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Abstract: Objectives: To investigate the diagnostic potential of texture-based analysis of dynamic contrast-enhanced
MRI (DCE-MRI) for breast lesions and background enhancement (BE). Methods: This retrospective study analyzed
62 patients who underwent preoperative high-temporal resolution DCE-MRI (1+26 phases), including 39 malignant
and 23 benign lesions. A control group of 78 patients received preoperative low-temporal resolution DCE-MRI (1+5
phases), comprising 46 malignant and 32 benign lesions. All patients also underwent conventional TAWI, T2WI MRI
scans, and DCE-MRI. Quantitative parameters were obtained using a two-compartment Extended Tofts model, cal-
culating pharmacokinetic parameters: volume transfer constant (K@), rate constant (Kep), extravascular extracellu-
lar volume fraction (V,), and fractional plasma volume (Vp). Texture features based on the K" map were extracted.
The region of interest for the lesion center, surrounding peripheral area, and BE was delineated. Receiver operating
characteristic (ROC) analysis was used to evaluate the diagnostic performance of the K"" texture features model.
Results: Pharmacokinetic parameters significantly differed between high-temporal resolution and low-temporal res-
olution DCE-MRI (P < 0.05). In the malignant group, the average K" of the lesion area from high-temporal resolu-
tion DCE-MRI was significantly correlated with pathological grading (r = 0.400, P = 0.012). There were significant
differences in the mean values of K", Kep, \ Vp and time to peak (TTP) between the two DCE-MRI groups across
the lesion, peri-lesional, and BE areas. In the differentiation between benign and malignant lesions, ROC analysis
demonstrated that high-temporal resolution DCE-MRI provided slight but significant advantages in differentiating
benign and malignant lesions in the lesion center, BE areas. Conclusions: Texture analysis based on high-temporal
resolution DCE-MRI may potentially improve breast cancer diagnostic performance. Specifically, combining the le-
sion, BE area, and K""-mean parameters contributes to the diagnosis of breast lesions, background enhancement,
and the pathological grading of malignant tumors.
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Introduction mortality rate of breast cancer, highlighting its
importance in guiding treatment strategies.

Breast cancer is the second leading cause of

cancer-related death among women and the
most common malighant tumor in women
worldwide [1, 2]. In China, both the incidence
and mortality of breast cancer are increasing,
while the age of onset is decreasing [3, 4].
Approximately 1.6 million people are diagnos-
ed annually, and 1.2 million succumb to the ill-
ness. Early diagnosis can reduce the overall

Routine contrast-enhanced magnetic resonan-
ce imaging (CE-MRI) offers high sensitivity but
low specificity, limiting its diagnostic utility.
While traditional CE-MRI plays a central role in
diagnosing breast pathologies due to its ra-
diation-free nature, background enhancement
(BE) may obscure lesions or contribute to false-
positive readings [5-7]. In view of the heteroge-
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neity of benign and malignant diseases and
BE tissues, high-resolution dynamic contrast-
enhanced MRI (DCE-MRI) can better evaluate
the tissue microenvironment and texture cha-
racteristics.

DCE-MRI can predict the biological characte-
ristics of breast cancer, tumor environment
[8-10], molecular receptor subtypes [8, 11-13],
and even genomic characteristics [14, 15].
Quantitative assessment of region of interest
(ROI) signal intensity, spatial structure, and
other image parameters through high-through-
put extraction offers diagnostic value [16, 17].
Such utility can help in the early diagnosis of
breast cancers [5]. Furthermore, quantitative
analysis of the gray-level co-occurrence matrix
of heterogeneity may serve as an indicator of
metastasis and poor prognosis [18-21]. Studies
suggest that factors such as texture evaluation
of vasculature, lymphatic permeation, density,
and angiogenesis are correlated with disease
prognosis [22]. Therefore, high-resolution DCE-
MRI analysis can also aid in predicting disease
prognosis [11, 23].

