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ABSTRACT

Purpose: Knowing the distinction between benign and borderline/malignant phyllodes 
tumors (PTs) can help in the surgical treatment course. Herein, we investigated the value 
of magnetic resonance imaging-based texture analysis (MRI-TA) in differentiating between 
benign and borderline/malignant PTs.
Methods: Forty-three women with 44 histologically proven PTs underwent breast MRI before 
surgery and were classified into benign (n = 26) and borderline/malignant groups (n = 18 [15 
borderline, 3 malignant]). Clinical and routine MRI parameters (CRMP) and MRI-TA were 
used to distinguish benign from borderline/malignant PT. In total, 298 texture parameters 
were extracted from fat-suppression (FS) T2-weighted, FS unenhanced T1-weighted, and 
FS first-enhanced T1-weighted sequences. To evaluate the diagnostic performance, receiver 
operating characteristic curve analysis was performed for the K-nearest neighbor classifier 
trained with significantly different parameters of CRMP, MRI sequence-based TA, and the 
combination strategy.
Results: Compared with benign PTs, borderline/malignant ones presented a higher local 
recurrence (p = 0.045); larger size (p < 0.001); different time-intensity curve pattern (p = 
0.010); and higher frequency of strong lobulation (p = 0.024), septation enhancement (p = 
0.048), cystic component (p = 0.023), and irregular cystic wall (p = 0.045). TA of FS T2-
weighted images (0.86) showed a significantly higher area under the curve (AUC) than that 
of FS unenhanced T1-weighted (0.65, p = 0.010) or first-enhanced phase (0.72, p = 0.049) 
images. The texture parameters of FS T2-weighted sequences tended to have a higher AUC 
than CRMP (0.79, p = 0.404). Additionally, the combination strategy exhibited a similar AUC 
(0.89, p = 0.622) in comparison with the texture parameters of FS T2-weighted sequences.
Conclusion: MRI-TA demonstrated good predictive performance for breast PT pathological 
grading and could provide surgical planning guidance. Clinical data and routine MRI features 
were also valuable for grading PTs.
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INTRODUCTION

Phyllodes tumor (PT) is a unique type of fibroepithelial lesion that accounts for < 1% 
of all breast tumors [1]. According to the World Health Organization’s (2012) 3-tiered 
classification, PTs are subcategorized into benign, borderline, or malignant based on several 
parameters, such as nuclear atypia, mitotic activity, stromal cellularity and overgrowth, and 
tumor margin [2]. According to a recent meta-analysis [3], the postoperative local recurrence 
rates in malignant, borderline, and benign PTs were 14%–21%, 11%–16%, and 6%–9%, 
respectively. Distant metastasis occurs in 10% of all patients with PT, mostly in malignant 
cases and in a few cases of borderline PT [4,5].

The National Comprehensive Cancer Network guidelines recommend local surgical excision 
with tumor-free margins of ≥ 1 cm, irrespective of grade for the treatment of PTs [6]. 
However, current evidence suggests that surgical options should also be selected according 
to the histologic grade [3,7,8]. Benign PTs can be treated conservatively because the margin 
status after excision is not significantly associated with local recurrence of benign PTs [3,7,8]. 
However, both borderline and malignant PTs require wide excision or mastectomy because 
a positive margin is significantly associated with higher rates of local recurrence [3,7,8]. 
Therefore, preoperative knowledge of the PT grade, especially distinguishing benign from 
borderline/malignant PTs, can potentially help in the surgical course of treatment and reduce 
operative complications caused by inadequate excision or unnecessary surgery.

Clinically, patients with benign PTs are usually younger than those with borderline/malignant 
PTs, and a larger tumor size is more suggestive of borderline/malignant PT. Compared with 
mammography and ultrasound, breast magnetic resonance imaging (MRI) has proven 
to be more valuable in the preoperative grading of PTs, as per previous reports [9,10]. 
Nevertheless, the overlap in clinical data and routine MRI characteristics between some 
benign and borderline/malignant PTs still poses some clinical challenges. Preoperative 
biopsy or intraoperative freezing is often difficult to assess accurately because of tumor tissue 
heterogeneity and insufficient sampling [11].

