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AIM: To evaluate the usefulness of synthetic magnetic resonance imaging (MRI) performed
before the initiation of neoadjuvant chemotherapy (NAC) in predicting whether breast cancers
can achieve a pathological complete response (pCR) after the completion of NAC.
MATERIALS AND METHODS: This retrospective study investigated 37 consecutive patients

with 39 breast cancers (pCR: 14, and non-pCR: 25) who underwent dynamic contrast-
enhanced (DCE)-MRI and synthetic MRI before the initiation of NAC. Using synthetic MRI
images, quantitative values (T1 and T2 relaxation times, proton density [PD] and their standard
deviations [SD]) were obtained in breast lesions, before (Pre-T1, Pre-T2, Pre-PD, SD of Pre-T1,
SD of Pre-T2, SD of Pre-PD) and after (Gd-T1, Gd-T2, Gd-PD, SD of Gd-T1, SD of Gd-T2, SD of
Gd-PD) contrast agent injection. The aforementioned quantitative values and several
morphological features that were identified on DCE-MRI were compared between pCR and
non-pCR.
RESULTS: Multivariate analyses revealed that the SD of Pre-T2 (p¼0.038) was significant and

was an independent predictor of pCR, with an area under the receiver operating characteristics
curve of 0.829. The sensitivity, specificity, and accuracy of the SD of Pre-T2 with an optimal cut-
off value of 11.5 were 71.4%, 80%, and 76.3%, respectively.
CONCLUSIONS: The SD of Pre-T2 obtained from synthetic MRI was used successfully to

predict those breast cancers that would achieve a pCR after the completion of NAC; however,
these results are preliminary and need to be verified by further studies.

� 2022 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction enrolled in the study. The following patients were excluded:
Breast cancer is a common malignancy, and incidence
rates are increasing worldwide.1 Neoadjuvant chemo-
therapy (NAC) can decrease tumour volume, which im-
proves the operability of locally advanced breast cancer,
reduce metastasis, and detect drug sensitivity; it has been
proposed as the standard therapy for locally advanced
breast cancer.2 In patients with operable breast cancer, NAC
has been shown to improve breast conservation rates.3,4

The usual index to evaluate the chemosensitivity of breast
cancer is the degree of regression after NAC. A pathological
complete response (pCR) is associated with a good prog-
nosis.2 NAC has several advantages; however, NAC for
operable breast cancer is associated with a risk of “under-
treatment”din cases where cancer does not respond to
NACdbecause NAC generally takes several months to
complete. A patient with biologically aggressive cancer may
not receive an effective treatment over the course of several
months, which increases the risk of tumour metastasis.2

Therefore, it is important to find a more accurate method
to predict tumour response to NAC before treatment.

In patients who plan to receive NAC, pre-treatment
breast magnetic resonance imaging (MRI) is widely used
because of its high sensitivity in the detection of malig-
nancy and accuracy of clinical staging.5 Morphological fea-
tures of dynamic contrast-enhanced (DCE)-MRI, such as
enhancement pattern, apparent diffusion coefficient (ADC)
values from diffusion-weighted imaging, and quantitative
values such as T2 relaxation time have been analysed to
predict pCR.6e10

Synthetic MRI, a recently developed MRI technique, uses
a multi-echo and multi-delay acquisition method for
simultaneous measurement of quantitative values such as
T1 and T2 relaxation times, and proton-density (PD) image
mapping; it can obtain these quantitative values during a
single scan. Few previous studies have reported the use-
fulness of synthetic MRI for determining benign versus
malignant breast lesions and for estimating subtypes of
breast cancer11,12; however, to the authors’ knowledge,
there have been no previous reports on predicting tumour
response to NAC in breast cancer using synthetic MRI. The
purpose of this study was to validate the performance of
synthetic MRI obtained before the initiation of NAC to
predict breast cancers that can achieve a pathological
complete response (pCR) after the completion of NAC.
Materials and methods

Patient selection

This retrospective study was approved by the institu-
tional review board. Requirement for written informed
consent was waived owing to the retrospective study
design. Patients who had biopsy-proven primary invasive
breast carcinomas who underwent breast MRI, including
DCE-MRI and synthetic MRI using 3-T MRI before the
initiation of NAC between April 2018 and March 2021 were
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those who did not undergo breast MRI before NAC and
those who underwent breast MRI before NAC, not including
synthetic sequences.

