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Abstract 

Purpose: To distinguish between adenocarcinoma in situ (AIS) –minimally 

invasive adenocarcinoma (MIA) and invasive adenocarcinoma (IAC) showing 

pure or part-solid ground-glass nodules (GGNs) by high-resolution computed 

tomography (HRCT) texture analysis. 

Materials and methods: This retrospective study included 101 consecutive 

patients with 115 pure or part-solid GGNs ≤3-cm diameter, which were 

surgically resected and pathologically diagnosed with AIS, MIA, or IAC (48 

AIS–MIA and 67 IAC) between April 2011 and March 2015. Each tumor was 

manually segmented on axial CT images, and the following texture features 

were calculated: volume, mass, mean CT value, variance, skewness, kurtosis, 

entropy, uniformity, and percentile CT numbers (10th, 25th, 50th, 75th, 90th, 

95th percentiles). The differences between AIS–MIA and IAC were 

statistically evaluated using univariate, multivariate, and receiver operating 

characteristic analysis. 

Results: Compared with IAC, AIS-MIA had significantly greater skewness, 

kurtosis, and uniformity, whereas in the other parameters, AIS-MIA 

demonstrated significantly lower values than those of IAC. Multivariate 
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analysis revealed that independent differentiators were the 90th percentile 

CT numbers (P < 0.001) and entropy (P = 0.005) with an excellent accuracy 

(area under the curve, 0.90). 

Conclusions: The 90th percentile CT numbers and entropy can accurately 

distinguish AIS–MIA from IAC. 
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Introduction 

In 2011, the International Association for the Study of Lung 

Cancer/American Thoracic Society/European Respiratory Society 

(IASLC/ATS/ERS) proposed a new multidisciplinary classification for lung 

adenocarcinoma [1], which was issued as the WHO classification 4th edition 

in 2015 [2]. Based on this classification, lung adenocarcinoma is classified as 

adenocarcinoma in situ (AIS), minimally invasive adenocarcinoma (MIA), and 

invasive adenocarcinoma (IAC). If AIS and MIA are completely resected, the 

5-year survival rates are 100% and near 100%, respectively [2], whereas the 

5-year survival rate of IAC of pathological stage IA is 74.6% [3]. Therefore, it 

may be clinically significant to distinguish between AIS–MIA and IAC before 

surgical resection because AIS–MIA with a good prognosis may be suitable 

candidates for sublobar resection such as segmentectomy and wedge resection 

[4, 5]. Several studies on the distinction between AIS–MIA and IAC have been 

reported to date. However, according to previous studies, it is difficult to 

differentiate between the two groups using only visual CT assessment [6, 7, 

8]. 

Recently, it has become possible to quantitatively evaluate the density of 
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each voxel in CT images and to analyze texture features of the tumor [9].  

The usefulness of texture analysis has been reported in the field of lung 

cancer [10, 11]; however, few studies have investigated the distinguishability 

of AIS, MIA, and IAC. 

Chae et al. investigated the ability to differentiate between atypical 

adenomatous hyperplasia (AAH)–AIS and MIA–IAC groups appearing as 

part-solid GGNs by texture analysis [12]. Although researchers distinguished 

between AIS and MIA, both groups have a 5-year survival rate of near 100%, 

and there is no difference in prognosis [1]. Son et al. examined the ability to 

distinguish AIS–MIA from IAC in GGNs containing no or little solid 

components with a diameter of <5 mm by texture analysis [13]. However, 

Fleischner Society recommends that GGNs with a solid component diameter 

of <6 mm should be followed up without surgery [14]. 

From the above, when judging candidates of sublobar resection based on the 

expected prognosis before surgery, it is important to differentiate AIS–MIA 

from IAC and to investigate GGNs with a solid component diameter of not 

only ≤5 mm but also >5mm because AIS–MIA and IAC have clearly different 

prognosis, and GGNs that are generally considered for surgery have a solid 



Page 5 

component of >5 mm. However, these considerations have not been examined 

in the past. In addition, the previous studies did not evaluate tumor texture 

using high-resolution CT (HRCT), but used conventional thin-slice CT [12, 

13]. HRCT provides more detailed texture information because it has higher 

spatial resolution than that of conventional thin-slice CT. If AIS–MIA and 

IAC can be accurately distinguished by HRCT texture analysis before surgery, 

it will help to determine the clinical strategy, such as sublobar surgery or 

follow-up without surgery. 

