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Background: Currently, there are no effective methods for assessing hepatic inflammation without resorting
to histological examination of liver tissue obtained by biopsy. T2-weighted images (T2WI) are routinely
obtained from liver magnetic resonance imaging (MRI) scan sequences. We aimed to establish a radiomics
signature based on T2WI (T2-RS) for assessment of hepatic inflammation in people with nonalcoholic fatty
liver disease (NAFLD).

Methods: A total of 203 individuals with biopsy-confirmed NAFLD from two independent Chinese cohorts
with liver MRI examination were enrolled in this study. The hepatic inflammatory activity score (IAS) was
calculated by the unweighted sum of the histologic scores for lobular inflammation and ballooning. One
thousand and thirty-two radiomics features were extracted from the localized region of interest (ROI) in
the right liver lobe of T2WT and, subsequently, selected by minimum redundancy maximum relevance and
least absolute shrinkage and selection operator (LASSO) methods. The T2-RS was calculated by adding the
selected features weighted by their coefficients.

Results: Eighteen radiomics features from Laplacian of Gaussian, wavelet, and original images were selected
for establishing T2-RS. The T2-RS value differed significantly between groups with increasing grades of
hepatic inflammation (P<0.01). The T2-RS yielded an area under the receiver operating characteristic (ROC)
curve (AUROC) of 0.80 [95% confidence interval (CI): 0.71-0.89] for predicting hepatic inflammation in
the training cohort with excellent calibration. The AUROCs of T2-RS in the internal cohort and external
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validation cohorts were 0.77 (0.61-0.93) and 0.75 (0.63-0.84), respectively.
Conclusions: The T2-RS derived from radiomics analysis of T2WI shows promising utility for predicting

hepatic inflammation in individuals with NAFLD.
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Introduction

Nonalcoholic fatty liver disease (NAFLD), which affects
about 25% of the world’s adult population, has become
one of the most common causes of chronic liver disease,
representing a considerable health concern and an
economic burden to several societies (1,2). The severity,
assessment and risk stratification of people with NAFLD is
currently best undertaken by assessment of liver histology
obtained by biopsy (3). It is well established that hepatic
inflammation can promote fibrogenesis that may eventually
develop into cirrhosis or hepatocellular carcinoma, leading
to poor patient outcomes (4,5). Thus, evaluation of hepatic
inflammatory activity is important for effective clinical
decisions and to monitor therapeutic responses in NAFLD.
Currently, liver biopsy remains the ‘gold standard’ for
diagnosing NAFLD and for accurately staging the severity
of hepatic steatosis, hepatocellular ballooning, lobular
inflammation, and fibrosis (6). In addition, liver biopsy is the
only method for diagnosing hepatic inflammation in NAFLD
[i.e., nonalcoholic steatohepattis (NASH)]. However, it should
be noted that undertaking a liver biopsy is costly, risky, and
potentially painful (7). Moreover, frequent monitoring by
performing multiple liver biopsies during management is not
feasible, ethical, nor acceptable to patients.

Several studies have explored a variety of serum
biomarkers [for example, the aspartate aminotransferase
(AST)-to-platelet ratio index (APRI) or the fibrosis-4 index
(FIB-4)] and imaging techniques [for example, vibration-
controlled transient elastography, magnetic resonance
imaging (MRI) proton density fat fraction, magnetic
resonance spectroscopy, magnetic resonance elastography
or multiparametric MRI], for the assessment of hepatic
steatosis and fibrosis, which have acceptable/good diagnostic
performances as non-invasive alternatives to liver biopsy
(8-15). However, to date, there are no non-invasive
biomarkers or imaging techniques that can accurately assess
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hepatic inflammation in NAFLD.

Serum levels of alanine aminotransferase (ALT) are
commonly used as a non-invasive biomarker for assessing
hepatic dysfunction/inflammation in clinical practice.
However, it is well known that a significant number of
people with NAFLD have normal serum ALT levels, and
yet may have histologically severe hepatic inflammation (16).

Quantitative analysis of intravoxel-incoherent motion
diffusion-weighted MRI has been used for the non-invasive
assessment of hepatic inflammation in some studies, but
its effectiveness remains controversial (17,18). Moreover,
multiparametric MRI composed of T1 mapping and
T2* mapping has been proposed for the assessment of
hepatic inflammatory activity, and has good diagnostic
performance (19). However, the special post-processing
software and uncommon sequences of multiparametric
MR, largely limit its wider use in clinical practice.

In 2012, Lambin er /. (20) proposed the approach
of radiomics, which allows the extraction of numerous
quantitative features from radiographic medical imaging.
Although radiomics is mostly used to analyze tumors or
tumor-like lesions, it can also be applied to non-neoplastic
diseases (21). Recent radiomics techniques have shown
excellent capability to non-invasively assess liver fibrosis
(22,23). However, to the best of our knowledge, there are
very few studies that have investigated whether radiomics
techniques can also be used to accurately assess hepatic
inflammation (24). T2-weighted imaging (T2WI) is a
widely available sequence, which is a part of the output
from routine upper abdomen MRI scans. The T2
relaxation time/signal intensity of T2WI may correlate with
inflammation in the liver (25,26) and radiomics may offer
a promising approach for the quantitative assessment of
hepatic inflammation.

"Thus, the aim of our observational study was to establish a
radiomics signature for hepatic inflammation based on routine
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T2WI in individuals with NAFLD, who had also undergone
liver biopsies (i.e., the gold standard) for the assessment of
hepatic inflammation. We present the following article in
accordance with the TRIPOD reporting checklist (available at
https://hbsn.amegroups.com/article/view/10.21037/hbsn-21-
23/rc).

Methods
Study population and design

A total of 234 Chinese adult individuals with NAFLD
from two independent cohorts, who underwent both MRI
and liver biopsy, were included in this study (Figure S1).
Subjects from a well-characterized prospective cohort (16)
from the First Affiliated Hospital of Wenzhou Medical
University were enrolled for the development of a radiomics
signature. The Wenzhou cohort of NAFLD patients (n=152)
was randomly assigned to the training or internal validation
sets in a 7:3 ratio (27). An independent cohort of NAFLD
patients (n=82) from the Guangdong Province Traditional
Chinese Medical Hospital was used for external validation.
The exclusion criteria for both patient cohorts were as
follows: (I) poor quality of MRI images; (II) a time interval
between liver biopsy and MRI of greater than 2 months; and
(III) concomitant viral hepatitis. The study was conducted
in accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the local ethics board of
the First Affiliated Hospital of Wenzhou Medical University
and Guangdong Provincial Hospital of Chinese Medicine
(No. 2016-246) and informed consent was taken from all
individual participants.