MRI acquisition

Breast MRI examinations were performed using a 3-T
MRI system (SIGNA Architect, GE Healthcare, Milwaukee,
WI, USA) with an eight-channel, phased-array, breast sur-
face coil with the patient in a prone position.

Axial synthetic MRI acquisition for simultaneous T1, T2,
and PD mapping was appended to routine breast MRI se-
quences, using the multiple-dynamic, multiple-echo
(MDME) pulse sequence, also known as Quantification of
Relaxation Times and Proton Density by Multiecho acquisi-
tion of a saturation-recovery using the Turbo spin-Echo
Readout (QRAPMASTER).13 The MDME sequence was based
on two-dimensional (2D) fast spin echo (FSE) with inter-
leaved, section-selective, 120� saturation, and multi-echo
acquisition, which provided complex real and imaginary
images with two echo times and four automatically calcu-
lated saturation delays. Acquired data were then processed
to quantify the physical properties of tissues, including T1
and T2 relaxation times, and PD using magnetic resonance
image compilation (MAGiC) software, which is a component
of the synthetic MRI image processing scanner.

For imaging, the scan time for each synthetic MRI was
233 seconds (total scan time for obtaining synthetic MRI
before and after contrast agent injection was 466 seconds),
and the MDME sequence was obtained before contrast
agent injection and at 12 minutes after injection using the
following parameters: 4,470 ms repetition time (TR), 15.5/
93.1 ms echo time (TE), 360 � 360 mm field of view (FOV),
256 � 224 matrix, 4 mm section thickness, 0.4 mm inter-
slice gap, 28 sections, echo-train length ¼ 16; and 2.5 ac-
celeration factor.

During conventional MRI examinations, a precontrast
diffusion-weighted imaging (DWI) sequence (5,936 ms TR,
66.4 ms TE; reduction factor, 2; number of signals acquired,
8; 128 � 128 matrix size, 36 cm2 FOV, 4 mm slice thickness,
0.4 mm gap, and 196 seconds scan time) was acquired
initially, followed by the unenhanced acquisition of DCE-
MRI sequences using a T1-weighted three-dimensional
fast spoiled gradient-recalled echo sequence with parallel
volume imaging for breast assessment (VIBRANT, GE
Healthcare; 7.2 ms TR, 2.4 ms TE, 10� flip angle, 350 � 329
mm FOV, 1.4 mm slice thickness, number of slices, 224, and
350 � 256 acquisition matrix). After an intravenous injec-
tion of a 0.2 mmol/kg dose of contrast agent at a rate of 2
ml/s, six post-contrast DCE-MRI sequence scans were ac-
quired starting 60 seconds after injection of the contrast
agent at 60-second intervals. The scan time for unenhanced
imaging was 60 seconds and for six post-contrast DCE-MRI
sequence scans, 360 seconds. Additionally, a T2-weighted
fast spin-echo sequence (5,369 ms TR, 85 ms TE, 111� flip
angle, 36 cm2 FOV, 384� 256matrix, number of excitations,
2, 4 mm slice thickness, 0.4 mm gap, number of slices, 36,
and 183 seconds scan time) was scanned.
 Social Security de ClinicalKey.es por Elsevier en noviembre 11, 2022. 
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MRI analysis

