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INTRODUCTION
Angiomyolipoma (AML) and oncocytoma are the most 
common benign renal neoplasms. In a study which 
analyzed the final histopathological diagnosis of 916 
patients who underwent partial nephrectomy for a 
presumptive imaging diagnosis of renal cell carcinoma 
(RCC), 129 had benign disease, of which oncocytoma 
(51.2 %) and AML (28.7%) were the most prevalent 
entities.1

Oncocytomas and AML have better prognosis and 
different treatment strategies than RCC. AMLs are gener-
ally kept on observation unless they enlarge more than 
4 cm, show rapid interval growth or bleed. In case of lipid-
rich AML, the imaging diagnosis is often straightforward; 
however, lipid-poor AMLs (lpAML) are very difficult to 

differentiate from RCC. Several imaging findings may 
suggest the diagnosis of lpAML.2,3 However, none of 
these are diagnostic or obviate the need for biopsy, which 
also carries a potential risk of hemorrhage.4 Oncocy-
tomas, on the other hand, are generally excised since a 
reliable distinction from RCC cannot be made even on 
biopsy. This is because hybrid tumors of oncocytoma and 
RCC (particularly, the chromophobe variant) are known 
to occur and any possible foci of RCC within the tumor 
may be undersampled on biopsy. Also, oncocytomas 
show a wide spectrum of imaging appearances attrib-
utable to varying proportions of cellular and stromal 
components and closely mimic RCC.5,6 However, since 
imaging provides a holistic tool for non-invasively eval-
uating the entire tumor, any imaging modality capable of 
accurate differentiation between the two entities would 
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Objectives: To assess the utility of magnetic resonance 
texture analysis (MRTA) in differentiating renal cell carci-
noma (RCC) from lipid-poor angiomyolipoma (lpAML) 
and oncocytoma.
Methods: After ethical approval, 42 patients with 54 
masses (34 RCC, 14 lpAML and six oncocytomas) who 
underwent MRI on a 1.5 T scanner (Avanto, Siemens, 
Erlangen, Germany) between January 2011 and 
December 2012 were retrospectively included in the 
study. MRTA was performed on the TexRAD research 
software (Feedback Plc., Cambridge, UK) using free-
hand polygonal region of interest (ROI) drawn on the 
maximum cross-sectional area of the tumor to generate 
six first-order statistical parameters. The Mann-Whitney 
U test was used to look for any statically significant 
difference. The receiver operating characteristic (ROC) 
curve analysis was done to select the parameter with the 

highest class separation capacity [area under the curve 
(AUC)] for each MRI sequence.
Results: Several texture parameters on MRI showed 
high-class separation capacity (AUC > 0.8) in differ-
entiating RCC from lpAML and oncocytoma. The best 
performing parameter in differentiating RCC from lpAML 
was mean of positive pixels (MPP) at SSF 2 (AUC: 0.891) 
on DWI b500. In differentiating RCC from oncocytoma, 
the best parameter was mean at SSF 0 (AUC: 0.935) on 
DWI b1000.
Conclusions: MRTA could potentially serve as a useful 
non-invasive tool for differentiating RCC from lpAML 
and oncocytoma.
Advances in knowledge: There is limited literature 
addressing the role of MRTA in differentiating RCC from 
lpAML and oncocytoma. Our study demonstrated several 
texture parameters which were useful in this regard.
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be extremely beneficial. The recent emergence of radiomics 
and texture analysis (TA) has introduced a new paradigm 
for the assessment of tumor characteristics. Radiomics uses 
pixel-level quantitative parameters which are not apparent to 
the human eye, potentially predicting microscopic necrosis 
and tumor aggressiveness.7 Multiple studies have used TA to 
differentiate RCC from lpAML and oncocytoma on contrast-
enhanced CT images.8–23 MRI could potentially be superior 
to CT since it provides multiple paradigms for the morpho-
logical and functional assessment of renal tumors. With the 
increasing availability of scanners and heightened awareness 
of radiation safety, MRI is likely to be used increasingly in the 
future for assessment of renal tumors. However, the current 
literature on the role of magnetic resonance texture analysis 

(MRTA) in differentiating benign and malignant renal lesions 
is scant. The only such study performed till date used texture 
analysis on diffusion-weighted imaging (DWI) to differen-
tiate lpAML from clear cell RCC and observed that lpAML 
had significantly lower mean ADC and higher skewness than 
clear cell RCC.24 Texture analysis was not applied to the other 
sequences. Hence, we attempted to better evaluate the role of 
MRTA in differentiating RCC from lpAML and oncocytoma.

METHODS AND MATERIALS
Patient selection
The MRI records of a previously ethically approved study 
conducted between January 2011 and December 2012 were 
retrospectively reviewed for adult patients with renal masses. 
Informed consent had already been taken from all the patients. 
The search yielded a consecutive sample of 84 patients. Among 
them, the follow-up histopathological report of the subse-
quently performed biopsy or nephrectomy specimen was 
available only in 71 patients. The patients who had histopatho-
logical diagnosis other than RCC, lpAML or oncocytoma (n 
= 18) were excluded from the study. Seven additional patients 
were excluded as their complete imaging dataset could not 
be retrieved from the picture archiving and communications 
system (PACS). Four patients were excluded since their tumors 
were primarily cystic and without sufficient solid components 
(at least 1 cm2) for drawing a reasonably large region of interest 
(ROI). Thus, a total of 42 patients were included in the study. 
Among them, three patients had four lesions each, and another 
three had two lesions each. Finally, a total of 54 tumors under-
went MRTA. The course of the patients enrolled in the study is 
demonstrated as a flow diagram (Figure 1).

Figure 1. Flow diagram demonstrating how patients were 
enrolled in the study.