Therefore, the aim of this study was to examine the distinguishability of 

AIS–MIA and IAC showing pure or any part-solid GGNs using HRCT texture 

analysis. 

 

Materials and methods 

An institutional review board approved this retrospective study and waived 

the requirement for informed consent. From April 2011 to March 2015, 220 

consecutive patients were pathologically diagnosed with primary lung 

adenocarcinoma based on the WHO classification 4th edition after surgical 

resection. We excluded 119 cases due to the following factors: (1) Non-
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enhanced CT was not performed at our hospital (n = 14), (2) Tumors > 3-cm 

diameter (n = 39), (3) Solid nodules without ground-glass opacity (GGO) (n = 

62), (4) Unclear margin owing to interstitial pneumonia around the nodule (n 

= 2), and (5) No nodule detection in CT (n = 2). Finally, 101 patients (45 men 

and 56 women, mean age ± standard deviation = 69.42 ± 7.8 years; age range, 

44–88 years) with 115 nodules showing ≤3 cm of pure GGN or part-solid GGN 

were included in our study. Eighty-nine patients had a single primary lesion 

and 12 patients had multiple primary lesions (10 and two patients had two 

and three nodules, respectively). From the pathologic analysis, 16 were 

diagnosed as AIS, 32 as MIA, and 67 as IAC. Subtypes of IAC included 

papillary predominant (n = 46), acinar predominant (n = 1), lepidic 

predominant (n = 11), micropapillary predominant (n = 2), solid with mucin 

(n = 3), and invasive mucinous (n = 4). The median interval between CT 

examination and surgery was 3 days (range, 2–128 days; Table 1). 

 

CT protocol 

CT images were obtained using the following four multidetector-row CT 

scanners: Somatom Definition flash (Siemens, Germany), Aquilion 64 
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(Toshiba, Japan), Elite Ingenuity (Philips, Nederland), and Aquilion ONE 

(Toshiba, Japan). Of these, Somatom Definition flash was mainly used. 

Although some CT examinations were performed with contrast material, only 

non-contrast enhanced images were used for this study. The scanning 

parameters for HRCT were as follows: Tube current, automatic exposure 

control (AEC); Tube voltage, 120 kVp; Detector pitch, 0.8–1.172 mm; Detector 

collimation, 64–80 × 0.025–0.6 mm; Gantry rotation time, 0.4–0.5 s; Field of 

view, 200 × 200; Pixel spacing, 512 × 512; and Reconstruction slice thickness, 

1 mm. Sharp algorithm was used for all reconstruction factors. Other HRCT 

scanning parameters for each scanner are summarized in Table 2. 

 

Quantitative analysis 

The acquired DICOM data were transferred to a personal computer, and a 

radiologist with 10 years of experience in chest radiology performed image 

analysis using ImageJ [15, 16]. First, to reduce the effect of image noise on 

CT texture parameters, outlier voxels were modified using a median filter, 

which replaces the pixel value of interest with the median value of the region 

that is set by the user. The set region in this study was a circle with a radius 
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of 2 pixels centered on the pixel of interest. Subsequently, each nodule was 

manually contoured by covering all axial sections in which a nodule appeared 

(Fig. 1), while normal vessels in the nodules were excluded as much as 

possible. Consequently, the CT value for each voxel of the whole nodule was 

extracted. The acquired data were saved, and the following quantitative 

analysis parameters were then calculated: volume, mass, mean CT value, 

variance, skewness, kurtosis, entropy, uniformity, and percentile CT numbers 

(10th, 25th, 50th, 75th, 90th, and 95th percentiles of the CT number). For the 

calculation of mass, the following equation from a previous study [17] was 

used: 

Mass (mg) = (mean CT values + 1000) × volume (ml) 

 Detailed information on texture features were defined from a previous report 

[18] and are described in the Supplementary Appendix. 

 

Pathological evaluation 

All 115 surgically resected nodules were diagnosed based on the WHO 

classification 4th Edition by a pathologist with 16 years of experience in 

pulmonary pathology. All resected specimens were formalin fixed, paraffin 
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embedded, hematoxylin eosin stained, and diagnosed. Elastica van Gieson 

stain was added to specimens that were difficult to determine the diameter of 

invasive portion. 

