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Purpose: To compare the performance of histogram analysis and intra-perinodular textural 
transition (Ipris) for distinguishing between benign and malignant testicular lesions.
Patients and Methods: This retrospective study included 76 patients with 80 pathologi-
cally confirmed testicular lesions (55 malignant, 25 benign). All patients underwent pre-
operative T2-weighted imaging (T2WI) on a 3.0T MR scanner. All testicular lesions were 
manually segmented on axial T2WI, and histogram and Ipris features were extracted. Thirty 
enrolled patients were randomly selected to estimate the robustness of the features. We used 
intraclass correlation coefficients (ICCs) to evaluate intra- and interobserver agreement of 
features, independent t-test or Mann–Whitney U-test to compare features between benign 
and malignant lesions, and receiver operating characteristic curve analysis to evaluate the 
diagnostic performance of features.
Results: Eighteen histogram features and forty-eight Ipris features were extracted from 
T2WI of each lesion. Most (60/66) histogram and Ipris features had good robustness (ICC 
of both intra- and interobserver variabilities >0.6). Three histogram and nine Ipris features 
were significantly different between the benign and malignant groups. The area under the 
curve values for Energy, TotalEnergy, and Ipris_shell1_id_std were 0.807, 0.808, and 0.708, 
respectively, which were relatively higher than those of other features.
Conclusion: Ipris features may be useful for identifying benign and malignant testicular 
tumors but have no significant advantage over conventional histogram features.
Keywords: magnetic resonance imaging, testicular disease, Ipris, texture analysis

Introduction
Testicular cancer accounts for 1% of all male tumors worldwide, but it is the most 
common malignant tumor in men aged 14–24 years.1,2 Orchiectomy is the gold 
standard of surgical treatment for malignant testicular tumors. Clinically, some 
benign testicular tumors may be misdiagnosed as malignant tumors and undergo 
unnecessary radical orchiectomy, or some patients with benign testicular tumors 
may undergo radical orchiectomy because of concerns regarding the risk of malig-
nancy, thereby leading to overtreatment.3 Accurate preoperative characterization of 
testicular lesions is essential for choosing the best treatment. Differentiation of 
benign and malignant tumors may change the surgical plan. For some patients with 
benign tumors, enucleation may be used instead of radical orchiectomy.4,5 In few 
countries, biopsy is sometimes used to assess the histopathology of testicular 
lesions.6,7 However, biopsy is an invasive examination, and the major hurdle in 
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the practice of biopsy for testicular lesions is the fear of 
tumor seeding along the needle tract, which has led to 
testicular biopsy not being widely used in clinical 
practice.6,7 Therefore, a noninvasive method is urgently 
needed to distinguish between benign and malignant testi-
cular lesions.

Ultrasonography is the preferred imaging method for 
the evaluation of testicular disease, but it relies on the 
operator’s experience and provides limited information.8 

Magnetic resonance imaging (MRI) can provide more 
anatomical and functional information and has been used 
for the diagnosis of testicular diseases, especially for those 
with unclear ultrasound diagnosis.9–11 At present, diag-
noses via testicular MRI scans are mainly based on visual 
assessments by the naked eye, which rely on differences in 
the signal intensities of the lesions. However, the diagnos-
tic method lacks quantitative and in-depth information.

Quantitative analysis methods, such as texture analysis, 
which may reflect the structure and characteristics of 
lesions that are invisible to the naked eye, have been 
successfully applied to many diseases.12–14 Texture analy-
sis technology can efficiently provide spatial information 
about changes in gray distribution and the relationship 
between voxels of lesions.15 Histogram analysis is 
a commonly used texture extraction method for quantita-
tive analysis of medical images, which can provide more 
complete and useful information regarding the lesion than 
the mean value, which is routinely used. Until now, few 
previous studies have evaluated the histogram features for 
the diagnosis and characterization of testicular disease.16,17