Previous MRI studies in PT grading mainly focused on the interpretation of MRI findings 
by visual and qualitative assessment of radiologists, with a lot of hidden information in 
the images remaining unused. Texture analysis (TA) is an emerging field that converts 
images into quantitative and mineable parameters that are imperceptible to the human eye 
[12]. Prior studies have demonstrated that TA can potentially be used in tumor grading by 
providing additional objective information on tumor heterogeneity [13-16]. Nonetheless, few 
studies have reported the predictive value of TA in the evaluation of the histological grade of 
breast PTs. Recently, Cui et al. [16] reported that TA could increase the predictive efficacy of 
mammography for the pathological grading of breast PTs.

With this background, our study aimed to investigate the value of MRI-based TA (hereafter, 
MRI-TA) to differentiate between benign and borderline/malignant PT and compare it with 
current clinical and routine MRI assessments.
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METHODS

Patients
Initially, 58 consecutive female patients with histologically proven PT between April 2013 
and April 2021 were retrospectively reviewed. The inclusion criteria were as follows: (1) after 
complete resection of the tumors, the specimens were diagnosed as PTs by 2 experienced 
pathologists and classified as benign, borderline, or malignant and (2) routine breast MRI 
performed 2 weeks prior to surgical excision. Patients were excluded based on the following 
conditions: (1) previous breast cancer diagnosis, (2) previous history of radiotherapy or 
chemotherapy, (3) vacuum-assisted breast biopsy performed before breast MRI, (4) poor 
image quality (artifacts or incomplete MRI sequences), and (5) tumors smaller than 1 cm 
(to reduce the unfavorable effects of small lesion size on radiological evaluation and TA). 
Finally, 43 female patients with 44 PTs (26 benign, 15 borderline, and 3 malignant PTs) met 
these criteria and were divided into the benign PT group (n = 26) and borderline/malignant 
PT group (n = 18). This study was approved by the institutional review board of The Third 
Affiliated Hospital of Guangzhou Medical University (approval number: 2021015). The 
need for written informed consent was waived by our institutional review board due to the 
retrospective nature of this study.

MRI acquisition
MRI examinations were performed using a 1.5-TMR scanner (Aurora Dedicated Breast 
MRI Systems; Aurora Healthcare, North Andover, USA) equipped with a single-channel 
breast coil before surgery in all patients. Dynamic enhanced imaging was performed using 
a transverse fat-suppression (FS) T1-weighted sequence in the axial plane (repetition time/
echo time [TR/TE], 29.0/4.8 ms; slice thickness, 1.1 mm; matrix, 360 × 360 × 128; field of 
view [FOV], 36 cm). After acquisition of pre-contrast images, all patients were intravenously 
injected with 0.2 mL/kg body weight gadolinium-diethylenetriamine pentaacetic acid (Gd-
DTPA, Magnevist; Schering AG, Berlin, Germany) at a rate of 2 mL/s, followed by the same 
rate of normal saline flush. Four post-contrast series were obtained at 90, 270, 450, and 630 
seconds after the injection. Transverse FS T2-weighted maps (TR/TE, 6,680.0/68.0 ms; slice 
thickness, 3.0 mm; matrix, 320 × 192; FOV, 36 cm) were also generated.

