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Peritumoral Fat Content Correlates with Histological Prognostic
Factors in Breast Carcinoma: A Study Using Iterative
Decomposition of Water and Fat with Echo Asymmetry

and Least-squares Estimation (IDEAL)

Sachi Hisanaga!, Takatoshi Aoki!", Shohei Shimajiri?, Akitaka Fujisaki',
Toshiyuki Nakayama?, Masanori Hisaoka?®, Yoshiko Hayashida', Yuzuru Inoue?,
Yuko Tashima®, and Yukunori Korogi'

Purpose: To correlate peritumoral fat content using iterative decomposition of water and fat with echo
asymmetry and least-squares estimation (IDEAL) with histologic prognostic factors in breast carcinoma.

Methods: This study consisted of 100 patients who were diagnosed with invasive carcinoma of breast and
underwent breast MRI including IDEAL before surgery. The scan time of IDEAL fat fraction (FF) map imaging
was 33 s. Four regions of interests (ROIs), which are a distance of 5 mm from the tumor edge, and one ROI in
the mammary fat of the healthy side were set on the FF map. Then average peritumoral FF values (FFt), average
FF values in the healthy side (FFh), and peritumoral fat ratio (pTFR: defined as FFt/FFh) were calculated.
Histologically, the presence of lymph node metastasis and the MIB-1 index were evaluated.

Results: FFt and pTFR for breast carcinoma with lymph node metastasis (79.27 + 10.36 and 0.897 + 0.078)
were significantly lower than those without (86.23 + 4.53 and 0.945 + 0.032) (P < 0.001 and P = 0.005).
Spearman rank correlation suggested that the FFt correlated with the MIB-1 index (r = =340, P = 0.001).

Conclusion: Quantification of peritumoral fat using IDEAL-iron quantification is associated with the
histologic prognostic factors, and may be a practical tool for therapeutic strategy of breast carcinoma.

Keywords: breast carcinoma, peritumoral fat, iterative decomposition of water and fat with echo asymmetry
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Introduction

Invasive cancer cells have a dramatic impact on surrounding
adipocytes in breast tissue.! Adipocytes in the vicinity of the
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cancer cells display profound phenotypic and functional
alterations. These adipocytes are called cancer-associated
adipocytes (CAAs). Their ability to secrete soluble factors
such as IL-6, hepatocyte growth factor (HGF), exosomes and
extra-cellular matrix components such as MMP-11 and col-
lagen 1V, which stimulate invasive properties of tumor cells.”
Both in vitro and in vivo, CAAs located around breast cancer
exhibit a decrease in lipid content, a decreased expression of
adipocyte markers, and an activated state indicated predomi-
nantly by the overexpression of proinflammatory cytokines.?
Histologically, CAAs located around breast cancer also con-
sistently showed a decrease in both cell number and cell size
compared with adipocytes distant from the tumor.* In addi-
tion, the release of the peritumoral cytokines and extracel-
lular matrix leads to edema due to vascular permeability and
fibroblast proliferation.’ These histological changes can result
in a decrease of the peritumoral fat proportion in breast tissue.

Currently available MRI has been used for determination
of fat content in multiple organs. Iterative decomposition
of water and fat with echo asymmetry and least-squares
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estimation (IDEAL) imaging is a promising fat quantitative
method that can steadily separate fat and water by using the
multi-point Dixon method and is implemented with a multi-
echo three-dimensional spoiled gradient-echo acquisition.®
Currently, IDEAL-iron quantification (IDEAL-1IQ) method
is increasingly used in the research field of lipid metabo-
lism.”® However, to the best of our knowledge, no reports
have documented the relationship between the peritumoral
fat proportion obtained by IDEAL-IQ and biologic behavior
of breast carcinoma in human. The purpose of this study
was to correlate the peritumoral fat content obtained by
IDEAL-IQ with established histologic prognostic factors in
breast carcinoma.

Materials and Methods

Our Institutional Review Board approved this study and
informed consent was waived.

Patients

We retrospectively evaluated 163 consecutive patients who
were diagnosed with breast carcinoma and underwent breast
MRI before surgical resection or biopsy at our institution
from January 2014 to December 2016. Sixty-three patients
were excluded from the analysis for the following reasons: 32
did not undergo breast MRI without IDEAL fat fraction (FF)
map imaging, nine received neoadjuvant chemotherapy
before MRI, 10 had low amount of breast fat not enough to
measure peritumoral fat, 12 had diffusely spreading non-
masslike/small tumors. The remaining 100 patients with
100 lesions (age range 36—83 years, median 62.7 years) were
consecutively recruited in this study. Tumor sizes ranged from
5 to 56 mm (mean 20.2 mm). The immunohistopathological
characteristics of the tumors are summarized in Table 1.

