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Abstract

Background: Diffusion-weighted imaging ,based on alterations in the microscopic motion of water molecules,
promises improved specificity for breast MR imaging .The purpose of our study was to evaluate the role of
Diffusion weighted imaging and apparent diffusion coefficient (ADC) values in differentiating benign and
malignant breast lesions, which would help the surgeon to decide further management and outcome.

Aim and Objectives:

Aim: To study the role of Diffusion Weighted MR Imaging of breast and apparent diffusion coefficient (ADC)
values in differentiating benign from malignant breast lesions.

Objective: To determine usefulness of DWI combined with ADC values in distinguishing breast lesions into
benign and malignant lesions, distinguishing their histological subtypes and establishing correlation between
ADC values and structure of breast tissue on the basis of ACR classification.

Methods: The retrospective observation cohort-study included 120 female patients referred from general
surgery department with palpable breast lump or a suspected breast lesion detected on Mammography /
sonography or diagnosed cases of carcinoma breast with suspected recurrence. The patients underwent history
taking, clinical examination, contrast enhanced MRI evaluation using a 3 Tesla MRI machine and
histopathological examination.

Result: Quantitative analysis of Diffusion weighted images was done and their ADC values were recorded.
Mean ADC values were significantly lower in malignant lesions compared to benign lesions (0.71 A~
10-3mm2/s vs. 1.05 A~ 10-3mm2/s,p < 0.001). The cut off value of ADC for malignant lesions was 0.787 A~
10-3mm2/s (sensitivity 98.4%, specificity 65.9%), and for benign lesions 1.111 A~ 10-3mm2/s (sensitivity
98.3, specificity 80.8%). There was no significant correlation between malignant lesion subtypes and ADC
values.

Conclusion: DWI and ADC were highly sensitive as well as specific in differentiating malignant from benign
breast lesions. They could be used together in order to obtain highly specific and accurate results.

Keywords: Breast Lesions, Diffusion Weighted Magnetic Resonance Imaging, ADC Value, Magnetic

Resonance Imaging, Differentiation.
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Introduction

In order to identify, assess, and monitor breast characteristics of the lesion (found in a dynamic
lesions, magnetic resonance imaging (MRI) of the contrast-enhanced (DCE) scan) serve as the
breast is crucial. Both the morphologic parameters foundation for this diagnostic approach [1]. An
(found in a traditional, native MRI) and the kinetic MRI method called diffusion-weighted imaging
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(DWI) shows the Brownian motion of water
molecules, which subtly reveals the level of tissue
cellularity and cell membrane integrity [2]. When
compared to benign breast lesions and normal
surrounding tissue, breast malignancies usually
exhibit reduced apparent diffusion coefficient
(ADC) values and restricted diffusion of water
molecules, which is manifested as an increase in
the DWI signal [3]. There are a few exceptions to
this rule, though. In particular, ductal carcinoma in
situ (DCIS) can exhibit higher apparent diffusion
coefficient (ADC) values than invasive carcinoma,
although many benign breast tumours have low
ADC values.

This study set out to investigate the potential use of
ADC values in distinguishing between benign and
malignant breast tumours and also investigating the
potential of DWI and ADC readings in
differentiating between histological subtypes of
various breast lesions. The ultimate goal was to
ascertain the relationship between ADC levels and
breast tissue structure using ACR categorization
[Category A: Almost entirely fatty, Category B:
Scattered areas of fibro-glandular density, Category
C: Heterogeneously dense breast which may
obscure small masses and Category D: Extremely
dense breast, which lowers the sensitivity of
mammography].