DCE-MRI findings were retrospectively and individu-
ally reviewed and evaluated by 85 two radiologists with 8
(reader 1) and 12 (reader 2) years of experience in breast
imaging. For preparation before review and evaluation,
two readers confirmed descriptions of morphological
features and timeesignal intensity curve patterns in the
fifth edition of the Breast Imaging Reporting and Data
System (BI-RADS).14 Two readers were given a 15-minute
review of some typical morphological features and
timeesignal intensity curve patterns of the breast lesions.
In cases of disagreement, consensual interpretations of
morphological characteristics (e.g., shape, spiculate
margin, and rim enhancement), timeesignal intensity
curve patterns,12,14 and intra-tumoural T2 high signal in-
tensity15 were obtained. Readers were only provided with
lesion locations as detected by mammography and ultra-
sonography (US) and were blinded to all other informa-
tion, including the results of conventional mammography,
ultrasound (US), and histopathology, as well as any in-
formation on clinical radiology reports. Further, both
readers independently placed the regions of interest
(ROIs) in the highest visual enhancement place within the
tumour in the early phase to calculate and assess the
contrast enhancement (CE) ratio (CE ratio ¼ [post-
contrast signal intensity-pre-contrast signal intensity]/
pre-contrast signal intensity) for increased early-phase
signal intensities15,16 and timeesignal intensity curve
patterns (washout and non-washout). The mean of the CE
ratio values were obtained by both readers in the analysis.
Figure 1 Images of a 69-year-old woman with triple-negative breast canc
weighted and (b) DCE-MRI images show an area of enhancement with irr
ROI delineating the breast lesion was placed in the tumour of the syntheti
image (b) was delineated manually in the synthetic T2WI. The Pre-T1, Pre-
ms, 110 ms, 76.6 pu, 618, 30, and 11.8, respectively. The Pre-T2SD of the les
results. (c) In DCE-MRI after NAC, residual enhancing mass is visible.
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Intra-tumoural high signal intensity was defined as that
whichwas stronger than or almost the same as that of water
or vessels on fat-suppressed T2-weighted MRI images.15

The two readers measured the tumour size indepen-
dently, with the mean of their measured values being
considered the lesion size. The lesion size was determined
using its largest diameter in three reformatted planes (i.e.,
sagittal, axial, and coronal) on DCE-MRI.

The synthetic MRI sequence yielded quantitative maps of
T1, T2, and PD, which were then used for measurements to
yield synthetic images that matched the conventional im-
ages. Each lesionwas identified on DCE-MRI, with the lesion
location being detected by mammography and US. The two
readers drew the ROIs manually on synthetic T2-weighted
images to obtain the T1, T2, and PD and standard de-
viations (SDs) of these quantitative values in breast lesions
before and after contrast agent injection. Readers 1 and 2
independently selected a slice and drew the ROIs manually
on the synthetic T2-weighted images to include the lesion
centres and most of the abnormalities within the lesion
borders (Figs 1 and 2). The mean ROI values obtained by
both radiologists were included and evaluated as quanti-
tative evaluation values with the synthetic MRI. Values for
T1, T2 relaxation time, PD, and SDs of these quantitative
values were calculated automatically within the ROI (Pre-T1,
Pre-T2, Pre-PD, Gd-T1, Gd-T2, Gd-PD, SD of Pre-T1, SD of Pre-
T2, SD of Pre-PD, SD of Gd-T1, SD of Gd-T2, and SD of Gd-PD,
respectively).

The ADC was calculated using the following equation:
ADC ¼ (1/b2eb1) In (S2/S1). S1 and S2 represented signal
intensities in the ROIs obtained using different gradient
er (cT2N1M0 cStage IIB) who had Non-pCR to NAC. (a) Synthetic T2-
egular shape and irregular margin in the right breast before NAC. An
c T2WI (arrow). The contrast-enhancing breast lesion on the DCE-MRI
T2, Pre-PD, Pre-T1SD, Pre-T2SD, and Pre-PDSD of the lesion were 1945
ion was 30, which was consistent with non-pCR based on the present
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Figure 2 Images of a 65-year-old woman with Luminal-Her2 breast cancer (cT1cN1M0 cStage IIA) who achieved pCR to NAC. Precontrast (a) T2-
weighted image, (b) PD map, (c) T1 map, (d) T2 map Synthetic MRI images and (e) DCE-MRI image show a lobulate mass with irregular shape
and spiculate margin in the right breast (arrow) before NAC. The Pre-T1, Pre-T2, Pre-PD, Pre-T1SD, Pre-T2SD, and Pre-PDSD of the lesion were
1304 ms, 85 ms, 64.3 pu, 193, 8, and 7.8, respectively. The Pre-T2SD of the lesion was 8, consistent with pCR based on the present results. (f) On
the DCE-MRI image after NAC, an area of subtle enhancement is visible.
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factors b1 and b2 (b-values of 0 and 1000 s/mm2, respec-
tively).17 For ADC value measurements, the two readers
drew the ROIs manually and independently, and their mean
values were analysed as ADC values. The ROIs of breast le-
sions were drawn manually to include most abnormalities
within the breast lesion borders, as was done in the syn-
thetic image generation. The ADC value was measured
automatically by drawing the ROI. Additionally, the elec-
tronic medical record database was searched to identify
each patient’s age at diagnosis and chemotherapy regimen.