MRI protocol

MRI was performed with a 3T MR imaging unit (Discovery
MR750W 3T scanner, GE Healthcare, Waukesha, WI, USA)
and an eight-channel breast coil. The patients underwent
imaging in a prone position. All patients underwent MRI
covering the bilateral breast, including axial and sagittal
T,-weighted imaging, axial diffusion-weighted imaging (b =
0, 1500), axial gadolinium-enhanced dynamic imaging and
axial IDEAL-IQ. The IDEAL-IQ acquisition was performed
before contrast enhanced imaging. For IDEAL-IQ, the fol-
lowing pulse sequences were used: six echoes/TR, TR: 6.9
ms, TE min: 0.9 ms, TE spacing: 0.9 ms, TE range: 0.9-5.4
ms, slice thickness: 8 mm, FOV: 44 x 44 ¢m, matrix: 256 %
256, scan time: 33 s.

Quantitative image assessment

Four 0.5-cm? region of interests (ROIs) on the FF map
obtained by IDEAL-IQ were set. The selection of ROI
was performed manually by one general radiologist. The
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Table 1 Immunobhistological characteristics of the 100 breast
carcinomas

Estrogen receptor (ER)  Positive 73
Negative 27
Progesterone Positive 49
receptor (PgR) Negative 51
Human epidermal Positive 36
growth factor receptor egative 64
type2 (HER2)
MIB-1 >20 37
<20 63
Tumor subtype Triple negative — a spectrum of 15
ER+/HER2-negative
Hormone receptor-negative 12

and HER2-positive

Hormone receptor-positive 24
and HER2-positive

Hormone receptor-positive and 49
HER2-negative

High receptor, low proliferation, 44
low grade (luminal A-like)

Low receptor, high proliferation, 5
high grade (luminal B-like)

calculator set four ROIs adjacent to the peritumoral fat on
each crosshair radial, which were a distance of 5 mm from
the tumor edge (Fig. 1).° Placement of ROIs within breast
tissue and fibroglandular tissue was avoided, and the ROIs
were set on the largest lesion when there were multifocal
lesions. Post-contrast and diffusion-weighted images were
used as references. Another ROIs in the mammary fat of the
healthy side were set on the FF map. Then average peritu-
moral FF values (FFt), average FF values in the healthy side
(FFh), and peritumoral fat ratio (pTFR: defined as FFt/FFh)
were calculated.

Histopathological analysis

All of the histopathological specimens were reviewed for
this study by two certificated pathologists who were blinded
to the MRI findings and the final decision was reached by
consensus. The MIB-1 index was determined by using the
previously described semiquantitative visual method.®
A quantitative assessment was made at 20 and/or 40 magni-
fication by counting a total of 200-500 tumor cells within
representative fields. All nuclei with homogeneous granular
staining, multiple speckled staining or nucleolar staining
were counted as positive, regardless of staining intensity.
Cells with cytoplasmic staining were excluded. The histo-
pathological characteristics in the vicinity of the breast carci-
nomas (5 mm apart from the tumor edge) were compared
between breast carcinomas with lymph node metastasis and
those without.
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Fig. 1 Scheme illustrates peritumoral regions of interest (ROls).
Four ROI measuring 0.5-cm? on each crosshair radial were set.

Statistical analysis

The non-parametric Mann—Whitney U test was used to com-
pare the FFt and the pTFR using IDEAL-IQ between breast
carcinoma with lymph node metastasis and that without.
Spearman rank correlation analysis was used to correlate the
MIB-1 index with the FFt or the pTFR using IDEAL-IQ of
breast carcinoma. The correlation between the tumor size
and the FFt or the pTFR was also evaluated by Spearman
rank correlation. A forward stepwise logistic regression
model was used to identify variables that predicted lymph
node metastasis, and the diagnostic performance of the best
model was evaluated by receiver operating characteristic
(ROC) analysis. A logistic model was used with age, tumor
size, FFt, and pTFR. All calculations were performed by
using IBM SPSS Statistics, version 22.0 (IBM, Armonk, NY,
USA). The P-values <0.05 were considered statistically
significant.