Clinical and routine MRI evaluation
The clinical data and interpretations of breast MRI findings for each participant were 
defined as clinical and routine MRI parameters (CRMP) and applied to distinguish benign 
PT from borderline/malignant PT. Clinical data, including age, rapid enlargement, and 
primary/recurrence of lesions, were collected from medical records. Two radiologists 
(Yifei Mao and Hui Mai, with 6- and 13-years’ MRI experience, respectively) blinded to the 
histopathological results, independently interpreted each MRI image. If the 2 radiologists 
had different opinions with respect to the interpretation of MRI findings, they reached 
a consensus through discussion. The following interpretations of each MRI scan were 
recorded: tumor size (the longest diameter on the first post-contrast sequence), margin 
(circumscribed vs. non-circumscribed), strong lobulation with an acute angle (present vs. 
absent), cystic component (present vs. absent), irregular cystic wall (present vs. absent), 
hypointense internal septation in FS T2-weighted sequences (present vs. absent), septation 
enhancement (present vs. absent), tumor signal in FS T2-weighted sequences (homogeneous 
vs. heterogeneous), kinetic curve assessment in the initial phase (slow, medium, or fast), 
and kinetic curve assessment in the delayed phase also called time-intensity curve pattern 
(persistent, plateau, or washout). Interpretation of margin and kinetic curve assessment 
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in the initial and delayed phases was based on the American College of Radiology Breast 
Imaging Reporting and Data System MRI criteria (2013) [17]. The area of the lesion where 
the enhancement was strongest in the first post-contrast image was chosen for kinetic curve 
assessment. To determine the presence of the cystic component and irregular cystic wall, we 
analyzed both unenhanced and enhanced images. Figure 1 shows representative MR images. 
In this study, only clinical and MRI data before the first complete tumor resection at our 
institution were reviewed for patients with recurrence.

Texture analysis
TA of FS T2-weighted, FS unenhanced T1-weighted, and FS first-enhanced T1-weighted 
sequences was performed using MaZda software (version 4.6; Institute of Electronics, 
Technical University of Lodz, Lodz, Poland). Radiologist Yifei Mao chose representative 
image slices that contained the largest lesions. Then, regions of interest (ROIs) that 
covered the whole tumor with careful exclusion of the adjacent normal breast tissue were 
manually drawn. Radiologist Hui Mai reviewed the ROIs. In the event of disagreement, the 2 
radiologists re-reviewed it to reach a consensus.

The ROIs of the MRI were normalized with the option of µ ± 3σ (µ, gray-level mean; and 
σ, gray-level standard deviation [SD]) before computation of the texture parameters. The 
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Figure 1. Representative magnetic resonance images. (A) Transverse FS T2-weighted and (B) FS-enhanced T1-
weighted images from a patient with benign PT showing a mass with circumscribed margin, homogeneous signal 
in FS T2-weighted sequence, non-enhanced septation (red arrows), and non-strong lobulation (green arrows). (C) 
Transverse FS T2-weighted and (D) FS-enhanced T1-weighted images from a patient with borderline PT showing 
a mass with non-circumscribed margin, heterogeneous signal in FS T2-weighted sequence, enhanced septation 
(red arrows), strong lobulation (green arrows), and cystic component with irregular cystic wall (yellow arrows). 
(E) Transverse FS T2-weighted and (F) FS-enhanced T1-weighted images from a patient with malignant PT showing 
a lesion with non-circumscribed margin, heterogeneous signal in FS T2-weighted, enhanced septation (red 
arrows), and cystic component with regular cystic wall (yellow arrows). 
FS = fat-suppression; PT = phyllodes tumor.
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MaZda software provided an estimation of 298 texture parameters for each ROI [12,18]. 
The texture parameters are summarized in Figure 2. After computation of the parameters, 
30 MRI-based texture parameters with the highest discriminative power for PT grading 
were determined using a parameter selection method based on a combination of the Fisher 
coefficient, classification error probability combined with average correlation coefficients, 
and mutual information.

Significantly different parameters (p < 0.05) were chosen from 30 MRI-based texture 
parameters with the highest discriminative power and CRMP for differentiation between 
benign and borderline/malignant PTs. These significantly different parameters were exported 
to the statistical program B11 in the MaZda software for further processing and classification 
[18]. A linear discriminant analysis was applied to reduce the parameter vector dimensions 
and increase discriminative power. The K-nearest neighbor classifier (K = 1) was used to 
distinguish benign PT from borderline or malignant PT based on the most discriminative 
parameters after linear discriminant analysis. All lesion classifications were performed after 
standardization of the parameters. Figure 3 presents a flowchart illustrating how CRMP and 
texture parameters on MRI sequences were chosen for PT grading.