Clinical and biochemical data

Clinical and biochemical data were obtained from all
participants on the same day as the liver biopsy. All blood
samples were taken in the morning after an overnight
fast. Hypertension was diagnosed as either systolic
blood pressure >130 mmHg or diastolic blood pressure
>85 mmHg and/or use of any anti-hypertensive drugs.
Presence of type 2 diabetes was diagnosed as either a fasting
glucose level >7.0 mmol/L, glycosylated hemoglobin
>6.5% (248 mmol/mol), a history of self-reported diabetes,
and/or by the use of any glucose-lowering drugs.
Biochemical parameters, including serum liver enzyme
levels (ALT, AST, y-glutamyltranspeptidase), total bilirubin,
albumin, glucose, insulin, glycosylated hemoglobin,
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triglycerides, total cholesterol, high-density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein
cholesterol (LDL-C), were measured in each participant.

Liver histology

Percutaneous liver biopsies were performed under the
guidance of ultrasound control. All liver biopsy samples were
examined by a trained histopathologist from each center.
Liver biopsies were assessed for steatosis (grade 0 to 3),
ballooning (grade 0 to 2) and lobular inflammation (grade 0
to 3), according to the NASH-Clinical Research Network
Scoring System (6). Liver fibrosis was staged (from 0 to 4)
according to the Brunt’s histologic criteria (28). NAFLD
was defined as the presence of hepatic steatosis in more than
5% of hepatocytes. The NAFLD activity score (NAS) was
defined as the unweighted sum of the histologic scores for
steatosis, ballooning, and lobular inflammation (6). Definitive
NASH was histologically diagnosed on the basis of hepatic
steatosis, lobular inflammation, and ballooning with NAS
>5 (6). A hepatic inflammatory activity score (IAS) was
calculated as the unweighted sum of the histological scores for
ballooning and lobular inflammation (29). According to their
histological degrees of IAS, all participants were arbitrarily
categorized into two subgroups, as having either mild hepatic
inflammatory activity (MIA, defined as IAS <2) or severe
inflammatory activity (SIA, defined as IAS >2), respectively.

Perls staining of liver tissue was undertaken in 114 (75% of
total) individuals from the Wenzhou cohort to measure hepatic
iron content. The grade of hepatic iron staining (grade 0 to 4)
was assessed visually by microscopy following the method of
Searle er 4l. (30). Liver biopsies from the Guangzhou cohort
were not available for hepatic iron assessment.

MRI acquisition

MRI images of the Wenzhou cohort were carried out on
GE Discovery MR750 3.0T scanner (GE Healthcare,
Waukesha, WI, USA) equipped with an 8-channel
abdominal array coil. MRI images from the Guangzhou
cohort were carried out on four kinds of 3.0T scanners,
(i.e., Toshiba Vantage Titan, GE SIGNA excite, Siemens
MAGNETOM Verio, or Siemens MAGNETOM Prisma).
A fat-suppressed fast spin-echo sequence was used for
acquiring axial T2WI. Main parameters of the axial T2WI
sequences are listed in Table S1. All participants were asked
to fast for at least 4 hours before MRI scanning and to hold
their breath during the scanning procedures.
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Radiomics features: extraction and selection

Original MRI data were preprocessed by intensity
normalization and isotropic resampling to a voxel size of
IxIx1 mm. Then, a ‘10x10 pixel’ square region of interest
(ROI) was placed on the right liver lobe of axial T2WI,
avoiding hepatic vessels, focal lesions (such as cysts and
hemangiomas), and artifacts in each subject, while using
the I'TK-SNAP version 3.8 software (https://www.itksnap.
org/). Radiomics features, including 18 first-order features;
24 gray-level co-occurrence matrix (GLCM) features; 16
gray-level run length matrix (GLRLM) features; 16 gray-
level size zone matrix (GLSZM) features; 14 gray-level
dependence matrix (GLDM) features, and 5 neighboring
gray-tone difference matrix (NGTDM) features; were
calculated from the ROI area of original T2WI and its
derived images (Laplacian of Gaussian, wavelet and local
binary pattern), by using the AK software version 3.3.0.R
(Artificial Intelligence Kit, GE Healthcare). In total, 1,032
imaging features were extracted for each participant.

Before feature selection, all of the extracted radiomics
features were standardized. The method of minimum
redundancy maximum relevance (mnRMR), together with
the least absolute shrinkage and selection operator (LASSO),
were used to select the radiomics features. At first, mRMR
was undertaken to eliminate the redundant and irrelevant
features, and 20 features were preliminarily selected.
Subsequently, the LASSO was performed to further choose
the optimized subset of radiomics features and to evaluate
the corresponding coefficients for these radiomics features.

Statistical analysis

Continuous variables were expressed as means + standard
deviation (SD) or medians with interquartile ranges
(IQRs). Categorical variables were expressed as numbers
(percentages). The unpaired Student’s #-test or the Mann-
Whitney U test as appropriate were undertaken for
comparison of continuous variables, whereas the chi-
squared test or the Fisher’s exact test as appropriate were
undertaken for comparison of categorical variables. A
radiomics signature based on T2WI (T2-RS), referred to
as T2-RS, was calculated by adding the selected radiomics
features, weighted by their coefficients for each subject.
Receiver operating characteristic (ROC) curve analysis was
performed for the binary classification and calculation of the
area under the ROC curve (AUROC), sensitivity, specificity,
accuracy, positive predictive value (PPV), negative predictive
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value (NPV), positive likelihood ratio (LR+), and negative
likelihood ratio (LR-); diagnostic odds ratios were also
calculated to quantify the predictive performance of the T2-
RS, in both the training and validation cohorts. The model
calibration was evaluated using the Hosmer-Lemeshow
goodness of fit test. All calculations and statistical tests were
performed in R version 3.6.3 (http://www.r-project.org/).
A two-sided P value <0.05 was considered to be statistically
significant.

Results
Patients’ characteristics

From the initially enrolled cohort of 234 middle-aged
individuals with biopsy-proven NAFLD, 31 subjects were
excluded (i.e., 25 because of poor quality MRI images,
5 subjects for concomitant viral hepatitis, and one subject for
a time interval between MRI and liver biopsy of more than
2 months). Therefore, 203 individuals with biopsy-proven
NAFLD were included in the final analysis (Figure S1).