Results

The average FFt for breast carcinoma with lymph node
metastasis (79.27 + 10.36) was significantly lower than that
without (86.23 + 4.53) (P < 0.001) (Fig. 2). The pTFR for
breast carcinoma with lymph node metastasis (0.897 + 0.078)
was also significantly lower than that without (0.945 + 0.032)
(P = 0.005) (Fig. 3). Spearman rank correlation suggested
that the FFt and the pTFR correlated with the MIB-1 index
(r=-0.340, P=0.001; »=-0.217, P = 0.03) (Figs. 4 and 5).
Correlation between the FFt and the tumor size was also
identified (» =-0.312, P =0.002). Result of stepwise logistic
regression analysis indicated that tumor size and FFt were
predictors of lymph node metastasis (P < 0.001). The arca
under the ROC curve of the best model included tumor size
and FFt was 0.813 (95% CI: 0.718-0.907).

Figures 6 and 7 show representative cases of breast car-
cinoma with axillary lymph node metastasis and the high
percentage of MIB-1 index (Fig. 6) and of breast carcinoma
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Fig. 2 Comparison of the peritumoral fat fraction values (FFt)
between breast carcinoma with lymph node metastasis and that

without. The average FFt for breast carcinoma with lymph node
metastasis were significantly lower than that without (P < 0.001).
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Fig. 3 Comparison of the peritumoral fat ratio (pTFR) between
breast carcinoma with lymph node metastasis and that without.
The pTFR for breast carcinoma with lymph node metastasis were
also significantly lower than that without (P = 0.005).
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Fig. 4 Correlation between the MIB-1 index and the peritumoral

fat fraction values (FFt). There is a significant negative correlation
between the MIB-1 index and the FFt (r = —=0.340, P = 0.001).
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without axillary lymph node metastasis and the low per-
centage of MIB-1 index (Fig. 7). The average FFt value and
the pTFR of the tumor on fat fraction map is low in breast
carcinoma with axillary lymph node metastasis and the high
percentage of MIB-1 index case. Whereas, in the breast car-
cinoma without axillary lymph node metastasis and the low
percentage of MIB-1 index case, the average FFt value and
the pTFR of the tumor on the fat fraction map is high.
Pathologically, peritumoral adipose tissue of breast car-
cinoma with lymph node metastasis revealed more fibrous
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Fig. 5 Correlation between the MIB-1 index and the peritumoral
fat ratio (pTFR). There is a significant negative correlation between
the MIB-1 index and the pTFR (r = -0.217, P = 0.03).
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and edematous compared with that without. In addition,
atrophy of adipocyte and mild inflammatory cell infiltration
tended to be more common in the peritumoral adipose tissue
of breast carcinoma with lymph node metastasis (Fig. 8).

Discussion

Cell proliferation is a major determinant of the biologic
behavior of breast carcinoma, and MIB-1 monoclonal anti-
body is a promising tool for determining cell proliferation on
routine histological material.!® Tt is also known that axillary
lymph node status is one of the most important prognostic
variables for the management of patients with primary breast
cancer.'!?2 Our study showed the peritumoral fat proportion
using IDEAL-IQ was correlated with these established histo-
logic prognostic factors. Quantification of the peritumoral fat
content using IDEAL-IQ may predict the histologic prog-
nostic factors in vivo.

Cancer cells secrete soluble factors leading to adipocyte
“dedifferentiation”. Adipocytes undergo morphologic changes,
first marked by a decrease in adipocyte size and lipid content,
then by acquiring a fibroblast-like morphology, yet still con-
taining small lipid droplets.'* Namely, mature adipocytes
located around breast cancer lose their lipid content upon
exposure to tumor cells and exhibit fibroblast-like morphology
highlighting that they contribute to the cancer-associated
fibroblast population. In the pathological examination of this
study, peritumoral adipose tissue of the breast carcinoma
with lymph node metastasis revealed more fibrous,

Fig. 6 Representative case of
breast carcinoma with axillary
lymph node metastasis and the
high percentage of MIB-1 index.
Fat-suppressed post-contrast T,-
weighted image (a) shows the
enhancing mass (arrow) in the
left breast, and the corresponding
average peritumoral fat fraction
values (FFt) (76.7) on the fat frac-
tion map (b) and the peritumoral
fat ratio (pTFR) (0.84) are low.

