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Objective: To investigate whether the parameters
derived from intravoxel incoherent motion (IVIM)
MRI could differentiate phyllodes tumours (PTs) from
fioroadenomas (FAs) by comparing the apparent diffu-
sion coefficient (ADC) values.

Methods: This retrospective study included 7 FAs, 10
benign PTs (BPTs), 4 borderline PTs, and one malignant
PT. Biexponential analyses of IVIM were performed using
a 3 T MRI scanner. Quantitative IVIM parameters [pure
diffusion coefficient (D), perfusion-related diffusion
coefficient (D*), and fraction (f)] were calculated. The
ADC was also calculated using monoexponential fitting.
Results: The D and ADC values showed an increasing
tendency in the order of FA, BPT, and borderline or

INTRODUCTION

Fibroadenomas (FAs) and phyllodes tumours (PTs) are
relatively frequent breast tumours, which are targeted for
enucleation when deemed of a large size. Both are patho-
logically classified as fibroepithelial tumours. Core needle
biopsy often fails to distinguish between them.' It is not
uncommon for a tumour diagnosed as FA by needle biopsy
to receive a final diagnosis of PT when resected. PT, unlike
FA, has a high local recurrence rate.> Moreover, there is
malignant transformation of the stromal component in
PT. Thus, in PT enucleation, it is necessary to secure wider
margins than in FA. Therefore, the ability to differentiate
between PT and FA using diagnostic imaging before the
surgery is of major benefit to the physicians. Several reports
have compared the findings of mammography, ultrasound,
and dynamic contrast-enhanced MRI (DCE-MRI).>* PT

malignant PT (BMPT). No significant difference was
found in the D value among the three groups. The ADC
value of the BMPT group was significantly higher than
that of the FA group (p = 0.048). The D* value showed
an increasing tendency in the order of BMPT, BPT, and
FA, and the D* value of the BMPT group was significantly
lower than that of the FA group (p = 0.048).
Conclusion: The D* derived from IVIM and the ADC
were helpful for differentiating between FA and
BMPT.

Advances in knowledge: IVIM MRI examination showed
that the perfusion-related diffusion coefficient is lower in
borderline and malignant PTs than in FAs and the oppo-
site is true for the ADC.

tends to have more irregular shape and margins and more
heterogeneous internal properties than FA; however, most
reports have concluded that the complete differentiation of
the two based on imaging findings is difficult.**

Diffusion-weighted imaging (DWI) can provide informa-
tion on the microstructural characteristics, in addition
to information about the blood flow, using DCE-MRL’
An association between the apparent diffusion coefficient
(ADC) from DWI and the biological characteristics of
breast cancer has been evaluated and reported.® Kamitani
et al’ reported that no significant difference was found in
the ADC value between PT and FA.

In addition, intravoxel incoherent motion (IVIM), first
described by Le Bihan et al, is an imaging technique that



https://doi.org/10.1259/bjr.20170687
mailto:hirokok@med.kanazawa-u.ac.jp

BJR

separates perfusion and diffusion using multi-b-value DWI with
biexponential curve fitting.® IVIM can provide a pure diffusion
coefficient (D) and the perfusion-related incoherent microcircu-
lation (D*) separately. Several studies evaluating IVIM for breast
lesions have been conducted.”'* These studies were aimed at
the differentiation of benign and malignant breast lesions with
IVIM.>10

The purpose of this study was to investigate whether the param-
eters derived from IVIM could differentiate PT from FA, by
comparing them to the ADC values.

METHODS AND MATERIALS

Patients

The Institutional Review Board’s approval was obtained. The
written informed consent requirement was waived as this was
a retrospective study. Between August 2013 and March 2017,
pre-operative breast MRI was performed on 20 patients with 22
lesions, histologically diagnosed with FA or PT by core needle
biopsy. One patient had bilateral FAs, and one patient had two
PTs in a unilateral breast. In Kanazawa University Hospital, we
perform MRI to examine the presence of a second lesion before
the enucleation of FA or PT. Furthermore, we confirm with
MRI whether FA diagnosed by needle biopsy shows findings to
strongly suspect PT.