Histogram analysis for lesion characterization only 
involves features pertaining to the lesion itself. Recently, 
there has been new interest in the quantitative analysis of 
the peritumoral region, the area immediately surrounding 
the tumor parenchyma and reflecting the tumor microen-
vironment, which is involved in immune infiltration, vas-
cular and lymphatic networks, and stromal inflammation.18 

Intra-perinodular textural transition (Ipris), a new imaging 
texture analysis method, represents a set of features that 
reflect the heterogeneity of the transition zone from the 
inside to the outside of the lesion.19 Ipris was first pro-
posed by Alilou et al in 2017 and was first applied to the 
differential diagnosis of benign and malignant pulmonary 
nodules using lung computed tomography scans.19 The 
results of that study showed that Ipris features are superior 
to shape and textural features and expert human readers.

We speculate that Ipris features may improve the diag-
nostic efficacy of testicular lesions. Therefore, here we 

explore the diagnostic value of Ipris in discriminating 
between benign and malignant testicular lesions and then 
compare the results with the commonly used histogram 
analysis.

Patients and Methods
Patients
This study was approved by the Institutional Review 
Board of Tongji Hospital of Huazhong University of 
Science and Technology and informed patient consent 
requirement was waived due to its retrospective nature. 
Our study was performed in compliance with the 
Declaration of Helsinki. We abided by patient information 
confidentiality and all patient identifiers were removed 
prior to the analysis. From February 2014 to 
October 2019, patients who underwent a 3.0T testicular 
MRI examination were included. Patients underwent testi-
cular MRI because of scrotal discomfort, testicular lesions 
on ultrasound, or testicular abnormality suspected by 
a clinician. A flow chart of the enrolled patients for this 
study is shown in Figure 1. Finally, a total of 80 lesions 
(55 malignant lesions and 25 benign lesions) from 76 
patients (age range, 8–74 years; median age, 30 years) 
were included in the analysis.

MRI Scanning Protocol
All patients underwent preoperative testicular MRI scans 
in the supine position on a 3.0-T scanner (MAGNETOM 
Skyra, Germany Siemens Healthcare) using an 18-element 
body matrix coil combined with a 32-channel spine coil. 
Our protocol for testicular MRI examination is summar-
ized in Table 1.

Imaging Analysis
In this study, the transverse T2-weighted imaging (T2WI) 
sequence, an essential component of testicular MRI, was 
included for analysis. An overview of the image proces-
sing is shown in Figure 2. We used ITK-SNAP software 
for manual segmentation of preoperative transverse T2WI 
images. The volume of interest of the whole lesion was 
obtained by mapping the region of interest (ROI) across 
contiguous slices along the edge of the lesion of all 
patients by a urogenital radiologist with 6 years of experi-
ence in interpreting testicular MRI scans (Reader 1). Then, 
30 patients were randomly selected from the enrolled 
patients to estimate the robustness of the features. 
A second segmentation of these 30 patients was performed 
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by Reader 1 to assess the intra-observer reproducibility 1 
month later. Another radiologist with 4 years of experience 
(Reader 2) independently delineated the testicular lesions 
of these 30 patients for assessment of the inter-observer 
reproducibility. The histogram features were extracted 
using IF software (Intelligence Foundry 2.1, GE 
Healthcare, Shanghai, China). The Ipris features were 
extracted using Python (version 3.7.0) based on a method 
used in a previous study.19 Two radiologists with 4 

(Reviewer 1) and 6 (Reviewer 2) years of experience in 
MRI of the scrotum performed image interpretation on the 
conventional T1-weighted imaging and T2WI sequences 
of testicular MRI. These radiologists did not have knowl-
edge of the histopathologic findings.

