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Objectives: Assessing the diagnostic role of multiparametric MRI (mpMRI) in
indeterminate mammographic breast lesions and postulated a diagnostic model for
MRI interpretation integrating the morphological and functional parameters.
Material and Methods: Two hundred forty patients included in a self-control
retrospective study in a tertiary center. All patients examined with 1.5T MR unit
using multiparametric studies, including morphological analysis followed by
functional evaluation via MR diffusion (MR-DWI), spectroscopy(MRS), and kinetic
enhanced curves (DCE-MRI). Diagnostic performance of each parameter evaluated
alone and in combination. The histopathological results were the standard of
reference. Results: Combined mpMRI parameters possess a moderate agreement
(k=0.435) with a 23.5% false discovery rate (FDR) and an overall accuracy of 78%.0n
the other hand, combined mpMRI data after omitting MRS data show almost perfect
agreement (k=0.923)with histopathological data and recorded 100% specificity, 90%
specificity, 5% FDR and zero% for both false omission rate (FOR) and false-negative
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rate (FNR). The Quantitative analysis of DWI with ADC map shows a significant Haisam Atta, MD

statistical value for mean ADC (m-ADC) value and relative ADC (r-ADC) value. The Department of Radiology,
former has cutoff value 1.1x10-3 mm?/sec with higher specificity 97.5% while r-ADC South Egypt Cancer Institute,
has cutoff value 0.42x103 mm?2/sec with quite lower specificity 85%. Perfect Assiut University, Egypt
agreement in the interpretation of DCE-MRI curves, MR-DWI, and MRS with Mobile: (+20) 1005017866
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MRI is a potent diagnostic tool in the characterization of indeterminate
mammographic breast lesions.
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INTRODUCTION such lesions results in a large number of
unavoidable biopsies (Pinker et al., 2011;
Fowler, 2014). Breast MRI is a valuable
complementary tool in the evaluation of
neoplastic lesions; however, there is still no
clear consensus on its employment in
inconclusive sono-mammographic findings (El
Khoury et al.,, 2015; Shimauchi et al., 2018).
Moreover, advances in breast MRI techniques
led to an improvement in the specificity of such
methods, including multiple pre- and post-
contrast sequences with and without fat

Conventional mammography and ultrasound
are the first traditional steps for evaluation of
suspicious breast lumps. The lesions'
morphology in terms of speculations with ill-
defined margins or presence of comedo
calcifications, lead to the development of Breast
Imaging Reporting and Data System (BI-RADS).
BI-RADS 3,4 categories are labeled
indeterminate with a different burden of
neoplastic lesions. The inconclusive nature of
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suppression and functional imaging studies
(Mango et al., 2015; Shimauchi et al., 2018).

Functional MR imaging modalities show
metabolic alterations in breast tissue that may
be useful in the further evaluation of suspicious
breast Ilumps by magnetic resonance
spectroscopy (MRS). In contrast, MR diffusion-
weighted imaging (DWI) provides some insight
into lesion cellularity. Moreover, the vascularity
data is provided by dynamic contrast
enhancement (DCE), reflecting the presence of
neoangiogenesis (Pinker et al., 2011; Fowler,
2014). On DCE-MRI, the resultant kinetic curve
is very suggestive of breast cancer even though
the enhancement pattern has been found in a
small proportion of breast cancer patients.
Bluemke et al. (2004) reported low sensitivity
and high specificity for the washout of
enhancement as an indicator of malignancy.
Moreover, Schnall et al. (2006) stated that
reliance on a kinetic curve assessment alone is
not sufficient as there is an overlap between
benign and malignant lesions regarding the
enhancement patterns. DWI is an essential tool
in breast lesions characterization. Even in its
guantitative assessment, breast cancer has
lower mean ADC values compared to benign
lesions and normal breast tissue (Razek et al.,
2010). Moreover, the choline peak at MRS can
be used as a marker of malignancy (Baek, 2012).

