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Abstract: Purpose: To explore the value of computed tomography (CT) image-based texture analysis for the differential diagnosis of renal primary undifferentiated pleomorphic sarcoma and three subtypes of renal cell carcinoma.
Materials and methods: Eleven cases of renal primary undifferentiated pleomorphic sarcoma and 33 cases of renal
cell carcinoma (including 11 cases each of clear cell carcinoma, papillary renal cell carcinoma, and chromophobe
renal cell carcinoma), which were confirmed by surgical pathology, were retrospectively analyzed. All patients underwent an abdominal CT scan and a three-phase enhanced scan (except for 1 patient with undifferentiated polymorphic sarcoma without a delayed scan). MaZda software was used to manually place regions of interest (ROIs) to
extract the textural features of the lesions. The texture feature selection methods included the Fisher coefficient, the
joint error coefficient (POE+ACC), the mutual information (MI), and the above three methods combined (FPM). First,
these 4 methods were used to select the most meaningful texture features for the identification of primary undifferentiated pleomorphic sarcoma and 3 subtypes of renal cell carcinoma. Then, raw data analysis (RDA), principal
component analysis (PCA), and linear discriminant analysis (LDA) were used to identify the four types of lesions. The
results are expressed as the misclassified rate (MCR). In addition, using the 4 selected categories, 2 intermediate
or more senior doctors assessed and classified the imaging data of the 44 cases. Results: Based on the 4 phase CT
images and the use of the Fisher, POE+ACC, MI, and FPM methods to extract texture features and RDA and PCA to
identify the 44 cases, we found that the MCR was high (65.12-77.27%), and the misjudgement results showed no
statistically significant differences (P>0.05). The MCR using LDA was low (6.82-59.09%) and showed a statistically
significant difference from that resulting from the use of RDA and PCA (P<0.05). The lowest MCR was obtained with
the FPM method using LDA and showed a statistically significant difference from those of the Fisher, POE+ACC, and
MI methods. Based on the values obtained using the FPM method with LDA, no significant differences were found
among the misdiagnoses in all of the phases (x2=3.526, P>0.05). The MCR was lowest in the arterial phase (6.82%,
3/44). The MCR of the imaging diagnosis was 45.45% and showed a statistically significant difference from that
obtained with the FPM method using LDA (x2=17.001, P<0.05). Conclusion: The combined use of MaZda software,
the FPM method to extract CT image texture features, and LDA produced the highest rate of identification of renal
primary undifferentiated pleomorphic sarcoma and 3 subtypes of kidney cancer.
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Introduction
Renal cell carcinoma (RCC) and primary undifferentiated pleomorphic sarcoma (PUPS) are
the most common and rare renal neoplasms,
respectively. Computed tomography (CT) and
magnetic resonance imaging (MRI) examina-

