancet.
2017 Mar 18; 389(10074):1134-1150.

3. Bhushan A, Gonsalves A, Menon JU. Current
State of Breast Cancer Diagnosis, Treatment,
and Theranostics. Pharmaceutics. 2021 May
14; 13(5):723.

4. Lukasiewicz S, Czeczelewski M, Forma A, Baj
J, Sitarz R, Stanistawek A. Breast Cancer-
Epidemiology, Risk Factors, Classification,
Prognostic Markers, and Current Treatment
Strategies-An  Updated Review. Cancers
(Basel). 2021 Aug 25; 13(17):4287.

5. Giaquinto AN, Sung H, Miller KD, Kramer JL,
Newman LA, Minihan A, Jemal A, Siegel RL.
Breast Cancer Statistics, 2022. CA Cancer J
Clin. 2022 Nov; 72(6):524-541.

6. Thomas JM, Cooney LM IJr, Fried TR.
Prognosis as Health Trajectory: Educating
Patients and Informing the Plan of Care. J Gen
Intern Med. 2021 Jul; 36(7):2125-2126.

7. Loibl S, Poortmans P, Morrow M, Denkert C,
Curigliano G. Breast cancer. Lancet. 2021 May
8;397(10286):1750-1769.

8. Baliyan V, Das CJ, Sharma R, Gupta AK.
Diffusion weighted imaging: Technique and
applications. World J Radiol. 2016 Sep
28;8(9):785-798.

9. Messina C, Bignone R, Bruno A, Bruno A,
Bruno F, Calandri M, Caruso D, Coppolino P,
Robertis R, Gentili F, Grazzini I, Natella R,
Scalise P, Barile A, Grassi R, Albano D.
Diffusion-Weighted Imaging in Oncology: An
Update. Cancers (Basel). 2020 Jun §;
12(6):1493.

10. Wang L, Chen G, Dai K. Hydrogen Proton
Magnetic Resonance Spectroscopy (MRS) in
Differential Diagnosis of Intracranial Tumors:
A Systematic Review. Contrast Media Mol
Imaging. 2022 May 18; 2022:7242192. doi:
10.1155/2022/7242192. Retraction in: Contrast
Media Mol Imaging. 2023 Sep 14;
2023:9805474.

11. Haley A, Knight-Scott J. Proton Magnetic
Resonance Spectroscopy (IH MRS): A
Practical Guide for the Clinical Neuroscientist.
In: Brain Imaging in Behavioral Medicine and
Clinical Neuroscience; 2010 Dec 9; p. 83-91.
ISBN: 978-1-4419-6371-0.

12. Melsacther A, Gudi A. Breast magnetic
resonance imaging performance: safety,
techniques, and updates on diffusion-weighted

International Journal of Pharmaceutical and Clinical Research

1460



International Journal of Pharmaceutical and Clinical Research

13.

14.

15.

16.

17.

18.

19.

20.

Kothari et al.

imaging and magnetic resonance spectroscopy.
Topics in magnetic resonance imaging: TMRI.
2014;23(6):373-84.

Kul S, Cansu A, Alhan E, Dinc H, Gunes G,
Reis A. Contribution of diffusion-weighted
imaging to dynamic contrast-enhanced MRI in
the characterization of breast tumors. AJR
American journal of roentgenology. 2011;
196(1):210-7.

Woodhams R, Matsunaga K, Kan S, Hata H,
Ozaki M, Iwabuchi K, et al. ADC mapping of
benign and malignant breast tumors. Magnetic
resonance in medical sciences: MRMS: an
official journal of Japan Society of Magnetic
Resonance in Medicine. 2005; 4(1):35-42.
Abdulghaffar W, Tag-Aldeen MM. Role of
diffusion-weighted imaging (DWI) and
apparent diffusion coefficient (ADC) in
differentiating between benign and malignant
breast lesions. The Egyptian Journal of
Radiology and Nuclear Medicine. 2013;
44(4):945-51.

Park MJ, Cha ES, Kang BJ, IThn YK, Baik JH.
The role of diffusion-weighted imaging and the
apparent diffusion coefficient (ADC) values
for breast tumors. Korean journal of radiology.
2007; 8(5):390-6.

Bansal R, Shah V, Aggarwal B. Qualitative
and quantitative diffusion-weighted imaging of
the breast at 3T - A useful adjunct to contrast-
enhanced MRI in characterization of breast
lesions. The Indian journal of radiology &
imaging. 2015; 25(4):397-403.

Palle L, Reddy B. Role of diffusion MRI in
characterizing benign and malignant breast
lesions. The Indian journal of radiology &
imaging. 2009; 19(4):287-90.

Jin G, An N, Jacobs MA, Li K. The role of
parallel diffusion-weighted imaging and
apparent diffusion coefficient (ADC) map
values for evaluating breast lesions:
preliminary results. Academic radiology. 2010;
17(4):456-63.

Woodhams R, Kakita S, Hata H, Iwabuchi K,
Umeoka S, Mountford CE, et al. Diffusion-
weighted imaging of mucinous carcinoma of
the breast: evaluation of apparent diffusion
coefficient and signal intensity in correlation

21.

22.

23.

24.

25.

26.

27.

28.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

with histologic findings. AJR American
journal of roentgenology. 2009; 193(1):260-6.
Soerjomataram I, Louwman MW, Ribot JG,
Roukema JA, Coebergh JW. An overview of
prognostic factors for long-term survivors of
breast cancer. Breast cancer research and
treatment. 2008; 107(3):309-30.

Bogner W, Gruber S, Pinker K, Grabner G,
Stadlbauer A, Weber M, et al. Diffusion-
weighted MR for differentiation of breast
lesions at 3.0 T: how does selection of
diffusion  protocols  affect  diagnosis?
Radiology. 2009; 253(2):341-51.

Choi SY, Chang YW, Park HJ, Kim HJ, Hong
SS, Seo DY. Correlation of the apparent
diffusion coefficiency values on diffusion-
weighted imaging with prognostic factors for
breast cancer. The British journal of radiology.
2012; 85(1016):e474-9.

Jeh SK, Kim SH, Kim HS, Kang BJ, Jeong
SH, Yim HW, et al. Correlation of the apparent
diffusion coefficient value and dynamic
magnetic resonance imaging findings with
prognostic  factors in invasive  ductal
carcinoma. Journal of magnetic resonance
imaging: JMRI. 2011; 33(1):102-9.

Cipolla V, Santucci D, Guerrieri D, Drudi FM,
Meggiorini ML, de Felice C. Correlation
between 3T apparent diffusion coefficient
values and grading of invasive breast
carcinoma. European journal of radiology.
2014; 83(12):2144-50.

Bakken 1J, Gribbestad IS, Singstad TE,
Kvistad KA. External standard method for the
in vivo quantification of choline-containing
compounds in breast tumors by proton MR
spectroscopy at 1.5 Tesla. Magnetic resonance
in medicine. 2001; 46(1):189-92.

Baek HM, Yu HJ, Chen JH, Nalcioglu O, Su
MY. Quantitative correlation between (1)H
MRS and dynamic contrast-enhanced MRI of
human breast cancer. Magnetic resonance
imaging. 2008; 26(4):523-31.

Bolan PJ, Meisamy S, Baker EH, Lin J, Emory
T, Nelson M, et al. In vivo quantification of
choline compounds in the breast with 1H MR
spectroscopy. Magnetic resonance in medicine.
2003; 50(6):1134-43.

International Journal of Pharmaceutical and Clinical Research

1461