The employment of functional and
morphological data delivered the concept of
multiparametric MRI (Mp-MRI) as a recent
approach for characterization of breast lesions
(Pinker et al., 2011). However, there is still a
discrepancy between reported accuracy and
feasibility of the multiparametric data (Aribal et
al., 2016). Few studies handled the integration
of MRI in the characterization of BI-RADS 3 and
4 lesions. Akita et al. (2009) confined their
evaluation to morphological parameters, while
other authors handled DCE-MRI (Goékalp and
Topal, 2006; Cilotti et al., 2007; Uematsu et al.,
2007, Moy et al, 2009). Many authors
investigate these functional MRI parameters
solely and in combination. This combination
was created to overcome the limitations in
specificity when dealing with these parameters
separately and to improve their diagnostic
performance (Pinker et al., 2017).

The current study is aiming to assess the
diagnostic role of mpMRI in indeterminate
mammographic breast lesions (BI-RADS 3 and
4) and to postulate a diagnostic model for MRI
interpretation  integrating the different
parameters in characterization of these lesions.

MATERIAL AND METHODS
Study Design and Inclusion criteria

A retrospective self-control study, including 240
patients: with histopathological confirmation,
of 160 malignant cases, in a tertiary oncology
center. The local ethics board approved the
study. Written informed consent was waived
concerning the nature of the study. In The
retrospective search, all patients were
identified via a prospectively maintained
database, revealed 321 female patients with BI-
RADS 3 and 4 lesions in the period from January
2016 to December 2018. The population was
acquired from a non-screening community-
based on a suspicious clinical examination or
subjects with a strongly positive family history
either in their first or second-degree relatives,
or even subjects with other different
established risk factors (McPherson, 2000).

Cases were included in the study if their
database included mpMRI, including the
morphological and functional data (DWI, DCE,
and MRS); and histopathological results. The
correlation was performed either with
ultrasound-guided biopsy or surgical biopsy. We
excluded 81 cases; Forty-one cases were
excluded as they were managed conservatively
without biopsy or were missed (did not show up
for further management in our center). Further,
40 cases were excluded as their MR studies
were missing part of functional MR data: MR
DWI sequence(5 cases) or MRS sequence (35
cases) (Figurel). Two hundred eight patients
were estimated to be the minimum sample size
required to carry out the study according to the
sample size equation for descriptive research
(Leonard and Arnold, 1961). The validity
measures were 60%, with an error probability of
0.05 and 95% power. The sample was raised to
include 240 as follows:

N:(zl_a/Q)ZP(l—P)/DZ
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potentially eligible Excluded (n=41)
BI-RADS 3 (n=92) | participant (n=321) Close Clinical follow up (n=17)
BI-RADS 4 (n=229) [ "|  surgical biopsy (n=11)

[ Missed (n=13)

v
eligible participant

— | (n=280)

BI-RADS3 (n=79)

Excluded (n=40)
Missing DWI (n=5)

BI-RADS4 (n=201)

Missing MRS (n=35)

Tailored Combined

Combined MR BI-RADS 3 (n=68) ¢
including MRS la—7] BI-RADS 4(n=172) - MR (without MRS)
(n=240) (n=240)
Benign Malignant Benign Malignant
(n=36) (n=204) (n=72) (n=168)

Sonar guided biopsy

Final diagnosis
Malignant (n=156)
Benign (n=48)

Final diagnosis

Malignant (n=4)

Benign (n=32)

v
Final diagnosis

Final diagnosis
Malignant (n=0) Malignant (n=160)
Benign (n=72) Benign (n=8)

Figure 1. STARD diagram to report case flow within the study.