Table S2 summarizes the baseline characteristics of
the Wenzhou cohort of NAFLD patients. Their mean
age was 42.2x12 years and 72.1% of them were men. The
prevalence of both type 2 diabetes and hypertension was
around 16%. Overall, as shown in Table 1, in the Wenzhou
cohort there were 70 subjects with MIA and 59 subjects with
SIA. The mean age for MIA and SIA groups was 41.7+10.4
and 42.7+13.7 years, respectively. The proportion of men
in the MIA group was 81.4% and in the SIA group 61.0%
(P=0.01). As also shown in this table, most of the laboratory
parameters did not differ significantly between the two
groups of patients, except for serum aminotransferase,
insulin and triglyceride levels.

Development of T2-RS

According to a ratio of 7:3 (27), 91 subjects from the
Wenzhou cohort were randomly assigned to the training
set. Their mean age was 43.1£12.5 years and they were
predominantly men (72.5%). Sixteen point seven percent of
these individuals had type 2 diabetes and 20% of them had
hypertension (Zable 2). The mean age of the MIA and SIA
groups were not significantly different, but the proportion
of men differed between the two groups (81.6% vs. 61.9%,
P=0.036). Similarly, most of the laboratory parameters were
not significantly different between the groups, except for
serum AST and triglyceride levels (7able 3).

HepatoBiliary Surg Nutr 2022;11(2):212-226 | https://dx.doi.org/10.21037/hbsn-21-23


https://www.itksnap.org/
https://www.itksnap.org/
http://www.r-project.org/
https://cdn.amegroups.cn/static/public/HBSN-21-23-Supplementary.pdf
https://cdn.amegroups.cn/static/public/HBSN-21-23-Supplementary.pdf

216 Chen et al. T2-RS predicts hepatic inflammation in NAFLD

Table 1 Baseline characteristics of Wenzhou and Guangzhou cohorts, stratified by the histologic degree of hepatic inflammatory activity

Wenzhou cohort Guangzhou cohort

Characteristics

MIA (n=70) SIA (n=59) P value MIA (n=18) SIA (n=56) P value
Demographics
Age, years 41.7£10.4 42.7£13.7 0.638 38.2+6.6 43.1£11.7 0.028
Male sex, n (%) 57 (81.4) 36 (61.0) 0.010 15 (83.3) 36 (64.3) 0.129
Metabolic factors
Type 2 diabetes, n (%) 15 (21.4) 6 (10.3) 0.092 0(0.0) 7 (12.5) 0.042
Hypertension, n (%) 10 (14.3) 11 (19.0) 0.477 1(5.6) 5(8.9) 0.636
Laboratory parameters
ALT, IU/L 46.0 (26.8-74.0)  60.0 (30.0-144.0)  0.020 38.5(26.5-56.8)  42.5(29.1-82.8) 0.566
AST, IU/L 32.0 (24.8-46.5)  49.0 (28.0-71.0) 0.007 24.5(19.0-31.0)  30.0 (20.0-40.5) 0.273
y-glutamyltranspeptidase, 1U/L 50.5 (29.0-76.5) 57.0(35.0-110.0) 0.172 45.5 (25.0-84.8)  45.5(31.0-73.3) 0.719
Albumin, g/L 47.2 (45.0-50.8)  46.5 (44.7-48.8) 0.194 48.8 (46.9-50.4)  47.5 (45.0-50.0) 0.108
Total bilirubin, ymol/L 12.0 (10.0-15.00  12.0(10.0-19.0) 0.538 12.2 (8.2-15.3) 11.7 (9.5-14.7) 0.980
Fasting glucose, mmol/L 5.1 (4.9-6.0) 5.4 (4.8-6.2) 0.319 5.1 (4.6-5.5) 5.1 (4.8-5.9) 0.537
Fasting insulin, pmol/L 92.2 (63.5-147.8) 117.3 (89.0-157.0" 0.033 73.6 (63.2-94.8)" 86.2 (65.3-112.4)°  0.261
Glycosylated hemoglobin, % 5.6 (5.3-6.3)° 5.8 (5.4-6.2)° 0.500 5.6 (5.4-6.0)' 5.6 (5.4-6.2)° 0.500
Total cholesterol, mmol/L 5.1+1.1 5.3+1.2 0.187 5.0+1.1 5.1+1.1 0.779
Triglyceride, mmol/L 1.7 (1.2-2.3) 2.3 (1.6-3.3) 0.002 1.4 (1.0-2.7) 1.8 (1.3-2.6) 0.236
HDL-C, mmol/L 1.0£0.2 1.0£0.2 0.107 1.1 (1.0-1.4) 1.1 (0.9-1.3) 0.659
LDL-C, mmol/L 3.1+0.9 3.0+0.9 0.729 3.3+1.3 3.4+1.0 0.587
Liver histology features
Fibrosis stage, n (%) <0.001 0.026
FO 32 (45.7) 7(11.9) 1(5.6) 0 (0.0
F1 29 (41.4) 32 (54.2) 17 (94.4) 45 (80.4)
F2 7 (10.0) 15 (25.4) 0(0.0) 8(14.3)
F3 1(1.4) 3(5.1) 0(0.0) 3(5.4)
F4 1(1.4) 2 (3.4) 0(0.0) 0 (0.0
Steatosis grade, n (%) 0.006 0.022
S0 5(7.1) 2 (3.4) 4(22.2) 1(1.8)
S 29 (41.4) 12 (20.3) 9 (50.0) 22 (39.3)
S2 24 (34.3) 27 (45.8) 3(16.7) 31 (55.4)
S3 12(17.1) 18 (30.5) 2(11.1) 2 (3.6)
Ballooning grade, n (%) <0.001 <0.001
BO 17 (24.3) 0(0.0) 2(11.1) 0 (0.0
B1 52 (74.3) 20 (33.9) 16 (88.9) 7(12.5)
B2 1(1.4) 39 (66.1) 0(0.0) 49 (87.5)

Table 1 (continued)
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Table 1 (continued)

Wenzhou cohort Guangzhou cohort

Characteristics

MIA (n=70) SIA (n=59) P value MIA (n=18) SIA (n=56) P value
Lobular inflammation grade, n (%) <0.001 0.007
Lo 9(12.9) 0(0.0) 1 (5.6) 0(0.0)
L1 57 (81.4) 7 (28.8) 17 (94.4) 42 (75.0)
L2 4(5.7) 38 (64.4) 0(0.0) 4 (25.0)
L3 0(0.0 4(6.9) 0(0.0) 0(0.0
Definitive NASH* 10 (14.3) 47 (79.7) <0.001 2(11.1) 34 (60.7) <0.001