Pathological assessment

Tumour features were obtained from histopathological
reports of core-needle biopsies performed prior to NAC. The
analysis was performed independently by two pathologists.
When disagreements occurred, a consensus was reached
through discussion. Streptavidineperoxidase immunohis-
tochemistry (IHC) was used to determine the oestrogen
receptor (ER), progesterone receptor (PgR), HER2, and Ki-67
expression levels in each patient. ER and PgR positivity were
defined as the presence of �1% positively stained nuclei in
10 high-power fields.18 ER and/or PgR positivity was
considered hormone receptor (HR)-positive, while both ER
and PgR negativity were considered HR-negative. HER2
positivity was defined as an IHC HER2 score of 3 or as gene
Descargado para Anonymous User (n/a) en National Library of Health and
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amplification observed by fluorescence in-situ hybrid-
isation in tumours with an IHC HER2 score �2. Tumour
subtypes were classified as follows:

(i) luminal A: HR-positive, HER2-negative, and Ki-67 low
(�14%);

(ii) luminal B: HR-positive, HER-2-negative and Ki-67 high
(>14%); (iii) luminal-HER2: HR-positive, HER2-positive
and any Ki-67 level; (iv) HER2-enriched: HR-negative
and HER2-positive; and (iv) triple-negative breast can-
cers (TNBCs): HR-negative and HER2-negative.19,20

The histological response to NAC was evaluated by a
histopathological examination of the final surgical spec-
imen after the completion of NAC. The General Rules for
Clinical and Pathological Recording of Breast Cancer, version
18 (2018), edited by the Japanese Breast Cancer Society, was
used to define pCR.21 The effect on invasive lesions was
evaluated microscopically. Grade 0: little change, grade 1a:
mild effect, grade 1b: moderate effect, grade 2a: marked
effect but with viable cancer cells, grade 2b: significant ef-
fect with only a few viable cancer cells, and grade 3: no
viable cancer cells seen (pCR). In this guideline, pCR is
defined as the complete absence of invasive lesions,
regardless of the presence of ductal carcinoma in situ
(DCIS).
 Social Security de ClinicalKey.es por Elsevier en noviembre 11, 2022. 
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Statistical analysis

Statistical analyses were performed using SPSS (version
26.0, Chicago, IL, USA) with statistical significance set at
p<0.05. Continuous measures are summarised as means
and standard deviations. Ages, lesion sizes, values and SDs
of longitudinal T1 values, transverse T2 relaxation times,
PD, CE ratios, and ADC values of the patients were compared
between pCR and non-pCR using the ManneWhitney U-
test. Morphological features, timeesignal intensity curve
patterns, and intra-tumoural high signal intensity on fat-
suppressed T2-weighted MRI images of the lesions were
analysed using Fisher’s exact test. The variables indicated as
significant in the univariate analysis were further analysed
using multivariate analysis (binominal logistic regression
analysis). The cut off p-value used to build the multivariate
model was 0.05. The effectiveness of SD of Pre-T2 in
differentiating between pCR and non-pCR was evaluated
using receiver operating characteristic (ROC) analysis. The
optimal threshold for distinguishing between pCR and non-
pCR was determined through identification of the highest
possible sensitivity and specificity (maximal Youden index
defined as sensitivity þ specificity e 1) on the ROC curves.
The area under the ROC curve (AUC) is presented as the
mean and 95% confidence interval (CI). Interobserver
agreement was assessed via kappa values for qualitative
data (time signal intensity pattern, shape, spiculate margin,
rim enhancement, and intra-tumoural T2 high signal in-
tensity) and intraclass correlation coefficient (ICC) for
quantitative data (quantitative values acquired using
Table 1
Comparison of the quantitative values and image findings of all 39 breast cancer

