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Abstract
To evaluate diagnostic performance of perfusion-weighted imaging in differentiating benign from malignant breast lesions, and the
correlation between the prognostic factors/subtypes of breast cancers and the perfusion parameters.
A total of 76 patients (59 cases with breast cancer) were included in our study. The Wilcoxon rank-sum test or the Kruskal–Wallis

test were adopted for comparisons according to the dichotomous histopathologic prognostic factors or immunohistochemical
subtypes. Receiver operating characteristic curves were used to determine the area under the curve (AUC) values for perfusion
parameters to assess discrimination ability.
Confirming by pathology after operation, the percentage of benign lesions is 22.37% (17/76), malignant lesions (breast cancer) is

77.63% (59/76). According to puncture and pathological findings after operation, the standard of the molecular subtypes of breast
cancer, triple negative account for 13.6% (8/59), non-triple negative account for 86.4% (51/59). The value of mean Ktrans and Kep
were lower in benign than malignant lesions (P� .001). The AUC of the 3 indicators are significantly improved after adjusting for age
(AUC=0.858 for Ktrans, AUC=0.926 for Kep, and AUC=0.827 for Ve). Moreover, the Ve index showed better discrimination
performance than other indicators in identifying patients with triple-negative subtypes. Similarly, the identification ability came to the
highest when combing Kep and Ve.
Perfusion parameters on dynamic enhanced magnetic resonance imaging are statistically significant in distinguishing benign from

malignant breast lesion, and may potentially be used as biomarkers in discriminating patients with triple-negative molecular subtypes
of breast cancer.

Abbreviations: AUC = area under the curve, DCE-MRI = dynamic enhanced magnetic resonance imaging, ER = estrogen
receptor, FOV = field of view, HER-2 = human epidermal growth factor receptor-2, MRI = magnetic resonance imaging, PR =
progesterone receptor, ROC = receiver operating characteristic, TE = echo time, TR = repetition time.
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1. Introduction
Breast cancer has become the most common malignancy among
women in China. Angiogenesis is an independent risk factor for
breast cancer, it is proved to correlatewith the prognostic factors of
tumor size, histologic type, and axillary lymph node metastasis.[1–
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The association of breast cancer subtypes with angiogenesis was
identified by Kraby et al,[4] who observed that high microvessel
density was associated with poor prognosis in luminal A.
Magnetic resonance imaging (MRI) is widely used in the

discovery, diagnosis, and staging of breast cancer. MRI has a
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Table 1

The distributions of quantitative parameters for benign and
malignant lesions.

Kep Ktrans Ve Age

Benign 0.44±0.21 0.20±0.13 0.46±0.10 29.76±10.09
Malignant 0.84±0.25 0.35±0.15 0.42±0.11 42.81±10.03
P value <.001 .001 .192 <.001
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unique role in the pre-operative assessment of multifocal, occult,
and breast conserving surgery. Although it has a very high
sensitivity in the diagnosis of breast cancer, the specificity is
relatively low. Contrast-enhancedMRIwas first applied to breast
cancer in 1986. The principle of dynamic enhanced magnetic
resonance imaging (DCE-MRI) is angiogenesis, which is an
independent and important risk factor for breast cancer. It had
greatly improved radiological diagnosis. The diffusion param-
eters for evaluating tumor angiogenesis by DCE-MRI were
initially identified by Tofts et al.[5] Then, with breast cancers,
there has been a rising interest in the correlation between
perfusion parameters and prognostic factors.[6–8] Kim et al[7]

reported that correlations between a higher Ktrans and Kep or
lower Ve and poor prognostic factors or triple negative subtypes.
Tofts et al[6] reported that there was no statistical significance
between perfusion parameters and subtypes of breast cancer.
The aim of our study is to evaluate whether a correlation exists

between the prognostic factors or subtypes of breast cancers and
perfusion parameters from DCE-MRI, and to assess the
diagnostic accuracy of perfusion-weighted imaging in differenti-
ating benign from malignant breast lesions using DCE-MRI.

2. Methods

2.1. Study population

This study was approved by the institutional review board of our
hospital, and the informed consent form were waived. Between
January 2019 and July 2020, 98 consecutive patients with breast
lesions underwent DCE-MRI for pre-operative evaluation at our
hospital. After excluding 22 cases (9 of them transferred to
another hospital and 13 were lost to follow-up), we included 76
patients in the final analysis, with 59 cases confirmed as breast
cancer. All patients are female and the median age of our
participants is 41.0years (ranging from 13–67years).