Statistical analyses
The texture parameters with the highest discriminative power and CRMP were analyzed 
using the Mann-Whitney U test, χ2 test, and Fisher’s exact test, as appropriate, and the 
significantly different parameters (p < 0.05) between benign and borderline/malignant PTs 
were chosen. To evaluate the diagnostic performance of each approach, receiver operating 
characteristic (ROC) analyses were performed for the K-nearest neighbor classifier trained 
with significantly different parameters of CRMP, MRI-TA, and the combination strategy. 
Statistical analyses were performed using IBM Statistical Package for the Social Sciences 
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Figure 2. Summary of the texture parameters.
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(version 22.0; IBM Corporation, Armonk, USA) and the R software package (version 4.0.3; 
The R Foundation for Statistical Computing, Vienna, Austria). Statistical significance was set 
at p < 0.05.

RESULTS

Clinical and routine MRI parameters
Table 1 presents the clinical data and routine MRI parameters of PTs. The mean age (mean ± 
SD) was 43.73 ± 6.09 for the benign PTs and 45.94 ± 7.42 for the borderline/malignant PTs. 
There were 32 primary and 12 recurrent PTs. Borderline/malignant PTs had a significantly 
higher local recurrence rate than benign tumors (44.4% [8/18] vs. 15.4% [4/26], p = 0.045). 
The tumor size (mean ± SD) was 3.32 ± 2.21 cm for benign PTs and 6.76 ± 4.02 cm for 
borderline/malignant tumors. Tumors in the benign PT group were smaller than those in the 
borderline/malignant PT group (p < 0.001). Overall, 83.3% (15/18) of borderline/malignant 
PTs showed strong lobulation, while only half (13/26) of the benign tumors showed strong 
lobulation. A strong lobulation pattern was more common in borderline/malignant tumors 
than in benign ones (p = 0.024). Septation enhancement was observed in 33.3% (6/18) of 
borderline/malignant PTs and 7.7% (2/26) of benign tumors with statistically significant 
differences (p = 0.048). Cystic components were observed in 11 of 18 (61.1%) borderline/
malignant PTs, but only in 7 of 26 (26.9%) benign tumors (p = 0.023). Compared with benign 
PTs, borderline/malignant PTs had a significantly higher frequency of irregular cystic walls (p 
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TA in MaZda

Feature selection algorithms in MaZda
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Figure 3. A flowchart illustrating how the clinical and routine MRI parameters and texture parameters on MRI 
sequences were chosen for phyllodes tumor grading. 
MRI = magnetic resonance imaging; TA = texture analysis; CRMP = clinical and routine magnetic resonance 
imaging parameters; MRI-TA = magnetic resonance imaging-based texture analysis.
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= 0.045). The time-intensity curve pattern was significantly different between the 2 groups of 
PTs (p = 0.010). Borderline/malignant PTs had a higher frequency of washout pattern (38.9% 
[7/18] vs. 3.8% [1/26]) and a lower frequency of persistent (38.9% [7/18] vs. 46.2% [12/26]) 
and plateau (22.2% [4/18] vs. 50.0% [13/26]) enhancement than benign PTs.

No significant differences were observed between benign and borderline/malignant PTs with 
respect to age, rapid enlargement, margins, hypointense internal septation and tumor signal 
intensity in FS T2-weighted sequences, and kinetic curve assessment in the initial phase.

For clinical characteristics and routine MRI findings, the K-nearest neighbor classifier had a 
classification accuracy of 79.5% (35/44). ROC analysis showed that the area under the curve 
(AUC) was 0.79 (95% CI, 0.65–0.94), and the sensitivity and specificity were 77.8% (14/18) 
and 80.8% (21/26), respectively.
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Table 1. Summary of clinical and routine MRI parameters of phyllodes tumors
Characteristics Benign (n = 26) Borderline & malignant (n = 18) p-value
Mean age 43.73 ± 6.09 45.94 ± 7.42 0.218*
Rapid enlargement 0.831†

Absent 18 (69.2) 13 (72.2)
Present 8 (30.8) 5 (27.8)