Continuous variables were expressed as means + SD or medians with IQRs; categorical variables were expressed as number (percentages).
2 57 (96.6%) cases were available; °, 68 (97.1%) cases were available; ©, 58 (98.3%) cases were available; ¢, 9 (50.0%) cases were

available; °, 39 (69.6%) cases were available;

15 (83.3%) cases were available; ¢, 51 (91.1%) cases were available; *, definitive NASH was

defined as the presence of steatosis, lobular inflammation and ballooning with NAS score >5. MIA, mild hepatic inflammatory activity; SIA,
severe inflammation activity; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; NASH, nonalcoholic steatohepatitis; SD, standard deviation; IQRs, interquartile ranges; NAS,
NAFLD activity score; NAFLD, nonalcoholic fatty liver disease.

Table 2 Baseline characteristics of patients with NAFLD, stratified by both cohorts and training and validation sets

Characteristics

Wenzhou cohort

Guangzhou cohort

Training (n=91) Internal validation (n=38) P value* External validation (n=74) P value®
Demographics
Age, years 43.1+12.5 39.9+10.5 0.168 41.9+10.9 0.528
Male sex, n (%) 66 (72.5) 27 (71.1) 0.865 51 (68.9) 0.612
Metabolic factors
Type 2 diabetes, n (%) 15 (16.7)° 6 (15.8) 0.903 7(9.5) 0.178
Hypertension, n (%) 18 (20.0)* 3(7.9) 0.091 6 (8.1) 0.032
Laboratory parameters
ALT, IU/L 48.0 (27.0-91.0) 58.0 (31.5-88.5) 0.693 41.9 (28.3-69.8) 0.187
AST, IU/L 37.0 (26.0-58.0) 32.5 (26.0-53.5) 0.733 28.0 (20.0-38.3) <0.001
y-glutamyltranspeptidase, 1U/L 53.0 (34.0-81.0) 54.5 (29.0-96.5) 0.681 45.5 (29.5-74.0) 0.196
Albumin, g/L 46.6 (44.3-49.8) 47.3 (45.3-49.7) 0.168 47.9 (45.3-50.1) 0.170
Total Bilirubin, pmol/L 12.0 (10.0-16.0) 13.5(11.0-21.0) 0.035 11.8 (9.4-14.8) 0.434
Fasting glucose, mmol/L 5.3 (4.9-6.2) 5.1 (4.7-6.0) 0.282 5.1 (4.5-5.5) 0.148
Fasting insulin, pmol/L 111.1 (76.7-157.4)° 105.6 (75.6-152.2) 0.897 83.5 (65.3-105.8)° 0.007
Glycosylated hemoglobin, % 5.6 (5.4-6.3)° 5.5 (5.2-6.2) 0.165 5.6 (5.4-6.0)° 0.470
Total cholesterol, mmol/L 5.4+1.1 4.7+1.0 0.001 51+1.1 0.084
Triglyceride, mmol/L 2.0 (1.4-3.1) 1.6 (1.2-3.2) 0.027 1.7 (1.2-2.6) 0.073
HDL-C, mmol/L 1.0 (0.9-1.1) 0.9 (0.8-1.1) 0.244 1.1(1.0-1.3) 0.001
LDL-C, mmol/L 3.2+0.9 2.8+0.8 0.063 3.4x1.1 0.168

Table 2 (continued)
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Table 2 (continued)

Wenzhou cohort Guangzhou cohort
Characteristics
Training (n=91) Internal validation (n=38) P value* External validation (n=74) P value®
Liver histology features
Fibrosis stage, n (%) 0.830 0.184
FO 29 (31.9) 10 (26.3) 1(1.4)
F1 41 (45.1) 20 (52.6) 62 (83.8)
F2 15 (16.5) 7 (18.4) 8(10.8)
F3 3(3.3) 1(2.6) 3(4.1)
F4 3(3.3) 0 (0.0 0(0.0)
Steatosis grade, n (%) 0.297 0.006
SO 5(5.5) 2 (5.3 5 (6.8)
S 29 (31.9) 12 (31.6) 31(41.9)
S2 31 (34.1) 20 (52.6) 34 (45.9)
S3 26 (28.6) 4 (10.5) 4 (5.4)
Ballooning grade, n (%) 0.594 <0.001
BO 11 (12.1) 6 (15.8) 2(2.7)
B1 51 (56.0) 21 (55.3) 23 (31.1)
B2 29 (31.9) 11 (28.9) 49 (66.2)
Lobular inflammation grade, n (%) 0.982 0.096
LO 5 (5.5) 4 (10.5) 1(1.4)
L1 55 (60.4) 19 (50.0) 59 (79.7)
L2 28 (30.8) 14 (36.8) 14 (18.9)
L3 3(3.3) 1(2.6) 0(0.0)
Definitive NASH* 39 (42.9) 18 (47.4) 0.638 36 (48.6) 0.457
Hepatic IAS' 0.731 0.030
0 2(2.2) 2 (5.3 0(0.0)
1 8(8.8) 5(13.2) 34.1)
2 39 (42.9) 14 (36.8) 16 (21.6)
3 26 (28.6) 9 (23.7) 47 (63.5)
4 15 (16.5) 7 (18.4) 8(10.8)
5 1(1.1) 1(2.6) 0(0.0)