Table 1. Technical parameters of the employed MR sequences

Parameter of T2-WI axial T2-WI fat- T1-Wi witho.ut . 3D Tl.GRE Axial MRS -single

sequences (TSE) suppressed axial fat-supp.ressmn DWI* Axial with f?t voxel
Axial saturation (PRESS)**

TR (ms) 5300 5250 1420 5900 113 1500

TE (ms) 60 58 12 93 5 100

Flip angle (FA) 180° 142° 180° 20° 90°

Slice thickness (mm) 5.5 5 6 5 1.2

Field of view (FOV) (mm) 340 360 450 400 360

Matrix (pixels) 512x384 512x256 256x160 192x192 384x384

Spacing No space 20% 5% 30% No space

Voxel size in mm 1.2x0.9x5.5 1.3x1.1x5.0 2.1x1.4x6.0 2.2x2.1x5.8 1.6x1.1x1.2 15x15x15

Acquisition time (minutes) 2.51 2.39 2.14 2.04 4.18 3.18

*b values of 50,400, 800 sec/mm?, fat saturation by water excitation, **Fat and water suppression using conventional CHESS pulses

Mammography and interpretation

A breast mammographic examination was
performed with Senographe-DMR, GE. The
classic employed views are craniocaudal and
mediolateral views with compression. The
breast tissue density in mammography was
scored as categories A through D. The
interpretation of the studies was conducted
according to BI-RADS lexicon fifth edition (Rao
etal., 2016).

Breast MRI Technique

Scans were performed on MRI Machine is 1.5 T
(Magnetom Avanto, Siemens Healthcare) using
a dedicated eight-channel breast coil where the
patient is positioned in a prone position to fit
and adjust both breasts within the coil. Pre-
contrast sequences include axial T2WI with fat

suppression and Axial DWI. The employed b
factors were b 50, 400, and 800 sec/mm?2. An
apparent diffusion coefficient (ADC) map was
created with the involvement of all of the b
values. The post-contrast sequences were
initiated by DCE, which is acquired by a 3D fat
suppression sequences with a pre-injection 3D
T1WI and followed by five multiplanar post-
contrast TIWI measures, each last for 1 minute.
The subtracted images were considered as a
reference. The contrast-enhanced kinetic curve
was postulated among the classic types,
according to Kuhl et al. (2007) The used contrast
material is Gadolinium pentate (Magnevist™),
with a dose of injection of 0.1 mmol/kg via an
automatic injector with a 2 ml/sec rate followed
by a 20 ml isotonic saline flush administrated
using an automatic injector. Single voxel proton

1JCBR Vol. 4(3): 217-228.
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(*H)-MRS; using point resolved spectroscopy
(PRESS); is performed and the image acquisition
by a single voxel with TE 100 ms. The voxel was
centered on the enhanced component of the
lesion. The technical parameters of the
employed MR sequences are summarized in
Table 1.

MRI interpretation

MR studies were evaluated by two senior
radiologists (18-20 years’ experience) who
interpreted the MR images separately blinded
to the other reports or the histopathological
results. Cases were enrolled in the study by
oncologists after revising their clinical data. The
morphological analysis was based on native
T1WI and T2WI with/without fat suppression
sequence and DCE-MRI. Firstly, regarding T1
and T2 signal the lesion interpreted as follow:
according to Stusinska et al. (2014) lesions with
high signal on both T2 WI and T2WI with fat
suppression and low signal on TAWI interpreted
as a benign lesion with high water content like a
cyst with exception mucinous carcinoma, while
those of high signal on both TIWI and T2WI and
low signal on T2WI fat suppression interpreted
as benign lesion containing fat component. On
the other hand, those lesion of low or
intermediate signal on T1WI, T2WI, and
intermediate or high on T2WI with fat
suppression were interpreted as a suspicious
lesion of malignancy. While those show low
signal on T1WI and very low signal on T2WI and
intermediate on T2WI with fat suppression
were interpreted as fibrotic lesions (Stusinska et
al., 2014).