All patients underwent surgery after the MRI investigation, and
definitive diagnoses were provided histopathologically. Our
20 patients had a total of 7 FAs, 10 benign PTs (BPTs), 4 border-
line PTs, and 1 malignant PT. Because there was only one malig-
nant PT, we decided to include it in the group of the borderline
PTs. We divided all cases into three groups, FA, BPT, and border-
line or malignant PT (BMPT) and conducted comparative anal-
yses. Age ranged from 20 to 42 years (mean age, 34.3 years) in
the patients with FAs, from 20 to 62 years (mean age, 42.2 years)
in the patients with BPTs, and from 37 to 50 years (mean age,
42.4 years) in the patients with BMPTs. The maximum diameter
of the FAs ranged from 18 to 90 mm (mean, 36.4 mm), of the
BPTs from 18 to 73 mm (mean, 49.5 mm), and of the BMPTs
from 12 to 50 mm (mean, 33.4 mm). There was no significant
difference among sizes for the three groups.

MRI

MRI was performed using a 3 T magnet (Signa HDxt; GE
Healthcare, Waukesha, WI) with an eight-channel phased-
array breast coil (GE Healthcare, Waukesha, WI) in the prone
position. Prior to DCE-MRI, axial DWI was performed using
a single-shot echoplanar imaging technique with fat suppres-
sion (repetition time /echo time, 5025/89.2 ms; field of view,
360 mm; matrix, 128 x 128; slice thickness/gap, 6/1.5 mm;
number of excitations, 2; b-values, 0, 20, 40, 80, 120, 200, 400,
600, 800, and 1000 s mm™? total acquisition time, 7 min 37
s). Axial dynamic contrast-enhanced T; weighted imaging
with fat suppression (VIBRANT) was also performed (repeti-
tion time/echo time, 5.7/2.5 ms; a flip angle, 10° field of view,
320 mm; matrix, 352 x 352; slice thickness/gap, 1.8/-0.9 mm;
and an acquisition time, 1 min 5 s). An intravenous bolus injec-
tion of 0.1 mmol kg™ gadopentetate dimeglumine (Magnevist;
Bayer Healthcare, Berlin, Germany) was administered at a rate
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of 1 mls™', followed by a 20 ml saline flush. Acquisitions before
and three times (1, 2, and 5 min) after the injection of contrast
media were performed.

Diffusion data analysis

First, we determined the mean signal intensities in the regions of
interest (ROIs) in every b-value image using the Image] software
(National Institutes of Health, Bethesda, MD). One radiologist with
23 years of experience with breast MRI, manually placed an ROI
on a representative slice that contained the largest dimension of the
tumour, based on the post-contrast MR images. The largest possible
ROI within the tumour was selected, which did not include the
cystic or necrotic portions of the tumour, based on the T, weighted
image and postcontrast images. In every b-value image, an ROI of
identical size and position was selected.

We used a segmental approach for the biexponential analysis.
First, the perfusion-independent diffusion coeflicient was deter-
mined using the monoexponential function in b-values over
200 s m™2, since the contribution of perfusion to the signal inten-
sity becomes minor with b-values over 200 s m™!!

Sp/So = exp (—D)

where D is the perfusion-independent diffusion coefhicient.
Subsequently, D was applied to the following equation (biexpo-
nential function). Thereafter, with the D fixed, the perfusion-re-
lated diffusion coefficient (D*) and fraction (f) were derived
using all the b-values:

Sp/So = (1 f) exp (—bD) + fexp (—bD*)

where S, is the signal intensity with diffusion gradient b and S is
the signal intensity without a diffusion gradient.

Furthermore, using the following monoexponential function,
we performed a fitting for all the measurement data that were
the same as the analysis mentioned above and calculated the
ADC.

SplSo = exp(—b - ADC)

All fitting procedures were performed with MATLAB (Math-
Works, Natick, MA) using the Levenberg—Marquardt non-linear
algorithm.