Continuous variables were expressed as means = SD or medians with IQRs; categorical variables were expressed as number (percentages).
2 90 (98.9%) cases were available; °, 89 (97.8%) cases were available; °, 48 (64.9%) cases were available; ¢, 88 (96.7%) cases were
available; °, 66 (89.2%) cases were available; * definitive NASH was defined as the presence of steatosis, lobular inflammation and
ballooning with NAS score =5; ’, hepatic IAS was defined as the sum of the histologic scores for lobular inflammation and ballooning; *,
training vs. internal validation; *, training vs. external validation. NAFLD, nonalcoholic fatty liver disease; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NASH,
nonalcoholic steatohepatitis; IAS, inflammatory activity score; SD, standard deviation; IQRs, interquartile ranges; NAS, NAFLD activity
score.
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Table 3 Baseline characteristics of patients with NAFLD from the Wenzhou cohort, stratified by degree of hepatic inflammatory activity
Training set Internal validation set
Characteristics
MIA (n=49) SIA (n=42) P value MIA (n=21) SIA (n=17) P value
Demographics
Age, years 42.7+10.6 43.6+14.5 0.746 39.3+9.7 40.6+11.7 0.720
Male sex, n (%) 40 (81.6) 26 (61.9) 0.036 17 (81.0) 10 (58.8) 0.134
Metabolic factors
Type 2 diabetes, n (%) 10 (20.4) 5(12.2) 0.298 5(23.8) 1(5.9) 0.115
Hypertension, n (%) 8(16.3) 10 (24.4) 0.341 2(9.5) 1(5.9 0.675
Laboratory parameters
ALT, IU/L 44.0 (25.5-67.0)  60.5 (30.0-145.5) 0.020 62.0 (31.0-87.0) 54.0(30.5-155.5)  0.486
AST, IU/L 32.0 (23.0-43.0) 49.0 (28.8-71.5) 0.004 31.0 (26.5-50.0)  33.0 (23.0-75.5) 0.561
y-glutamyltranspeptidase, 1U/L 47.0 (29.0-66.5)  60.5 (36.0-111.8) 0.051 55.0 (31.0-97.0)  39.0(21.0-97.5) 0.642
Albumin, g/L 46.6 (44.4-50.3)  46.6 (44.1-49.2) 0.676 48.2 (46.2-52.0)  46.4 (44.8-48.3)  0.068
Total bilirubin, pmol/L 12.0 (9.5-15.0) 11.0 (9.8-17.3) 0.692 13.0 (10.5-19.5)  14.0 (11.5-22.5) 0.581
Fasting glucose, mmol/L 5.1 (4.9-6.0) 5.5 (4.8-6.5) 0.437 5.0 (4.7-6.0) 5.4 (4.8-6.1) 0.523
Fasting insulin, pmol/L 92.5 (64.2-160.8) 124.5(90.6-155.7)°  0.062 91.8(61.0-142.8) 110.6 (84.2-195.3)  0.268
Glycosylated hemoglobin, % 5.8 (5.4-6.3)° 5.9 (5.4-6.4)° 0.669 5.4 (5.1-6.5) 5.6 (5.3-6.1) 0.486
Total cholesterol, mmol/L 5.3+1.0 5.6+1.2 0.199 4.7 (3.9-5.4) 5.2 (4.2-5.4) 0.642
Triglyceride, mmol/L 1.8 (1.3-2.5) 2.5(1.6-3.6) 0.005 1.4 (1.0-1.8) 2.0 (1.2-2.6) 0.161
HDL-C, mmol/L 1.0+0.2 1.0+0.2 0.226 1.0+0.2 0.9+0.2 0.252
LDL-C, mmol/L 3.2+0.9 3.1£1.0 0.648 2.8+1.0 2.8+0.7 0.971
Liver histology features
Fibrosis stage, n (%) <0.001 0.135
FO 23 (46.9) 6 (14.3) 9 (42.9) 1(5.9)
F1 21 (42.9) 20 (47.6) 8 (38.1) 12 (70.6)
F2 4(8.2) 11 (26.2) 3(14.3) 4 (23.5)
F3 0(0.0) 3(7.1) 1(4.8) 0(0.0)
F4 1(2.0) 2(4.8) 0 (0.0 0 (0.0
Steatosis grade, n (%) 0.162 0.001
SO 3(6.1) 2(4.8) 2(9.5) 0 (0.0
S1 18 (36.7) 11 (26.2) 11 (52.4) 1(5.9)
S2 17 (34.7) 14 (33.3) 7 (33.3) 13 (76.5)
S3 11 (22.4) 15 (35.7) 1(4.8) 3(17.6)
Ballooning grade, n (%) <0.001 <0.001
BO 11 (22.4) 0 (0.0 6 (28.6) 0(0.0)
B1 37 (75.5) 14 (33.3) 15 (71.4) 6 (35.3)
B2 1(2.0) 28 (66.7) 0(0.0) 11 (64.7)

Table 3 (continued)
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Table 3 (continued)
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Training set Internal validation set
Characteristics
MIA (n=49) SIA (n=42) P value MIA (n=21) SIA (n=17) P value
Lobular inflammation grade, n (%) <0.001 <0.001
LO 5(10.2) 0 (0.0 4 (19.0) 0 (0.0
L1 41 (83.7) 14 (33.3) 16 (76.2) 3(17.6)
L2 3(6.1) 25 (59.5) 1(4.8) 13 (76.5)
L3 0(0.0) 3(7.1) 0 (0.0 1(5.9
Definitive NASH* 9(18.4) 30 (71.4) <0.001 1(4.8) 17 (100.0) <0.001

Continuous variables were expressed as means + SD or medians with IQRs; categorical variables were expressed as number (percentages).
%, 40 (95.2%) cases were available; °, 47 (95.9%) cases were available; °, 41 (97.6%) cases were available; ¥, definitive NASH was defined
as the presence of steatosis, lobular inflammation and ballooning with NAS score =5. NAFLD, nonalcoholic fatty liver disease; MIA, mild
hepatic inflammatory activity; SIA, severe inflammation activity; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NASH, nonalcoholic steatohepatitis; SD, standard

deviation; IQRs, interquartile ranges; NAS, NAFLD activity score.

After feature selection (as shown in Figure 1), there were
18 radiomics features remaining, and the corresponding
coefficients were calculated. The T2-RS value was
developed by adding the selected radiomics features,
weighted by their coefficients, with good calibration
(Hosmer-Lemeshow goodness of fit test, P=0.84). The
formula of the T2-RS is shown in the Appendix 1.

In the training set, the T2-RS was higher in the SIA group
than in the MIA group (P<0.001) (Figure 2). Figure 3A shows
the ROC curve for the T2-RS in the training set. The T2-
RS showed good prediction for SIA with an AUROC of
0.80 [95% confidence interval (CI), 0.71-0.89], sensitivity
of 76.19%, specificity of 73.47%, and accuracy of 74.73%,
respectively (7able 4). The Youden cut-off value was -0.139.