Non-pCR

Quantitative values acquired using synthetic MRI
Pre-T1 (ms) 1320.59 �
Pre-T2 (ms) 86.74 � 1
Pre-PD 78.24 � 1
SD of Pre-T1 221.76 �
SD of Pre-T2 16.24 � 7
SD of Pre-PD 4.62 � 2.2
Gd-T1 (ms) 662.22 �
Gd-T2 (ms) 76.65 � 1
Gd-PD 83.30 � 1
SD of Gd-T1 82.17 � 5
SD of Gd-T2 6.35 � 2.5
SD of Gd-PD 4.21 � 1.9
Quantitative values and image findings acquired using DCE-MRI
ADC value (�103 mm/s)

(mean � SD)
959.31 �

CE ratio 1.31 � 0.3
Timeesignal intensity curve pattern (washout/non-washout) 9(36)/16(6
Shape (round or oval/irregular) 3(12)/22(
Spiculate margin (þ/e) 7(28)/18(
Rim enhancement (þ/e) 8(32)/17(
Intra-tumoural T2 high signal intensity (þ/e) 9(36)/16(
Lesion size (mm) 36.04 � 1

Values in bold are the number of lesions with percentages in parentheses.
DCE-MRI, dynamic contrast-enhanced magnetic resonance imaging; pCR, patho
efficient; SD, standard deviation; CE ratio, contrast enhancement ratio.

a Univariate analysis.
b Multivariate analysis.
c p < 0.05, results are statistically significant.
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synthetic MRI, CE ratio, ADC value, and lesion size). Kappa
values were interpreted as follows: excellent, 0.81e1.00;
good, 0.61e0.80; moderate, 0.41e0.60; fair, 0.21e0.40; and
poor, �0.20. ICCs were interpreted as follows: excellent,
0.75e1.00; good, 0.60e0.74; fair, 0.41e0.59; and poor,
�0.40.22

Results

During the recruitment period, 64 patients with invasive
breast cancer received NAC. One patient, whose breast MRI
was not performed before NAC, was excluded. The
remaining 63 patients underwent MRI before NAC. Of 63
patients, 26 patients scanned with breast MRI before NAC,
not including synthetic sequences, were excluded from the
analysis. Of excluded 26 patients, 10 patients were scanned
using 1.5 T MRI, 13 patients were scanned using 3 T MRI
without additional synthetic sequences, and three patients
MRI were scanned at another institution. Finally, a total of
37 patients (age: 30e77 years; mean: 54 years) with 39
invasive breast carcinomas who underwent DCE-MRI and
synthetic MRI with 3-T MRI before the initiation of NAC
between April 2018 and March 2021 were included in the
study. The molecular subtypes of invasive breast carci-
nomas were as follows: luminal A (n¼2, 5.1%), luminal B
(n¼9, 23.1%), luminal-HER2 (n¼8, 20.5%), HER2-enriched
(n¼6, 15.4%), and triple-negative (n¼14, 35.9%).

Of the 39 included lesions, 25 (lesion size: mean � SD,
30.82 � 13.79; range, 8.5e53) showed non-pCR and 14
(lesion size: mean � SD, 36.04 � 14.82; range, 13.5e73.5)
s acquired using synthetic MRI and DCE-MRI (non-pCR versus pCR).