2.2. MRI techniques

All breast MR examinations were performed using a 3.0T system
(Verio; Siemens Healthcare, Erlangen, Germany) with a
dedicated 16-channel phased-array breast coil. The imaging
sequences and parameters were as follows: Axial bilateral turbo
spin-echo T2-weighted imaging: repetition time (TR)=3700ms,
echo time (TE)=101ms, flip angle=120°, field of view (FOV)=
320�320mm, matrix=224�320, average=1, slice thickness=
4mm, acquisition time=2minutes 20seconds. Diffusion-weight-
ed imaging with readout-segmented echo-planar technique: TR=
5000ms, TE=70ms, FOV=169�280, matrix=114�188, flip
angle=180°, slice thickness=5mm, b-value=0, 50, 1000, 2000
s/mm2, readout segments=5, acquisition time=4minutes 27
seconds. T1-mapping and fast dynamic T1-weighted DCE-MRI
based on 3D volumetric interpolated breath-hold examinations
sequence: TR=5.40ms, TE=2.46/3.69ms, FOV=320�320
mm, matrix=320�320, slice thickness=1.5mm, no gap. The
variable flip angle method was used to calculate T1 maps (2° and
14°). After T1-mapping scan, 35 consecutive phases were
acquired for DCE-MRI, with a temporal resolution of 11.2/
phase. Gadodiamide contrast medium (Omniscan; GE Health-
care, Milwaukee, WI) was intravenously administrated at a dose
of 0.1mmol/kg of body weight and a rate of 2.5mL/s by a power
injector at the end of the third phase of dynamic acquisitions,
followed by a 20-mL saline flush. The total scan time of DCE-
MRI was 6minutes 58seconds.
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2.3. Image analysis

Data processing was performed by 2 independent radiologists
with more than 5years of breastMRI experience. They were both
blinded to the patients’ clinical history and histopathological
results. The T1 mapping and 35-phase dynamic series were
transferred to a workstation and subsequently processed with
commercial software Tissue 4D (Siemens Healthcare). After
motion correction and registration were automatically per-
formed, a series of ROIs was manually drawn on the continuous
levels for each lesion, avoiding visible necrosis, vessels,
calcifications, and cystic appearing areas by referring to T2-
weighted images. The pharmacokinetic parameters were ana-
lyzed based on the Tofts model. The arterial input function was
set to “intermediate” type (population arterial input function)
which is built in Tissue 4D. The perfusion parameters including
Ktrans, Kep, and Ve for the whole enhanced lesion were then
generated for each voxel defined by the ROIs.
2.4. Statistical analysis

According to histopathological prognostic factors and immuno-
histochemical subtypes, all cases with malignant lesions were
divided into 1 of 2 groups: tumor size (�2cm vs >2cm),
histologic grade (grades 1 and 2 vs 3), estrogen receptor (ER) or
progesterone receptor (PR), or human epidermal growth factor
receptor-2 (HER-2) expression (negative vs positive), Ki-67
(�14% vs >14%), and lymph node metastasis (negative vs
positive). Subtypes based on the immunohistochemical profile
were categorized as follows: luminal (ER or PR-positive), triple
negative (ER or PR-negative, HER-2-negative), or HER-2 (ER
and PR-negative with HER-2 overexpression).
Since the skew distributions of perfusion parameters, we

adopted the Wilcoxon rank-sum test or the Kruskal–Wallis test
for comparisons according to the dichotomous histopathologic
prognostic factors or immunohistochemical subtypes. Receiver
operating characteristic (ROC) curves were used to determine the
area under the curve (AUC) values for perfusion parameters to
assess discrimination ability. The above analyses were all
performed using Stata 12.0, the statistically significant difference
was determined to be 2-sided P< .05.
3. Results

Totally, 76 patients who underwent DCE-MRI in our hospital
were selected. Among them, 59 cases were confirmed as breast
cancer and 17 were benign masses. The age of breast cancer
patients is 19 to 67years (with a mean age of 43.0years), and the
age of benign breast patients is 13 to 49years (with a mean age of
29.0years).
As shown in Table 1, the average values of Ktrans and Kep of

breast cancer were greater than that of benign, and the differences
were statistically significant (P< .001 for Kep and P= .001 for
Ktrans). Besides, we also found age of breast cancer patients is



Table 2

The ROC curves of quantitative indicators used to distinguish the benign and malignant lesions.