Internal validation of T2-RS

38 individuals from the Wenzhou cohort were assigned
to the internal validation set, of whom 71.1% were men.
Their mean age was 39.9£10.5 years. There were few
differences between the internal validation cohort and the
training cohort (as shown in 7able 2). Overall, there were 21
subjects with MIA and 17 subjects with SIA. None of the
demographics, metabolic factors, and laboratory parameters
differed significantly between the two groups (Table 3).
When applying the T2-RS to this internal validation
cohort, the T2-RS was higher in the SIA group than in
the MIA group (P=0.005) (Figure 2). The AUROC for the
internal validation set was 0.77 (95% CI, 0.61-0.93). Using
the aforementioned T2-RS cut-off value of -0.139, the

© HepatoBiliary Surgery and Nutrition. All rights reserved.

sensitivity was 70.59%, the specificity was 76.19%, with an
accuracy of 73.68% (Table 4). The ROC curve for the T2-RS
in the internal validation cohort is shown in Figure 3B. The
result of the Hosmer-Lemeshow test showed a relatively

good fit (P=0.63).

External validation of T2-RS
A total of 74 individuals with biopsy-proven NAFLD from

the Guangzhou cohort were included in the independent
external validation analysis (Table S2). Table 2 shows the
characteristics of this external validation cohort. The
mean age was 41.9+10.9 years and most of these subjects
were men (68.9%). Although serum levels of AST, fasting
insulin and HDL-C were significantly different between
the external validation and training cohorts, there were
few differences between the two groups (Tuble 2). More
subjects in the Guangzhou cohort had a higher degree
of hepatic inflammatory activity (MIA/SIA: 18/56). No
significant differences in demographics and main laboratory
parameters were observed between the MIA and SIA groups
in the Guangzhou cohort (7ible 1).

As validated in the independent external cohort, the T2-
RS was significantly greater in the SIA group than in the
MIA group (P<0.01) (Figure 2). The AUROC for the T2-
RS was 0.75 (95% CI, 0.63-0.84) with a good fit (Hosmer-
Lemeshow test, P=0.25). The accuracy, sensitivity, and
specificity was 71.62%, 71.43% and 72.22%, respectively
(Table 4). The ROC for the T2-RS in the external validation

cohort is shown in Figure 3C.
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maximum relevance.

Evaluation of the effects of bepatic iron content and liver Discussion

brosis on the T2-RS
fibrosis on the In this study, we have used two independent cohorts of

There were no significant differences in hepatic iron
staining grade between the MIA and SIA groups both in
the training set (P=0.127) and in the internal validation set
(P=0.225). Similarly, the T2-RS did not show any significant
difference across the grades of hepatic iron staining (P=0.145
for the training set and P=0.895 for the internal validation
set). With regard to liver fibrosis, no significant differences
in T2-RS values were found across the histological stage of
liver fibrosis in either the Wenzhou cohort (P=0.109) or the
Guangzhou cohort (P=0.44).

© HepatoBiliary Surgery and Nutrition. All rights reserved.

Chinese adult individuals with biopsy-confirmed NAFLD
to develop and validate a new set of T2-RS, which can
be used to non-invasively assess hepatic inflammation.
To our knowledge, this is the first study to use T2-RS to
evaluate the hepatic inflammatory activity in people with
histologically proven NAFLD.

Non-invasive blood biomarkers, such as serum ALT and
cytokeratin-18 levels, have been used to non-invasively
assess hepatic inflammatory activity in NAFLD/NASH.
However, neither have accepted diagnostic thresholds and

HepatoBiliary Surg Nutr 2022;11(2):212-226 | https://dx.doi.org/10.21037/hbsn-21-23



222

Chen et al. T2-RS predicts hepatic inflammation in NAFLD

A P<0.001 B P=0.005 C P=0.002
8_ 1 8_ 1 8_ I—L
64 . 64 67 __i_
4 : 41
4+ . ° o
2] : —
2 @ 27 @ 0
N ol £
24 - —4- _c_
24 —61 °
_4- 2 °
_8- 0
6 . 4 o | o
-10 :
-8 -6 12+

MIA (In:49) SIA (r|1:42)

MIA (:'1:21) SIA (r]1:17)

MIA (;1:1 8) SIA (;1=56)

Figure 2 Comparison of T2-RS between patients with MIA vs. SIA in the training cohort (A), internal validation cohort (B), and external
validation cohort (C). In the boxplot, the central box represents the values from the lower to upper quartile (25 to 75 percentile). T2-RS,
radiomics signature based on T2WI; MIA, mild hepatic inflammatory activity; SIA, severe inflammatory activity.

A 00 B
80}
X L
> I ®
£ 60 3
® I S
5 - %
» 40 S
L %]
20}
_ AUC =0.80 (0.71-0.89) I
o] . 0

100-Specificity %

L P | Y | L 1
0 20 40 60 80 100

AUC =0.77 (0.61-0.93)

A AR WAL MiribhAiil S
20 40 60 80 100

100-Specificity %

Sensitivity %

AUC =0.75 (0.63-0.84)

PP
80 100

i 1.
20 40 60
100-Specificity %

Figure 3 Performances of T2-RS in the training cohort (A), internal validation cohort (B) and external validation cohort (C) presented as

ROC curves. T2-RS, radiomics signature based on T2WI; ROC, receiver operating characteristic.

both have poor sensitivity to diagnose hepatic inflammation
(31-33). Regarding imaging techniques used for assessing
hepatic inflammation, the visual examination of imaging
modalities has been used to determine hepatic inflammatory
activity in the past (34). However, the high inter-observer
variability and the unsatisfactory performance largely limit
its use in clinical practice (24). Franca et al. (17) recently
proposed a quantitative method of ‘intra-voxel incoherent
motion diffusion-weighted MRI’ for the assessment of
hepatic inflammation. In such study, the investigators
showed that the apparent diffusion coefficient (ADC) and
the perfusion fraction were associated with the degree of
hepatic inflammation, yielding AUROC:s of 0.682 for ADC,
and 0.687 for perfusion fraction, respectively. However,
these simple quantitative analyses are not good enough
for identifying relationships between imaging and liver

© HepatoBiliary Surgery and Nutrition. All rights reserved.

pathology. A multiparametric MRI protocol composed
of T1 maps, T2* maps and proton magnetic resonance
spectroscopy has been developed, aiming at using multi-
sequence imaging to characterize liver tissue (15,19). The
hepatic inflammation and fibrosis scores derived from this
imaging technique using specialized, patented software
(Perspectum Diagnostics, Oxford, UK, LiverMultiScan"™)
provided high diagnostic accuracy for the assessment of liver
pathology. However, it should be noted that the specialized
software of LiverMultiScan™ limits its widespread use,
because of necessary payment for this software. Recently, in
a small study of 137 Chinese patients with chronic hepatitis
B or other chronic liver diseases, the authors found that
MRI-based radiomics models yielded good diagnostic
performance for identifying hepatic inflammation (24).
However, as this study was limited to a single center
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Table 4 Operating characteristics of T2-RS for discriminating hepatic inflammatory activity in NAFLD