Primary/Recurrence 0.045‡

Primary 22 (84.6) 10 (55.6)
Recurrence 4 (15.4) 8 (44.4)

Diameter 3.32 ± 2.21 6.76 ± 4.02 < 0.001*
Margin 0.273‡

Circumscribed 22 (84.6) 12 (66.7)
Not circumscribed 4 (15.4) 6 (33.3)

Strong lobulation 0.024†

Absent 13 (50.0) 3 (16.7)
Present 13 (50.0) 15 (83.3)

Hypointense septation 0.105†

Absent 12 (46.2) 4 (22.2)
Present 14 (53.8) 14 (77.8)

Septation enhancement 0.048‡

Absent 24 (92.3) 12 (66.7)
Present 2 (7.7) 6 (33.3)

Cystic component 0.023†

Absent 19 (73.1) 7 (38.9)
Present 7 (26.9) 11 (61.1)

Irregular cystic wall 0.045‡

Absent 22 (84.6) 10 (55.6)
Present 4 (15.4) 8 (44.4)

FS T2-weighted sequence 0.263†

Homogeneous 16 (61.5) 8 (44.4)
Heterogeneous 10 (38.5) 10 (55.6)

Initial enhancement 0.063‡

Slow 3 (11.5) 1 (5. 5)
Medium 12 (46.2) 3 (16.7)
Fast 11 (42.3) 14 (77.8)

TIC pattern 0.010‡

Persistent pattern 12 (46.2) 7 (38.9)
Plateau pattern 13 (50) 4 (22.2)
Washout pattern 1 (3.8) 7 (38.9)

Values are presented as mean ± standard deviation or number (%).
MRI = magnetic resonance imaging; FS = fat-suppression; TIC = time-intensity curve.
*Mann-Whitney U test; †Chi-square test; ‡Fisher’s exact test.
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Texture parameters
Different PT grades presented different textural patterns. FS T2-weighted, FS unenhanced 
T1-weighted, and FS first-enhanced T1-weighted sequences had 25, 23, and 20 statistically 
significant texture parameters, respectively. The significant texture parameters of benign and 
borderline/malignant PTs are presented in Table 2 and Supplementary Tables 1 and 2.  
The K-nearest neighbor classifier had 86.4% (38/44), 65.9% (29/44), and 72.7% (32/44) 
classification accuracy for FS T2-weighted, FS unenhanced T1-weighted, and first-enhanced 
phase sequences, respectively. ROC analysis showed that the AUCs were 0.86 (95% CI, 
0.74–0.98), 0.65 (95% CI, 0.48–0.82), and 0.72 (95% CI, 0.56–0.88) for FS T2-weighted, 
FS unenhanced T1-weighted, and FS first-enhanced T1-weighted images, respectively. The 
statistically different texture parameters of FS T2-weighted images showed a significantly 
higher AUC than those of FS unenhanced T1-weighted (0.86 [95% CI, 0.74–0.98] vs. 0.65 [95% 
CI, 0.48–0.82], p = 0.010) or first-enhanced phase (0.86 [95% CI, 0.74–0.98] vs. 0.72 [95% CI, 
0.56–0.88], p = 0.049) images. The classification performance results are listed in Table 3.
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Table 2. Statistically significant texture parameters on transverse fat-suppression T2-weighted images
Texture parameters p Z
WavEnLL_s-1 0.007 −2.72
45dgr_GLevNonU 0.003 −2.98
S(5,−5)Correlat 0.003 −2.96
S(5,−5)Contrast 0.004 −2.86
S(0,5)DifVarnc 0.005 −2.84
S(0,5)Correlat 0.011 −2.55
S(4,−4)DifVarnc 0.005 −2.84
S(4,−4)SumVarnc 0.008 −2.67
S(4,−4)InvDfMom 0.008 −2.67
S(4,−4)Correlat 0.003 −3.01
S(4,−4)Contrast 0.003 −3.10
S(0,4)DifVarnc 0.005 −2.79
S(0,4)Correlat 0.011 −2.53
S(0,4)Contrast 0.010 −2.58
S(3,−3)DifEntrp 0.005 −2.79
S(3,−3)DifVarnc 0.005 −2.82
S(3,−3)Correlat 0.005 −2.84
S(3,−3)Contrast 0.002 −3.06
S(0,3)DifVarnc 0.008 −2.67
S(2,−2)DifEntrp 0.004 −2.86
S(2,−2)SumAverg 0.003 −2.96
S(0,2)DifVarnc 0.019 −2.34
S(1,−1)DifEntrp 0.009 −2.63
S(1,−1)SumAverg 0.005 −2.79
Perc.01% 0.040 −2.05