Parameters AUC Cut-off Sensitivity Specificity

Ktrans 0.780 0.205 84.7 58.8
Kep 0.892 0.581 86.4 82.4
Ve 0.624 0.384 88.2 40.7
Age 0.824 33.5 79.7 76.5
Ktrans+age 0.858 - 78.0 82.4
Kep+age 0.926 - 79.7 94.1
Ve+age 0.827 - 83.1 70.6
Ktrans+Kep+Ve+age 0.934 - 94.9 82.4

AUC = area under the curve, ROC = receiver operating characteristic.
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elder than patients with benign breast masses (which seemed to be
a confounding factor when distinguishing tumors from benign
masses).
As is shown in Table 2 and Figure 1, Kep has the highest ability

to distinguish malignant lesions from benign masses, with the
sensitivity and specificity 86.4% and 82.4%, respectively. The
AUC of the 3 indicators are significantly improved after adjusting
for age (AUC=0.858 for Ktrans, AUC=0.926 for Kep, and
AUC=0.827 for Ve). And combining the 3 indicators, the
discrimination ability came to the highest, with the AUC of
0.934.
As shown in Table 3, the mean value of Ve in low histological

grade is greater than that in high histological grade (P= .011); the
mean value of Kep in patients with PR positive is lower than
patients with PR negative (P= .023). Except these, there is no
significant difference in other clinical characteristics.
The comparison results of the DCE-MRI quantitative

parameters among different molecular types are shown in
Table 4. There is no statistical difference in any quantitative
parameter among the 4 different molecular expression types
(luminal A, luminal B, HER2 overexpression and triple negative,
all P> .05). Interestingly, the average value of Kep for triple-
negative breast cancer is higher than that for non-triple negative
patients, while the Ve index showed the opposite result, with a
border significant P value of .055 (Table 5). Similarly, the Ve
index showed better discrimination performance than other
indicators, and the identification ability came to the highest when
combing Kep and Ve (Fig. 2).
Figure 1. The ROC curve of various parameters in distinguishing malignan
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4. Discussion
DCE-MRI is an important part of breast magnetic resonance
examination, which can provide the morphological and
hemodynamic characteristics of the lesion. Time resolution is
an important factor affecting the results of quantitative DCE-
MRI analysis.[7,8] The quantitative parameters obtained through
the high time resolution scanning sequence can improve the
accuracy of breast lesion diagnosis. The occurrence, development
and metastasis of tumors are closely related to angiogenesis. The
number of blood vessels in the tumor is huge, and the
microcirculation blood volume increases easily. However, the
vascular shape of benign tumors is relatively mature and the
permeability is better, while the permeability of malignant tumors
is lower than that of normal breast parenchyma. ER, PR, HER-2,
Ki-67, and other related factors directly affect the prognosis of
breast cancer.[9–12] Therefore, the DCE-MRI related parameters
for evaluating tumor formation may be closely related to the
biological characteristics of breast cancer.
The application of DCE-MRI quantitative analysis provides an

extremely important diagnostic basis for the identification of
benign and malignant breast lesions. First, DCE-MRI judges the
nature of the lesion mainly by observing the amount of
neovascularization of the mass, permeability, and the micro-
structure of basement membrane development.[13–15] This study
found that the Ktrans and Kep values of benign breast lesions
were both lower than that of malignant lesions, which was
supported by other studies. Compared with breast cancer tissue,
there are fewer micro-vessels, complete vascular wall structure,
t lesions from benign masses. ROC = receiver operating characteristic.
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Table 3

Correlation of quantitative perfusion parameters with prognostic factors.

Ktrans P value Kep P value Ve P value

Tumor size
�2 0.39±0.15 .155 0.87±0.28 .553 0.46±0.11 .122
>2 0.33±0.15 0.83±0.24 0.41±0.11

Histological grade
Non-high (grade 1–2) 0.36±0.14 .469 0.82±0.23 .250 0.44±0.12 .011
High (grade 3) 0.32±0.09 0.91±0.18 0.36±0.06

ER
Negative 0.36±0.19 .764 0.90±0.30 .178 0.40±0.08 .196
Positive 0.34±0.13 0.80±0.22 0.44±0.12

PR
Negative 0.39±0.18 .081 0.92±0.28 .023 0.43±0.09 .762
Positive 0.32±0.12 0.77±0.21 0.42±0.12