In a previous study by our team, we confirmed
the significant value of high-temporal-resolu-
tion DCE-MRI in assessing benign and malig-
nant BI-RADS 4 breast lesions [24]. The current
study aims to investigate the application of
texture analysis based on kinetic parametric
maps from breast DCE-MRI, focusing on differ-
ent temporal resolutions for the discrimination
of benign lesions, malignant lesions, and back-
ground parenchymal enhancement.

Methods
Patients

A retrospective study was conducted on the
clinical data from patients (age range, 23-79
years) with clinically suspected breast disease
at the First Affiliated Hospital of Zhejiang
Chinese Medical University from April 2015 to
June 2017. All procedures were in accordance
with the ethical standards of 1964 Helsinki
declaration and its later amendments or com-
parable ethical standards. The Ethics Commi-
ttee of the First Affiliated Hospital of Zhejiang
Chinese Medical University approved this stu-
dy, in which informed consent was waived due
to retrospective nature.
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Inclusion criteria: (1) Patients clinically su-
spected of having breast cancer or confirmed
to have breast cancer by puncture pathology;
(2) Patients who underwent MRI examination;
(3) Patients who underwent breast cancer sur-
gery and provided pathological specimens with-
in 7 days after MRI examination; (4) Patients
who completed the menstrual cycle question-
naire survey; (5) Patients with complete imag-
ing, clinical, and follow-up data.

Exclusion criteria: (1) Pregnant or lactating
patients; (2) Patients who had undergone
breast-conserving surgery within the past 5
years; (3) Patients with breast prosthesis im-
plantation; (4) Patients with contraindications
for MR-enhanced examination, including unsta-
ble angina pectoris, atrial fibrillation, after coro-
nary stent implantation, bypass surgery, or
renal insufficiency (glomerular filtration rate <
60 ml/min); (5) Patients unable to complete
MRI examinations due to pacemakers, stents,
etc; (6) Patients whose exact pathological
results could not be obtained.

According to the inclusion and exclusion crite-
ria, 128 patients were included. Of these, 66
were excluded due to lost to follow-up, no path-
ological result or having other types of malig-
nant diseases. Additionally, 78 patients who
underwent preoperative low-temporal resolu-
tion DCE-MRI (1+6 phases) were included as
control group. Patients who had undergone
neoadjuvant chemotherapy were excluded. A
patient selection flowchart is shown in Figure
1.

MRI protocol

A 3.0T MR scanner (Magnetomverio, Siemens
Medical Solutions, Erlangen, Germany) with a
16-channel phased-array breast coil was used
to perform the DCE-MRI examination. The
patient was positioned prone, with the breast
naturally draped in the double coil. The follow-
ing parameters were used: Turbo Inversion
Recovery T2-weighted MRI (TIRM) sequence
(TR = 4000 ms, TE = 70 ms, Slice thickness =
4 mm, FOV = 34 cm x 34 cm, Matrix = 448 x
448, Nex = 2) with cross-sectional scanning;
and bilateral sagittal T2-weighted imaging
(T2WI) (TR = 4650 ms, TE = 85 ms, Slice thick-
ness =4 mm, Layer space = 1.0 mm, FOV = 20
cm x 20 cm, Matrix = 320 x 224, Nex = 4).
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128 patients with clinically suspected
breast disease retrospective collected

78 patients retrospectively and
randomly enrolled and underwent
low temporal resolution DCE-MRI

Vp) for the central lesion area
(Lesion), surrounding peripher-
al area (Peri) and background
enhancement (BE) area in both

66 patients excluded
(lost to follow up;
> no pathological result;
other types of malignant
di

)

Y

62 patients collected and underwent high
temporal DCE_MRI

the malignant and the benign
groups using a two-compart-
ment extended Tofts model
and three-dimensional volume
of interest. All data were ana-
lyzed by two senior radiologists
(J.L. with 15 years of experi-
ence, and J.Z. with 23 years
of experience in breast MRI).
In cases of disagreement be-
tween the radiologists, they
discussed and reached an

39 malignant
lesions (invasive
ductal carcinoma)

46 malignant
lesions (invasive
ductal carcinoma)

23 benign lesions

agreement.

32 benign lesions
The ROIs were manually se-

Figure 1. The patient inclusion flowchart.