Characteristics Training set (n=91)

Internal validation set (n=38) External validation set (n=74)

AUC (95% Cl) 0.80 (0.71-0.89)

Sensitivity, % (n/N) 76.19 (32/42)
Specificity, % (n/N) 73.47 (36/49)
Accuracy, % (n/N) 74.73 (68/91)
PPV, % (n/N) 71.11 (32/45)

NPV, % (n/N) 78.26 (36/46)

LR+ 2.87
LR- 0.32
Diagnostic odds ratio 8.97

0.77 (0.61-0.93) 0.75 (0.63-0.84)

70.59 (12/17) 71.43 (40/56)
76.19 (16/21) 72.22 (13/18)
73.68 (28/38) 71.62 (53/74)
70.59 (12/17) 88.89 (40/45)

76.19 (16/21) 44.83 (13/29)

2.96 2.57
0.38 0.40
7.79 6.43

T2-RS, radiomics signature based on T2WI; NAFLD, nonalcoholic fatty liver disease; AUC, area under the receiver operating characteristic
curve; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR—, negative

likelihood ratio.

without any independent external validation, the robustness
and generalizability of the findings remain unconfirmed.
In contrast, in our study, the T2-RS, was developed and
subsequently validated in two different and independent
cohorts of subjects with NAFLD. Developing our radiomics
signature involved various MRI scanners and its scan
sequence parameters showed good diagnostic performance.
The robustness of the radiomics signature was tested by
re-analyzing the T2WI images by resampling a nominal
voxel size and normalizing the gray levels number before
extraction of radiomics features (35,36). The radiomics
features, which were derived from T2WI and used to
construct the T2-RS, have been reported to have good-
to-excellent intra-/inter-observer reproducibility (37,38)
and robustness to TR/TE changes in some degree (39).
Furthermore, we observed comparable diagnostic
performances in the two independent cohorts of individuals
with different degrees of hepatic inflammation, thereby
suggesting that the T2-RS has good reproducibility. In
addition, it is important to underline that axial T2WTI is
a routine sequence obtained during upper abdomen MRI
scans; T2WI does not require additional scan time, and it
does not require extra hardware or post imaging processing
software.

In our study, there were different levels of liver fibrosis
in the two groups of patients with MIA or SIA. Hepatic T2
relaxation times have been reported to be associated with
liver fibrosis (40,41). However, Heye et al. (42) did not find
any significant difference in T2 relaxation times between

© HepatoBiliary Surgery and Nutrition. All rights reserved.

patients with cirrhosis and control subjects. In contrast,
they found that T relaxation times were significantly
higher in patients with cirrhosis. This finding implies that
liver fibrosis may affect the T'1 signal intensity significantly
more than the T2 signal intensity, and this result was
also supported by data from analysis of TIWI and T2WI
using a machine learning approach (43). It is possible that
differential effects of hepatic inflammation and fibrosis may
lead to these opposite results. In our study, we compared
the TS-RS across histological stages of liver fibrosis, but did
not find any significant difference in the TS-RS according
to the severity of liver fibrosis. Thus, we reason that the
difference in fibrosis stages we observed in our study had
little effect on the ability of T2-RS to predict hepatic
inflammation. That said, the effect of liver fibrosis on the
ability of T2-RS to predict hepatic inflammation still needs
further investigation in rigorously controlled studies.

The T2-RS developed in this study was mainly based
on T2WI. The presence of hepatic iron can shorten T2
relaxation times (44). We further evaluated the effect of
hepatic iron content on the T2-RS. However, we did not
find any significant difference in T2-RS across different
hepatic iron staining grades, both in the training set and
in the internal validation set. This result suggests that the
T2-RS is not markedly affected by hepatic iron content.
The T2-RS was constructed from texture features, which
mainly reflect the spatial distribution of different gray pixels
rather than simple measurement of T2 relaxation time, and
this might explain why T2-RS is not markedly affected by
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hepatic iron content.

For the study of liver pathology, various kinds of ROIs
have been used in previous studies (45-47) to assess localized
liver regions, the right liver lobe or the whole liver. There is
no agreement as to which kind of ROl is preferable. Rezvani
Habibabadi ez a/. (48) used MRI elastography to quantify
liver stiffness and found that the whole liver segment was
better than localized regions. In contrast, another study
showed by comparing different ROIs, that there was
little effect of different ROIs (49). In our study, radiomics
features were extracted only from localized regions in
the right liver lobe. Although a localized ROI does not
represent the overall changes in liver parenchyma, a
radiomics analysis of chronic liver disease by Song ez a/. (24)
showed that the radiomics model, based on localized ROIs,
yielded comparable diagnostic performance to a model
based on the whole liver, suggesting that the quantitative
analysis of part of the liver may be sufficient in NAFLD.

There are some limitations to our study. First, with
203 participants our sample size was relatively small. That
said, however, it is very uncommon amongst individuals
with biopsy-proven NAFLD to also perform simultaneous
liver MRI scans in clinical practice. To our knowledge,
this study is the first and largest study to date to assess the
performance of T2-RS for diagnosing hepatic inflammation
in people with NAFLD. The potential differential impact
of sex on T2-RS and the predictive performance of T2-
RS in men and women still needs further study. The
possible influence of sampling errors due to the usage of
a localized ROI also needs to be considered, although we
think it is feasible to use a localized ROI as discussed above.
Moreover, only the T2WI sequence was used in this study.
Whether other MRI sequences or combinations are better,
needs further study. Finally, the lack of external validation
cohorts of other ethnicities is another possible limitation of
our study.