Table 1. MRI sequences and acquisition parameters

Sequence TR (ms) TE (ms)

Slice 
thickness 
(mm)

Flip angle 
(degrees)

No. of 
averages FOV (mm) Matrix

T2W TSE FS Axial 2520 100 5 137 1 278 × 370 288 × 512

T2W TSE FS 
Coronal

2700 100 5 137 1 410 × 430 171 × 256

T1W GRE
In-phase

125 4.76 5 70 1 278 × 370 288 × 512

T1W GRE
Out-of-phase

125 2.34 5 70 1 278 × 370 288 × 512

True FISP
Axial

3.4 1.4 5 39 1 263 × 350 288 × 512

True FISP
Coronal

3.4 1.4 5 36 1 380 × 380 410 × 512

DWI FS Axial
(b0, 500, 1000 s/
mm2)

1600 62 7 90 6 249 × 380 94 × 192

T1W FS VIBE
3D (Axial)

5.1 2.3 3 10 1 253 × 450 158 × 512

DWI, Diffusion-weighted imaging; FISP, Fast imaging with steady state precession; FOV, Field of view; FS, Fat suppressed; GRE, Gradient-recalled 
echo; TE, Time to echo; TR: Time to repeat,TSE, Turbo spin echo; T1W: T1-weighted, T2W: T2-weighted;,VIBE, Volume interpolated breath-hold 
examination.
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MRI acquisition parameters
A 1.5 T scanner (Avanto, Siemens, Erlangen, Germany) and a 
16-channel-phased array torso coil were used. Non-contrast 
sequences included fat-suppressed T2W turbo spine-echo 
(T2W TSE) and T1W dual gradient-echo in-phase (TE: 
4.76 ms) and out-of-phase (TE: 2.34 ms) images acquired over 
multiple breath-holds in the axial plane, true fast imaging with 

steady-state precession (TrueFISP) acquired in the axial and 
coronal planes in a single breath-hold and echo-planar imaging 
(EPI)-based DWI using navigator-triggered respiratory gating 
and diffusion-sensitizing gradients in all the three orthogonal 
planes (b values of 0, 500 and 1000 s/mm2). After acquisition, a 
pixel-wise apparent diffusion coefficient (ADC) map was auto-
generated using the b-values of 0 and 500 s/mm2.

Post-contrast imaging was done using fat-suppressed 3D 
T1W volume interpolated breath-hold examination (VIBE) 
sequence in the axial plane after intravenous injection of gado-
benate dimeglumine (Multihance, Bracco, Milan, Italy). For 
injection, the dual-head pressure injector was set at a rate of 
2 ml s−1, followed by a 20 ml saline bolus chase at the same rate. 
Bolus-tracking method was used to perform multiphase acqui-
sition at 40–50 s [corticomedullary (CM) phase], 80–100 s 
[nephrographic (NG) phase] and 180 s (delayed phase). Post-
contrast images were not available for 11 patients (15 tumors; 
10 RCC and five lpAML). The imaging parameters are detailed 
in Table 1.

Feature extraction: MRTA
Texture analysis was performed on both the non-contrast and 
post-contrast images for 31 patients, whereas only the non-
contrast images were assessed in the remaining 11 patients 
(15 tumors). A single radiologist (A.R., with 6 years of expe-
rience in diagnostic imaging), blinded to the final histopatho-
logical diagnosis, performed the TA. The axial dataset of the 
pre-contrast fat-suppressed T1-VIBE, T2W TSE images, DWI 
images at b500 and b1000 s/mm2, ADC maps and the post-
contrast CM and NG phase T1-VIBE images were uploaded 
onto the TexRAD software (Feedback Plc., Cambridge, UK- 
www.​fbkmed.​com). After screening the NG phase images to 
assess the distribution of the viable tumor component, a free-
hand polygonal ROI (size: at least 1 cm2) was drawn on all the 
above sequences in the slice showing the largest cross-sectional 
area of the tumor (Figure 2). The peripheral 3 mm of the tumor 
was avoided to prevent potential errors arising from inclusion 
of perirenal fat and volume averaging. Primarily cystic tumors 
without sufficient solid viable components of at least 1 cm2 
were excluded from the analysis. We excluded necrotic areas 
in the ROI to mitigate the confounding effect of macroscopic 
necrosis and enable the texture analysis results to truly reflect 
microscopic heterogeneity of the viable areas. Multiple ROIs 
and volume ROI were not used as they were cumbersome. In 
cases of multifocal disease with similar-appearing lesions, a 
maximum of two lesions per kidney were analyzed.

TexRAD software is based on the filtration-histogram tech-
nique, which uses a Laplacian of Gaussian spatial band-pass 
filter to enhance features corresponding to the size of the 
different spatial scaling factors (SSF) applied. The filtration 
step helps to mitigate the effects of photon noise on texture 
quantification. Five spatial scale filters (SSF) [2 mm (fine 
texture), 3, 4 and 5 mm (medium texture), and 6 mm (coarse 
texture)] were used apart from the unfiltered images (SSF: 
0 mm) (Figure 3). The software then generated a pixel inten-
sity distribution histogram and performed texture feature 

Figure 2. Method of ROI placement on the post-contrast 
T1W image (nephrographic phase). (A) 36-year-old female 
with lpAML of the right kidney. ROI was drawn in the section 
showing the largest cross-sectional area of the tumor so as 
to include the entire tumor, except the peripheral 3 mm. (B) 
61-year-old male with clear cell RCC of left kidney. The tumor 
shows multiple non-enhancing areas, suggestive of necrosis 
(asterisk). ROI was drawn in the section showing the larg-
est dimension of the tumor, encompassing the largest non-
necrotic zone.