A high-temporal-resolution DCE-MRI (1+26 pha-
ses) scan was conducted with the following
parameters: T1 3D Dyna VIEWS, TR = 4.43 ms,
TE = 1.38 ms, Slice thickness = 2 mm, FOV =
30 cm x 30 cm, Matrix = 224 x 224, Nex = 1,
Flip angle = 15°, with a temporal resolution of
11 s and a total scanning time of 6 minutes
and 3 seconds. A low-temporal-resolution DCE
MRI (1+6 phases) scan was conducted with the
following parameters: T1 3D Dyna VIEWS, TR =
4.51 ms, TE = 1.61 ms, Slice thickness = 1 mm,
FOV =34 cm x 34 cm, Matrix = 448 x 448, Nex
= 1, with a temporal resolution of 60 s, before
the contrast injection, immediately after the
start of the contrast injection, at 60 s, 120 s,
180 s, 240 s, and 300 s after injection (six
acquisitions).

The contrast agent was 0.1 mmol/kg gadopen-
tetate dimeglumine (Omniscan, GE Healthcare).
A bolus injection was performed intravenously
at an injection rate of 2.0 ml/sec using a dou-
ble-cylinder high-pressure syringe. Following
the contrast agent injection, 10 ml saline was
administered.

Image analysis

All DCE-MRI image data was transferred to the
Omni-Kinetic software (GE Healthcare, version
2.10) to extract K@ texture features and the
pharmacokinetic parameters (K¥as, Kep, V, and
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lected and delineated based
on enhanced T1-weighted im-
ages and the pharmacokinetic
maps. In Figure 2, both benign
and malignant lesions were clearly shown, and
a polygon ROI was drawn manually to encom-
pass the Lesion, Peri and BE area (normal
breast background parenchyma enhance-
ment), avoiding the necrotic areas and vascular
beds.

Hemodynamic parameters included K" (ml/
min, endothelial transfer constant, represent-
ing the rate of blood leakage to the extravas-
cular extracellular fluid gap (EES)), Kep (ml/min,
reflux rate constant, referring to the blood leak-
age rate from EES back into the blood vessels),
Vv, = Ir(“a”s/l&ep (ml/ml, fractional EES volume,
referring to the fraction of the EES occupied by
contrast agents), and Vp (ml/ml, fractional plas-
ma volume, referring to the plasma volume of
contrast agent). These parameters were used
to quantitatively evaluate the microcirculation
characteristics of the lesions.

Texture feature analysis involved image conver-
sion and quantitative analysis. For each pa-
tient, all texture features were obtained based
on the K" map from DCE-MRI images. Texture
feature analysis based on high-resolution DCE-
MRI included the first-order distribution statis-
tics, gray-level co-occurrence matrix (GLCM),
and gray-level run-length matrix (GLRLM).

First-order distribution statistics included en-
ergy, skew, maximum, median, mean, mean
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Figure 2. DCE-MRI image of typical benign and malignant lesions. A: A benign lesion identified from the high-tem-
poral-resolution DCE-MRI; B: A malignant lesion identified from the high-temporal-resolution DCE-MRI. K¥a"s, Kep,
and Vp values of quantitative parameters of dynamic enhancement measured on pseudo-color maps. Pseudo-color
image, with red and yellow areas showing local occupation. Blue indicates a low signal, red indicates a high signal,
blue-green is a slightly lower signal, and yellow is a slightly higher signal.

absolute deviation, range, root mean square,
standard deviation, and variance etc. The gray-
level histogram is a discrete function of image
gray level (formula: H(i) = ni/N(I =0, 1, ..., L-1),
where i represents the grayscale level, L repre-
sents the number of grayscale categories, n,
represents the number of pixels with grayscale
level i, and N represents the total number of
pixels in the image). This reflects to the proba-
bility of occurrence of pixels in the image with
grayscale i. GLCM is a statistical method that
describes texture, local mode, randomness,
and spatial statistical characteristics, repre-
senting regional consistency and inter-regional
relativity. GLRLM is the joint probability density
of two position pixels, which reflects the bright-
ness distribution and second-order statistical
characteristics of spatial distribution between
pixels with the same or similar brightness.