Materials and Methods

Subject Selection: 120 female patients who were
referred for breast MR examinations from general
surgery department with palpable breast lump or a
suspected breast lesion detected on Mammography
/ sonography or diagnosed cases of carcinoma
breast with suspected recurrence between June
2021 and 2024 were chosen as the subjects of this
retrospective observational cohort study. The
institutional ethical committee gave its approval to
the project. Following imaging assessment,
percutaneous biopsies or surgical operations were
carried out. The study included all the patients with
palpable breast lump or a suspected breast lesion
detected on Mammography / sonography or
diagnosed cases of carcinoma breast with suspected
recurrence. Patients who were unable to lie prone
for the examination due to fungating mass lesions
or painful etiology or in whom MRI was
contraindicated or DWI could not be done due to
medical reasons or with lesions measuring less than
1 cm on DWI or who were not giving their consent
were excluded from the study. The absence of a
subsequent histology discovery was the additional
exclusion condition for the patient group.

Patients were split into two groups: 79 patients with
histologically confirmed breast tumours made up
the first group, while 41 healthy individuals
without intraparenchymal pathologic alterations (as
confirmed by MRI and digital mammography)
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made up the second group. Patients who had MRI
performed for screening purposes made up the
control group. A total of 96 lesions were found and
examined in the first group, comprising 49
malignant lesions in 35 individuals and 47 benign
lesions in 44 patients. To participate in this study,
each patient had to sign a written consent form
after being fully informed.

MRI Examination: All patients underwent MRI in
the prone position using a specialized 36-channel
coil on the 3T MR machine. The traditional MR
protocol comprised STIR sagittal sequence, non-
fat-suppressed and fat-suppressed T1-weighted
transversal sequences, non-fat-suppressed and fat-
suppressed T2-weighted turbospin echo transversal,
diffusion weighted images and dynamic contrast
study (fat-suppressed 3D T1-weighted Fast Low
Angle SHot (FLASH) transversal tomograms).
After administering 0.1 mmol/kg of gadolinium
contrast agent at a rate of 2.5 ml/s, 25 ml of saline
was administered. Time of repetition/time of echo
(TR/TE) 4.2 ms/1.6 ms, flip angle (FA) 15, field of
view (FOV) 340 340 mm, matrix size 512 410,
slice thickness 2 mm, and acquisition time of 86 s
were the parameters for the dynamic contrast
investigation. Before the contrast investigation,
diffusion-weighted imaging was carried out using
an echoplanar imaging (EPI) sequence in the axial
plane with four b values: 250, 500, 750, and 1500
s/mm?2. TR/TE 5489, 3 ms/89 ms, FOV 340 x 170
mm, matrix size 192 x 96, slice thickness 4 mm,
and scanning time 67 s were the parameters for this
sequence. The '"optimal TE" option, which
automatically determines the shortest echo time for
the diffusion-weighted sequence, was used to
determine the echo duration. During post
processing, apparent diffusion coefficient (ADC)
maps were created using software that was sold
commercially and supplied by the manufacturer.

Prior to being associated with the location on the
DWI tomograms, the area of interest (ROI)
selection was carried out manually in the solid
portions of tumours identified on the anatomical
pictures (the first Tl post-contrast image and
subtraction images), omitting cystic components. A
single slice was used to define the ROI, which had
a typical size of 1 cm3. Using a dynamic MRI
examination, the morphologic and kinetic
characteristics of the lesions were evaluated and
categorised using the BIRADS classification
system (6). Following the ACR's standards, the
mammographic structure of the breast was
evaluated and categorised into four groups (A
through D) based on the subjectively determined
distribution of fat and fibro glandular tissue in the
breast.

Histological Evaluation: Histological analysis was
used to make the final diagnosis, and either surgical
excision or percutaneous biopsies (core biopsy)
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were used to obtain tissue samples. The Bard
Magnum biopsy tool and 14G needles were used to
do the core biopsy. Formalin was used to preserve
three to five tissue samples. The WHO
Classification of Breast Tumours and Classification
of Benign Lesions of the Breast (4) gave the
pathohistological report's lesion type
(benign/malignant) and histological findings.