Figure 3. A 47-year-old female with oncocytoma of the left 
kidney. (A) ROI placement on the post-contrast T1W image in 
the nephrographic phase. The free-hand polygonal ROI (red 
contour) is drawn on the section containing the maximum 
cross-sectional area of the tumor, avoiding the peripheral 
3 mm and any necrotic component. (B, C and D) Post-filtration 
texture analysis images at fine (B), medium (C) and coarse (D) 
spatial scaling factors.
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Table 2. Mann-Whitney U test in the differentiation of RCC from lpAML: P-value of all the evaluated texture parameters, listed MR 
sequence-wise. Parameters showing statistical significance (p < 0.05) are highlighted in bold

SSF SD Entropy MPP Skewness Kurtosis

T2W

0 0.505 0.111 0.144 0.505 0.896 0.858

2 1.000 0.128 0.244 0.175 0.739 0.16

3 0.568 0.274 0.221 0.905 0.924 0.576

4 0.354 0.461 0.128 0.794 0.775 0.419

5 0.264 0.366 0.147 0.84 0.924 0.498

6 0.183 0.254 0.264 0.972 0.803 0.83

DWI b 500

0 0.003 0.01 0.617 0.003 0.279 0.161

2 0.000 0.000 0.821 0.000 0.341 0.071

3 0.001 0.000 1.000 0.000 0.934 0.017

4 0.001 0.000 0.849 0.000 0.513 0.08

5 0.001 0.001 0.669 0.001 0.419 0.212

6 0.002 0.001 0.568 0.002 0.216 0.529

DWI b 1000

0 0.003 0.048 0.757 0.003 0.044 0.877

2 0.001 0.003 0.419 0.000 0.924 0.008

3 0.001 0.005 0.341 0.000 0.821 0.016

4 0.001 0.01 0.521 0.000 0.544 0.091

5 0.000 0.013 0.703 0.000 0.335 0.405

6 0.000 0.013 0.877 0.000 0.072 0.953

ADC

0 0.001 0.482 0.015 0.001 0.010 0.963

2 0.102 0.525 0.033 0.421 0.441 0.204

3 0.221 0.482 0.029 0.156 0.511 0.489

4 0.352 0.734 0.035 0.087 0.15 0.395

5 0.221 0.964 0.032 0.022 0.675 0.102

6 0.221 0.751 0.036 0.013 0.910 0.642

T1W

0 0.012 0.043 1.000 0.012 0.149 0.301

2 0.015 0.009 0.116 0.003 0.612 0.528

3 0.008 0.034 0.233 0.005 0.396 0.177

4 0.009 0.043 0.469 0.009 0.379 0.132

5 0.017 0.043 0.528 0.017 0.124 0.21

6 0.024 0.072 0.548 0.022 0.102 0.346

Corticomedullary phase

0 0.017 0.170 0.133 0.017 0.363 0.027

2 0.409 0.022 0.145 0.047 0.536 0.592

3 0.483 0.031 0.112 0.094 0.409 0.564

4 0.742 0.047 0.071 0.145 0.409 0.621

(Continued)
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extraction to derive six quantitative first-order statistical 
metrics at each SSF: mean, standard deviation (SD), entropy, 
mean of positive pixels (MPP), skewness and kurtosis. Thus, 36 
texture variables were generated for each lesion.

Statistical analysis
The IBM SPSS software for Windows, v.24.0 (IBM Corp, 
Armonk, NY, USA) was used to perform statistical analysis. 
To compare the differences in texture parameters between 
RCC and lpAML, as well as RCC and oncocytoma, the non-
parametric Mann-Whitney U test was used. A p-value < 
0.05 was considered significant.

As the first step in differentiating RCC vs lpAML and RCC vs 
oncocytoma, all the parameters with statistical significance 
(p-value < 0.05) were listed. Subsequently, all the significant 
parameters underwent receiver operating characteristic (ROC) 
curve analysis to generate the area under curve (AUC) and 
optimal cut-off value. All parameters with AUC greater than 
or equal to 0.8 were highlighted and the parameter with the 
highest AUC value was selected as the best performing metric 

for each sequence. In case a tie occurred for the same texture 
parameter at multiple SSFs, the metric at the highest SSF was 
selected since higher SSF is known to mitigate photon noise 
and provide more accurate parameters than the lower filters. 
In case a tie occurred between two different texture param-
eters, the Pearson’s correlation test would be applied to look 
for mutual correlation. In case a strong mutual correlation (r 
> 0.9) was observed, only one of the parameters was retained 
to remove redundancy. This issue occurred mostly with ADC 
since it contains only positive pixels and hence generates 
similar mean and MPP values. In such cases, by default, only 
mean was retained.

RESULTS
The mean age of the study population (42 patients) was 
43.6 years and a male predominance (27 males vs 15 females) 
was observed. The population had a total of 34 RCCs (33 
patients; 29 clear cell RCC, four papillary RCC and one chro-
mophobe RCC), 14 lpAML (six patients) and six oncocytomas 
(three patients). One patient with clear cell RCC had two 
lesions. The results of MRTA in differentiating the subtypes 
and grades of RCC from the same dataset have already been 
published.25 Among patients with lpAML, two patients had 
four lesions each, two had two lesions each and the remaining 
two had one lesion each. In the oncocytoma group, one patient 
had four lesions and two patients had one lesion each. Among 
RCCs, the majority of patients were males (27 males vs 7 
females). On the other hand, all the patients with lpAML were 
females. In the Oncocytoma cohort, one patient was male and 
two were females. The overall mean tumor diameter was 5.93 
± 2.8 cm and the mean ROI size was 2.4 ± 0.7 cm2. The mean 
tumor diameter was 7.54 ± 1.89 cm, 2.79 ± 1.19 cm and 2.97 ± 
0.68 cm for RCC, lpAML and oncocytomas, respectively. The 
mean ROI size was 2.36 ± 0.72 cm2, 2.42 ± 0.59 cm2 and 2.28 ± 
0.39 cm2 for RCC, lpAML and oncocytomas, respectively.

Differentiation of RCC from lpAML
A total of 82 metrics across all the sequences (none on T2W 
imaging, 19 on DWI b500, 21 on DWI b1000, 11 on the ADC 
map, 17 on the unenhanced T1W image, and seven each on 
the postcontrast CM and NG Phase images) showed statistical 
significance in differentiating RCC from lpAML (Table 2).