Statistical analysis

All statistical analysis was performed using
IBM SPSS Statistics software (version 19.0;
BM SPSS, Chicago, 1L, USA), with statistical
significance set at P < 0.05. The Student’s
t-test was used to compare differences in he-
modynamic parameters from high-resolution
and low-resolution DCE-MRI for the lesion cen-
tral area, surrounding peripheral area and
background enhancement in the malignant
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and benign groups (multiple comparisons
adjusted using the Family-wise error rate).
Logistic regression was used to build models
based on texture features for the diagnosis of
breast lesions and background enhancing.
Receiver operating characteristic (ROC) analy-
sis was used to determine the diagnostic per-
formance of each parameter.

Since the sample size in the benign and malig-
nant groups were not uniform, over-sampling in
the smaller group was performed using the
Synthetic Minority Oversampling Technique
(SMOTE). For each missing sample in the small-
er group, the Euclidean distance was calculat-
ed to determine the distance from all samples
in the small sample set, and the nearest nei-
ghbor was designated as K. A sampling ratio
was set according to the sample imbalance
ratio, determining the sampling ratio (N). For
each minority sample (X), a number of sam-
ples were randomly selected from its K nearest
neighbor (Xn). A new sample was generated
using the formula:

Xnew = X + rand (0, 1) x (X-X).

For the high-resolution DCE-MRI group, the
sample size was increased from 62 to 96
cases, and for the low-resolution DCE-MRI
group, the sample size was increased from 78
cases to 128 cases.
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Table 1. The general characteristics of included patients

High-temporal-resolution DCE-MRI Low-temporal-resolution DCE-MRI

Characteristics - - - :
Malignant Benign Malignant Benign
Number 39 23 46 32
Age (years)
Median (range) 53 (31-77) 48 (25-79) 49 (32-70) 48 (23-70)
Mean * Standard deviation 54.1+11.4 48.0+11.4 50.0+9.0 43.5+10.5
Pathology grade
Grade | 5 N 5 N
Grade Il 16 N 15 N
Grade I 18 N 26 N

Note: N means None.

The samples were randomly divided into train-
ing and testing groups in a 0.7:0.3 ratio. To
address potential correlations among the fea-
tures that could affect model accuracy, we con-
ducted a three-step dimensionality reduction
process. In the first step, features with signifi-
cant differences were selected using a single-
factor method; in the second step, features
related to the dependent variables were select-
ed through a general linear model; in the third
step, feature dimensionality reduction was per-
formed using the Least Absolute Shrinkage
and Selection Operator (LASSO) method. After
dimensionality reduction, logistic regression
was used to build the model, and the classifica-
tion accuracy of the test group was verified. The
area under the ROC curve (AUC) was calculat-
ed. The Delong-test was used to compare the
ROC curves of the models.

Results
General information of the study population

A total of 62 patients underwent preoperative
high-temporal-resolution DCE-MRI (1+26 phas-
es) scans, with 39 malignant lesions (age ran-
ge: 31-77 years; average age: 54.1 years; 17
lesions in the right breast, 22 in the left) and
23 benign lesions (age range: 25-79 years;
average age: 48.0 years) identified. In the con-
trol group, 78 patients underwent preoperative
low-temporal-resolution DCE-MRI (1+6 phases)
scans, which revealed 46 malignant lesions
(age range: 32-70 years; average age: 50.0
years; 21 lesions in the right breast, 25 in the
left) and 32 benign lesions (age range: 23-70
years; average age: 43.5 years). Table 1 pres-
ents the general characteristics of the study
population.
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Hemodynamic parameters obtained from DCE-
MR in the malignant groups

According to Table 2, hemodynamic character-
istics obtained from high-temporal-resolution
and low-temporal-resolution DCE-MRI were
compared in the malignant groups. With the
exception of the TTP standard value in lesion
area, peri-lesion area, and BE area, significant
differences were observed in the values of
Ktrans, Kep, Ve, Vp and mean TTP between the two
DCE-MRI groups across the Lesion, Peri, and
BE areas (P < 0.05). The results indicated that
the hemodynamic parameters obtained from
two different temporal resolutions are statisti-
cally different.

