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Objective: This study aimed to evaluate the role of tumor and mini-peritumor in the context 
of CT-based radiomics analysis to differentiate fat-poor angiomyolipoma (fp-AML) from 
clear cell renal cell carcinoma (ccRCC).
Methods: A total of 58 fp-AMLs and 172 ccRCCs were enrolled. The volume of interest 
(VOI) was manually delineated in the standardized CT images and radiomics features were 
automatically calculated with software. After methods of feature selection, the CT-based 
logistic models including tumoral model (Ra-tumor), mini-peritumoral model (Ra- 
peritumor), perirenal model (Ra-Pr), perifat model (Ra-Pf), and tumoral+perirenal model (Ra- 
tumor+Pr) were constructed. The area under curves (AUCs) were calculated by DeLong test to 
evaluate the efficiency of logistic models.
Results: The AUCs of Ra-peritumor of nephrographic phase (NP) were slightly higher than 
those of corticomedullary phase (CMP). Furthermore, the Ra-Pr showed significant higher 
efficiency than the Ra-Pf, and relative more optimal radiomics features were selected in the 
Ra-Pr than Ra-Pf. The Ra-tumor+Pr combined tumoral and perirenal radiomics analysis was 
of most significant in distinction compared with Ra-tumor and Ra-peritumor.
Conclusion: The validity of NP to differentiate fp-AML from ccRCC was slightly higher 
than that of CMP. To the NP analysis, the Ra-Pr was superior to the Ra-Pf in distinction, and 
the lesions invaded to the perirenal tissue more severely than to the perifat tissue. It is 
important to the individual therapeutic surgeries according to the different lesion location. 
The pooled tumoral and perirenal radiomics analysis was the most promising approach in 
distinguishing fp-AML and ccRCC.
Keywords: computed tomography, angiomyolipoma, clear cell renal cell carcinoma, 
peritumor, radiomics

Introduction
Angiomyolipoma (AML) and clear cell renal cell carcinoma (ccRCC) are the most 
common benign and malignant renal neoplasms, which composed heterogeneous 
entities with variable pathology, imaging characteristics,1 and clinical behaviors.2 

The detection of macroscopic fat in computed tomography (CT) or magnetic 
resonance imaging (MRI) is considered virtually pathognomonic for typical 
AMLs. While approximately 5% of AMLs had little to no fat, termed to be “fat- 
poor angiomyolipoma” (fp-AML).3 Reportedly, most ccRCCs are abundant in 
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lipids and glycogens,4 and are highly vascular with hetero-
geneous enhancement pattern,5 which may mimic the 
manifestation of fp-AMLs. CT examination is the first- 
line noninvasive approach for evaluating renal masses 
and has achieved moderate sensitivity and satisfactory 
specificity in diagnosing fp-AML.6 Therefore, accurate 
differentiation by CT examinations between fp-AML and 
ccRCC is crucial to avoid unnecessary surgeries.

Radiomics has the potential to provide quantitative infor-
mation of tumor heterogeneity by converting images into 
mineable data,7 regarding histogram, texture, form factor, 
gray level co-occurrence matrix (GLCM), gray level run- 
length matrix (GLRLM), and gray level size zone matrix 
(GLSZM).8 The radiomics signature has been of great inter-
est over the last several years to diagnose fp-AML.9 Previous 
publications reported that CT-based radiomics signature 
demonstrated better performance in distinguishing fp- 
AMLs from ccRCCs.10 According to another result of CT 
texture analysis in previous literature, renal cell carcinomas 
(RCCs) showed lower homogeneity and higher entropy com-
pared with fp-AMLs.11 Ideally, radiomics features performed 
promising results in evaluating the Fuhrman grades of the 
ccRCC.12 Meanwhile, the peritumoral radiomics has been 
analyzed in hepatocellular carcinoma,13 glioblastoma,14 and 
so on.

To the best of our knowledge, scarcely any study has 
assessed the mini-peritumoral radiomics features to differ-
entiate fp-AML from ccRCC. We systematically explored 
the application of tumoral and mini-peritumoral radiomics 
contained perirenal and perifat analysis for the first time to 
distinguish fp-AML and ccRCC based on CT 
examinations.