(n¼25) pCR (n¼14) p-Valuea p-Valueb

435.34 1401.54 � 280.78 0.703
2.15 93.29 � 17.73 0.629
1.68 77.59 � 6.98 0.815
99.77 149.18 � 39.04 0.006c 0.059
.32 9.64 � 3.18 0.001c 0.038c

5 3.74 � 1.38 0.169
185.02 634.07 � 78.41 0.747
1.57 82.21 � 12.98 0.412
2.07 82.85 � 8.15 0.849
2.92 50.14 � 11.97 0.011c 0.169
2 5.14 � 2.34 0.051
3 4.35 � 3.62 0.359

251.07 953.27 � 175.41 0.725

3 1.59 � 0.57 0.139
4) 10(29)/4(71) 0.048c 0.078

88) 5(36)/9(64) 0.109
72) 3(21)/11(79) 0.721
68) 7(50)/7(50) 0.318
64) 5(36)/9(94) 1.00
4.82 30.82 � 13.79 0.437

logical complete response; PD, proton density; ADC, apparent diffusion co-
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Table 2
Clinical characteristics and histological types.

Non-pCR (n¼25) pCR (n¼14) p-Valuea

Age at diagnosis (years)
(mean; range)

55, 30e77 52, 31e67 0.814

T (1/2/3/4) 2/13/5/5 5/8/0/1
N (0/1/2/3) 8/14/0/3 3/8/1/2
M (0/1) 25/0 14/0
Stage (I/II/III/IV) 2/15/8/0 2/8/4/0
Type of surgery (total mastectomy/conservative surgery) 16/9 10/4
Histological type NST 24

Mucinous carcinoma 1
NST 12
Squamous cell carcinoma 1
Apocrine carcinoma 1

Chemotherapy regimens by subtypes
Triple negative 10 4

AC/DTX 6 3
AC/PTX 4 1
Luminal A-like 2 0

ddAC/wPTX 2 0
Luminal B-like 7 2

AC/DTX 4 0
ddAC/wPTX 0 1
ddAC/wPTX þ HER þ PER 1 0
ddAC/PTX 1 1
AC/DTX þ HER 1 0
Luminal-HER2 4 4

AC/PER þ HER þ DTX 1 1
AC/DTX þ HER 1 0
AC/HPD 1 1
AC/TX＋HER 0 1
ddAC/PER þ HER þ DTX 1 0
AC/DTX 0 1
HER2-enriched 2 4

AC/DTX þ HER þ PER 0 4
ddAC/wPTX þ HER þ PER 1 0
AC/DTX þ HER 1 0

pCR, pathological complete response; NST, no special type; AC, adriamycin; cyclophosphamide; DTX, docetaxel; PTX, paclitaxel; ddAC, dose-dense AC; wPTX,
weekly paclitaxel; HER, trastuzumab; PER, pertuzumab.

a Univariate analysis.

M. Matsuda et al. / Clinical Radiology 77 (2022) 855e863860
showed pCR. Histopathological diagnoses were confirmed
in all 39 lesions, with specimens obtained from core-needle
biopsy before the initiation of NAC. Stratified by tumour
subtypes, pCR was observed in 0% (0/2) of luminal A, 22.2%
(2/9) of luminal B, 50% (4/8) of luminal-HER2, 66.7% (4/6) of
HER2-enriched, and 28.6% (4/14) of TNBCs. Fig. 2 shows a
representative case of pCR.

TheMRI examinationswere performed before or at least 2
weeks after biopsy to avoid artefacts.23 Table 1 shows the
quantitative values and image findings obtained from syn-
thetic MRI and DCE-MRI and Table 2 shows the clinical
characteristics, chemotherapy regimens, and histological
types of included cases. Univariate analysis revealed that the
SD of Gd-T1 (p¼0.011), SD of Pre-T1 (p¼0.006), and SD of Pre-
T2 (p¼0.001) were significantly higher in non-pCR than in
pCR based on the quantitative values obtained from the
synthetic MRI. MRI findings showed that the washout curve
pattern was observed significantly more commonly in pCR
than in non-pCR (p¼0.048). Other quantitative values and
image findings obtained from synthetic MRI and DCE-MRI
were not significantly different between non-pCR and pCR
(Table 1). Further, multivariate analysis showed that SD of
Pre-T2 (p¼0.038) was a significant predictor for differenti-
ating between non-pCR and pCR.
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The univariate and multivariate analysis results for pCR
and non-pCR are shown in Table 1. ROC analysis revealed
AUCs of 0.829 for SD of Pre-T2 (95 % CI, 0.700e0.957), with
an optimal SD of Pre-T2 cut-off value of 11.50 for differen-
tiating between non-pCR and pCR (Fig 3). The diagnostic
performance of several potential methods for differenti-
ating these groups was evaluated, including the use of SD of
Pre-T2 with the aforementioned optimal cut-off value. The
sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy of the SD of T2-Pre with an
optimal cut off value of 11.5 were 71.4% (95% IC: 47.8e95.1),
80% (95 % IC: 64.3e95.7), 66.7% (95 % IC: 42.8e90.5), 83.3 %
(95% IC: 68.4e98.2), and 76.3 % (95% IC: 63.7e90.1),
respectively. Interobserver agreements of quantitative and
qualitative data were satisfactory (ICC: 0.82e0.97, kappa
value: 0.79e0.90; Table 3).
Discussion