Hemodynamic parameters obtained from DCE-
MRI in the benign groups

As shown in Table 3, the hemodynamic charac-
teristics obtained from high-temporal-resolu-
tion and low-temporal-resolution DCE-MRI were
compared in the benign groups. There were sig-
nificant differences in the mean values of K",
Ve, Vp and TTP between the two DCE-MRI groups
in the BE area, and in the mean values of Ve, Vp
and TTP in lesion and Peri areas (P < 0.05).

Performance of K@ texture feature models
based on two temporal resolution DCE-MRI for
benign and malignant lesions

According to the classification model construct-
ed using the texture features from the K&ens
map from DCE-MRI, the AUC, accuracy, sensi-
tivity and specificity for the high-temporal-reso-
lution DCE-MRI (1+26 phases) group were high-
er than those for the low-temporal-resolution
DCE-MRI (1+5 phases) group (Table 4).
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Table 2. Hemodynamic parameters obtained from high- and low-temporal resolution DCE-MRI in the

malignant cohort

Area Hemodynamic parameters 26+1 phases (n = 39) 5+1 phases (n = 46) t p-value
Lesion Area Ktrans Mean 1.88+9.51 3.384£10.94 7.020 <0.0001
Krans Standard 0.24+0.15 1.36+0.49 13.65 < 0.0001
K,, Mean 0.9410.35 0.42+0.19 8.847 < 0.0001
Ko Standard 0.4910.24 0.67+0.34 2.795 < 0.0001
V, Mean 0.45+0.12 0.56+0.19 3.119 0.003
V, Standard 0.17+0.06 0.44+0.07 18.86 < 0.0001
Vv, Mean 0.02+0.02 0.64+0.22 17.44 <0.0001
Vp Standard 0.02+0.02 0.33+0.1 19.74 < 0.0001
TTP Mean 2.81+0.76 2.43+0.61 2.559 0.012
TTP Standard 1.06+0.23 1.12+0.17 1.582 0.117
Peri area Ktans Mean 0.14+0.07 1.59+0.86 10.64 < 0.0001
Ktanrs Standard 0.15+0.1 1.57+0.45 19.08 < 0.0001
K,, Mean 0.41+0.14 0.3+0.17 3.459 0.001
Koo Standard 0.563+0.27 0.68+0.3 2.144 0.035
V, Mean 0.34+0.14 0.35+0.12 0.504 0.616
V, Standard 0.29+0.06 0.45+0.04 14.56 < 0.0001
Vp Mean 0.02+0.02 0.4+0.16 15.11 < 0.0001
Vp Standard 0.03+0.02 0.41+0.07 30.83 < 0.0001
TTP Mean 3.6310.48 2.85+0.39 8.328 < 0.0001
TTP Standard 1.23+0.33 1.34+0.24 1.722 0.089
BE area Ktans Mean 0.04+0.05 1.7+1.14 9.003 < 0.0001
Ktrans Standard 0.03+0.03 1.31+0.56 14.71 < 0.0001
K,, Mean 0.25+0.16 0.34+0.2 2.196 0.031
K, Standard 0.26+0.16 0.62+0.3 6.764 < 0.0001
V, Mean 0.19+0.17 0.47+0.18 7.553 < 0.0001
V, Standard 0.18+0.09 0.45+0.07 15.73 < 0.0001
V, Mean 0+0.01 0.46+0.2 14.44 < 0.0001
V, Standard 0.01+0.01 0.37+0.09 26.42 < 0.0001
TTP Mean 3.78+0.76 3.05+0.43 0.525 < 0.0001
TTP Standard 0.95+0.44 1.06+0.2 1.424 0.158

Note: Lesion: Breast lesion central area, Peri: Surrounding peripheral lesion area, BE: Background parenchyma enhancement

area; Multi-correction using Family-wise-error.