Statistical Analysis: SPSS version 19.0 was used
for statistical analysis. Descriptive statistics
techniques (mean, standard deviation, minimum,
maximum, or median and interquartile range,
depending on the type of data) were applied, and
the Kolmogornov—Smirnov test was used to
examine the distribution. The chi-square test was
used to evaluate differences across variables (age,
ACR category, BI RADS category, mean ADC
value, and hormone receptor state) since it is
independent of data distribution. Pearson's
correlation test was used to find correlations. The
mean values of the variables having a normal
distribution in both groups were compared using
univariate analysis of variance (ANOVA) (e.g. age
difference). Receiver Operating Characteristic
(ROC) curves were created with specifying
sensitivity, specificity, and positive and negative
predictive values using established formulas in
order to determine the cut off values for the
diagnostic and prognostic potential of variables.
The threshold for statistical significance was fixed
atp <0.05.

Results

The control group's mean age was 56 + 10 years
(range 31-75), whereas the study group's was 44 +
11 years (range 22-82). Age differences between
the two groups were substantial, with controls
being significantly older (p < 0.001, F = 8.695). All
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of the lesions had MRI breast tissue density data,
with ACR B being the most prevalent type in both
groups (53% of the control group and 44% of the
study group).

ACR A (57%), the most prevalent MRI type of the
parenchymal background enhancement, was seen in
the control group, whereas ACR B (40%) was
found in the study group. All MR mammograms in
the control group fell into the B RADS 1 category.
9 lesions in the study group were classified as BI
RADS 2 (9%), 5 as BI RADS 3 (5%), 34 as BI
RADS 4 (34%), 39 as Bl RADS 5 (39%), and 13 as
BI RADS 6 (13%).

A pathohistological analysis showed 47 benign
(53.1%) and 49 malignant (46.8) lesions. Table 1
summarises the distribution of patho-histologic
diagnosis and mean ADC values for all benign and
malignant lesions.

Figure 2 displays the ADC value of benign lesion
and histopathological correlation, while Figure 3
displays the ADC value of malignant lesion and
histopathological correlation. Compared to benign
lesions, malignant lesions had considerably lower
ADC values (mean ADC in malignant lesions was
0.71x 10-3mm2/s, mean ADC in benign lesions
was 1.05 x 10-3mm?2/s, p < 0.001).

Both the group with benign lesions and the group
with malignant lesions showed no appreciable
variations in the mean ADC values of the various
ACR classes on MR mammograms (Table 2).

For benign lesions, the ADC cut off value was
1.111 A~ 10-3mm2/s (sensitivity 98.3, specificity
80.8%).For malignant lesions, the ADC cut off
value was 0.787 A~ 10-3mm2/s (sensitivity
98.4%, specificity 65.9%).

Table 1: Mean ADC values and distribution of pathohistologic diagnoses in all benign and maliganant

lesions

Lesion Pathohistological Finding | N (Frequency) | ADC (X 107 mm?/s) | Maximum | Minimum

Type [37 — 1% quartile]

Benign Fibroadenosis 12 (25.5%) 1.115(1.29-0.75) 1.55 0.83
Inflammation 3 (6.4%) 1.06 (1.27-1.02) 1.12 1.06
Fibroadenoma 21 (44.6%) 1.14(1.13 - 0.94) 1.85 0.60
Fat necrosis 2 (4.3%) 1.07 (1.13 —0.94) 1.23 0.94
Fibrocystic changes 7 (14.9%) 1.06(1.32 -0.94) 1.64 0.83
Papilloma 2 (4.3%) 0.86 (1.45-10.82) 1.625 0.80

Malignant | Ductal invasive carcinoma | 29 (59.2 %) 0.64 (0.87 —0.52) 1.00 0.06
Lobular carcinoma 9 (18%) 0.73 (0.82 - 0.55) 0.98 0.27
DCIS 4 (8.1%) 0.77 (0.88 — 0.52) 0.89 0.63
Metaplastic carcinoma 5 (10.2%) 0.66 (0.85 —0.50) 0.95 0.22
Tubular carcinoma 2 (4.3%) 0.77 (0.81 = 0.75) 0.83 0.73
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Table 2: Mean ADC values for different ACR types observed on MRI