5 0.902 0.122 0.064 0.341 0.386 0.433

6 0.934 0.122 0.064 0.086 0.509 0.773

Nephrographic phase

0 0.079 0.179 0.121 0.079 0.564 0.890

2 0.154 0.036 0.072 0.102 0.827 0.592

3 0.238 0.059 0.040 0.222 0.619 0.309

4 0.254 0.179 0.040 0.619 0.827 0.044

5 0.309 0.238 0.040 0.796 0.766 0.020

6 0.392 0.207 0.049 0.890 0.984 0.086

Table 2. (Continued)

Figure 4. Box and whisker representation of the best-
performing parameter in differentiating RCC from lpAML 
(MPP at SSF two on DWI b500). The Y-axis represents the 
MPP of the signal intensity values.
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Table 3. AUC values and diagnostic performance of all the parameters which showed statistical significance (p < 0.05) in the 
differentiation of RCC from lpAML, listed MR sequence-wise. The sequence-wise single best parameters are highlighted with 
asterisk

Parameter SSF AUC Cut-off Sensitivity Specificity PPV NPV Accuracy
 �  T2W

DWI b500

Mean 0 0.781 <194.730 85.3 61.5 85.3 61.5 78.7

Mean 2 0.833 <11.370 79.4 76.9 90.0 58.8 78.7

Mean 3 0.828 <29.530 79.4 76.9 90.0 58.8 78.7

Mean 4 0.810 <44.480 76.5 76.9 89.7 55.6 76.6

Mean 5 0.803 <41.290 61.8 92.3 95.5 48.0 70.2

Mean 6 0.790 <51.680 58.8 92.3 95.2 46.2 68.1

SD 0 0.747 <15.460 79.4 61.5 84.4 53.3 74.5

SD 2 0.855 <37.760 76.5 84.6 92.9 57.9 78.7

SD 3 0.867 <48.040 79.4 84.6 93.1 61.1 80.9

SD 4 0.851 <51.050 70.6 92.3 96.0 54.5 76.6

SD 5 0.826 <51.460 70.6 92.3 96.0 54.5 76.6

SD 6 0.808 <58.030 79.4 76.9 90.0 58.8 78.7

MPP 0 0.781 <194.730 85.3 61.5 85.3 61.5 78.7

MPP 2 0.891* <30.510 70.6 100.0 100.0 56.5 78.7

MPP 3 0.867 <42.610 73.5 84.6 92.6 55.0 76.6

MPP 4 0.846 <64.150 76.5 84.6 92.9 57.9 78.7

MPP 5 0.821 <55.670 61.8 92.3 95.5 48.0 70.2

MPP 6 0.792 <77.870 67.6 84.6 92.0 50.0 72.3

Kurtosis 3 0.726 >0.270 47.1 100.0 100.0 41.9 61.7

DWI b1000

Mean 0 0.778 <71.660 55.9 92.3 95.0 44.4 66.0

Mean 2 0.824 <8.830 85.3 84.6 93.5 68.8 85.1

Mean 3 0.828 <16.400 85.3 84.6 93.5 68.8 85.1

Mean 4 0.821 <22.290 79.4 84.6 93.1 61.1 80.9

Mean 5 0.835 <30.780 79.4 84.6 93.1 61.1 80.9

Mean 6 0.855 <40.750 79.4 84.6 93.1 61.1 80.9

SD 0 0.688 <14.500 91.2 46.2 81.6 66.7 78.7

SD 2 0.778 <20.140 52.9 92.3 94.7 42.9 63.8

SD 3 0.765 <41.590 88.2 53.8 83.3 63.6 78.7

SD 4 0.747 <33.170 76.5 61.5 83.9 50.0 72.3

SD 5 0.735 <37.700 79.4 61.5 84.4 53.3 74.5

SD 6 0.738 <34.700 76.5 76.9 89.7 55.6 76.6

MPP 0 0.778 <71.660 55.9 92.3 95.0 44.4 66.0

MPP 2 0.839 <21.100 76.5 76.9 89.7 55.6 76.6

MPP 3 0.839 <26.640 70.6 92.3 96.0 54.5 76.6

MPP 4 0.833 <29.560 67.6 92.3 95.8 52.2 74.5

MPP 5 0.860* <37.420 70.6 92.3 96.0 54.5 76.6

(Continued)
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Parameter SSF AUC Cut-off Sensitivity Specificity PPV NPV Accuracy
MPP 6 0.860 <30.210 64.7 100.0 100.0 52.0 74.5

Skewness 0 0.691 >−0.090 64.7 69.2 84.6 42.9 66.0

Kurtosis 2 0.753 >−0.280 82.4 69.2 87.5 60.0 78.7

Kurtosis 3 0.730 >−0.340 85.3 61.5 85.3 61.5 78.7

 �  ADC

Mean 0 0.800* >1302.82 73.5 92.9 96.2 59.1 79.2

Entropy 0 0.725 >4.250 70.6 71.4 85.7 50.0 70.8

Entropy 2 0.697 >3.870 88.2 50.0 81.1 63.6 77.1

Entropy 3 0.702 >3.950 85.3 50.0 80.6 58.3 75.0

Entropy 4 0.695 >3.950 85.3 50.0 80.6 58.3 75.0

Entropy 5 0.699 >3.920 85.3 50.0 80.6 58.3 75.0

Entropy 6 0.694 >3.950 85.3 50.0 80.6 58.3 75.0

MPP 0 0.800 >1302.82 73.5 92.9 96.2 59.1 79.2

MPP 5 0.712 >302.090 82.4 64.3 84.8 60.0 77.1

MPP 6 0.730 >291.180 76.5 64.3 83.9 52.9 72.9

Skewness 0 0.738 <0.270 69.7 78.6 88.5 52.4 72.3

 �  T1W

Mean 0 0.760 <157.430 42.9 100.0 100.0 40.7 59.0

Mean 2 0.750 <0.880 64.3 81.8 90.0 47.4 69.2

Mean 3 0.773 <8.300 75.0 72.7 87.5 53.3 74.4

Mean 4 0.766 <14.390 75.0 81.8 91.3 56.3 76.9

Mean 5 0.747 <18.040 67.9 81.8 90.5 50.0 71.8

Mean 6 0.734 <31.400 67.9 81.8 90.5 50.0 71.8

SD 0 0.711 <12.540 64.3 81.8 90.0 47.4 69.2

SD 2 0.769 <32.760 64.3 81.8 90.0 47.4 69.2

SD 3 0.721 <67.470 85.7 54.5 82.8 60.0 76.9

SD 4 0.711 <78.450 78.6 54.5 81.5 50.0 71.8

SD 5 0.711 <98.730 89.3 45.5 80.6 62.5 76.9

MPP 0 0.760 157.430 42.9 100.0 100.0 40.7 59.0

MPP 2 0.805* 29.560 64.3 81.8 90.0 47.4 69.2

MPP 3 0.786 70.430 89.3 54.5 83.3 66.7 79.5

MPP 4 0.766 33.270 42.9 100.0 100.0 40.7 59.0

MPP 5 0.747 34.210 39.3 100.0 100.0 39.3 56.4

MPP 6 0.737 50.110 50.0 90.9 93.3 41.7 61.5

 �  Corticomedullary phase

Mean 0 0.773 <431.530 78.3 77.8 90.0 58.3 78.1

SD 2 0.763 <92.010 69.6 77.8 88.9 50.0 71.9

SD 3 0.749 <128.970 73.9 66.7 85.0 50.0 71.9

SD 4 0.729 <102.580 47.8 100.0 100.0 42.9 62.5

Table 3. (Continued)