ROC curve analysis revealed the following val-
ues for the AUC, accuracy, sensitivity, and spec-
ificity of the models based on K" texture fea-
tures from high-temporal-resolution DCE-MRI
for benign and malignant lesions: For the cen-
tral area: AUC = 0.889, accuracy = 0.867, sen-
sitivity = 0.867, specificity = 0.933; For the
background enhancement area: AUC = 0.760,
accuracy = 0.700, sensitivity = 0.667, specifici-
ty = 0.867; For the (Lesion + BE) area: AUC =
0.933, accuracy = 0.800, sensitivity = 0.800,
specificity = 0.933.

ROC curves (Figure 3) for the models based on
the K" texture features obtained from low-
temporal-resolution DCE-MRI for benign and
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malignant lesions showed the following values:
For the central area: AUC = 0.850, accuracy =
0.750, sensitivity = 0.800, specificity = 0.800;
For the background enhancement: AUC =
0.716, accuracy = 0.733, sensitivity = 0.667,
specificity = 0.800; For the (Lesion + BE) area:
AUC = 0.868, accuracy = 0.833, sensitivity =
0.900, specificity = 0.786. After performing the
Delong-test to compare models between the
two DCE-MRI groups, no significant difference
was observed (P > 0.05).

Discussion

In this study, we conducted a retrospective
study on preoperative high-temporal-resolution
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Table 3. Hemodynamic parameters obtained from high- and low-temporal resolution DCE-MRI in the

benign cohort

Area Hemodynamic parameters 26+1 phases (n =23) 5+1 phases (n = 32) t p-value
Lesion Area Krans Mean 0.17+0.16 2.31+1.54 6.615 < 0.0001
Kvans Standard 0.07+0.07 0.951+0.4 10.12 < 0.0001

K,, Mean 0.42+0.18 0.22+0.2 3.780 0.0004

K,, Standard 0.21+0.11 0.36+£0.28 2.538 0.014

V, Mean 0.37+£0.23 0.45+0.21 1.381 0.173
V, Standard 0.15+0.08 0.43+0.09 11.62 <0.0001
V, Mean 0+£0.01 0.72+0.28 12.23  <0.0001
v, Standard 0.01+0.01 0.23+0.14 7831 <0.0001
TTP Mean 3.94+0.74 3.04+£0.54 5.225 <0.0001

TTP Standard 0.78£0.35 0.89+0.28 1.260 0.213
Peri area Ktrans Mean 0.09+0.07 1.92+1.26 6.960 < 0.0001
Kvans Standard 0.07+0.06 1.29+0.49 11.66 <0.0001

K., Mean 0.27+0.12 0.24+0.16 0.915 0.365

Koo Standard 0.3+0.18 0.55+0.32 3.283 0.002

V, Mean 0.28+0.15 0.31+0.11 0.698 0.488
V, Standard 0.24+0.09 0.44+0.06 10.38 < 0.0001
Vp Mean 0.01+0.01 0.57+0.22 12.31 < 0.0001
Vp Standard 0.01+0.02 0.37+0.08 21.41  <0.0001
TTP Mean 3.95+0.72 3.12+0.38 5503 < 0.0001

TTP Standard 1.01+0.48 1.1+0.31 0.809 0.422
BE area Ktrens Mean 0.06+0.07 2.76+£1.63 7691 <0.0001
Ktans Standard 0.03+0.03 0.87+0.59 6.272 < 0.0001

K., Mean 0.26+0.19 0.3£0.3 0.559 0.579

Ko Standard 0.21+0.15 0.35+0.34 1.956 0.056
V, Mean 0.2+0.12 0.59+0.29 5.959 < 0.0001
V, Standard 0.17+£0.07 0.37+0.16 5.815 < 0.0001
V, Mean 0£0 0.66+0.3 10.60 < 0.0001
Vv, Standard 0.01+0.01 0.22+0.16 6.259 < 0.0001
TTP Mean 4.03+0.63 3.04+0.7 5.406 <0.0001

TTP Standard 0.82+0.46 0.74+0.28 0.876 0.385

Note: Lesion: Breast lesion central area, Peri: Surrounding peripheral lesion area, BE: Background parenchyma enhancement

area; Multi-correction using Family-wise-error.

and low-temporal-resolution DCE-MRI texture
features, including the lesion central area, sur-
rounding peripheral area, and background
enhancement area. The results indicated th-
at high-temporal-resolution DCE-MRI may be
more effective than low-temporal-resolution
DCE-MRI in the differentiation of breast dis-
ease from background enhancement.