Statistical Analysis
Based on the manual segmentation data of the 30 ran-
domly selected patients, intra- and interobserver agree-
ment of features were evaluated by calculating intraclass 
correlation coefficients (ICCs) (0–0.4, poor agreement; 
0.4–0.6, moderate agreement; 0.6–0.8, good agreement; 
and 0.81, excellent agreement). Features with good or 
excellent agreement were considered to be robust against 
intra- and interobserver variabilities and selected for 
further analysis. We compared the features with ICC 
≥0.6 between benign and malignant lesions using the 
Mann–Whitney U-test for non-normally distributed fea-
tures or the independent t-test for normally distributed 
features. Receiver operating characteristic (ROC) curve 
analysis was used to assess the diagnostic performance 
of the features and radiologists. The optimal threshold 

Figure 1 Flowchart for patient selection.

Table 1 MRI Protocol for Testicular Examination

Sequence Parameters T1WI T2WI

Imaging plane Axial Axial, sagittal, coronal
Repetition time (ms) 750 6500–6870

Echo time (ms) 13 104

Slice thickness (mm) 3~5 3~5
Slice gap (mm) 0–0.5 0–0.5

Field of view (mm2) 300 × 300 180 × 180

Matrix 320 × 240 384 × 320
Flip angle (degree) 160 160

Average 1 2
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was determined by the maximum Youden index, and the 
corresponding sensitivity and specificity were calculated. 
The statistical analyses were performed using R (http:// 
www.Rproject.org, version 3.3.4). The threshold for statis-
tical significance was set at two-sided p ≤0.05.

Results
A total of 66 features (18 histogram features and 48 Ipris 
features) were initially extracted from the T2WI images of 
each lesion. Most of the histogram and Ipris features 
showed good to excellent intra- and interobserver agree-
ments. The distributions of the intra- and interobserver 
agreements are shown in Figure 3. Fifty-eight features 
with both intra- and interobserver ICCs higher than 0.6 
were selected for further statistical analyses.

The univariate analysis showed that 12 features (3 
histogram features and 9 Ipris features) were significantly 
different between the benign and malignant groups. The 
results of the receiver operating characteristic (ROC) ana-
lysis of the 12 significant features are shown in Table 2. 
Among the 3 histogram features, Energy and TotalEnergy 
performed similarly and had relatively higher area under 
the ROC curve (AUC) values than Histogram_Range. 
Among the 9 Ipris features, Ipris_shell1_id had relativity 
higher AUCs than other features. The AUCs of the three 
relatively higher AUC features are shown in Figure 4. The 

energy, TotalEnergy, and Ipris_shell1_id_std showed mod-
erate to good diagnostic performance in differentiating 
benign from malignant lesions with an AUC of 0.807 
(95% confidence interval [CI], 0.704–0.887), 0.808 (95% 
CI, 0.705–0.888), and 0.708 (95% CI, 0.595–0.804), yield-
ing sensitivities of 74.6%, 50.9%, and 65.5%, respectively, 
and specificities of 72.0%, 96.0%, and 76.0%, respec-
tively. The AUC values of both Energy and TotalEnergy 
were not significantly different from that of 
Ipris_shell1_id_std. The AUC, sensitivity, and specificity 
of radiologist reviewer 1 in identifying benign and malig-
nant testicular lesions were 0.653 (95% CI, 0.538–0.756), 
94.6%, and 36.0%, and those of reviewer 2 were 0.695 
(95% CI, 0.582–0.793), 90.9% and, 48.0%, respectively.

Discussion
Preoperative characterization of testicular disease is cru-
cial for optimal treatment, including resection planning to 
avoid unnecessary orchiectomy. In this study, we evaluated 
the intra- and interobserver agreements of histogram and 
Ipris features. We also applied the histogram and Ipris 
features for the differential diagnosis of benign and malig-
nant testicular lesions. Our results demonstrated that both 
histogram and Ipris features have certain value in the 
diagnosis of testicular diseases. Furthermore, most of the 

Figure 2 Flowchart of feature extraction. (A) All patients underwent preoperative magnetic resonance imaging. (B) Testicular lesions were delineated by stacking regions of 
interest (ROI) slice-by-slice on the transverse T2-weighted images. (C) The Ipris and histogram features were extracted from T2WI by Python software and IF software, 
respectively.
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histogram and Ipris features have good robustness (60/66 
features showed ICCs higher than 0.6).