Methods
Patients Selection
This retrospective study was approved by the institutional 
review board of Zhejiang Provincial People’s hospital 
(NO. 2020QT181). The ethics committee approved that 
this retrospective study can waive informed consent. This 
study covered patient data confidentially and complied 
with the Declaration of Helsinki. The patients were col-
lected from January 2013 to May 2020 in Picture 
Archiving and Communication System (PACS) of the 
hospital. Inclusion criteria were as follows: (i) lesions 
were histopathologically confirmed by partial or total 
resection surgeries. (ii) patients carried on three-phase 
including unenhanced phase (UP), corticomedullary 

phase (CMP), and nephrographic phase (NP) CT scan-
ning. (iii) lesions with invisible macroscopic fat and pre-
dominantly solid in CT images, decided by two 
radiologists on consensus by subjective evaluation. 
Exclusion criteria were as follows: (i) patients had multi-
ple lesions. (ii) lesions were completely located in renal 
parenchyma since we divided the mini-peritumoral tissue 
into perirenal and perifat. (iii) patients underwent treat-
ments including chemotherapy, radiotherapy, and so on 
before surgeries. The general characteristics contained 
gender, age, location (left/right), and the largest length 
of the lesion were recorded. Therefore, the final cohort 
included 230 patients with 58 fp-AML patients and 172 
ccRCC patients.

CT Examination Protocols
A total of 230 patients took three-phase CT examinations 
(64 or 128 slice, Somaton Definition AS, Siemens). 
Enhanced CT was performed based on the technology of 
computer-assisted bolus tracking, with 90–100 milliliters 
lopromide being administrated via a power injector at 
a rate of 3.0mL/s. With a 100Hu threshold of the abdom-
inal aorta at the celiac artery as the baseline, the scanning 
delay of CMP and NP was 15 seconds and 30 seconds, 
respectively. The imaging protocols were as follows: tube 
voltage, 120Kv; tube current, 200mA; collimation, 
64*0.625mm; rotation time, 0.75s; field of view, 360mm; 
slice thickness/interval, 5mm; window width/level, 
300Hu/40Hu.

Volume of Interest Segmentation
The preprocessing of image standardization was per-
formed before segmenting volume of interest (VOI) 
including reconstructing images into 1.0mm/1.0mm/ 
1.0mm voxel size at X/Y/Z spacing, denoising images by 
Gaussian and normalizing the gray level of images from 1 
to 32 in the software of “A.K.” (Artificial Intelligence Kit, 
V 3.0.0, GE Healthcare).

The tumoral VOI (Figure 1A) was manually depicted 
in “ITK-SNAP” software (http://www.itksnap.org/, 
V3.4.0) by two radiologists with about ten years of 
abdominal experience. The manual defined smooth curve 
VOI was delineated along the margin of tumor with ITK 
software. Then the mini-peritumoral VOI (Figure 1B) was 
defined as a 2-mm margin outside the lesion, which was 
automatically depicted in “A.K.” software after loading 
the tumoral VOI to the software. Additionally, we divided 
the mini-peritumoral VOI into perirenal VOI (Pr-VOI, 
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Figure 1C) and perifat VOI (Pf-VOI, Figure 1D), accord-
ing to the tissue interface of lesions (Figure 1E and F).

CT-Based Tumoral and Mini-Peritumoral 
Radiomics Analysis
A total of 396 radiomics features of each phase were calcu-
lated by A.K. software, automatically. The specific descrip-
tion of radiomics features is applied in supplement material. 
It took five steps to select optimal features. Firstly, after 
calculating the intra-class correlation coefficient (ICC) of 
radiomics features between two radiologists, features with 
ICC greater than 0.80 were chosen.15 And the mean value of 
the selected features was calculated for further analysis. 
Then, we replaced the abnormal values with mean values 
and convert features into non-dimensional values [non- 
dimensional values = (feature values-mean values)/standard 