(Continued)
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Subsequently, the AUC values of all the significant parameters 
were listed (Table  3). The following were the sequence-wise 
best parameters (highest AUC) in differentiating RCC from 
lpAML: (a) MPP at SSF 2 (AUC: 0.891) on DWI b500 (b) MPP 
at SSF 5 (AUC: 0.860) on DWI b1000 (c) mean at SSF 0 (AUC: 
0.800) on the ADC map and (d) MPP at SSF 2 (AUC: 0.805) 
on the T1W images (Table 4). On the ADC images, both mean 
and MPP at SSF 0 showed strong correlation (r = 1.0), which 
was expected since ADC maps possess only positive pixels. 
Hence only the mean was retained. On the CM and NG phase 
images, none of the parameters were observed to have high-
class separation capacity (AUC > 0.8). The optimal cut-off 
values are shown in Table 3. The box and whisker plot of the 
single best forming parameter (MPP at SSF two on DWI b500) 
is given in Figure 4.

Differentiation of RCC from oncocytoma
The p-values of all the parameters derived from the Mann-
Whitney analysis were tabulated separately for each MR 
sequence and the metrics with significant p-value were iden-
tified (Table  5). This yielded a total of 107 metrics across all 
the sequences (15 on T2W imaging, 18 each on DWI b500 
and b1000, 17 on the ADC map, 11 on the unenhanced T1W 
images, 18 on the postcontrast CM phase images and 10 on the 
NG phase images).

Subsequently, AUC values of all parameters which showed 
significant p-value were listed and the parameters with the 

highest AUC were identified (Table 6). The following were the 
sequence-wise best parameters in differentiating RCC from 
oncocytoma: (a) MPP at SSF 6 (AUC: 814) on T2W images (b) 
MPP at SSF 6 (AUC: 0.931) on DWI b500 (c) mean at SSF 0 
(AUC: 0.935) on DWI b1000 (d) SD at SSF 0 (AUC: 0.875) on 
the ADC map, (e) MPP at SSF 2 (AUC: 0.875) on T1W images, 
(f) mean at SSF 0 (AUC: 913) on the CM phase images and (g) 
mean at SSF 0 (AUC: 868) on the NG phase images (Table 7). 
On the DWI b1000, CM and NG phase images, both mean 
and MPP at SSF 0 showed strong correlation (r = 1.0), which 
possibly occurred since all the three image sets contained only 
positive pixels. Hence, only the mean was retained. The optimal 
cut-off values are listed in Table 6. The box and whisker plot 
of the single best-forming parameter (mean at SSF 0 on DWI 
b1000) is given in Figure 5.

DISCUSSION
The risks of hemorrhage in lpAML and potentially missing a 
hybrid RCC in oncocytomas are inherent with biopsy.4,5 There 
is an active ongoing search for imaging biomarkers which can 
differentiate RCC from lpAML and oncocytoma. Radiomics is 
one such novel tool which has been found to be useful for this 
purpose.

Texture analysis quantifies pixel-level heterogeneity in the 
grayscale within the selected ROI. Among the six first-order 
parameters generated, mean and MPP quantify overall gray-
scale intensity and show greater values with higher signal 
intensity and enhancement. SD and entropy quantify disper-
sion and disorder respectively, and show positive correlation 
with increasing heterogeneity. Skewness is a measure of the 
asymmetry of the histogram, with positive skewness repre-
senting a decrease in the number of brighter pixels and vice 
versa. Kurtosis measures the peakedness of the histogram, 
and shows lower values with increasing heterogeneity.26 In 
our study, several texture parameters showed good diag-
nostic performance in differentiating RCC from lpAML and 
oncocytoma.

Table 4. Sequence-wise best-performing parameters (having 
AUC of at least 0.8) in the differentiation of RCC from lpAML 
(No parameter qualified for remaining sequences)

Sequence Parameter SSF value AUC
DWI b500 MPP 2 0.891

DWI b1000 MPP 5 0.860

ADC map Mean 0 0.800

T1W MPP 2 0.805

Parameter SSF AUC Cut-off Sensitivity Specificity PPV NPV Accuracy
MPP 0 0.773 <431.530 78.3 77.8 90.0 58.3 78.1

MPP 2 0.729 <60.900 47.8 88.9 91.7 40.0 59.4

Kurtosis 0 0.751 <−0.410 52.2 88.9 92.3 42.1 62.5

Nephrographic phase

SD 2 0.741 <106.180 75.0 66.7 85.7 50.0 72.7

Entropy 3 0.736 >5.180 75.0 77.8 90.0 53.8 75.8

Entropy 4 0.734 >5.190 79.2 66.7 86.4 54.5 75.8

Entropy 5 0.734 >5.230 79.2 66.7 86.4 54.5 75.8

Entropy 6 0.727 >5.150 79.2 66.7 86.4 54.5 75.8

Kurtosis 4 0.729 >−0.080 62.5 88.9 93.8 47.1 69.7

Kurtosis 5 0.764 >−0.150 62.5 88.9 93.8 47.1 69.7

Table 3. (Continued)
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Table 5. Mann-Whitney U test in the differentiation of RCC from oncocytoma: P-value of all the evaluated texture parameters, 
listed MR sequence-wise. Parameters showing statistical significance (p < 0.05) are highlighted in bold