Ki-67
�15% 0.33±0.11 .734 0.75±0.19 .381 0.44±0.08 .569
>15% 0.36±0.16 0.86±0.26 0.43±0.11

HER-2
Negative 0.34±0.12 .994 0.84±0.21 .707 0.42±0.10 .616
Positive 0.37±0.20 0.84±0.31 0.43±0.12

Lymph node metastasis
Negative 0.39±0.17 .223 0.87±0.31 .708 0.44±0.08 .275
Positive 0.34±0.14 0.83±0.23 0.42±0.12

ER = estrogen receptor, HER-2 = human epidermal growth factor receptor-2, PR = progesterone receptor.
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low blood perfusion, and light enhancement for benign
lesions.[16–19] However, the Ve value is less significant in
distinguishing benign and malignant lesions, which is also
similar to the research results of some scholars.Most of them tend
to be related to 2 factors, which are the different degrees of edema
of the tissues around the malignant transformation or the
different arteries. Due to the differences in the distribution of age
between benign and malignant patients, we draw 3 separately
integrated ROC curves of a single index and 3 comprehensive
indexes, and the results showed that the AUC of a single index
increased significantly after adjusting for age, and the AUC of the
3 comprehensive indexes was the highest, which greatly
improved the ability to distinguish benign and malignant breasts.
Previous studies have shown that according to the metabolism

of drugs and contrast agents in breast cancer tissues, the
metabolic parameters of drugs and contrast agents in these types
of breast cancer are not different in size. This study showed
similar results. Studies have shown that the Kep value of triple
negative is higher, indirectly reflects the higher contrast agent
outflow rate in triple negative.[20–22] Although the differences
between the groups in this study were not statistically significant,
the Ktrans and Kep of triple negative were higher, indicating that
Table 4

Correlation of perfusion parameters and immunohistochemical
subtypes.

Ktrans Kep Ve

Luminal A 0.31±0.13 0.74±0.20 0.43±0.10
Luminal B 0.36±0.11 0.82±0.20 0.45±0.11
HER-2 overexpression 0.35±0.20 0.84±0.32 0.42±0.12
Triple negative 0.42±0.14 0.94±0.22 0.36±0.05
P value .714 .627 .199

HER-2 = human epidermal growth factor receptor-2.
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triple negative has higher local blood perfusion and vascular
permeability, so it may be more sensitive to chemotherapy. At the
same time, the area under the ROC curves of Ve in distinguishing
triple-negative from non-triple-negative breast cancer was
significantly higher than that of Ktrans and Kep, and the AUC
of the combined index was significantly higher. This may provide
a highly discriminating method for patients with triple-negative
molecular subtypes of breast cancer.[23,24]

There are some limitations in this study. The first is the
limitation of MRI technology. The conclusions drawn by
different mathematical models are different. The selection of
the most appropriate mathematical model is still in the process of
groping. The selection of contrast agents also has major
limitations. At present, most of the contrast agents used in
clinical practice are metal gadolinium-based contrast agents,
which are small molecule contrast agents. The study found that
when the macromolecular contrast agent is used for enhance-
ment, the relevant parameters obtained are significantly
correlated with the histological grades of benign, malignant
and malignant tumors, but after switching to small molecule
contrast agents, this correlation it is not obvious.[25] Secondly, the
sample size of our study is relatively small, thus the results are
warranted to be further verified by studies with larger sample size.
Table 5

The distribution differences of quantitative parameters between
triple negative and non-triple negative lesions.

Ktrans Kep Ve

Non-triple negative 0.35±0.15 0.82±0.25 0.44±0.11
Triple negative 0.42±0.14 0.94±0.22 0.36±0.05
P value .778 .250 .055



Figure 2. The ROC curve of various parameters in discriminating patients with triple-negative molecular subtypes of breast cancer. AUC for Ktrans+Kep: 0.783;
AUC for Ktrans+Ve: 0.770; AUC for Kep+Ve: 0.790; AUC for Ktrans+Kep+Ve: 0.770. AUC = area under the curve, ROC = receiver operating characteristic.
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5. Conclusion

The quantitative parameters, Ktrans, Kep, and Ve values of DCE-
MRI are statistically significant in distinguishing benign from
malignant breast lesion, as well as shows satisfactorily good
sensitivity and specificity in discriminating patients with triple-
negative molecular subtypes of breast cancer. Further studies
with larger sample size are warranted to externally evaluate and
validate our results.
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