Most previous studies have focused primarily
on the disease itself [16, 18-21, 25-28] or the
peripheral interstitial areas [11]. However, the
lesion center, periphery, and background en-
hancement area may play a significant role in
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differentiating benign and malignant lesions.
Few studies have comprehensively examined
these areas through volume measurement. The
ROI in this study included the lesion central
area, surrounding peripheral area, and back-
ground enhancement area, providing a more
comprehensive dataset. It was found that the
hemodynamic characteristics (Ka"s, Kep, v, Vp,
TTP) of the three ROls, obtained from two dif-
ferent temporal resolution DCE-MRI scans,
showed statistically significant differences.
Particularly, the joint K'@"s texture features from
three ROIs were useful in distinguishing benign
and malignant breast lesions. These results
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Table 4. ROC curves of K" texture feature models obtained from the high- and low-temporal-resolu-
tion DCE-MRI in differentiating malignant and benign breast lesions

ROI AUC 95% Confidence Interval ACC SPC SEN
High-resolution DCE-MRI group
Lesion 0.889 0.759-1.000 0.867 0.933 0.867
BE 0.760 0.575-0.945 0.700 0.867 0.667
Lesion + BE 0.933 0.852-1.000 0.800 0.933 0.800
Low-resolution DCE-MRI group
Lesion 0.850 0.725-0.975 0.750 0.800 0.800
BPE 0.716 0.518-0.913 0.733 0.800 0.667
Lesion + BE 0.868 0.723-1.000 0.833 0.786 0.900

Note: ROI: Region of interest, Lesion: Breast lesion central area, BE: Background parenchyma enhancement area, AUC: Area
under the curve, ACC: Accuracy, SPC: Specificity, SEN: Sensitivity.
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suggest that comprehensive measurement of
the lesions and background enhancement
areas can provide a more accurate diagnosis
and differentiation between benign and malig-
nant lesions.

In this study, the ROC curve showed that mod-
els from the high-temporal-resolution DCE-MRI
group were slightly higher than those of the low-
temporal-resolution DCE-MRI group. This sug-
gests that high-temporal-resolution DCE-MRI
has a higher application value in the diagnosis
of breast diseases. Conventional breast dynam-
ic enhanced MRI primarily evaluates the char-
acteristic of time signal intensity curve of breast
disease (e.g., curve shape, time to peak, early
enhancement rate), allowing for semiquantita-
tive analysis of tumor characteristics. However,
these semiquantitative parameters are influ-
enced by factors such as cardiac output, imag-
ing sequences, contrast agent injection rate,
and blood flow, making them prone to errors
[29]. In contrast, this study used quantitative
analysis based on the Extended Tofts model,
which provided multiple hemodynamic param-
eters, including the endothelial transfer con-
stant of K", reflux rate constant (Kep), frac-
tional EES volume (V,), and fractional plasma
volume (Vp). The extended Tofts model is app-
licable to time resolution of < 12 seconds,
enabling high-temporal-resolution DCE-MRI to
more accurately measure lesions and detect
subtle pharmacokinetic changes in tissue over
very short periods. This high temporal resolu-
tion allows the sequence to accurately capture
fine details, including subtle differences in con-
trast agent concentration. Thus, high-temporal-
resolution DCE-MRI can extract more texture
features than low-temporal-resolution DCE-
MRI, resulting in a more accurate diagnosis of
breast lesions [30-32].