Regrading DCE, the subtracted images used to
assess the presence of enhancing mass or non-
mass enhancement lesions, where the
enhancing mass lesions evaluation was based
on the American College of Radiology (ACR) BI-
RADS fifth edition (Rao et al., 2016). While the
enhancing non-mass lesions were evaluated
according to the three-step interpretation,
according to Schimauchi et al. (2016) Secondly,
by evaluating the semiquantitative kinetic
enhancement characteristics curves was
guantified by placed ROI placed in the areas of
the strongest abnormal enhancement and size
of the ROI adjusted to the size of the enhancing
lesion. However, it should be greater than three

pixels (Kuhl et al., 1999; Spak et al., 2017). The
type of the delayed-enhancement patterns of
the DCE curve is recorded according to Kuhl et
al. (1999) as follows: Type | is a steady
persistent, the signal intensity continues to
increase over the entire time. Type Il is a plateau
in which there is an initial upstroke, and the
signal intensity plateaus in the intermediate and
late postcontrast periods. Type Il is a washout
in which there is an initial upstroke, after which
enhancement is abruptly decreased (washes
out) in the intermediate postcontrast period
(i.e., 2-3minutes after injection of contrast
material). Type Il and Ill favor malignant nature.

MRI-DWI analysis includes both qualitative and
guantitative assessments. The qualitative
assessment detects if there is restricted or
facilitated MR diffusion as restriction indicates
hypercellularity and favors neoplastic nature
(Greenwood et al., 2018). The quantitative
evaluation of MRI-DWI is done by integrating
different parameters, including minimum ADC
(min-ADC), maximum ADC, mean ADC (m-ADC),
and the difference ADC (d-ADC) that is
calculated by subtracting the min-ADC from the
maximum ADC. This quantitative data s
calculated by applying a circular region of
interest (ROI) on the lowest signal portion of the
lesion. Another ROl is applied to the
contralateral breast fibro-glandular tissue,
which is considered as a reference organ,
according to Park et al. (2007) and hence the
self-control portion of the study. (Figure 2). The
relative ADC (r-ADC) is calculated by dividing m-
ADC of the lesion by that of the contralateral
breast, according to Yilmaz et al. (2018).

The MRS interpretation is based on the total
choline-containing compounds (tCho)
resonance in qualitatively determined breast
spectra. tCho peak position should be recorded
in the metabolite spectrum. According to
Haddadin et al. (2009]), In vivo breast, MR
spectra detect tCho at resonance at 3.2 ppm
that was the criterion for determining the
presence or absence of Cho, and it is known to
be associated with malignancy (Bartella and
Huang, 2007).

Combined Mp-MRI parameter interpretation

The MR data, including morphology, DCE-MRI,
DWI, and MRS, was utilized to create combined
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parameter for differentiation as when two or
more of the parameters mentioned above are
positive, the combined parameter impression is
considered positive for the presence of
malignancy (Aribal et al., 2016).

Histopathological correlation

The pathologist was blind to the results of
imaging at the time of evaluation. Microscopic
examination was performed after preparation
and staining with Hematoxylin and eosin stain
(H and E) to document the malignant or benign
nature of the lesions (Figure 3).

Figure 2. Demonstration of applying the ROI on the right
breast lesion to calculate the minimum, maximum,
difference and mean ADC, second ROl applied on
contralateral breast parenchyma to calculate the relative
ADC.

Figure 3. Microscopic image from a True cut needle biopsy
of breast lesions (A) represents a case of invasive ductal
carcinoma showing malignant cells within a desmoplastic
stroma (B) represents a case of fibrocystic disease of the
breast showing fibrous tissue with entrapped ducts with a
focus of ductal epithelial hyperplasia (arrow).

Statistical analysis

Categorical data were described using mean
and standard deviations, while ordinal data
were expressed using frequencies. The
weighted Cohen's Kappa was employed to
assess the agreement between pathological
results, the MRI diagnostic parameters, in
addition to the interrater reliability. Validity
statistics  including sensitivity, specificity,
positive and negative predictive value —PPV &
NPV-, False Positive Rate, False Negative Rate —
FPR & FNR-, False Discovery Rate, False
Omission Rate —FDR & FOR-, were calculated.
Evaluation of the cutoff value was done using
the receiver operating characteristic (ROC)
curve for m-ADC and choline position in MRS of
benign and malignant lesions and analyzed as
the area under the curve (AUC), standard error
(SE) and 95% confidence interval (Cl). Results
were considered statistically significant when
the p-value is p < 0.05. IBM-SPSS version 21 was
used for statistical analysis.