MRI can be used to quantify the spatial variation in the 
architecture and function of tumors through many 
methods.20 Quantitative imaging features may non- 
invasively express comprehensive intra-tumor, inter- 
tumor, and peri-tumor information.21 Texture analysis 
can provide a series of parameters that can reflect tissue 
characteristics and has been successfully used in the diag-
nosis and evaluation of various diseases.22,23 Min et al 
demonstrated that apparent diffusion coefficient histogram 
parameters are significantly different between seminomas 
and nonseminomas.16 Similarly, our study showed that the 
histogram features Energy and TotalEnergy of malignant 
lesions were significantly higher than those of benign 
lesions. Energy is a feature used to measure the uniformity 
of the intensity level distribution, and a higher energy 

value indicates a narrower distribution of intensity 
levels.24 Our result is concordant with another previous 
study, which revealed that increased energy is a predictor 
for metastatic lymph nodes.25

Ipris is a new analysis method, and there has only been 
one report on it.19 The Ipris features provide the texture 
transition information obtained from the interior voxels to 
the exterior voxels of an interface voxel. Brambilla 
E. showed that lymphocyte infiltration in the perinodular 
space of malignant lung nodules seems to result in differ-
ences in the texture characteristics adjacent to the 
nodule.26 Hence, by quantitatively capturing the textural 
attributes from the interior through to the exterior of the 
lesion, we may be able to distinguish malignant from 
benign testicular lesions. This study showed that the com-
monly used visual assessment method has high sensitivity 
and relatively low specificity; in other words, some benign 

Figure 3 The distribution of intra- and interobserver intraclass correlation coefficients (ICCs) values for all the Ipris and histogram features (A and B).
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lesions may be misdiagnosed as malignant, leading to 
overtreatment or even unnecessary orchiectomy. In con-
trast, texture analysis features provided better diagnostic 
performance than visual assessment.

In our study, some Ipris features do have a certain 
differential value for benign and malignant testicular 
lesions. Among all Ipris features, Ipris_shell1_id_std has 
the highest diagnostic performance with an AUC of 0.708. 
This suggests that the evolution and infiltration of the 
transition zones of benign and malignant lesions in the 
testicle may lead to differences in Ipris features. Our 
study shows that the diagnostic efficiency of Ipris features 
in differentiating benign and malignant testicular lesions is 
inferior to that of features used to identify benign and 
malignant lung nodules (AUC=0.83).19 The reason may 
be that most of the benign and malignant testicular lesions 

have clear boundaries on T2WI, and the difference in 
heterogeneity and infiltration characteristics in the mar-
ginal area between benign and malignant lesions are less 
obvious, resulting in a lack of obvious evolution from the 
inside to the outside of the lesion.

In addition, our results show that the performance of 
the Ipris features is inferior to the histogram feature 
Energy for discriminating between benign and malignant 
testicular lesions, which suggests that the internal features 
of the whole lesion may be more conducive to reflecting 
the benign and malignant properties of the lesion. In this 
study, Ipris features did not show outstanding performance 
for the differential diagnosis of benign and malignant 
testicular lesions. However, considering the good perfor-
mance of Ipris features in previous studies, it is necessary 
to explore the potential value of Ipris features in the 

Table 2 Diagnostic Performance of the 12 Selected Features

Features p-value AUC (95% CI) Sensitivity Specificity

(%) (%)

Histogram_TotalEnergy <0.001 0.808 50.9 96
(0.705–0.888)

Histogram_Energy <0.001 0.807 74.6 72
(0.704–0.887)