Although pathology remains the gold standard
for disease analysis and classification, it is lim-
ited by invasiveness and localized sampling,
which may cause inaccurate pathological re-
sults and restricted pathological classification
of diseases. DCE-MRI, due to its noninvasive,
radiation-free and high-resolution nature with
soft tissue, has become an important method
for diagnosing and monitoring breast diseas-
es. In this study, we analyzed the correlation
between DCE-MRI and pathological grading of
malignant lesions (invasive ductal carcinoma,
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IDC). The results showed that only the mean
K'a"s value in the lesion central area from high-
temporal-resolution DCE-MRI was significantly
correlated with pathological grade [33]. In this
study, only IDC was included in the malignant
group (due to the limited number of patients
with other malignant types, less than 5 cases),
which precluded meaningful correlation statis-
tics for pathological grading. These findings
suggest that high-temporal-resolution DCE-MRI
may offer more diagnostic information in a
lesion.

It was determined that the mean K" reflects
the hemodynamic characteristics of the dis-
ease and is related to the number and immatu-
rity degree of blood vessels in the central tumor
and peritumor regions across different patho-
logical grades. Tumor angiogenesis is increased
in most malignant lesions, with a large number
of immature blood vessels with high permeabil-
ity. Therefore, low molecular weight contrast
agents can enter the EES through the thin ves-
sel walls. Previous studies also support that
high-temporal-resolution DCE-MRI can more ac-
curately evaluate the hemodynamic microenvi-
ronment of tissues, through high-throughput
extracted image texture features and quan-
titative evaluation. For example, the gray-level
co-occurrence matrix, which quantifies the en-
hancement of heterogeneity, has been shown
to predict breast cancer invasion, prognosis,
and treatment response [18-21].

Interestingly, this study found that the perfor-
mance of K" texture feature models for the
lesion, peripheral, and background enhance-
ment areas based on high-temporal-resolution
DCE-MRI was slightly higher than that of low-
temporal-resolution DCE-MRI. Notably, the joint
texture feature model incorporating all three
areas performed better than others. BE in
breast tissue reflects an increase of T1 relax-
ation after enhancement, which directly reflects
the blood supply and permeability of breast tis-
sue. Hormones, especially estrogen, increase
microvascular permeability and vasodilation in
breast tissue, leading to vascular hyperplasia
and ductal gland epithelial proliferation. Pro-
gesterone promotes mitosis, enhancing meta-
bolic activity and increasing perfusion in bre-
ast tissue, which contributes to background
enhancement. Tissue enhancement in MR
imaging is influenced by vascular distribution,
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the permeability of contrast agents, and T1
relaxation properties of the tissue [34]. In
breast tissue, both the anatomy of the vascular
system and the hormone effects on breast tis-
sue play significant roles in the morphology and
degree of BE [35]. High-resolution dynamic
enhanced MR texture analysis can quantita-
tively evaluate disease and tissue heterogene-
ity, which is helpful for accurate assessment
and early diagnosis of breast diseases and
BE [5]. Thus, high-temporal-resolution DCE-MRI
not only holds significant application value in
the diagnosis of breast disease and back-
ground enhancement but also enables the
analysis of joint texture features across the
lesion and background areas.

There are several limitations in this study. First,
the sample size was relatively small. The large
number of texture features to be extracted and
screened posed challenges due to the limited
sample size, and further research with large
samples is needed. Second, malignant breast
lesions of other pathological types were not
included in this study, which should be add-
ressed in future studies. Third, while high-tem-
poral-resolution DCE-MRI scans showed prom-
ising results, the protocol still needs to be
further improved to optimize scanning time.
Fourth, the textural features model in this study
has not been validated externally. Therefore,
future studies should aim for multi-center vali-
dation and incorporate clinical characteristics
into the model.

Conclusions

In summary, quantitative analysis using high-
temporal-resolution DCE-MRI demonstrates
slightly higher application value in the diagno-
sis of breast lesions and background enhance-
ment. The joint texture analysis of the lesion
and BE area based on high-temporal-resolution
DCE-MRI may be more helpful in diagnosis,
with the mean K@ contributing to the patho-
logical grading of malignant tumors. Thus, the
use of texture analysis based on high-temporal-
resolution DCE-MRI has the potential to improve
breast cancer diagnostic performance.
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