tions are more commonly used for the identification of common diseases [1-3], but the diagnosis of atypical and rare diseases is more experience-dependent and subjective. The imaging characteristics of different subtypes of
renal cell carcinoma overlap. Primary undifferentiated pleomorphic sarcoma is clinically rare
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and its imaging features lack specificity, which
makes a clear diagnosis difficult [4, 5]. Texture
analysis can provide information that cannot be
seen by the naked eye via the quantitative analysis of the image pixel grey value of the local
characteristics, the pixel value variation, and
the distribution pattern. In recent years, this
method has been applied to the medical imaging of many types of auxiliary diseases [6, 7]. At
present, few studies on the application of
image texture analysis in the kidney have been
conducted. However, kidney cancer is one of
the most common tumours. Different types of
kidney cancer and renal primary undifferentiated pleomorphic sarcoma require different
clinical treatments, and a correct diagnosis is
helpful to form a reasonable treatment plan.
Therefore, the aim of this study was to explore
the value of CT image-based texture analysis
for the differential diagnosis of renal primary
undifferentiated pleomorphic sarcoma and 3
subtypes of renal cell carcinoma.
Patients and methods
Patients
This study was approved by the Institutional
Review Board of Guangzhou First People’s
Hospital. The clinical investigations in this study
were conducted according to the principles expressed in the Declaration of Helsinki. Informed
consent, written or oral, was obtained from all
of the participants. This retrospective study utilized de-identified patient data collected from
the CT room in the Department of Radiology at
Guangzhou First People’s Hospital affiliated to
Guangzhou Medical University. Eleven cases
(all patients underwent a CT scan before surgery, 10 patients underwent a three-phase
enhanced scan, and 1 patient underwent only
arterial and venous phase scans) of PUPS of
the kidney were diagnosed by surgery and
pathology at Guangzhou First People’s Hospital
from December 2004 to August 2016. Seven of
the patients were male and 4 were female, and
their ages ranged from 38 to 76 years, with a
mean age of 60±11 years. We analyzed 213
cases of renal cell carcinoma confirmed by surgical pathology from December 2004 to August
2016 at Guangzhou First People’s Hospital, of
which 11 cases each of clear cell carcinoma,
papillary carcinoma, and chromophobe renal
cell carcinoma were randomly selected (7
males and 4 females with clear cell carcinoma,
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age 27-81 years, average age 56±8 years; 5
males and 6 females with papillary carcinoma,
age 23-73 years, average age 55±13 years;
and 8 males and 3 females with chromophobe
renal cell carcinoma, age 33-68 years, average
age 45±13 years).
CT examination
All examinations were performed using a 16MDCT (TOSHIBA Aquision, Japan) and included
a plain scan and an enhanced scan with the
following scanning parameters: collimator
0.625 mm, tube voltage 100-120 kV, tube current 120-160 mAs, layer thickness 5.0 mm,
and layer spacing 3-5 mm. A non-ionic contrast
agent (2 mL/kg, Ultravist 350, Bayer AG, Leverkusen, Germany) was administered, which was
adjusted for the patient’s weight in kg and automatically injected at a flow rate of 4 mL/s
through the elbow vein with a double cylinder
high pressure syringe. Approximately 25-30 s,
60-70 s, and 128-180 s after the contrast
agent injection, the arterial phase, venous
phase, and excretory phase were obtained,
respectively.
Image texture analysis
Image selection
The CT images of all of the patients were
exported from the PACS work station in a BMP
format. The window width and window position
were adjusted for consistency, and the data
were stored on the hard disk for further analysis. The diagnosis of these 44 patients was
performed by two intermediate or more superior physicians who had experience in the diagnosis of abdominal images. The diagnosis was
based on a 4-by-1 rule: A represented clear cell
carcinoma, B represented papillary renal cell
carcinoma, C represented chromophobe renal
cell carcinoma, and D represented undifferentiated pleomorphic sarcoma. A consensus was
reached in the cases of disagreement regarding the diagnosis.
Texture analysis
Image texture feature extraction: A texture
analysis was performed using MaZda software (Version 4.7, the Technical University
of Lodz, Institute of Electronics, http://www.
eletel.p.lodz.pl/mazda/). To reduce the error of
the region of interest (ROI) of the different
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Figure 1. Manually drawn ROI at the maximum level in the clearest phase.

Table 1. Texture feature parameters generated by the MaZda software
Texture description

Texture feature parameters

Histogram

Mean, variance, skewness, kurtosis, percentile value

Greylevelco-occurrence matrix ASM energy, contrast, autocorrelation, entropy, entropy sum, square sum, variance and inverse moment, entropy
difference
Run-length check

Non-uniformity measure of run length, non-uniformity measure of grey scale, long run enhancement, short run
enhancement, fractional run

Absolute gradient

Gradient mean, variance, skewness, kurtosis, non-zero

Autoregressive model

Theta 1-4, sigma

Wavelet transform

The energy of the wavelet transform coefficients in each band (3 subsampling factors)