 

Interobserver agreement 

To calculate the interobserver agreement of each texture parameter, another 

radiologist with 12 years of experience in chest radiology contoured 70 

nodules resected from June 2013 to March 2015. To evaluate the agreement 

between the two radiologists, Case 2 of intraclass correlation coefficient (ICC) 

was used, and the ICC value was considered as follows: 0.0–0.20, slight; 0.21–

0.40, fair; 0.41–0.60, moderate; 0.61–0.80, substantial; 0.81–1.00, almost 

perfect agreement [19]. 

 

Statistical analysis 

Statistical analyses were performed using Dr.SPSS II and R (version 3.0.2). 

Student’s t-test was used to compare the volumetric and texture parameters 

of AIS–MIA and IAC. In addition, multivariate analysis (logistic regression 

analysis) was performed for the parameters that were statistically significant 



Page 10 

in the univariate analysis to determine independent differentiators between 

AIS–MIA and IAC using a forward selection method. Receiver operating 

characteristic (ROC) analyses were conducted for the parameters determined 

as independent differentiators in the multivariate analysis, and the 

distinguishability of AIS–MIA and IAC was evaluated using area under the 

curve (AUC). The Youden index was used to determine the optimal cut-off 

value. In cases where more than one feature was statistically significant in 

multivariate analysis, the predicted values of IAC were calculated by 

combining multiple features using the following equation: 

Predicted values of IAC ＝ B0+B1X1+B2X2+…+BpXp 

where B0 is a constant, B1–Bp are partial regression coefficients, any of 

which are numerical values determined from logistic regression analysis, and 

X1–Xp are statistically significant texture features. The AUC was then 

acquired by comparing the predicted values and the actual pathological 

results (i.e., AIS–MIA or IAC). P values < 0.05 were considered statistically 

significant. 

 

Results 
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Univariate analysis 

In the univariate analysis, significant differences in all texture parameters 

were observed between AIS–MIA and IAC. The values for skewness, kurtosis, 

and uniformity of AIS-MIA were significantly higher compared to those of IAC. 

The values of other parameters were significantly lower for AIS-MIA than 

those for IAC (Table 3). 

 

Multivariate analysis 

For the multivariate analysis, we used all parameters that were statistically 

significant in the univariate analysis: volume, mass, mean CT value, variance, 

skewness, kurtosis, entropy, uniformity, and 10th, 25th, 50th, 75th, 90th, and 

95th percentile CT numbers. It was revealed that 90th percentile CT numbers 

[adjusted odds ratio (aOR), 1.01; 95% confidence interval (95% CI), 1.006, 

1.013; P < 0.001) and entropy（aOR, 18.361; 95% CI, 2.422, 139.21; P = 0.005）

were independent differentiators of AIS–MIA from IAC (Table 4). 

 

ROC analysis 
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ROC analysis was conducted for the 90th percentile CT numbers and entropy, 

which were defined as independent differentiators in the multivariate 

analysis. The optimal cut-off value for the 90th percentile CT numbers was 

−182.5 HU (specificity, 0.81; sensitivity, 0.84), and the AUC was 0.87 (95% CI, 

0.81–0.94). The optimal cut-off value for entropy was 9.33 (specificity, 0.75; 

sensitivity, 0.85), and the AUC was 0.85 (95% CI, 0.78–0.92). The AUC 

obtained by combining the two parameters was 0.90 (95% CI, 0.84–0.95), 

indicating excellent distinguishability (Table 5; Fig. 2A-C; Fig. 3). 

 

Interobserver agreement 

The ICC was as follows: volume, 0.85 (95% CI, 0.76–0.93); mass, 0.93 (0.79–

0.97); mean CT value, 0.89 (0.17–0.97); variance, 0.81 (0.51–0.91); skewness, 

0.89 (0.61–0.96); kurtosis, 0.92 (0.87–0.95); entropy, 0.88 (0.58–0.95); 

uniformity, 0.80 (0.59–0.89); 10th, 0.65 (−0.036–0.87); 25th, 0.73 (0.040–0.90); 

50th, 0.88 (0.24–0.96); 75th, 0.96 (0.71–0.98); 90th, 0.97 (0.91–0.99); and 95th 

percentile CT numbers, 0.98 (0.95–0.99). The average of all parameters was 

0.87. Most parameters were considered to have almost perfect agreement, and 

the remaining two parameters, namely 10th and 20th percentile CT numbers, 
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were considered to have substantial agreement. 