RESULTS
Patients' demographic data

The patients' age ranged from 28 to 70 years,
with a mean age of 47.8 £ 11.0 years. Among the
malignant cases, 116/160 (72.5%) cases were in
post-menopausal status, whereas 56 cases had
late menopause. The recorded data showed
59/160 (36.9%) patients with early menarche.
Moreover, 44/160 (27.5%) of malignant cases
were in pre-menopausal status. The incidence
of positive family history was recorded in
28/160 (17.5%) of malignant cases, whereas
41% of them had a positive first-degree relative,
while 59% had a second degree relative with a
positive history, as mentioned in Table 2.

Table 2. Baseline Demographic Characteristics of Study
Cohort

Parameter n =240
Age in vears Mean + SD 47.80+11.0
geiny Median (IQR)  46.5 (15)
Pre- 108 (45%)
M trual Stat
enstrual Statls gt 132 (55%)
- Negative 208 (86.7%)
F ly Hist
amily Ristory Positive 32 (13.3%)
Mammographic BIRAD 3 68 (28.3%)
BIRADS BIRAD 4 172 (71.7%)

1JCBR Vol. 4(3): 217-228.
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Mode of biopsy and histopathological results

Surgical biopsy was employed in 139 cases; 93
cases among them were proven to be
malignant. While sonar guided biopsy was
performed in 101 cases, 34 cases of them were
proven to be benign. Pathological records
showed five varieties of benign diseases, where
fioroadenoma has the highest frequency
encountered in 32 cases. While the malignant
neoplasms records have five types, the most
commonly encountered variety was invasive
duct carcinoma in 112 patients.

MRI Results

Different MRI parameters show significant
statistical results regarding the variable degree
of agreement with histopathological findings
(Table 3). MRI-DWI showed almost perfect
agreement (k=0.93, p<0.001) with an

agreement in 96.6% of cases, with high validity
measures (Table 4) recording 100% regarding
specificity and positive predictive value (PPV)
while the false-negative rate (FNR) is 5% and
false discovery rate (FDR) is 0%.

In comparison, the false omission rate (FOR)
recorded 9%, with an overall accuracy of 97%
(Figure 4). The quantitative parameters in the
evaluation of the ADC map showed a significant
statistical value for m-ADC value and r-ADC
value. The former had cutoff value 1.1x103
mm?/sec with higher specificity 97.5% while r-
ADC had cutoff value 0.42x103 mm?/sec with
quite lower specificity 85% (Figure 5). The
lowest rank of the employed quantitative
assessment of the ADC map is recorded with a
d-ADC cutoff value 0.06x10° mm?/sec with a
50% PPV (Table 5).