In conclusion, the results of this study suggest that our
newly developed T2-RS is a promising imaging-related
technique for non-invasive assessment of the severity of
hepatic inflammation in patients with biopsy-confirmed
NAFLD.
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Supplementary

The formula of T2-RS

T2-RS = 0.318 x log-sigma-2-0-mm-3D_glszm_SizeZoneNonUniformity - 1.228 x original_glszm_GrayLevelNonUniformity

+ 0.068 x wavelet-LLL_glszm_SizeZoneNonUniformity - 1.713 x original_glrlm_RunVariance + 2.255 x original_
glrlm_LongRunHighGrayLevelEmphasis - 1.358 x original_glem_Imcl - 0.542 x log-sigma-3-0-mm-3D_glszm_
LowGrayLevelZoneEmphasis - 0.642 x original_glem_ClusterShade -0.82 x original_glrlm_GrayLevelNonUniformity + 1.407 x
original_gldm_LowGrayLevelEmphasis - 0.762 x original_ngtdm_Strength - 0.261 x wavelet-HHL _glszm_SizeZoneNonUniformity
- 0.53 x wavelet-HHH_glszm_GrayLevelNonUniformityNormalized - 0.132 x wavelet-HHH_glszm_SizeZoneNonUniformity +
2.418 x original_gldm_SmallDependenceLowGrayLevelEmphasis - 0.945 x wavelet-LLL_glrlm_LongRunHighGrayLevelEmphasis

+0.368 x original_ngtdm_Busyness - 2.289 x original_glszm_LowGrayLevelZoneEmphasis - 0.34.

152 suspected NAFLD pat
underwent MRI and liver b

Wenzhou cohort

November 2016 to August 2019

tients who
iopsy, from

Guangzhou cohort

82 NAFLD patients who underwent MRI
and liver biopsy, from September 2016
to August 2020

23 patients excluded:
- Time interval between biopsy and
MRI more than 2 months (n=1)
- Poor quality of MRI image (n=17)
- Concomitant viral hepatitis (n=5)

Y

129 patients

8 patients excluded:
- Poor quality of MRI image (n=8)

Y

74 patients

v

208 patients

Figure S1 A flow diagram of study participants. NAFLD, nonalcoholic fatty liver disease; MRI, magnetic resonance imaging.

Table S1 The scanners and parameters of fat-suppressed fast spin-echo sequencea

Scanner Magnetic field . Echo R.epetition .Field of2 Matrix . Slice §Iice
strength (Tesla) time (ms)  time (ms)  view (mm°) thickness (mm) spacing (mm)
GE Discovery MR750 3.0 71-81 5,455-15,000 250x250  320x320 5-7 7-9 129
Toshiba Vantage Titan 3.0 75 1,953-7,568 400x410  312x320 6-8 8-10.6 68
380x400  304x320
360x420  274x320
Siemens MAGNETOM Verio 3.0 77 5,927 285x380  480x640 5 6 1
GE SIGNA excite 3.0 98-108 6,666.7 400x400  512x512 6 9 3
Siemens MAGNETOM Prisma 3.0 93 3,412-5,499  380x380  320x320 6 7.8 2
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Table S2 Baseline characteristics of the Wenzhou and Guangzhou cohorts of patients with biopsy-proven NAFLD

Characteristics Wenzhou cohort (n=129) Guangzhou cohort (n=74) P value
Demographics
Age, years 42.2+12.0 41.9+10.9 0.895
Male sex, n (%) 93 (72.1) 51 (68.9) 0.632
Metabolic factors
Type 2 diabetes, n (%) 21 (16.4)° 7 (9.5) 0.169
Hypertension, n (%) 21 (16.4)° 6 (8.1) 0.095
Laboratory parameters
ALT, IU/L 52.0 (29.5-90.0) 41.9 (28.3-69.8) 0.115
AST, IU/L 35.0 (26.0-57.0) 28.0 (20.0-38.3) <0.001
v-glutamyltranspeptidase, 1U/L 53.0 (33.0-87.0) 45.5 (29.5-74.0) 0.241
Albumin, g/L 46.6 (44.9-49.7) 47.9 (45.3-50.1) 0.306
Total bilirubin, pmol/L 12.0 (10.0-17.0) 11.8 (9.4-14.8) 0.094
Fasting glucose, mmol/L 5.2 (4.9-6.1) 5.1 (4.5-5.5) 0.259
Fasting insulin, pmol/L 109.0 (76.2-157.0)° 83.5 (65.3-105.8)° 0.005
Glycosylated hemoglobin, % 5.7 (5.3-6.3)° 5.6 (5.4-6.0)° 0.862
Total cholesterol, mmol/L 5.2+1.1 51+1.1 0.585
Triglyceride, mmol/L 1.9 (1.3-2.8) 1.7 (1.2-2.6) 0.315
HDL-C, mmol/L 1.0(0.9-1.1) 1.1 (1.0-1.3) 0.001
LDL-C, mmol/L 3.1£0.9 3.4+1.1 0.030
Liver histology features
Fibrosis stage, n (%) 0.124
Fo 39 (30.2) 1(1.4)
F1 61 (47.3) 62 (83.8)
F2 22 (17.1) 8(10.8)
F3 4(3.1) 3(4.1)
F4 3(2.3) 0(0.0)
Steatosis grade, n (%) 0.010
SO 7 (5.4) 5(6.8)
S1 41 (31.8) 31 (41.9)
S2 51 (39.5) 34 (45.9)
S3 30 (28.3) 4(5.4)
Ballooning grade, n (%) <0.001
BO 17 (13.2) 2(2.7)
B1 72 (55.8) 23 (31.1)
B2 40 (31.0) 49 (66.2)

Table S2 (continued)
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Table S2 (continued)

Characteristics Wenzhou cohort (n=129) Guangzhou cohort (n=74) P value
Lobular inflammation grade, n (%) 0.092
LO 9(7.0) 1(1.4)
L1 74 (57.4) 59 (79.7)
L2 42 (32.6) 14 (18.9)
L3 4 (3.1) 0(0.0)
Definitive NASH* 57 (44.2) 36 (48.6) 0.539
Hepatic IAS' 0.021
0 4(3.1) 0(0.0)
1 13 (10.1) 3(4.1)
2 53 (41.1) 16 (21.6)
3 35 (27.1) 47 (63.5)
4 22 (17.1) 8 (10.8)
5 2(1.6) 0(0.0)

Continuous variables were expressed as means + SD or medians with IQRs; categorical variables were expressed as number (percentages).
2 128 (99.2%) cases were available; °, 127 (98.4%) cases were available; °, 48 (64.9%) cases were available; ¢, 126 (97.7%) cases were
available; °, 66 (89.2%) cases patients were available; ¥, definitive NASH was defined as the presence of steatosis, lobular inflammation
and ballooning with NAS score >5; T, hepatic IAS was defined as the sum of histologic scores for lobular inflammation and ballooning.
NAFLD, nonalcoholic fatty liver disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; NASH, nonalcoholic steatohepatitis; IAS, inflammatory activity score; SD, standard
deviation; IQRs, interquartile ranges; NAS, NAFLD activity score.
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