Histogram_Range 0.021 0.654 60 68
(0.540–0.757)

Ipris_shell1_id_std 0.001 0.708 65.5 76
(0.595–0.804)

Ipris_shell2_id_mean 0.002 0.69 43.6 96
(0.577–0.789)

Ipris_shell1_ge_max 0.022 0.651 54.6 72
(0.536–0.754)

Ipris_shell1_gd_min 0.036 0.649 58.2 72
(0.534–0.752)

Ipris_shell1_gs_max 0.024 0.648 54.6 72
(0.533–0.751)

Ipris_shell1_id_mean 0.039 0.649 61.8 76
(0.534–0.752)

Ipris_shell1_id_min 0.045 0.635 81.8 40
(0.520–0.740)

Ipris_shell2_gd_max 0.004 0.692 72.7 64
(0.579–0.791)

Ipris_shell2_gd_min 0.010 0.679 81.8 56
(0.565–0.779)

Abbreviation: AUC, area under the curve.
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diagnosis and evaluation of other diseases in future 
research.

The identification of stable features is an important 
prerequisite prior to conducting texture analyses because 
features with low fidelity will likely lead to spurious find-
ings and unrepeatable results. In this study, intra- and 
interobserver ICCs showed that all histogram features 
and most Ipris features (42 of 48) had an ICC higher 
than 0.6, indicating that both histogram features and Ipris 
features based on ROI segmentations have good repeat-
ability and stability. This may be attributed to the unifor-
mity of MRI devices, relatively fixed scan parameters, and 
the clear boundaries of benign and malignant lesions in 
T2WIs in this study. The stable features identified in our 
study could be applied to a feature selection pipeline for 
future radiomic analyses.

Texture analysis provides an objective, quantitative 
method for disease evaluation as a computer-aided 

diagnostic tool. At present, texture analysis has been suc-
cessfully used in many diseases.22,23,27–29 Although it has 
shown good performance, texture analysis is not yet wide-
spread in routine clinical practice. One of the possible 
reasons is that quite a number of texture analysis studies 
were performed using proprietary or non-commercial soft-
ware packages, which are not open source and are there-
fore inaccessible to other researchers. In addition, texture 
features vary according to the imaging devices used, 
image acquisition parameters, and so on. In recent years, 
some open-source tools or even advanced automated sys-
tems for texture analysis have been proposed, which 
makes it more available and convenient in clinical prac-
tice. Some studies have been devoted to evaluating the 
effects of a variety of factors on the texture results. Those 
fundamental work will pave the way for the clinical use of 
texture analysis, and it is expected that texture analysis 
will become increasingly available in clinical practice. We 

Figure 4 Receiver operating characteristic curves of the top three features for distinguishing between benign and malignant testicular lesions.
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expect that computers will automatically provide a fast and 
accurate disease prediction based on texture analysis or 
other intelligent analysis method after patients undergo 
imaging examinations in routine clinical practice. In fact, 
this is true for certain situations, such as the detection of 
pulmonary nodules based on chest CT.

Our study has some limitations. First, the sample size 
was still small due to the low morbidity of testicular 
tumors. The small sample size led to the absence of 
a test set. Therefore, further large-scale and multicenter 
datasets are warranted to validate and verify our prelimin-
ary results. Second, diffusion-weighted imaging (DWI) 
and dynamic contrast-enhanced (DCE) sequences were 
not analyzed in this study, mainly due to the limited 
number of patients who underwent DWI and DCE 
sequences. T2WI is an essential and valuable sequence 
for the evaluation of testicular lesions, so only T2WI was 
included in the analysis. Third, the literature on Ipris is 
limited to one study, and further Ipris-related research may 
help to validate our results.

Conclusion
In conclusion, both histogram and Ipris features have good 
stability and may be useful in the diagnosis of testicular 
diseases. The new Ipris features have no significant advan-
tage over conventional histogram features.
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