Histopathological analysis

All patients underwent surgery. The histological diagnosis was
performed by a single pathologist with 15 years of experience
in breast histological evaluation. PTs were classified as benign,
borderline, or malignant according to the criteria proposed by
Salvadori et al'2

Statistical analysis

A statistical analysis was performed using BellCurve for Excel
for Windows, v. 2.02 (SSRI, Tokyo, Japan). The Steel-Dwass
test was used. p values < 0.05 were considered to be statistically
significant.
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Table 1. Intravoxel incoherent motion parameters and ADC values of phyllodes tumours and fibroadenomas

p-value p-value p-value
FA BPT BMPT FA vs BPT | FA vs BMPT | BPT vs BMPT
D (x107> mm?s™") 1.503 + 0.241 1.670 + 0.205 1.823 +0.181 0.305 0.103 0.435
£ (%) 9.390 + 6.241 8.184 + 3.633 8.050 + 1.406 0.979 0.967 0.992
D* (x107° mm?s™) 34.047 + 32.506 18.224 +22.133 11.868 +3.110 0.079 0.048 0.928
ADC (x107> mm?s™!) 1.624 +0.207 1.798 +0.215 1.957 +0.165 0.305 0.048 0.365

ADC, apparent diffusion coefficient; BPT, benign phyllodes tumour; BMPT, borderline or malignant phyllodes tumour; D, pure
diffusion coefficient; D*, perfusion-related diffusion coefficient; f, fraction; FA, fibroadenoma.

Data are mean values * standard deviations.

RESULTS

The D, f, and D* values from the IVIM biexponential fitting of FA,
BPT, and BMPT are shown in Table 1 and Figure 1. The D-value
showed an increasing tendency in the order of FA, BPT, and BMPT;
however, no significant difference was found among the three
groups. The D*-value showed an increasing tendency in the order
of BMPT, BPT, and FA, and the D* value of the BMPT group was
significantly lower than that of the FA group (p = 0.048).

The ADC value showed an increasing tendency in the order of
FA, BPT, and BMPT, and the ADC value of the BMPT group

was significantly higher than that of the FA group (p = 0.048)
(Table 1 and Figure 1).

Representative cases of FA, BPT, borderline PT, and malignant
PT are shown in Figure 2.

DISCUSSION

In this study, we aimed to determine whether the parame-
ters derived from IVIM could differentiate PT from FA, by
comparing them to the ADC values. We found that the D* value
of the BMPT was significantly lower than that of the FA group,

Figure 1. (a-d) Box plots of pure diffusion coefficient (D) (a), fraction (f) (b), perfusion-related diffusion coefficient (D*) (c), and
ADC (d) in FA, BPT, and BMPT. The top and bottom lines of the box represent the 25th-75th percentile values and the line in the
box represents the median value. ADC, apparent diffusion coefficient; BPT, benign phyllodes tumour; BMPT, borderline or malig-
nant phyllodes tumour; D, pure diffusion coefficient; D*, perfusion-related diffusion coefficient; FA, fibroadenoma.
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Figure 2. A representative case of fibroadenoma (al, a2), benign phyllodes tumour (b1, b2), borderline phyllodes tumour (cl,
c2), and malignant phyllodes tumour (d1, d2). Axial dynamic contrast-enhanced fat-suppressed T7; weighted images 1 min after
administration of gadolinium (al, b1, c1, and d1) and axial DWI with a b-value of 1000 s mm™ (a2, b2, c2, and d2) are shown. (a)
A 39-year-old female with fibroadenoma. The pure diffusion coefficient (D), fraction (f), perfusion-related diffusion coefficient
(D*), and ADC values were 1.27 x 107> mm? s™', 21.10%, 20.14 x 1072 mm? s, and 1.55 x 107° mm? s, respectively. (b) A 20-year-
old female with benign phyllodes tumour. The D, f, D*, and ADC values were 1.55 x 1073 mmZ2 s~ 7.31%, 7.89 x 1073 mm?2 s, and
1.66 x 1073 mm?2 s7, respectively. (c) A 37-year-old female with borderline phyllodes tumour. The D, f, D*, and ADC values were
1.67 x 1073 mm? 57!, 9.62%, 13.01 x 1073 mm? s, and 1.83 x 107> mm? s7', respectively. (d) A 49-year-old female with malignant
phyllodes tumour. The D, f, D*, and ADC values were 1.97 x 107> mm? s, 6.41%, 6.74 x 1075 mm? s7', and 2.07 x 1075 mm? s7,
respectively. ADC, apparent diffusion coefficient; D, pure diffusion coefficient; D*, perfusion-related diffusion coefficient; DWI,