ACR category ADC (X10*mm?/s) median (1% — 3" quarile) p

A 1.11 0.295
B 1.16

C 1.13

D 0.58 0.391

amn\ | ;
Figure 1 (A-D): MR images showing ACR categorization of breast tissue depending on the amount of

fibro-glandular tissue. (A) — Almost entirely fatty. (B) — Scattered fibro-glandular tissue. (C) —
Heterogeneous fibro-glandular tissue. (D) — Extreme fibro-glandular tissue

E
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Figure 2 (A - D): MR images (A - C) showing ben

ign breast lesion v'vith high ADC value which on
histopathology (D) was confirmed as Fibroadenoma.
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Figure 3 (A - D): MR images (A - C) showing malignan ‘breast lesion with low ADC value which on
histopathology (D) was confirmed as Invasive ductal carcinoma.

Discussion

According to recent research, combining diffusion-
weighted imaging with the calculation of ADC
values improved the ability to distinguish between
benign and malignant breast tumours [5,6]. The
cellularity of the tumour and the permeability of the
basal membrane have a significant impact on the
lesion signal seen on DWI. Furthermore, a number
of prognostic variables, including tumour size,
nuclear grade, biological markers, and the presence
of diseased lymph nodes, may be significantly
correlated with ADC levels, according to certain
researches [7-9]. In line with the existing body of
literature, our study's findings showed that the
mean ADC values found in benign lesions were
much greater than those found in malignant lesions
[10-12]. Because of this, DWI and ADC value
determination are clinically valuable extra tools for
differentiating the kind of lesion in routine clinical
practice. Micropapillary carcinoma had the highest
ADC values, likely due to its typical pathological
structure based on the proliferation of tumor cell
batches with empty spaces of stroma, while
invasive ductal carcinoma had the lowest, which is
consistent with recent studies that found the lowest
ADC values in invasive ductal and cribriform
carcinoma [10,13].

In our investigation, the mean ADC cutoff values
for benign and malignant tumors were established.
Malignant lesions had a cutoff ADC value of 0.787
(sensitivity 98.4%, specificity 65.9%), whereas
benign lesions had a cutoff ADC value of 1.111
(sensitivity 98.3%, specificity 80.8%). Our study's
cutoff value for lesions was less than what has been
documented in the literature [10]. However, a
number of benign lesions, such as inflammation,
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adeno- and fibrosclerosis, and others, were
included in our analysis. Some of these lesions had
a high amount of fibrous tissue, which could have
affected the ADC values and caused them to be
lower than they would typically be [14,15]. We
believe that in standard clinical practice, it is
critical to wunderstand that some histological
characteristics of benign lesions, including severe
fibrosis, could change the results on DWI and
result in a mistake if only this parameter was
considered. ADC measurements are said to be
impacted by the level of cell density and
proliferation, which is connected to tumour
aggressiveness [16].

Lastly, a 3T scanner was used for our investigation.
This has undoubtedly improved the signal-to-noise
ratio and spatial resolution, which are crucial for
assessing the morphologic and dynamical
characteristics of the lesions.

There are certain restrictions on the current
investigation the study's retrospective nature, which
was also carried out in a single institution, is its
main weakness. A relatively small study sample is
the second constraint, which might have played a
role in some relationships' lack of significance.
Notwithstanding the aforementioned drawbacks,
we think that our research substantially advances
the knowledge and provid extremely accurate ADC
values in a range of breast lesions.

Conclusion

In conclusion, our study's findings indicate that
DWI is a clinically helpful technique for
distinguishing between benign and malignant
lesions because the mean ADC values of benign
lesions are substantially greater than those of
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malignant ones. To differentiate between benign
and malignant tumours, the cutoff ADC values
were established. Because we included a range of
benign findings that are currently seen in clinical
practice in the analysis, the cutoff value for benign
lesions is marginally higher than those described in
the recent literature. We think it's critical to
understand that, if only one measure were used, a
high amount of fibrous tissue—which is seen in
fibrosclerosis and inflammation—can lower the
mean ADC values and so introduce diagnostic bias.
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