SSF Mean SD Entropy MPP Skewnes Kurtosis

T2W

0 0.037 0.109 0.517 0.037 0.033 0.383

2 0.171 0.225 0.493 0.148 0.566 0.288

3 0.078 0.109 0.517 0.137 0.03 0.868

4 0.041 0.019 0.383 0.041 0.021 1.000

5 0.037 0.017 0.404 0.027 0.017 0.698

6 0.033 0.015 0.324 0.013 0.137 0.926

DWI b 500

0 0.001 0.06 0.592 0.001 0.839 0.343

2 0.002 0.001 0.071 0.000 0.045 0.566

3 0.003 0.000 0.092 0.000 0.078 1.000

4 0.002 0.000 0.109 0.000 0.197 0.839

5 0.001 0.000 0.127 0.000 0.118 0.868

6 0.001 0.001 0.137 0.000 0.306 0.956

DWI b 1000

0 0.001 0.009 0.334 0.001 0.474 0.474

2 0.005 0.007 0.192 0.003 0.334 0.823

3 0.002 0.007 0.207 0.002 0.257 0.823

4 0.002 0.008 0.239 0.002 0.139 0.5

5 0.002 0.009 0.257 0.001 0.275 0.449

6 0.003 0.011 0.356 0.002 0.526 0.449

ADC

0 0.007 0.002 0.004 0.007 0.872 0.442

2 0.897 0.127 0.006 0.027 0.644 0.013

3 0.897 0.159 0.006 0.017 0.839 0.033

4 0.493 0.159 0.006 0.017 0.240 0.425

5 0.566 0.118 0.004 0.012 0.148 0.003

6 0.541 0.092 0.004 0.024 0.071 0.644

T1W

0 0.017 0.047 0.612 0.017 0.878 0.676

2 0.364 0.005 0.494 0.003 0.204 0.947

3 0.522 0.011 0.708 0.029 0.551 0.466

4 0.676 0.053 0.912 0.082 0.676 0.843

5 0.551 0.042 0.982 0.047 0.775 0.466

6 0.551 0.033 0.878 0.026 0.947 0.644

Corticomedullary 
phase

0 0.001 0.192 0.581 0.001 0.618 0.445

2 0.174 0.009 0.142 0.011 0.014 0.047

3 0.062 0.005 0.102 0.005 0.005 0.174

4 0.019 0.005 0.158 0.004 0.054 0.773

(Continued)
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RCCs showed lesser diffusion restriction compared to lpAML, 
as indicated by the lower mean/ MPP values on the DWI 
b500/b1000 images and higher mean/MPP values on the ADC 
images. The SD values were also lower for RCC, suggesting 
a more homogeneous pattern of diffusion restriction. In the 
existing literature, DWI has shown variable results in the 
differentiation of RCC from lpAML with some studies showing 
greater diffusion restriction for RCC and vice versa.27–30 This 
has been attributed to the variable composition of AML, with 
the lesions showing lesser amount of fat and greater proportion 
of myomatous content showing greater diffusion restriction 
and lower ADC values.31 In addition, the presence of necrosis 
in RCC may result in increased diffusion and higher net ADC 
values. Li et al, in the only other study which used MRTA in the 
differentiation of RCC from lpAML, also observed lower mean 
ADC in lpAML than RCC.24 However, their finding of a signifi-
cantly higher skewness value in lpAML was not reproduced in 
our study. Our observation of a more homogeneous pattern 
of diffusion restriction in RCC contradicts the common logic 
and existing literature since RCC with the intrinsically higher 
propensity to undergo hemorrhage and necrosis is expected 

to show more heterogeneous diffusion restriction than lpAML 
which demonstrates more compact cellular arrangement.32 
On the unenhanced T1W images of our study, RCC showed 
lower mean/ MPP and SD values, suggestive of a lower and 
more homogeneous T1 signal in comparison with lpAML. This 
could be attributed to the greater proportion of pixel-level fat 
not appreciable to the naked eye in AML. In agreement with 
our study, Sasiwimonphan et al had also observed a higher T1 
SI ratio for lpAML than RCC.33 The level of corticomedullary 
phase enhancement was also lower and more homogeneous 
for RCC than lpAML in our study. The literature supports this 
finding since some studies have observed more intense early 
enhancement in lpAML than RCC, a feature attributed to the 
higher proportion of angiomatous components.33,34 On the 
NG phase images, RCC showed higher entropy values than 
lpAML, suggestive of higher degree of randomness in the 
enhancement pattern.

In differentiating RCC from oncocytoma, T2W images showed 
significantly lower T2 signal intensity (mean/ MPP values) and 
more homogeneous pattern of T2 signal (lower SD) in RCC. 
Studies comparing oncocytoma and chromophobe RCC have 
observed higher and more heterogeneous T2 signal for oncocy-
tomas, although this difference was not always significant.6,35 In 
our study, RCC showed lower levels of diffusion restriction than 
oncocytoma as indicated by the lower mean/MPP values on the 
DWI b500/b1000 images and higher mean/ MPP values on the 
ADC images. Lower SD values on the DWI images also suggest 
a more homogeneous pattern of diffusion restriction in RCC. 
These findings are in contradiction with several studies which 
have observed that RCCs show higher diffusion restriction than 
oncocytoma.29,36 However, in a study which included a clear cell 
RCC dominant cohort, Hötker et al observed that RCC showed 
lower diffusion restriction than oncocytoma.37 He attributed the 
difference in the observation to the predominance of non-clear 
cell RCC in the other studies. Clear cell RCC is known to show 
much higher extent of necrosis and angiogenesis, all of which 
increases free diffusion. This also would explain the findings 
observed in our study, which had a predominance of clear cell 
RCC. RCC also showed lower and more homogeneous unen-
hanced T1 signal, corticomedullary and nephrographical phase 
enhancement than oncocytoma. In the literature, the enhance-
ment pattern of oncocytomas has been extremely variable and 

Figure 5. Box and whisker representation of the best-
performing parameter in differentiating RCC from oncocy-
toma (mean at SSF 0 on DWI b1000). The Y-axis represents 
the mean of the signal intensity values.