phases, the boundary of the ROI at the maximum level in the clearest phase was manually
drawn while maintaining consistency with the
other phases (Figure 1). The grey level cooccurrence matrix (GLCM), grey histogram, runlength matrix (RUN), texture features based on
a Fourier transform, and auto-regressive method were generated after the texture features
were normalized to reduce the effects of contrast and brightness changes (Table 1). Due to
the number of texture features, we selected the
most discriminating features of these two types
of lesions for further analysis. The MaZda software provides the Fisher coefficient (Fisher),
classification error probability combined with
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the average correlation coefficients (POE+ACC),
mutual information (MI) of the three types of
methods with the 10 most significant texture
feature selections, and the combination of the
3 methods (FPM) with the 30 most significant
texture feature selections for further analysis of
the disease classification.
Discriminate analysis: The selected texture features were used to classify 4 types of lesions
using B11 statistical software (version 4.7, the
Technical University of Lodz, Institute of Electronics, http://www.eletel.p.lodz.pl/mazda/). The
discriminate methods include draw data analysis (RDA), principal component analysis (PCA),
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Figure 2. Aa-d. A 65-year-old male with renal primary undifferentiated pleomorphic sarcoma was correctly diagnosed. The CT enhanced scan shows moderate progressive enhancement, larger lesions, cystic necrosis, and more
violations of the perirenal space. Ba-d. A 47-year-old female with renal primary undifferentiated pleomorphic sarcoma was misdiagnosed with clear cell carcinoma. The CT enhanced scan shows moderately fast-forward and fastout enhancement, a smaller lesion volume, less necrosis, and no perirenal invasion. Ca-d. A 56-year-old male with
renal primary undifferentiated pleomorphic sarcoma was misdiagnosed with chromophobe renal cell carcinoma.
The CT enhanced scan shows mild progressive enhancement, a centrally segmentally located, low-density enhancement zone with a narrow time delay range, no significant renal involvement, and perirenal fascia thickening (due to
chronic stimulation). Da-d. A 33-year-old male with renal primary undifferentiated pleomorphic sarcoma was misdiagnosed with papillary carcinoma. No significant enhancement of the CT scans in any stage, no obvious necrosis,
a smaller lesion volume, and no perirenal invasion were observed. Ae, Be, Ce, and De. Show the corresponding
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pathological maps. The pleomorphic morphology of the tumour cells, which were mostly irregular or round in shape,
was obvious. Red dye staining showed increased megakaryocytes, multinucleated tumour cells, the nucleus, obvious nucleoli with a pathological split phase, increased mixed foam-like cells, lymphocytes and plasma cells, and
local tissue necrosis.

Table 2. Identification of renal primary undifferentiated pleomorphic sarcoma and 3 subtypes
of renal cell carcinoma
Method of Method of discriminant
analysis
Phase
texture
extraction
RDA
PCA
LDA
Plain phase
Fisher
34/44 34/44 26/44
POE+ACC 34/44 34/44 26/44
MI
34/44 34/44 26/44
FPM
33/44 34/44 9/44
Arterial phase
Fisher
30/44 30/44 18/44
POE+ACC 30/44 30/44 18/44
MI
30/44 30/44 18/44
FPM
30/44 29/44 3/44
Venous phase
Fisher
29/44 30/44 15/44
POE+ACC 29/44 30/44 15/44
MI
29/44 30/44 15/44
FPM
31/44 31/44 6/44
Delay phase
Fisher
28/43 28/43 23/43
POE+ACC 28/43 28/43 23/43
MI
28/43 28/43 23/43
FPM
29/43 29/43 7/43
Fisher: Fisher coefficient. POE+ACC: classification error
probability combined with the average correlation coefficients. MI: mutual information. FPM: Fisher+POE+ACC+
MI. RDA: raw data analysis. PCA: principal component. LDA:
linear discriminant analysis.