diffusion-weighted imaging; f, fraction.

and the ADC value of the BMPT was significantly higher than
that of the FA group.

Regarding the ADC value, Yabuuchi et al reported that a low
ADC value is correlated with a high histologic grade in PT."
They determined that a low ADC value in malignant PT was to
be attributable to stromal hypercellularity. Whereas, a study by
Kamitani etal reported that PT tended to show higher ADC values
than FA; however, no significant difference was found between
the two.” They indicated that the proportion of the epithelium is
higher in FA than in PT, and epithelial hyperplasia is more often
seen in FA than in PT. The results of these two studies appear
contradictory. In our study, we compared FA, BPT, and BMPT.
As aresult, the ADC value showed an increasing tendency in the
order of FA, BPT, and BMPT, and the ADC value of the BMPT
was significantly higher than that of the FA group. These findings
correspond to the results reported by Kamitani et al. The ADC
value of epithelial breast tumours is usually inversely correlated
with tumour cellularity and shows a negative correlation with
the grade of malignancy. In FA and PT, which are fibroepithelial
tumours, however, the ADC value showed a tendency toward a
positive correlation with the grade of malignancy.

A study by Liu et al showed that D and ADC values were signifi-
cantly lower in malignant than in benign tumours.'® They also

reported that the D values showed a higher area under the
receiver operator characteristic curve and higher specificity
than the ADC values for comparisons between malignant and
benign lesions. It is thought that cellularity and microcircula-
tion may influence ADC measurement in diametrically oppo-
site ways. To wit, a study by Sigmund et al concluded that the
D values provided better differentiation between benign and
malignant lesions than the ADC values by avoiding micro-
circulation contributions.” In the present study, the D value
showed an increasing tendency in the order of FA, BPT, and
BMPT; although there were no significant differences among
the groups. It should be noted that the D value showed the same
tendency with the ADC and significant differences may arise if
a larger sample is examined.

The D*-value showed an increasing tendency in the order of
BMPT, BPT, and FA, and the D*-value of the BMPT was signifi-
cantly lower than that of the FA group. The D*-value was consid-
ered to be proportional to the mean capillary segment length
and average blood velocity.® The past reports that compared
the D*-value of benign and malignant breast tumours have
produced inconsistent results.'*'> In this study, BMPT showed a
slow blood velocity compared to FA. The quantity of stroma may
be associated with this.
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In summary, it is expected that the association between the ADC
value and the grade of malignancy in fibroepithelial tumours
differs from that in epithelial tumours. The FAs that we targeted
in this study were of large size and rapid growth. In this situation,
FA, when analysed as a whole gross tumour, tends to show higher
blood velocity and tumour cellularity than BMPT. We propose
that these attributes were reflected in the results of the D*, D, and
ADC values.

There are several limitations to our study. First, this study
enrolled a small number of patients; for instance, only one

malignant PT was included, which may have affected the cred-
ibility of the results presented in the current work. Second, this
study was retrospectively conducted at a single institution.

CONCLUSIONS

The D* derived from IVIM and the ADC were helpful for differ-
entiating between FA and BMPT. The D value may also prove
helpful should a larger sample be examined. Further study is
required to determine whether IVIM-DWTI can predict FA or
BMPT in the clinical setting.
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