 

Discussion 

In this study, the 90th percentile CT numbers and entropy were useful to 

differentiate between AIS–MIA and IAC in lung adenocarcinoma showing 

pure or part-solid GGNs. The accuracy (AUC = 0.90) was considered to be 

excellent. While lobectomy is usually selected for IAC due to its poor prognosis, 

sublobar resection can be applied in the case of AIS–MIA due to its excellent 

prognosis [4]. Therefore, our results indicate that texture analysis will help 

determine the suitability of sublobar resection. In addition, because this 

study used HRCT, the textures of the tumors were evaluated in more detail 

than those in previous studies that used conventional thin-slice CT. 

The 90th percentile CT numbers and entropy were both higher in IAC than 

those in AIS–MIA. The 90th percentile CT number is a high value among all 

the voxel densities possessed by the tumor, and our results suggest that this 

value is strongly associated with a portion of pathological invasion. High 

entropy indicates the heterogeneity of a tumor. It is well known that a solid 

portion appears in pure GGO, and its proportion gradually increases as lung 
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adenocarcinoma progresses from AIS to IAC [20]. We consider that the 

elevation of entropy reflects the progression of lung adenocarcinoma, namely, 

the process of changing from pure to heterogeneous GGN due to the mixture 

of solid portions. 

Chae et al. [12] examined the distinguishability between AAH–AIS and 

MIA–IAC showing part-solid GGNs using CT texture analysis and reported 

that the AUC was 0.981 by evaluating mean attenuation, standard deviation 

of attenuation, mass, kurtosis, and entropy. Although the researchers 

separately assessed AIS and MIA to distinguish between preinvasive and 

invasive lesions, these two subtypes show similar prognosis (5-year survival 

rate of 100%). Hence, we believe that it is more important to differentiate 

AIS–MIA from IAC than to differentiate preinvasive from invasive lesion 

because AIS–MIA and IAC have clearly different prognosis, and such a 

difference would affect the selection of sublobar resection candidates. 

Son et al. [13] evaluated GGNs with little (≤5 mm) or no solid component by 

texture analysis and identified that the 75th percentile CT numbers and 

entropy were the best predictors to distinguish between AIS–MIA and IAC, 

with an AUC of 0.78. Hwang et al. [21] distinguished preinvasive lesion-MIA 
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from IAC appearing as pure GGNs and reported that the AUC was 0.962 by 

combining mass, nodule size, entropy, and homogeneity. While these studies 

aimed to appropriately diagnose IAC showing GGNs with little solid 

component to contribute to early intervention (e.g., surgery), the Fleischner 

Society recommends that GGNs with a solid component diameter of <6 mm 

should be followed up without surgery [14]. Therefore, we included GGNs 

with a solid portion diameter of not only ≤ 5 mm but also >5 mm because 

lobectomy or sublobar resection is generally considered for a solid portion 

diameter of >5 mm in clinical practice. 

Similar to our results, previous studies [13, 21] have reported that entropy 

is a useful parameter to discriminate between the histologic types of lung 

adenocarcinoma. High entropy means heterogeneity and is associated with 

poor prognosis in several tumors, including lung adenocarcinoma [11, 22]. In 

contrast, although a previous study [13] found that the 75th percentile CT 

number was a useful parameter, the best predictor of our study was the 90th 

percentile CT number. This discrepancy may be explained by the fact that our 

study included GGNs with solid portion diameter of >5 mm, which was 

excluded from the study population in the previous study; this difference 
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might have caused the different results. 

 Previous studies [23, 24] have shown that differences in image quality from 

the different CT scanners can affect texture features. Mackin et al. [23] 

evaluated the texture features calculated for 17 CT scanners using a phantom 

and found the variability in the values of these features. Yosaka et al. [24] 

investigated how texture features with or without image filtering vary among 

different CT scanners using a phantom and reported that skewness and 

kurtosis in filtered images were relatively variable across different CT 

scanners. Considering these previous studies, the behavior of the texture 

features of our study among four different CT scanners should be taken into 

account. Therefore, the reproducibility of our results should be further 

assessed in a prospective study using identical CT scanners. 

Most texture features revealed almost perfect agreement with ICC ≧ 0.80, 

except for the 10th and 25th percentile CT number. Consequently, texture 

analysis is considered to be a reproducible method. The reason for the lower 

ICCs of the 10th and 25th percentile may be the greater influence of these 

features than that of other higher percentile (i.e., 50th–95th), if normal lung 

parenchyma was segmented by mistake due to an unclear margin of GGN. To 
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improve the interobserver agreements, segmentation should be automatically 

or semi-automatically performed in future analysis. 