Table 3. Agreement between Pathology Results and Different MRI Parameters

Tumor Pathology Total
Benign Malignant
Morphology Impression Benign 68 (28.3%) 4 (1.7%) 72 (30%)
Malignant = 12 (5.0%) 156 (65%) 168 (70%)
Total 80(33.3%) @ 160(66.7%) @ 240 (100%)
Weighted Kappa Coefficient 0.846 P <0.001
Chi-square test 172.9 P <0.001
Curve Impression Benign 72 (30%) 16 (6.7%) 88 (36.7%)
Malignant 8 (3.3%) 144 (60%) 152 (63.3%)
Total 80(33.3%) = 160(66.7%) @ 240 (100%)
Weighted Kappa Coefficient 0.800 P <0.001
Chi-square test 216.0 P <0.001
Spectroscopy Impression Benign 32(13.3%) = 96 (40.0%) = 128 (53.3%)
Malignant = 48 (20.0%) = 64 (26.7%) @ 112 (46.7%)
Total 80(33.3%) @ 160(66.7%) @ 240 (100%)
Weighted Kappa Coefficient -0.174 P =0.003
Chi-square test 8.6 P =0.003
Diffusion Impression Benign 80 (33.3%) 8 (3.3%) 88 (36.7%)
Malignant 0 (0.0%) 152 (63.3%) = 152 (63.3%)
Total 80(33.3%) = 160(66.7%) @ 240 (100%)
Weighted Kappa Coefficient 0.927 P <0.001
Chi-square test 207.3 P <0.001
. . Benign 32 (13.3%) 4 (1.7%) 36 (15%)
Combined Impression* Malignant = 48 (20.0%) 156 (65%) 204 (85%)
Total 80(33.3%) = 160(66.7%) = 240 (100%)
Weighted Kappa Coefficient 0.435 P <0.001
Chi-square test 58.8 P <0.001
. . ) Benign 72 (13.3%) 0 (1.7%) 72 (30%)
Tailored Combined Impression- Malignant = 8(20.0%) 160 (65%) 168 (70%)
Total 80(33.3%) @ 160(66.7%) @ 240 (100%)
Weighted Kappa Coefficient 0.923 P <0.001
Chi-square test 58.8 P <0.001
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Table 4. Validity Measures of the Different MRI Parameters

Tailored Combined

Measure Morphology Curve Spectroscopy Diffusion (et
MR parameter
MR parameter
Sensitivity 97.5% 90% 40% 95% 97.5% 100%
Specificity 85% 90% 40% 100% 40% 90%
PPV 93% 95% 57% 100% 76.5% 95%
NPV 94.5% 82% 25% 91% 89% 100%
Accuracy 93.3% 90% 40% 97% 78% 97%
FNR 2.5% 10% 60% 5% 2.5% 0%
FPR 15% 10% 60% 0% 60% 10%
FDR 7% 5% 43% 0% 23.5% 5%
FOR 6% 18% 75% 9% 11% 0%

PPV=Positive Predictive Value, NPV=Negative Predictive Value, FPR=False Positive Rate, FNR=False Negative Rate,
FDR=False Discovery Rate, FOR=False Omission Rate

Table 5. Diagnostic performance of Apparent Diffusion Coefficient (ADC) Parameters for Breast
cancer Prediction, analyzed as the area under the curve

Mean ADC R. ADC Min. ADC Diff. ADC

AUC* 0.992 (<0.001) = 0.992 (<0.001) | 0.928 (<0.001) = 0.287 (<0.001)
CI** 0.854-1.000 0.889-1.000 0.827-0.975 0.097-0.412
SE** 0.021 0.044 0.053 0.077
Cutoff 1.11 0.42 0.82 0.06
Senstivity 95% 100% 90% 90%
Specificity 97.5% 85% 85% 10%

PPV 97% 87% 86% 50%
NPV 95% 100% 89.5% 50%

*AUC = Area under the Curve, **CI = Confidence Interval, ***SE = Standard Error, *Null hypothesis: true area = 0.5

The morphological analysis showed a strong
agreement with pathological results (k = 0.846,
p =< 0.001) with an agreement in 90% of cases
with 6% FOR, 7% FDR, 93.3% in overall accuracy,
and 85% specificity (Figure 6). A substantial
agreement (k = 0.80, p =< 0.001) is recorded
with the DCE curve, as 90% of cases show
agreement (Figure 7). Moreover, 10% of cases
have a disagreement with quite high sensitivity
and specificity 90%, while FNR and FPR are 10%
with FOR is 18%. MRS showed a poor
agreement with the histopathological analysis
as it showed disagreement in 60% of cases with
quite low sensitivity and specificity 40%, 57%
PPV with 75% for 43% FDR, 60% FNR and 40%
overall accuracy (Figure 8).