and linear discriminate analysis (LDA). The
results obtained in the 4 different phases of
lesions were expressed as the misclassified
rate (MCR=number of misclassified cases/
total number of cases × 100%), and a lower
MCR indicated that the lesion contains more
texture features.
Statistical analysis
Using the pathology as the reference standard,
Linex List data x2 test was used to examine the
differences in the results for the different phases, texture extractions, and analysis methods
and to determine whether a statistically significant difference was present between the diagnoses provided by the physicians according to
the images and the MaZda software. The statistical analyses were performed using SPSS
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version 13.0. A P value <0.05 was considered
significant.
Results
Diagnoses of physicians based on CT images
Of the 11 cases of renal PUPS, 4 cases were
diagnosed correctly (Figure 2), and 7 cases
were misdiagnosed as renal cell carcinoma (4
cases were misdiagnosed as clear cell carcinoma, as shown in Figure 2B; 2 cases were misdiagnosed aschromophobe renal cell carcinoma,
as shown in Figure 2C; and 1 case was misdiagnosed as papillary cell carcinoma, as shown in
Figure 2D. Of the 11 cases of renal clear cell
carcinoma, 9 cases were diagnosed correctly
(1 case was misdiagnosed as chromophobe
renal cell carcinoma and 1 case was misdiagnosed as papillary cell carcinoma). Of the 11
cases of renal chromophobe renal cell carcinoma, 7 cases were diagnosed correctly (3 cases
were misdiagnosed as clear cell carcinoma and
1 case was misdiagnosed as papillary cell carcinoma). Of the 11 cases of renal papillary cell
carcinoma, 4 cases were diagnosed correctly
(5 cases were misdiagnosed as clear cell carcinoma and 2 cases were misdiagnosed as chromophobe renal cell carcinoma). Of the 44
cases, 24 cases were diagnosed correctly and
20 cases were misdiagnosed, resulting in an
MCR of 45.45% (20/44).
The statistical analysis of the MCR and the
misjudged difference based on CT image texture analysis
As shown in Table 2, used Linex List data x2
test, we found that based on the 4 methods
used to extract the texture features (Fisher,
POE+ACC, MI, and FPM), regardless of the use
of plain scans, the arterial phase, the venous
phase, or the delay period, the MCR using LDA
was relatively lower than that of RDA and PCA,
and the FPM texture extraction method using
LDA produced the lowest value. The misjudged
results of RDA and PCA showed no significant
differences in all of the phases (P>0.05), and
the MCR was high (65.12%-77.27%). Based on
CT plain and delay scan image, whether to use
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Figure 3. Differential diagnosis of renal primary undifferentiated pleomorphic sarcoma and 3 subtypes of renal cell
carcinoma based on the FPM method using LDA in the arterial phase. The number 1 represents undifferentiated
pleomorphic sarcoma, 2 represents chromophobe renal cell carcinoma, 3 represents clear cell carcinoma, and 4
represents papillary renal cell carcinoma. The four types of lesions were more dispersed in different regions, which
made them easier to distinguish. Three cases were misjudged, including 1 case of undifferentiated pleomorphic
sarcoma that was misdiagnosed as chromophobe renal cell carcinoma, 1 case of chromophobe renal cell carcinoma that was misdiagnosed as undifferentiated pleomorphic sarcoma, and 1 case of clear cell carcinoma that was
misdiagnosed as chromophobe renal cell carcinoma.

Table 3. Differentiation of primary undifferentiated
pleomorphic sarcoma and 3 subtypes of renal cell
carcinoma according to LDA and image-based physician diagnoses
Incorrect
Correct
diagnoses diagnoses
LDA
3
41
Image-based physician diagnoses
20
24
x2=17.001 P=0.000
Identification method

Statistical difference using the FPM method and LDA based on
CT arterial phase images and physician diagnoses (P<0.01).

Fisher, POE+ACC or MI texture extraction method, the misdiagnosis results of using LDA
showed no significant differences with RDA and
PCA (P>0.05), but based on CT arterial phase
and venous phase image, the misdiagnosis
results of using LDA showed a statistically significant differences with RDA and PCA (P<0.05).
A statistically significant difference was found
between the FPM method using LDA and RDA
and PCA (P<0.05). Based on the FPM method
using LDA, no significant difference was observed in the misdiagnosis results in all of the
phases (x2 =3.526, P>0.05), and the MCR
exhibited the lowest value in the arterial phase
(6.82%, 3/44). Based on the FPM method using
LDA, 3 cases were misdiagnosed, including 1
case of undifferentiated pleomorphic sarcoma
that was misdiagnosed as chromophobe renal
cell carcinoma, 1 case of chromophobe renal
cell carcinoma that was misdiagnosed as undifferentiated pleomorphic sarcoma, and 1 case
of clear cell carcinoma that was misdiagnosed
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as chromophobe renal cell carcinoma (Figure 3).
Statistical analysis of the misjudged difference using the FPM method and LDA based
on CT arterial phase images and physician
diagnoses
As shown in Table 3, used 2 × 2 data x2 test
we found a statistically significant difference
between the two methods (x2 =17.001,
P<0.05).
Discussion
Differentiation of renal primary undifferentiated pleomorphic sarcoma and 3 subtypes of
renal cell carcinoma based on CT images
Clinically, CT scans are often used in imaging
examinations of kidney disease, which exhibit
good application value [8]. However, the results
of CT imaging examinations are limited by the
level of diagnosis and depend on the experience and subjectivity of the physician, especially in the case of rare and atypical diseases.
Renal carcinoma is the most common malignant neoplasm of the kidney. Its imaging manifestations have a certain specificity, which facilitates diagnosis. However, its subtypes are
diverse, and by relying solely on CT imaging, it is
difficult to distinguish the subtypes [9]. Clear
cell carcinoma, papillary carcinoma, and chromophobe renal cell carcinomaare the most
common subtypes of renal cell carcinoma, and
although the imaging findings have certain
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characteristics, some overlap occurs [10].
Radiologists mainly rely on the distinctive characteristics for diagnosis, which can significantly
increase the MCR. The diagnostic accuracy of
these diseases obtained in this study was
60.61% (20/33). Primary undifferentiated pleomorphic sarcoma is a rare malignant tumour of
the kidney, and its imaging features lack specificity. Imaging diagnosis is difficult and this type
of tumour is easy to misdiagnose; thus, the
diagnostic accuracy in this study was only
36.36% (4/11). Therefore, based on CT images,
it is very difficult to differentiate between renal
primary undifferentiated polymorphic sarcoma
and the 3 subtypes of renal cell carcinoma.