Fig. 7 Representative case of
breast carcinoma without axillary
lymph node metastasis and the
low percentage of MIB-1 index.
Fat-suppressed post-contrast T,-
weighted image (a) shows the
enhancing mass (arrow) in the
left breast, and the corresponding
average peritumoral fat fraction
values (FFt) (90.1) on the fat frac-
tion map (b) and the peritumoral
fat ratio (pTFR) (0.97) are high.
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edematous, and inflammatory compared with that without.
This may be related to the CAA’s ability to secrete soluble
factors (IL-6, HGF, etc.) and exosomes and extra-cellular
matrix components (MMP-11, collagen 1V, etc.).!*"!7 Peritu-
moral edema caused by the release of cytokines can also con-
duce to decrease the peritumoral fat proportion. Loss of the
peritumoral fat content on IDEAL-IQ may reflect these path-
ological changes in the microenvironment of the breast.
Chemical shift-based water—fat separation techniques
use an uncomplicated signal model that adopts a single reso-
nant frequency for both water and fat. Nevertheless, T decay
is a confounding factor to estimate fat content correctly in
areas of irregular shape and abrupt changes between soft
tissue and air, such as breast. Although MR spectroscopy is
thought to be the most accurate method in quantifying
fat—water content, an improvement in scan time and resolu-
tion is offered as practical quantitative imaging. Regarding
fat fraction measurement, excellent correlation between
T;-corrected IDEAL method (known as IDEAL-IQ) and MR
spectroscopy has been reported.'® Recently, Yu et al.'” dem-
onstrated IDEAL-IQ achieved better water—fat separation
and T’; estimation in breast compared with the previous
method. Additionally, in vivo IDEAL-IQ can be performed in
a short time and does not require an extrinsic contrast agent,
and therefore IDEAL-IQ imaging adding to the conventional
MRI may not be a burden on the patient with breast
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Fig. 8 Representative microscopic
images of the peritumoral area of the
M breast carcinoma with axillary lymph
. ) node metastasis (a; low-power view
of hematoxylin—eosin stain, b; mag-
nified view of the square area of

© 3 a) and that without (c; low-power
> ¢ view of hematoxylin-eosin stain, d;
. magnified view of the square area
of ¢). Peritumoral adipose tissue of
breast carcinoma with lymph node
metastasis shows more fibrous and
edematous (a and b) compared with
that without (c and d). Atrophy of
adipocyte and mild inflammatory
cell infiltration are also seen in the
peritumoral adipose tissue of breast
carcinoma with lymph node metas-
- tasis (a and b).

carcinoma. Although this method cannot be used in cases
where there is a low amount of breast fat around the tumor,
fat content measurement using IDEAL-IQ may be a practical
tool for therapeutic strategy of breast carcinoma and can play
arole in further radiomics study.

Our study had several limitations. First, diffuse spreading
non-masslike lesions and lesions surrounded by the mam-
mary gland tissue all the periphery mostly were not included
in this study. The relationship between peritumoral fat con-
tent and prognostic biomarkers in these type tumors requires
further study dealing with MRI-based radiomics and deep
learning. Second, we manually set the ROIs for fat quantifi-
cation without a reproducibility assessment. An automated
ROI selection method would overcome the problems related
to subjective ROI placement and might have improved the
reproducibility. Third, we did not measure fat content patho-
logically. Direct MRI to pathology comparison would help
for understanding biological response of peritumoral fat in
patients with invasive breast carcinoma. Fourth, peritumoral
fat content may have been contaminated by post-biopsy
effects such as edema, although we set four ROIs adjacent to
the peritumoral fat on each crosshair radial to reduce the
effect of the postprocedural changes. A comparative study
between subjective visual assessment of peritumoral edema
and peritumoral fat quantitative assessment may be war-
ranted. Finally, this study is inherently limited by its
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retrospective nature. Additional prospective study with a
large number of cases may be necessary to support our con-
clusions because there are substantial overlaps in the FFt and
pTFR between breast carcinoma with lymph node metastasis
and that without, and the correlations between the MIB-1
index and the FFt/pTFR are weak.

Conclusion

Our study suggests that the peritumoral fat content using
IDEAL-IQ appear to show an association with histologic
prognostic factors in vivo, and the peritumoral fat quantifica-
tion using IDEAL-IQ, in combination with tumor size, may
be useful for therapeutic strategy of breast carcinoma.
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