Our study has several limitations. First, this study was retrospective and 

performed in a single institution. Second, all nodules were manually 

contoured; automatic or semi-automatic segmentation was not used. 

Therefore, small blood vessels that were not excluded may have affected the 

texture features. 

Third, CT images were obtained with four different CT scanners, which may 

have caused the variability of texture features. Fourth, since image noise of 

HRCT is commonly high, it may have influenced our results even after 

application of the median filter. Fifth, second order texture parameters, such 

as gray-level co-occurrence matrix, were not analyzed. This analysis might 

improve the distinguishability of AIS–MIA and IAC. Sixth, we did not 

evaluate the added value of HRCT texture analysis to routine visual 

assessment. 

To conclude, in lung adenocarcinoma showing pure or part-solid GGNs, it is 

possible to differentiate AIS–MIA, which has a good prognosis, from IAC 

using the 90th percentile CT numbers and entropy. The results of our study 
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revealed that HRCT texture analysis can help select candidates for sublobar 

resection. 
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Table1. Patient characteristic 

Characteristic Number of patients 

Men 45 

Women 56 

Age (y) 69.42 ± 7.8 (44-88) 

Pathologic subtype  

 AIS 16 

 MIA 32 

 IAC 67 

    Lepidic adenocarcinoma 11 

    Papillary adenocarcinoma 46 

    Acinar adenocarcinoma 1 

    Micropapillary adenocarcinoma 2 

    Solid adenocarcinoma with mucin 3 

    Mucinous adenocarcinoma 4 

 

AIS; adenocarcinoma in situ 

MIA; minimally invasive adenocarcinoma  

IAC; invasive adenocarcinoma 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. HRCT scanning parameters used in the study 

 Somatom 

Difinition 

Flash 

Aquilion 64 Ingenuity Elite Aquilion ONE 

Tube current AEC AEC AEC AEC 

Tube voltage 

(kVp) 

120 120 120 120 

Detector pitch 

(mm) 

0.8 0.828 1.172 0.813 

Detector 

collimation 

(mm) 

64 × 0.6 64 × 0.5 64 × 0.025 80 × 0.5 

Gantry 

rotation time 

(second) 

0.5 0.5 0.4 0.5 

Field of view 

(mm) 

200 × 200 200 × 200 200 × 200 200 × 200 

Pixel spacing 512 × 512 512 × 512 512 × 512 512 × 512 

Reconstruction 

slice thickness 

(mm) 

1 1 1 1 

Reconstruction 

algorism 

FBP FBP iDose4 AIDR 

Reconstruction 

kernel 

B60 FC51 YB FC51 

AEC setting 120ref:mAs 

CareDose4D 

DRI:18  

Dose Right 

index 

SD:14 

Volume EC 

SD:12  

Volume EC 

mAs (*) 95 75 98 50 

CTDIvol (mGy) 6.5 11 6.4 5.7 

AEC; auto exposure control 

CTDI; CT dose index 

FBP; filter back projection 

AIDR; adaptive iterative dose reduction 

*mAs represents the mean values for Somatom Definition Flash, Ingenuity Elite, and 

Aquilion ONE and the maximum values for Aqurion 64. 



Table 3. Univariate analysis 

Characteristic AIS-MIAs(n=48) IACs(n=67) P value 

Volume (ml) 2.25 ± 2.45 3.63 ± 2.61 0.005 

Mass (mg) 902.3 ± 1002.1 2066.4 ± 1620.3 <0.001 

Mean CT value(HU) -591.3 ± 103.4 -430.5 ± 133.9 <0.001 

Variance 36768.2 ± 19078.4 64636.4 ± 17675.4 <0.001 

Skewness 0.75 ± 0.57 0.20 ± 0.57 <0.001 

Kurtosis 0.55 ± 1.88 -0.68 ± 0.72 <0.001 

Entropy 8.97 ± 0.58 9.57 ± 0.23 <0.001 

Uniformity 0.0026 ± 0.0013 0.0016 ± 0.00042 <0.001 

10th percentile (HU) -804.7 ± 49.3 -757.1 ± 84.0 0.001 

25th percentile (HU) -733.3 ± 70.6 -639.9 ± 123.5 <0.001 

50th percentile (HU) -624.1 ± 108.7 -448.1 ± 183.5 <0.001 

75th percentile (HU) -481.6 ± 152.2 -234.0 ± 182.6 <0.001 

90th percentile (HU) -335.5 ± 178.7 -88.5 ± 128.6 <0.001 

95th percentile (HU) -248.2 ± 185.4 -31.6 ± 97.1 <0.001 

 

Data are mean ± standard deviation. 