deviation value] to normalize the selected features. Thirdly, 
the patients were partitioned into a training (40 fp-AML and 
120 ccRCC patients) and validation (18 fp-AML and 52 
ccRCC patients) set with a proportion of 7:3, randomly. 
And the logistic model was constructed in the training set 
and verified in the validation set. Fourthly, we performed the 
method of analysis of variance/Mann–Whitney U-test 
(ANOVA/MW), correlation analysis, and least absolute 
shrinkage and selection operator (LASSO) to select features. 
Finally, the CT-based tumoral model (Ra-tumor) and mini- 
peritumoral model (Ra-peritumor) contained perirenal and 
perifat models (Ra-Pr/Ra-Pf) were constructed based on the 
training set and were verified in the validation set to differ-
entiate fp-AML from ccRCC. The specific process of CT- 
based radiomics analysis is shown in Figure 2 and supple 
ment material.

Figure 1 (A) showed the VOI of tumor. (B) was the VOI of mini-peritumor, which automatically expanded 2-mm from the margin of the lesion with “A.K.” software. (C and 
D) was the manually divided Pr/Pf-VOI based on the mini-peritumoral VOI. (E) demonstrated that the Pr-VOI did not include blood vessels and fat in renal hilar region. (F) 
illustrated that if the Pf-VOI affected by the surrounding structures (such as intestine, liver, adjacent muscle, and so on), this portion was manually removed.
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Statistical Analysis
The methods of ANOVA/MW, correlation analysis, and 
LASSO were performed with R software (https://www.r-pro 
ject.org/, V4.0.1). The clinical characteristics were analyzed 
using the Chi-square test or independent-samples t-test with 
SPSS software (V22.0). The calibration curve and Hosmer- 
Lemeshow test were used to test the agreement between the 
predicted and actual capability of distinguishing fp-AML 
from ccRCC with R software. The area under curve (AUC) 
of operating characteristic curve (ROC) was calculated and 
the DeLong test was made to evaluate the efficiency of CT- 
based logistic models with MedCalc (V18.2.1). A P-value 
<0.05 indicated to be statistical significance.

Results
Patients’ General Characteristics
Table 1 lists the clinical information of patients. A total of 
230 patients included 58 fp-AMLs and 172 ccRCCs were 

identified in this study. There was statistical significance in 
gender (P<0.001), age (P<0.001), and lesion diameter 
(P<0.001). The fp-AML exhibited a female preponderance 
(65.5% vs 34.3%) and typically occurred during the 4th to 
6th decade of life (48.4±11.9 years old), which was con-
sistent with the previous study.16

CT-Based Mini-Peritumoral Radiomics 
Analysis
On comparison of the AUCs of CT-based mini- 
peritumoral radiomics models of CMP and NP (Figure 
3), we observed that NP (AUCs were 0.726 and 0.767 in 
the training and validation set, respectively) was more 
effective to distinguish fp-AML from ccRCC than CMP 
(AUCs were 0.694 and 0.754 in the training and valida-
tion set, respectively). Considering the higher diagnostic 
accuracy, we took the data of NP for future analysis in 
this study.

Figure 2 The program flowchart of CT-based radiomics analysis.
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To the NP mini-peritumoral radiomics analysis, the 
mini-peritumoral VOI was divided into Pr-VOI and Pf- 
VOI, and then the Ra-Pr and Ra-Pf were developed. The 
AUCs of Ra-Pr were 0.745 in the training set (P<0.001) 
and 0.700 in the validation set (P=0.007), which were 
significantly higher than those of Ra-Pf (Table 2). There 

were five optimal radiomics features including two GLCM 
parameters (entropy and sum variance), two GLRLM para-
meters (high gray level run emphasis and run length non- 
uniformity), and one form factor parameter (sphericity) 
left in Ra-Pr. While four features belonged to two 
GLRLM parameters (run length non-uniformity and short 

Table 1 Patients’ General Characteristics

fp-AML ccRCC P

Gender (female/male) 38 (65.5%)/20 (34.5%) 59 (34.3%)/113 (65.7%) <0.001

Age 48.4±11.9 61.3±13.2 <0.001

Location (right/left) 27 (46.6%)/31 (53.4%) 82 (47.7%)/90 (52.3%) 0.882

Size (mm) 27.1±15.5 34.9±12.9 <0.001

Notes: The gender and location were analyzed by Chi-square test, while the age and size were dealt with independent-samples t-test. A P-value <0.05 showed 
statistical significance.