Table 3. Classification performances and receiver operating characteristic analysis of phyllodes tumors grading
Characteristics Classification accuracy (%) AUC (95% CI) Sensitivity (%) Specificity (%)
FS T2-weighted 86.4 (38/44) 0.86 (0.74–0.98) 83.3 (15/18) 88.5 (23/26)
FS-unenhanced T1-weighted 65.9 (29/44) 0.65 (0.48–0.82) 61.1 (11/18) 69.2 (18/26)
First enhanced T1-weighted 72.7 (32/44) 0.72 (0.56–0.88) 66.7 (12/18) 76.9 (20/26)
CRMP 79.5 (35/44) 0.79 (0.65–0.94) 77.8 (14/18) 80.8 (21/26)
Combination strategy 88.6 (39/44) 0.89 (0.78–1.00) 88.9 (16/18) 88.5 (23/26)
AUC = area under the curve; CI = confidence interval; FS = fat-suppression; CRMP = clinical and routine magnetic 
resonance imaging parameters.
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Combination strategy
By combining the CRMP and texture parameters of FS T2-weighted images, the classification 
accuracy was 88.6% (39/44) and the AUC was 0.89 (95% CI, 0.78–1.00) with a sensitivity 
and specificity of 88.9% (16/18) and 88.5% (23/26), respectively, for differentiating between 
benign and borderline/malignant PTs.

Diagnostic performance
The ROC curves for CRMP, MRI-TA, and the combination strategy were compared to assess 
the diagnostic performance of each strategy (Figure 4 and Table 3). The texture parameters of 
FS T2-weighted sequences appeared to have a higher classification accuracy (86.4% [38/44] 
vs. 79.5% [35/44]) and higher AUC (0.86 [95% CI, 0.74–0.98] vs. 0.79 [95% CI, 0.65–0.94]) 
than CRMP. However, no statistically significant differences in AUC were observed between 
TA based on any MRI series and CRMP (p = 0.404, 0.129, and 0.408 for texture parameters of 
FS T2-weighted, FS unenhanced T1-weighted, and first-enhanced sequences, respectively). 
The texture parameters of FS T2-weighted sequences tended to be more sensitive (83.3% 
[15/18] vs. 77.8% [14/18]) and specific (88.5% [23/26] vs. 80.8% [21/26]) than those on CRMP. 
Owing to the overlapping effect of CRMP, 4 borderline/malignant PTs were misinterpreted 
as benign (Figure 5) and 5 benign PTs were mistakenly interpreted as borderline/malignant 
(Figure 6). The combination strategy tended to have a higher classification accuracy (88.6% 
[39/44] vs. 79.5% [35/44]) and higher (although not significant) AUC (0.89 [95% CI, 0.78–
1.00] vs. 0.79 [95% CI, 0.65–0.94], p = 0.232) than CRMP alone for differentiating between 
benign and borderline/malignant PTs. In addition, the combination strategy exhibited similar 
performance in terms of classification accuracy (88.6% [39/44] vs. 86.4% [38/44]), AUC (0.89 
[95% CI, 0.78–1.00] vs. 0.86 [95% CI, 0.74–0.98], p = 0.622), specificity (88.5% [23/26] vs. 
88.5% [23/26]), and sensitivity (88.9% [16/18] vs. 83.3% [15/18]) compared to the texture 
parameters of FS T2-weighted sequences.
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Figure 4. Performances of the clinical and routine MRI parameters, texture parameters from MRI sequences, and 
combination strategy for phyllodes tumor grading are illustrated with receiver operating characteristic curves. 
MRI = magnetic resonance imaging; CRMP = clinical and routine magnetic resonance imaging parameters.
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DISCUSSION