HU; hounsfield unit 

AIS; adenocarcinoma in situ 

MIA; minimally invasive adenocarcinoma  

IAC; invasive adenocarcinoma 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4. Multivariate analysis 

Variables Odds Ratio 95% CI P value 

90th percentile 1.01 1.006-1.013 <0.001 

Entropy 18.361 2.422-139.21 0.005 

 

CI; confidence interval 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 5. ROC analysis 

Predictive factor Sensitivity Specificity AUC(95% CI) 

90th percentile + entropy 83.3% 85.1% 0.90 (0.84-0.95) 

90th percentile 81.2% 83.6% 0.87 (0.81-0.94) 

entropy 75.0% 85.1% 0.85 (0.78-0.92) 

 

The cut-off value of 90th percentile CT numbers is -182.5HU (Hounsfield 

units) 

The cut-off value of entropy is 9.33 

ROC; receiver operating characteristics curve 

AUC; area under the curve 

CI; confidence interval 

 

 

 

 

 

 



Figure 1 

 

 

Each tumor was manually segmented at 1 mm intervals on axial CT images 

and three-dimensionally assessed using the texture analysis software ImageJ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 2A 

 

 

A 70-year-old man with adenocarcinoma in situ (AIS) in the right middle lobe 

of the lung. In the histogram distribution, the 90th percentile CT number 

(vertical line) for the case was −471 Hounsfield units (HU), which was lower 

than the cut-off CT number (−182.5 HU) in this study. The entropy value for 

the case was 8.69, which was lower than the cut-off value (9.33) in this study. 

 

 

 

 

 

 



Figure 2B 

 

 

A 77-year-old woman with minimally invasive adenocarcinoma (MIA) in the 

left upper lobe of the lung. In the histogram distribution, the 90th percentile 

CT value (vertical line) for the case was −494 Hounsfield units (HU), which 

was lower than the cut-off CT value (−182.5 HU) in this study. The entropy 

value for the case was 8.88, which was lower than the cut-off value (9.33) in 

this study. 

 

 

 

 

 

 

 

 

 



Figure 2C 

 

 

A 69-year-old man with lepidic adenocarcinoma (lepidic IAC) in the right 

upper lobe of the lung. In the histogram distribution, the 90th percentile CT 

value (vertical line) for the case was -13 Hounsfield units (HU), which was 

higher than the cut-off CT value (−182.5 HU) in this study. The entropy value 

for the case was 9.73, which was higher than the cut-off value (9.33) in this 

study. 

 

 

 

 

 



Figure 3 

 

 

Graphs show 90th percentile CT numbers and entropy of each nodule of 2 

groups. 

The values for 90th percentile CT numbers of IAC (-88.5 ± 128.6 [mean ± 

SD]) are higher than those of AIS-MIA (-335.5 ±  178.7). The values for 

entropy of IAC (9.57 ± 0.23) are higher than those of AIS-MIA (8.97 ± 0.58). 

 



Appendix 

 

𝑖; CT value of a voxel.  

𝑝(𝑖); relative frequency of a voxel density. 

 

Mean CT value (μ): The average CT value of the tumor 

μ=∑ 𝑖𝑝(𝑖)

𝐺−1

𝑖=0

 

Variance (𝜎2): The variation of CT value around the mean 

𝜎2 = ∑(𝑖 − 𝜇)2
𝐺−1

𝑖=0

𝑝(𝑖) 

Skewness (𝜇3) : A measure indicating the degree of asymmetry of a 

distribution 

𝜇3 = 𝜎−3∑(𝑖 − 𝜇)3
𝐺−1

𝑖=0

𝑝(𝑖) 

Kurtosis (𝜇4): A measure indicating the degree of sharpness of a histogram 

peak 

𝜇4 = 𝜎−4∑(𝑖 − 𝜇)4𝑝(𝑖) − 3

𝐺−1

𝑖=0

 

Entropy (H) and Uniformity (E) : A measure indicating the heterogeneity of a 

histogram distribution. High entropy and low uniformity mean 

heterogeneous tumors. 

H = −∑𝑝(𝑖)𝑙𝑜𝑔2[𝑝(𝑖)]

𝐺−1

𝑖=0

 

E = ∑[𝑝(𝑖)]2
𝐺−1

𝑖=0

 

 

 

 