5 0.014 0.004 0.192 0.004 0.581 1.000

6 0.008 0.009 0.174 0.003 0.854 0.546

Nephrographic phase

0 0.004 0.116 0.631 0.004 0.94 0.296

2 0.347 0.021 0.210 0.044 0.781 0.374

3 0.143 0.038 0.116 0.057 0.462 0.900

4 0.065 0.025 0.104 0.044 0.432 0.631

5 0.05 0.018 0.129 0.05 0.374 0.595

6 0.038 0.044 0.158 0.073 0.527 0.743

Table 5. (Continued)
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Table 6. AUC values and diagnostic performance of all the parameters which showed statistical significance (p < 0.05) in the 
differentiation of RCC from oncocytoma, listed MR sequence-wise. The sequence-wise single best parameters are highlighted 
with asterisk

Parameter SSF AUC Cut-off Sensitivity Specificity PPV NPV Accuracy

T2W

Mean 0 0.77 <398.840 97.1 66.7 94.3 80.0 92.5

Mean 4 0.765 <21.670 50.0 100.0 100.0 26.1 57.5

Mean 5 0.77 <38.390 50.0 100.0 100.0 26.1 57.5

Mean 6 0.775 <189.060 85.3 66.7 93.5 44.4 82.5

SD 4 0.799 <106.040 76.5 83.3 96.3 38.5 77.5

SD 5 0.804 <114.030 73.5 83.3 96.2 35.7 75

SD 6 0.809 <105.680 64.7 83.3 95.7 29.4 67.5

MPP 0 0.77 <398.840 97.1 66.7 94.3 80 92.5

MPP 4 0.765 <152.540 79.4 66.7 93.1 36.4 77.5

MPP 5 0.784 <177.940 85.3 66.7 93.5 44.4 82.5

MPP 6 0.814* <212.970 85.3 66.7 93.5 44.4 82.5

Skewness 0 0.775 <0.070 58.8 100.0 100.0 30.0 65.0

Skewness 3 0.777 <0.380 76.5 83.3 96.3 38.5 77.5

Skewness 4 0.794 <0.130 55.9 100.0 100.0 28.6 62.5

Skewness 5 0.804 <0.350 70.6 83.3 96.0 33.3 72.5

DWI b500

Mean 0 0.897 <183.320 82.4 83.3 96.6 45.5 82.5

Mean 2 0.877 <7.760 67.6 100.0 100.0 35.3 72.5

Mean 3 0.868 <17.540 61.8 100.0 100.0 31.6 67.5

Mean 4 0.873 <36.250 64.7 100.0 100.0 33.3 70

Mean 5 0.892 <62.930 76.5 100.0 100.0 42.9 80

Mean 6 0.907 <84.190 76.5 100.0 100.0 42.5 80

SD 2 0.907 <33.910 70.6 100.0 100.0 37.5 75

SD 3 0.922 <45.190 70.6 100.0 100.0 37.5 75

SD 4 0.926 <64.440 91.2 83.3 96.9 62.5 90

SD 5 0.917 <75.150 91.2 83.3 96.9 62.5 90

SD 6 0.892 <79.940 91.2 83.3 96.9 62.5 90

MPP 0 0.897 <183.320 82.4 83.3 96.6 45.5 82.5

MPP 2 0.919 <32.060 76.5 100.0 100.0 42.9 80

MPP 3 0.922 <48.040 76.5 100.0 100.0 42.9 80

MPP 4 0.922 <68.180 79.4 100.0 100.0 46.2 82.5

MPP 5 0.922 <85.990 79.4 100.0 100.0 46.2 82.5

MPP 6 0.931* <103.600 79.4 100.0 100.0 46.2 82.5

Skewness 2 0.76 <0.530 82.4 83.3 96.6 45.5 82.5

DWI b1000

Mean 0 0.935* <212.40 97.1 80.0 97.1 80.0 94.9

Mean 2 0.876 <5.420 73.5 100.0 100.0 35.7 76.9

Mean 3 0.9 <12.300 76.5 100.0 100.0 38.5 79.5

Mean 4 0.9 <22.290 79.4 100.0 100.0 41.7 82.1

(Continued)
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Mean 5 0.906 <30.780 79.4 100.0 100.0 41.7 82.1