The cutoff value of the choline position for
malignant characterization is 3.15 ppm with
80% sensitivity and 15% specificity (Figure 9), as
summarized in Table 6. The combined Mp-MRI
data (all parameters) show a moderate
agreement (k = 0.435) in which 21.7% of cases
possess disagreement with 23.5% FDR and
overall accuracy of 78%.

Table 6. Diagnostic performance of Choline Curve
Parameters for Breast cancer Prediction, analyzed as the
area under the curve

Choline Value Choline
(mmol/1) Position
AUC* 0.931 (<0.001) 0.283 (<0.001)
ClI** 0.833-0.916 0.104 -0.396
SE*** 0.064 0.091
Cutoff 0.35 3.15
Senstivity 100% 80%
Specificity 25% 15%
PPV 57% 48.5%
NPV 93% 55.5%

*AUC = Area under the Curve, **Cl = Confidence Interval
***SE = Standard Error, *Null hypothesis: true area = 0.5

On the other hand, combined Mp-MRI data
after omitting MRS data show almost perfect
agreement (k = 0.923) with histopathological
data and recorded 100% specificity, 90%
specificity, 5% FDR and zero% for both FOR and
FNR.

1JCBR Vol. 4(3): 217-228.
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Interrater reliability

Regarding the inter-rater reliability, consensus
agreement, according to Cohen's kappa

coefficient (k), was rated with an almost perfect
agreement in the interpretation of DCE-MRI
curves, MR-DWI, and MRS with k = 0.92, 0.90
and 0.84 respectively while morphological
analysis showed a substantial agreement with
k=0.79.

Figure 4. Idiopathic granulomatous mastitis. DWI show
restricted diffusion on high b value with a low value on the
ADC map(arrowed).

Sensitivity

w——mADC

== rADC

= miADCx
——dADC

== Reference Line

00 02 0‘4 OIS 0‘8 10
1 - Specificity
Figure 5. ROC curve for breast cancer prediction by ADC

quantification

DISCUSSION

Breast MRI is an essential portion of breast
imaging that is recognized by the European and
American guidelines as an accurate diagnostic
tool (Kuhl, 2007; Ebrahim et al., 2018).
Researchers employed the combination of MRI
parameters to improve breast MRI diagnostic
accuracy. Combining the morphological and
functional MR data aims to provide data about
cellularity, vascularity, neoangiogenesis, and
metabolic activity (Pinker et al., 2017).

Figure 6. A 46-year female patient presented with
idiopathic granulomatous mastitis. Axial pre-contrast T1-
weighted image (a,b) and T2-weighted image(c,d) with fat
saturation showed regional increase signal intensity of
fibro-glandular parenchyma with small cystic areas ( head
arrows) and one show air-fluid level (long black arrow).
Enlarged right axillary lymph (red arrow).

Figure 7. Washout (type 3) kinetic curve from DCE-MRI of
upper-outer quadrant left breast, which was strongly
enhanced mass during the arterial phase and then began
to wash out.

In the current study, according to an agreement
between different MRI parameters and
histopathological analysis and validity measures
of the different MRI parameters, spectroscopy
results were identified as a weak predictor for
breast cancer.
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Figure 8. Right breast invasive ductal carcinoma. Single-
voxel H-MRS positioning and spectrum acquired from the
voxel, indicating the resonances of total Choline-
containing metabolites (tCho) at 3.24ppm.
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Figure 9. ROC curve for breast cancer prediction by total
Choline position in ppm within the metabolite map.