the results of the FPM using LDA and the diagnoses of physicians using imaging methods for
renal primary undifferentiated pleomorphic sarcoma and the 3 subtypes of kidney cancer, with
a significantly lower MCR for the FPM using LDA
than for the imaging diagnosis (52.27%, 20/44).
Thus, the FPM texture extraction of LDA, which
can successfully identify primary renal undifferentiated pleomorphic sarcoma and the 3 subtypes of renal cancer, was significantly better
than conventional imaging diagnosis, with the
highest anastomosis (93.18%, 41/44) in the
arterial phase, which is consistent with that of
conventional CT-enhanced arterial phase images that provide more imaging information.

Differentiation of renal primary undifferentiated pleomorphic sarcoma and 3 subtypes of
renal cell carcinoma based on CT image texture analysis

Limitations

Texture analysis utilizes the changes in the grey
value of image pixels and their distribution pattern, which can reflect microscopic pathological changes that are not visible and can be
used in the analysis of various images [11].
MaZda, a software package for 2D and 3D
image texture analysis, provides a complete
path for the quantitative analysis of image textures [12]. MaZda software provides 4 methods of texture extraction: Fisher, POE+ACC, MI,
and FPM [13]. The first three methods automatically select the 10 most significant features of
the lesions, whereas the FPM method selects
the 30 most significant texture features [14].
Compared to the previous 3 methods, which
provide more texture features, the prediction
accuracy of the FPM method is relatively high,
as confirmed by this study. In addition, MaZda
software provides 2 categories of discriminant
classification methods, including linear classification (RDA, PCA, and LDA) and nonlinear classification (NDA) [15]. Because the data obtained
in this study are not subject to nonlinear classification, only linear classification was performed. The results showed significant differences between the FPM using LDA and RDA/
PCA, with a significantly lower MCR for the FPM
than for RDA/PCA. Based on the FPM texture
extraction of LDA, a significant difference was
not observed for misclassifications between all
of the phases, and the MCR of the arterial
phase exhibited the lowest value (6.82%, 3/44).
We also found significant differences between
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The limitations of this study are as follows.
First, due to the low incidence of undifferentiated pleomorphic sarcoma of the kidney, the
number of cases in this study was low. We hope
to further expand the number of cases in follow-up studies. Second, this study is a retrospective study. In follow-up studies, we hope to
establish the discriminant equation by expanding the sample to conduct a prospective analysis. Third, this study is based on a single CT
image texture feature extraction. The ideal situation would involve 3D modelling of the CT
image sequence and determining the texture
characteristics of lesions using 3D spatial analyses [16].
In summary, the combination of MaZda software, the combined method (FPM) of extracting
CT image texture features, and the linear classification analysis (LDA) can be used to differentiate renal primary undifferentiated pleomorphic sarcoma and 3 subtypes of kidney cancer.
Therefore, texture analysis-based CT imaging
can potentially be used as a clinical method for
the differential diagnosis of atypical manifestations of common and rare kidney diseases.
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