The texture parameters of FS T2-weighted sequences performed well in distinguishing 
benign from borderline/malignant PTs with high classification accuracy (86.4% [38/44]), 
AUC (0.86; 95% CI, 0.74–0.98), sensitivity (83.3% [15/18]), and specificity (88.5% [23/26]). 
Although there was no significant difference in the AUC between the texture parameters of 
FS T2-weighted sequences and CRMP, a trend towards better grading performance using the 
texture parameters of FS T2-weighted sequences was noted. In addition, a comparison of the 
combination strategy and texture parameters of FS T2-weighted sequences alone revealed 
that both the approaches showed similar performance for differentiating between benign and 
borderline/malignant PTs.

MRI has proven to be more valuable than both mammography and ultrasound in PT grading 
[9,10]. Previous studies have proven that some clinical parameters and routine MRI findings 
are useful in grading breast PTs, which is largely consistent with our findings but with certain 
differences. The present study showed that tumor size in the borderline/malignant PT group 
was significantly larger than that in the benign group (p < 0.05), which is consistent with 
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A B C

Figure 5. A borderline PT in a 52-year-old woman (A) transverse FS T2-weighted image, (B) FS-enhanced T1-weighted image, (C) pathological image (hematoxylin 
and eosin: 100× magnification). The texture parameters of FS T2-weighted sequence correctly identified a borderline/malignant PT that was falsely classified as a 
benign PT based on clinical and routine MRI parameters, possibly because of the absence of strong lobulation, cystic area, and enhanced septation. 
PT = phyllodes tumor; FS = fat-suppression; MRI = magnetic resonance imaging.

A B C

Figure 6. A benign PT in a 49-year-old woman (A) transverse FS T2-weighted image (B) FS-enhanced T1-weighted image, and (C) pathological image (hematoxylin 
and eosin: 200× magnification). The texture parameters of FS T2-weighted sequence correctly identified benign PT that was falsely classified as a borderline/
malignant PT on clinical and routine MRI parameters, possibly because of the large size, non-circumscribed margin, strong lobulation, heterogeneous signal in 
FS T2-weighted sequence, cystic area with irregular cystic wall, and enhanced septation. 
PT = phyllodes tumor; FS = fat-suppression; MRI = magnetic resonance imaging.
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previous study results in that the likelihood of malignancy increased with increasing tumor 
size [11,19,20]. This is likely attributed to the greater proliferative activity in high-grade 
PTs than in low-grade ones. A strong lobulation pattern was presented more frequently in 
borderline/malignant PTs than in benign ones (p < 0.05), which is consistent with a previous 
mammogram-based study of PT [16]. Tan et al. [10] reported that hypointense internal 
septation in T2-weighted images is associated with the histologic grade of PTs. However, 
in our study, significant differences were found in septation enhancement but not in the 
hypointense internal septation between benign and borderline/malignant PTs. Septation 
enhancement has rarely been reported in previous studies. We suspected that the internal 
septation enhancement was related to cellular atypia of the tumor tissue. Additionally, in 
our study, both cystic area and irregular cystic wall were more frequently observed in the 
borderline/malignant PT group than in the benign PT group (p < 0.05), which means that 
cystic change, especially with an irregular cystic wall, is valuable for differentiating benign 
from borderline/malignant PTs. This is consistent with the results reported by Yabuuchi et al. 
[9]. The presence of irregular cystic walls corresponded histologically to necrosis. The higher 
the degree of malignancy, the faster the tumor growth and the easier the path to necrosis.