The results of this study demonstrate that the SD of Pre-
T2 was useful in predicting breast cancers that could ach-
ieve a pCR after the completion of NAC. There have been few
published reports about quantitative values of the breast
 Social Security de ClinicalKey.es por Elsevier en noviembre 11, 2022. 
ación. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Figure 3 ROC curve of SD of Pre-T2 in differentiating breast cancers
achieving pCR from non-pCR in response to NAC. The diagonal line
represents an AUC of 0.50.

M. Matsuda et al. / Clinical Radiology 77 (2022) 855e863 861
lesions obtained from synthetic MRI, including not only T1,
T2, and PD, but also SD of these quantitative values.24

Similarly, the present study evaluated SDs, which is a
strength of this study. The T2 value of the tumour is
Table 3
Interobserver agreements between two readers for quantitative and quali-
tative data.

Quantitative data

ICCs 95%CI

Pre-T1 0.944 0.896e0.970
Pre-T2 0.882 0.787e0.937
Pre-PD 0.933 0.877e0.964
SD of Pre-T1 0.822 0.688e0.903
SD of Pre-T2 0.831 0.625e0.918
SD of Pre-PD 0.969 0.942e0.984
Gd-T1 0.866 0.760e0.927
Gd-T2 0.857 0.744e0.923
Gd-PD 0.878 0.781e0.934
SD of Gd-T1 0.901 0.812e0.948
SD of Gd-T2 0.856 0.743e0.921
SD of Gd-PD 0.844 0.724e0.915
ADC value 0.895 0.808e0.943
CE ratio 0.860 0.750e0.924
Lesion size 0.941 0.891e0.969

Kappa values
Timeesignal intensity curve pattern 0.897
Shape 0.793
Spiculate margin 0.874
Rim enhancement 0.835
Intra-tumoural T2 high signal intensity 0.825

Agreement according to Kappa value was 0.81e1.00, excellent; 0.61e0.80,
good; 0.41e0.60, moderate; 0.21e0.40, fair; and �0.20, poor.
Agreement according to ICC was 0.75e1.00, excellent; 0.60e0.74, good;
0.41e0.59, fair; and �0.40, poor.
ICC, intraclass correlation coefficient; CI, confidence interval; PD, proton
density; SD, standard deviation; ADC, apparent diffusion coefficient; CE ratio,
contrast enhancement ratio.
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associated with intra-tumoural necrosis and hypoxia; pre-
vious studies have reported their association with the effect
of neoadjuvant chemotherapy on breast cancers.15,25,26

Necrosis within the tumour is likely to be poorly perfused,
which reduces the delivery of chemotherapeutic agents to
the tumour. Furthermore, hypoxia cancer cells near the
necrotic area are more likely to have a slow metabolism
and, therefore, are less sensitive to chemotherapy.27 In the
present study, the SD of Pre-T2 obtained from synthetic MRI
was significantly higher in non-pCR (16.24 � 7.32) than in
pCR (9.64 � 3.18). High Pre-T2 SD leads to tumour hetero-
geneity owing to tumour necrosis; however, detailed
pathological verification was not performed.