Mean 6 0.894 <38.640 76.5 100.0 100.0 38.5 79.5

SD 0 0.85 <18.470 97.1 80.0 97.1 80.0 94.9

SD 2 0.865 <54.680 97.1 80.0 97.1 80.0 94.9

SD 3 0.865 <65.470 97.1 80.0 97.1 80.0 94.9

SD 4 0.859 <66.270 97.1 80.0 97.1 80.0 94.9

SD 5 0.853 <75.720 97.1 80.0 97.1 80.0 94.9

SD 6 0.847 <78.180 97.1 80.0 97.1 80.0 94.9

MPP 0 0.935 <212.40 97.1 80.0 97.1 80.0 94.9

MPP 2 0.888 <44.140 94.1 80.0 97 66.7 92.3

MPP 3 0.906 <57.100 94.1 80.0 97 66.7 92.3

MPP 4 0.900 <57.810 91.2 80.0 96.9 57.1 89.7

MPP 5 0.912 <73.170 91.2 80.0 96.9 57.1 89.7

MPP 6 0.900 <85.050 91.2 80.0 96.9 57.1 89.7

ADC

Mean 0 0.838 >549.310 97.1 66.7 94.3 80.0 92.5

SD 0 0.875* >107.200 85.3 83.3 96.7 50 85.0

Entropy 0 0.85 >2.710 97.1 66.7 94.3 80.0 92.5

Entropy 2 0.841 >2.710 97.1 66.7 94.3 80.0 92.5

Entropy 3 0.843 >2.710 97.1 66.7 94.3 80.0 92.5

Entropy 4 0.843 >2.710 97.1 66.7 94.3 80.0 92.5

Entropy 5 0.858 >2.710 97.1 66.7 94.3 80.0 92.5

Entropy 6 0.853 >2.710 97.1 66.7 94.3 80.0 92.5

MPP 0 0.838 >549.310 97.1 66.7 94.3 80.0 92.5

MPP 2 0.782 >173.870 97.1 66.7 94.3 80.0 92.5

MPP 3 0.801 >237.390 91.2 83.3 96.9 62.5 90.0

MPP 4 0.804 >241.360 91.2 83.3 96.9 62.5 90.0

MPP 5 0.816 >177.210 97.1 83.3 97.1 83.3 95

MPP 6 0.787 >131.900 97.1 66.7 94.3 80.0 92.5

Kurtosis 2 0.814 >−0.940 97.1 66.7 94.3 80.0 92.5

Kurtosis 3 0.772 >−0.610 94.1 66.7 94.1 66.7 90.0

Kurtosis 5 0.86 >−0.530 76.5 83.3 96.3 38.5 77.5

T1W

Mean 0 0.810 <530.680 100.0 66.7 93.3 100.0 94.1

SD 0 0.762 <21.820 85.7 66.7 92.3 50 82.4

SD 2 0.857 <32.760 64.3 100.0 100.0 37.5 70.6

SD 3 0.827 <67.470 85.7 83.3 96 55.6 85.3

SD 5 0.768 <57.380 60.7 100.0 100.0 35.3 67.6

SD 6 0.780 <61.780 64.3 100.0 100.0 37.5 70.6

MPP 0 0.810 <530.680 100.0 66.7 93.3 100.0 94.1

Table 6. (Continued)
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significant overlap with RCC was frequently observed.38,39 
Tumors with organoid histology have been observed to show 
intense arterial enhancement higher than RCC and venous 
washout, whereas those with tubulocystic histology showed slow, 
gradual enhancement.5

Our study had a few limitations. First, the RCC group had a skewed 
distribution with predominance of clear cell RCC. Hence, the TA 
findings would be more representative of this subtype than papillary 
or chromophobe RCC. In the case of lpAML and oncocytoma, up 

to four lesions were selected per patient. Since the absolute number 
of patients with these two entities was small, this would bring signif-
icant cluster effect which was unaccounted for. Third, only first-order 
texture parameters were assessed in our study. Although the use of 
higher order statistical parameters would have provided more param-
eters for assessment, the huge volume of data generated would make 
analysis more computationally intensive and of questionable value, 
especially since the biological basis for several of these parameters 
is yet unknown. Finally, machine-learning techniques could have 
enabled the generation of a combination of texture parameters in 

MPP 2 0.875* <37.570 78.6 83.3 95.7 45.5 79.4

MPP 3 0.786 <32.740 53.6 100.0 100.0 31.6 61.8

MPP 5 0.762 <57.530 64.3 83.3 94.7 33.3 67.6

MPP 6 0.792 <112.920 89.3 66.7 92.6 57.1 85.3

Corticomedullary phase

Mean 0 0.913* <513.190 87.0 83.3 95.2 62.5 86.2

Mean 4 0.812 <179.350 91.3 66.7 91.3 66.7 86.2

Mean 5 0.826 <305.720 95.7 66.7 91.7 80.0 89.7

Mean 6 0.848 <379.660 95.7 66.7 91.7 80.0 89.7

SD 2 0.841 <181.730 100.0 66.7 92 100 93.1

SD 3 0.862 <182.440 91.3 83.3 95.5 71.4 89.7

SD 4 0.862 <208.810 87.0 83.3 95.2 62.5 86.2

SD 5 0.87 <243.050 95.7 66.7 91.7 80.0 89.7

SD 6 0.841 <343.660 100.0 66.7 92 100.0 93.1

MPP 0 0.913 <513.190 87.0 83.3 95.2 62.5 86.2

MPP 2 0.833 <167.490 100.0 66.7 92 100.0 93.1

MPP 3 0.862 <154.950 91.3 83.3 95.5 71.4 89.7

MPP 4 0.87 <194.990 91.3 83.3 95.5 71.4 89.7

MPP 5 0.87 <254.550 91.3 83.3 95.5 71.4 89.7

MPP 6 0.877 <321.860 91.3 83.3 95.5 71.4 89.7

Skewness 2 0.826 <0.450 95.7 83.3 95.7 83.3 93.1

Skewness 3 0.862 <0.620 82.6 83.3 95.0 55.6 82.8

Kurtosis 2 0.768 <0.160 47.8 100.0 100.0 33.3 58.6

Nephrographic phase

Mean 0 0.868* <852.020 100.0 66.7 92.3 100.0 93.3

Mean 6 0.778 <409.880 100.0 50.0 88.9 100.0 90.0

SD 2 0.806 <167.550 95.8 66.7 92.0 80.0 90.0

SD 3 0.778 <147.230 75.0 83.3 94.7 45.5 76.7

SD 4 0.799 <170.910 75.0 83.3 94.7 45.5 76.7

SD 5 0.813 <180.540 70.8 83.3 94.4 41.7 73.3

SD 6 0.771 <280.850 100.0 50.0 88.9 100.0 90.0

MPP 0 0.868 <852.020 100.0 66.7 92.3 100.0 93.3

MPP 2 0.771 <112.770 75.0 83.3 94.7 45.5 76.7

MPP 4 0.771 <261.790 95.8 66.7 92.0 80.0 90.0

Table 6. (Continued)
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better classifying the tumors. However, we could not apply machine-
learning techniques due to our small sample size. Finally, we did not 
assess interobserver agreement for the measured texture parameters.

In conclusion, MRTA-generated several parameters which showed 
excellent diagnostic performance (AUC > 0.8) in the differentiation 
of RCC from lpAML and oncocytoma. In the future, once more 
uniform acquisition protocols are implemented to ensure reproduc-
ibility, it could serve as a useful, quantitative imaging tool in the differ-
entiation of the above pathologies. However, as of now, histopathology 
continues to be the gold standard and larger validation studies would 
be needed before MRTA can be used in routine practice.

Table 7. Sequence-wise best-performing parameters (having 
AUC of at least 0.8) in the differentiation of RCC from onco-
cytoma

Sequence Parameter SSF value AUC

T2W MPP 6 0.814

DWI b500 MPP 6 0.931

DWI b1000 Mean 0 0.935

ADC map SD 0 0.875

T1W MPP 2 0.875

Corticomedullary phase Mean 0 0.913

Nephrographic phase Mean 0 0.868
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