Yabuuchi et al. [9] suggested that the enhancement pattern is not necessarily helpful in 
predicting the histological grade of PTs. However, based on our data, borderline/malignant 
PTs presented a significantly higher frequency of washout patterns than benign PTs. These 
differences may be related to the sample size and different group strategies: in their study, 2 
enhancement patterns (plateau/washout and persistent) were compared among 3 grades of PT 
(benign, borderline, malignant), while 3 enhancement patterns (plateau, washout, persistent) 
were compared between benign and borderline/malignant PTs in ours. The expression of 
stromal vascular endothelial growth factor in PTs increases with an increase in the degree of 
malignancy [21], inducing increased tumor-associated angiogenesis. Increased vascularity 
(vessel density) with a pathological vessel wall architecture increases vascular permeability [22-
24]. In addition, the interstitial cells of borderline/malignant PTs are more abundant, dense, 
and overgrown [2]; hence, the extravascular extracellular space (EES) is relatively small. Gd-
DTPA is an extracellular contrast agent. Increased vascular permeability and smaller EES lead 
to a lower presence of Gd-DTPA in the EES and quicker clearance of Gd-DTPA from the EES 
in borderline/malignant PTs, reflecting a rapid signal decrease during the delayed phase. This 
may explain the higher frequency of washout patterns in borderline/malignant PTs.

It is noteworthy that in our study, benign PTs showed overlapping MRI parameters with 
borderline/malignant PTs. Some large benign PTs with abundant blood supply may be 
misdiagnosed as borderline/malignant PTs, resulting in false-positive results. Borderline/
malignant PTs with a small size or unabundant blood supply could be mistaken for benign 
PTs, which tends to produce false-negative results.

The FS T2-weighted sequence revealed more statistically significant texture parameters 
than the FS unenhanced T1-weighted and first-enhanced T1-weighted sequences. Moreover, 
the predictive performance of statistically significant texture parameters of FS T2-weighted 
images was better than that of statistically significant texture parameters in other MRI series. 
Prior breast MRI studies [14,25,26] using TA have focused on dynamic contrast-enhanced 
sequences, probably owing to their hemodynamic information. Our study showed that 
texture parameters calculated from FS T2-weighted sequences, which were often neglected 
previously, also played an important role in PT grading assessment. Benefiting from the 
relatively long echo time of an FS T2-weighted sequence, a higher signal-to-noise ratio, 
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spatial resolution, and soft-tissue contrast of different grades of PTs can be achieved. Thus, 
statistically significant texture parameters derived from FS T2-weighted sequences might 
reflect more information regarding the heterogeneity of the tumor microenvironment and, 
in turn, could provide better grading performance in distinguishing benign from borderline/
malignant PTs.

Heterogeneity of tumor reflects the regional differences in tumor cellularity, proliferation, 
angiogenesis, and necrosis [27,28], all of which are associated with tumor grade. The texture 
parameters extracted from medical images allow objective evaluation of tumor heterogeneity 
[14,29,30], suggesting the potential use of TA in tumor grading. Cui et al. [16] found that 
the AUC of mammographic findings was higher than that of mammographic TA and lower 
than that of the combination strategy in differentiating benign from borderline/malignant 
PTs, but no ROC comparison was performed. Similar to the results of our study, their results 
demonstrated that TA is useful in PT grading, but could not reach a firm conclusion about TA 
outperforming radiographic findings.

Our study had several limitations. First, the small sample size is the main limitation of 
our study. The results of our study should take into consideration that our analysis was 
restricted to a small sample size. Second, the number of borderline and malignant PTs 
was relatively small; therefore, we combined borderline and malignant PTs into a single 
group for comparison with the benign PT group. Third, a small number of MRI images in 
this study were collected after puncture biopsy, which might have caused local bleeding or 
edema within the tumor, thereby affecting the assessment of certain parameters. Fourth, 
the pathophysiological semantics of some texture parameters are poorly understood at 
present; therefore, further study is needed to understand the underlying pathophysiological 
information of tumors reflected by different texture parameters. Finally, the inherent bias of 
this retrospective study design must be acknowledged. Future studies with larger datasets are 
needed to validate our results.

In our study, MRI-TA demonstrated good predictive performance for breast PT pathological 
grading. Clinical data and routine MRI features were also valuable for grading PTs. MRI-TA 
alone could not substitute radiologists in the diagnosis of PT grades, but it could provide 
guidance for the selection of operation plans prior to surgery.
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