Figure 3 The ROC curves of mini-peritumoral radiomics models of CMP and NP. The AUCs of NP were higher than those of CMP in both the training (A) and validation 
(B) sets.

Table 2 The AUCs of Tumoral and Mini-Peritumoral Radiomics Models in NP

Training Set P value Validation Set P value

Ra-Peritumoral

Ra-Pr 0.745 (0.670–0.810) <0.001 0.700 (0.578–0.804) 0.007

Ra-Pf 0.683 (0.605–0.754) <0.001 0.608 (0.484–0.723) 0.172

Ra-tumor 0.841 (0.775–0.894) <0.001 0.778 (0.663–0.868) <0.001

Ra-tumor+Pr 0.912 (0.857–0.951) <0.001 0.843 (0.736–0.919) <0.001

Notes: The AUCs of tumoral and mini-peritumoral radiomics models were calculated from ROC curves by DeLong test. A P-value <0.05 was defined to be statistical 
significance.
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run emphasis), one form factor parameter (Maximum 3D 
Diameter), and one GLZSM parameter (size zone varia-
bility) were selected in Ra-Pf. The heat map of Ra-Pr to 
differentiate fp-AML from ccRCC is demonstrated in 
Figure 4. These results suggested that Ra-Pr was superior 
to Ra-Pf in distinguishing fp-AML and ccRCC, and 
showed more radiomics heterogeneity in adjacent perirenal 
tissue.

CT-Based Tumoral and Mini-Perirenal 
Radiomics Analysis
The logistic model contained tumoral and mini-perirenal 
radiomics features (Ra-tumor+Pr) was constructed. The 

AUCs of Ra-tumor+Pr in the training (0.912 vs 0.841, 
0.745, and 0.683) and validation (0.843 vs 0.778, 0.700, 
and 0.608) set were higher than those of simple Ra-tumor 
and Ra-peritumor (Table 2). The non-significant Hosmer- 
Lemeshow tests (P>0.05) and calibration curves indi-
cated a good consistency between the predicted and 
actual capacity in differentiating fp-AML from ccRCC 
(Figure 5). To the cohort, the AUC, sensitivity, and spe-
cificity of Ra-tumor+Pr were slightly higher than those of 
simple Ra-tumor and Ra-peritumor (Table 3). There were 
17 optimal features left in the Ra-tumor+Pr, and the 
equation of this logistic model was applied in supplement 
material.

Figure 4 The heat map of Ra-Pr to distinguish fp-AML from ccRCC. There were five optimal radiomics features left in Ra-Pr. And zero presented the ccRCC, one presented 
the fp-AML.
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Discussion
In the preliminary stage, we found that it is difficult to 
accurately delineate the tumoral and mini-peritumoral VOI 
of UP images compared with CMP and NP. 
Notwithstanding, previous research comparing the diag-
nostic efficiency of UP, CMP, and NP has found that UP 
tumoral CT-radiomics analysis achieved better perfor-
mance in differentiating fp-AML from ccRCC.17 With 
respect to the feasibility of VOI segmentation, we com-
pared the CMP and NP images for analysis. Drawing upon 
two strands of research into the diagnostic accuracy of 
CMP and NP, the results suggest that the AUCs of NP 
were slightly higher than those of CMP in both training 
and validation sets. It provided statistical evidence for our 
subsequent studies on NP images.