Previous studies have investigated the relationships be-
tween pre-treatment DCE-MRI findings and pCR in breast
cancer. In these studies, the washout pattern in the delayed
phase on DCE-MRI was identified as a predictive factor for
pCR.28,29 In addition, Park et al. reported that ADC values on
pre-treatment MRI were significantly lower in responders
than in non-responders.26 Although not significant in the
multivariate analysis, the present study also demonstrated
that the washout pattern in the delayed phase on DCE-MRI
was observed significantly more commonly in pCR
(washout/non-washout: 10/4) than in non-pCR (washout/
non-washout: 9/16; p¼0.078). There were no significant
differences in ADC values and shapes between pCR and
non-pCR. The difference in the results may be attributed to
differences in patient populations (number of enrolled pa-
tients, subtypes, and histological breast cancer types).

Furthermore, previous studies have explored the rela-
tionship between intrinsic subtypes of breast cancer and
response to NAC. The luminal A breast cancer corresponds
to low-proliferating tumours with an excellent prognosis
factor, whereas the triple-negative breast cancer represents
the most biologically aggressive subtype of breast cancer.
Paradoxically, a complete response is almost never
observed in the luminal A breast cancer; however, a com-
plete response can be expected in one-third of the triple-
negative breast cancers.30,31 Santamaria et al. conducted a
study to investigate if pCR could be predicted from pre-
treatment MRI images in various subtypes of breast can-
cer.32 They excluded luminal A breast cancers because these
tumours did not respond to NAC and pCR was not expected
in their patient collective. In the present study, all enrolled
luminal A breast cancers were not pCR; however, the main
goal of the study was to evaluate the utility of synthetic MRI
obtained before NAC in predicting breast cancer achieving a
pCR after the completion of NAC, and to identify which
quantitative values calculated using synthetic MRI would be
most useful for predicting pCR in various breast cancer
subtype. Therefore, luminal A breast cancers were also
included in the enrolled lesions. Previous studies on the
utility of MRI for assessing response to ongoing or
completed NAC have demonstrated that the prediction of
achievement of a pCR state may vary with tumour sub-
types.2,32 Therefore, specific predictors of pCR should be
considered for each breast cancer subtype.

This study has several limitations. First, and most
importantly, this was a preliminary retrospective single-
cial Security de ClinicalKey.es por Elsevier en noviembre 11, 2022. 
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institution study with a small sample size. Analysing many
parameters, despite the small sample size, may be prone to
inherent bias. Using both quantitative values obtained from
synthetic MRI and image findings of DCE-MRI scanned
before the initiation of NAC may improve the accuracy of
prediction of achievement of a pCR state; however, the
sample size and composition may affect results, including
optimal SD of Pre-T2 cut-off value. Therefore, further mul-
ticentre, large-scale studies are needed to reveal how useful
synthetic MRI is to predict the achievement of a pCR state,
and improve the generalisability and applicability of the
present results in clinical practice. Second, 26 patients were
excluded from the analysis based on the exclusion criteria,
causing a potential selection bias. Third, NAC regimenswere
not unified for each histological subtype of breast cancer.
The selection of the NAC regimen has been suggested to
influence the pCR rate. Additional studies that include more
cases with a unified NAC regimen for each subtype are
needed. Fourth, the quantitative synthetic MRI values for
the whole tumour were not measured, and therefore, the
values were not necessarily representative of the whole
tumour; however, few previous studies that obtained
quantitative values of breast cancers using synthetic
MRI11,24 had values that were similar to the present study.
Fifth, the enrolled lesions included special types of breast
cancer (one mucinous carcinoma, one squamous cell car-
cinoma, and one apocrine carcinoma). These lesions may
affect quantitative values obtained from synthetic MRI and
image findings of DCE-MRI; however, all histological types
of breast cancer, including special and non-special types,
may also receive NAC. Moreover, the study evaluated the
utility of synthetic MRI before NAC for predicting pCR in
various breast cancers. Therefore, special types of breast
cancer were also included in the enrolled lesions. Finally,
the added MDME sequence for the acquisition of synthetic
MRI increases the scan time. It is desirable to optimise the
technology to shorten the scan time.

In conclusion, this study demonstrated that the quanti-
tative values of synthetic MRI, especially SD of Pre-T2, may
be useful for predicting whether breast cancers can achieve
a pCR after the completion of NAC.
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