When comparing the validity results for the
combined Mp-MRI, including spectroscopy and
excluding it, i.e., removing spectroscopy results,
significant improvement in all validity measures
was noted. According to these improvements,
we oppose the conclusion of Aribal et al. (2016)
that combined Mp-MRI does not improve and
may reduce the diagnostic accuracy. Instead,
we suggest tailoring combined multiparametric
data, including morphology, diffusion, and
dynamic enhancement curve, while Aribal et al.
confined their assessment to functional imaging
only (Aribal et al., 2016). Our result was in line
with Zhang et al. who concluded that Mp-MRlI,
including both DCE-MRI and DWI, have a high
diagnostic accuracy (AUC=0.971) (Zhang et al.,

2019). Rahbar and Partridge (Rahbar and
Partridge, 2016) consider DCE-MRI cornerstone
in the multiparametric assessment. In the
current study, DCE is showing high sensitivity of
90%. A higher sensitivity of 97.3% reported by
Aribal et al. (2016) and a sound sensitivity 100%
recorded by Ebrahim et al. (2018).These studies
show specificity 88.9% and 76%, respectively,
compared to 90% in the present research. This
specificity increased by 10% on using tailored
combined data with a 5% false discovery rate.
Hence, we agree with Pinker et al., 2017 that
combined MRl parameters have been
investigated to overcome DCE specificity issues.

MRI-DWI shows restricted diffusion in the
majority of fatal cases in the current study; this
is in agreement with Greenwood et al. (2018)
that the malignant neoplasms have increased
cellularity, leading to reduced and restricted
diffusion of water molecules. Even that -in the
current study- mean and relative ADC revealed
the best performance among quantitative
assessment of diffusion according to AUC,
approving Yilmaz et al. (2018) conclusion that
m-ADC and r-ADC are useful for the
differentiation of benign from malignant breast
masses. Moreover, opposing Hirano et al.
(2012) on glorifying the role of d-ADC value as it
has the least diagnostic performance in our
results. Also, the current study agreed with
Surov et al. (2019) meta-analyses that showed
an m-ADC threshold value of 1.0 x 102 mm? /sec
could be used clinically as a limit for the
differentiation of malignant and benign breast
lesions, regardless of the Tesla strength, b
values, and measurement methods.

The morphological analysis shows a high overall
sensitivity of 97.5% and 85% specificity. These
results are in agreement with Ebrahim et al.
(2018) when concluding that the shape and
margin of the lesions have a significant
association with histopathological correlation.
The spiculated margin of malignant lesions is
the cornerstone in considering malignant
nature in the morphological characterization,
with an overall accuracy of 93.3% in the present
study. That is quite similar to Moy et al. (2009)
and slightly lower than Akita et al. with accuracy
96%. (Akita et al., 2009).
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The current study results agree with Bolan
(2013) who stated that spectroscopic analysis is
unlike the brain and prostate, only depending
on a single voxel as the elevation of choline
metabolite in malignant lesions. Still, MRS
established the least diagnostic efficiency in the
current study results. Among this study
limitations; is the retrospective nature of this
study and the unavailability of MR-guided
biopsy in our locality. Among the strengths
points of the current study was excellent
interrater reliability regarding the DCE-MRI and
DWI and using four different quantitive ADC
parameters to assess the diagnostic efficacy of
DWI.

CONCLUSION
Tailored Mp-MRI,  including  combined
morphological, DWI, and dynamic

enhancement curves, is an accurate non-
invasive diagnostic procedure for the diagnosis
of indeterminate breast lesions; this accuracy
could help in the reduction of frequency of the
unmerited biopsy procedure. The most useful
guantitative biomarker parameters of ADC are
mean and relative ADC values.

List of abbreviations

ACR American college of radiology

ADC Apparent Diffusion coefficient

BI-RADS  Breast imaging reporting and data system
d-ADC Difference ADC

DCE Dynamic contrast enhancement

DWI Diffusion-weighted imaging

FDR False discovery rate

FNR False-negative rate

FOR False omission rate

FPR False-positive rate

m-ADC Mean ADC
Min-ADC  Minimum ADC
Mp-MRI  Multiparameteric MRl

MRS MR spectroscopy

NPV Negative predictive value

PPV Positive predictive value

r-ADC Relative ADC

ROC Receiver operation characteristics
ROI Region of interest
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