The characteristics of peritumoral tissue provided the 
information of tumor infiltration and pathological stage,18 

and determined patient surgery strategies.19 It has 

previously been observed that the width of the safety 
margin was 3.2±2.4mm in T1a renal tumors.20 Quanlin 
Li et al explored the surgical mini-margin status of T1 
RCC and found the mean width of the margin was 2.2mm 
(range from 0 to 6 mm).21 Additionally, data from their 
recent studies reported that 83.0% of T1 RCC had margins 
less than 3mm, and 19.3% of them had margins of 0mm.22 

As such, we depicted the mini-peritumoral VOI by auto-
matically expanding 2-mm from the margin of the lesion. 
Moreover, the mini-peritumoral tissue was divided into 
perirenal and perifat margin according to the adjacent 
tissue of lesions. The current study explored, for the first 
time, the perirenal and perifat radiomics to distinguish fp- 
AML and ccRCC. The AUCs of Ra-Pr were statistically 
higher than those of Ra-Pf (0.745/0.700 vs 0.683/0.608 in 
the training and validation set), and more optimal radio-
mics features were selected in this logistic models (5 vs 4 
optimal features). These results highlighted that the effect 

Figure 5 The calibration curves of training and validation set of Ra-tumor+Pr (A and B).

Table 3 The Cohort of Ra-Tumor, Ra-Peritumor, and Ra-tumor+Pr Models

AUC 95% CI Sensitivity Specificity P

Ra-tumor 0.820 0.764–0.867 65.52% 84.88% <0.001

Ra-peritumor 0.742 0.680–0.797 67.24% 76.16% <0.001

Ra-tumor+Pr 0.890 0.842–0.927 79.31% 85.47% <0.001

Notes: The AUCs of Ra-tumor, Ra-peritumor, and Ra-tumor+Pr models were calculated from ROC curves by DeLong test based on the cohort. A P-value 
<0.05 was defined to be statistical significance.
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of the lesion on perirenal tissue was more obvious than 
that on perifat tissue. This may be due to the fact that the 
surface of the renal cortex is covered with a renal capsule 
composed of a tough fibrous layer.23 The fibrous capsule 
provided further protection from tumor spreading or seed-
ing to perifat tissue.24 These results generated fresh 
insights into the different excision scopes according to 
the lesion location in surgeries.

The previous literature on CT-based radiomics classifi-
cation revealed that tumoral texture analysis facilitated the 
differentiation of fp-AML from RCC.25 Therefore, 
a holistic approach integrating tumoral and perirenal radio-
mics features was utilized to establish a logistic classifier 
in differentiating fp-AML from ccRCC. Our results 
showed that the pooled Ra-tumor+Pr had promising dis-
crimination compared with simple Ra-tumor or Ra- 
peritumor (AUCs: 0.890 vs 0.820, 0.742). Therefore, we 
should especially focus on the entire role of tumoral and 
peritumoral analysis in clinical routine.

There were certain limitations to the present study. 
Firstly, this was a single-center and retrospective study. 
Some potential selection bias and smaller unequal sample 
size may matter the results. Hence, larger studies and 
external validation should be performed for more accurate 
outcomes. Secondly, we took a width of 2-mm for mini- 
peritumoral analysis, with respect to minimizing the 
effects of normal kidney tissue and data from some pre-
vious studies. While the margin of peritumoral scope 
remains to be further analyzed. Thirdly, we merely chose 
CMP and NP for analysis because of the infeasibility of 
delineating tumoral and mini-peritumoral VOI. Fourthly, 
the tumoral VOI segmentation was depicted manually with 
“ITK” software, which may cause measurement error. 
Thus, an automatic segmentation approach was needed 
for further development.

Taken together, the validity of NP to differentiate fp- 
AML from ccRCC was slightly higher than that of CMP. 
To the mini-peritumoral analysis of NP, the Ra-Pr had 
a superiority over the Ra-Pf in distinction, and the lesions 
invaded to the perirenal tissue more than to the perifat tissue. 
It is of great significance for the individual therapeutic sur-
geries based on the different lesion location. The pooled 
tumoral and perirenal radiomics analysis was the most pro-
mising approach in distinguishing fp-AML and ccRCC.

Highlights
● The validity of NP to differentiate fp-AML from 

ccRCC was slightly higher than that of CMP. To the 

mini-peritumoral analysis of NP, the Ra-tumor+Pr ana-
lysis combined tumoral and perirenal radiomics features 
was of most significant in differentiating fp-AML from 
ccRCC compared with single Ra-tumor and Ra- 
peritumor.

● To the mini-peritumoral analysis of NP, the lesions 
invaded to the perirenal tissue more severely than to 
the perifat tissue.
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