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Abstract
Purpose: We investigated the diagnostic power of texture analysis (TA) performed on MRI (T2-weighted, gadolinium- 
enhanced, and diffusion-weighted images) to differentiate between focal nodular hyperplasia (FNH) and hepato-
cellular adenoma (HCA).

Material and methods: This was a retrospective single-centre study. Patients referred for liver lesion characterization, 
who had a definitive pathological diagnosis, were included. MRI images were taken by a 3-Tesla scanner. The values 
of TA parameters were obtained using the ImageJ platform by an observer blinded to the clinical and pathology 
judgments. A non-parametric Mann-Whitney U test was applied to compare parameters between the 2 groups. With 
receiver operating characteristic (ROC) analysis, the area under the curve (AUC), sensitivity, and specificity were 
calculated. Finally, we performed a binary logistic regression analysis. A p-value <0.05 was reported as statistically 
significant.

Results: A total of 62 patients with 106 lesions were enrolled. T2 hyperintensity, Atoll sign, and intralesional fat were 
encountered more in HCAs, and central scars were more frequent in FNHs. Multiple TA features showed statistically 
significant differences between FNHs and HCAs, including skewness on T2W and entropy on all sequences. Skew-
ness on T2W revealed the most significant AUC (0.841, good, p < 0.0001). The resultant model from binary logistic 
regression was statistically significant (p < 0.0001) and correctly predicted 84.1% of lesions. The corresponding AUC 
was 0.942 (excellent, 95% CI: 0.892-0.992, p < 0.0001).

Conclusion: Multiple first-order TA parameters significantly differ between these lesions and have almost fair to good 
diagnostic power. They have differentiation potential and can add diagnostic value to routine MRI evaluations.
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Introduction
After haemangiomas, focal nodular hyperplasia (FNH) and 
hepatocellular adenoma (HCA) are the second and third 
most common benign liver tumours, respectively, which 
traditionally involve young to middle-aged women [1]. 

They share similar radiologic traits but have different 
management and prognoses. HCAs carry a risk of for-
tuitous bleeding and progression to malignant transfor-
mation, while complications of FNHs are scarce (do-not- 
touch lesion) [1,2]. The best non-invasive diagnostic 
method is imaging, but each modality has some limita-
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tions. For instance, a multiphasic computed tomo graphy 
(CT) scan often comes into play as an initial modality. 
However, in the absence of characteristic findings such 
as a central scar or discoverable fat inside the lesion, the 
diagnosis is problematic [3]. Magnetic resonance imaging 
(MRI) is the most chosen tactic for characterizing focal 
liver lesions [4,5]. A sensitivity of 60-70% and a specificity 
close to 100% for FNH expected when MRI depicts the 
established characteristic features such as a central scar, 
marked arterial hyperenhancement, and lobulated con-
tours. Unfortunately, around 50% of FNHs show typical 
findings, and in many cases, the distinction between FNH 
and HCA is not achievable [6]. There is also the possibility 
of findings overlapping in hyper-enhancing liver lesions 
in the arterial phase [7]. In such cases, either liver biopsy, 
an invasive method, or Gadoxetic acid-enhanced mag-
netic resonance imaging (GAE-MRI) should be used [8]. 
In GAE-MRI, despite the high sensitivity and specific-
ity (hypointense in the hepatobiliary phase), HCA in the 
hepatobiliary phase is iso- to hyperintense in 7-26% of 
cases [9-11]. Conversely, 3-8% of FNH are hypointense 
in the phase mentioned earlier [10,11]. In addition, the 
Gadoxetic acid contrast agent is unavailable in middle-
low-income countries. As a result, it is necessary to find 
an alternative method to improve the diagnosis, and re-
duce the cost and risk of invasiveness [11-14].

Texture analysis (TA) is an old-established mathema-
tical method in which the heterogeneity of the lesion is 
characterized based on the distribution of pixel intensities 
in the range of the desired mode [15]. TA can detect subtle 
changes that are visually indistinguishable. In the liver, it is 
used to distinguish malignant from benign lesions [16,17], 
the correlation between imaging, molecular and histo-
pathological findings of tumour [18], evaluation of prog-
nosis, and response to treatment in patients with hepato-
cellular carcinoma (HCC) and liver metastases [19-21]. 
Different methods of TA are available, but the most com-
mon form is first-order statistics. A histogram derived 
from grey levels of pixel intensities and multiple param-
eters can be calculated, including mean, standard devia-
tion, skewness, kurtosis, and entropy [22]. Compared to 
a CT scan, MRI gives higher contrast of soft tissues, and 
TA derived from MRI is more effective in reflecting the 
tumour heterogenicity [16,22].

In this study, we aim to investigate the diagnostic 
power of TA performed on MRI with common sequences  
(T2-weighted, gadolinium-enhanced, and diffusion-
weighted images [DWI]) to differentiate HCA from FNH.

Material and methods

Population, ethics, and confirmation

The investigated population includes patients who were 
referred to our hospital for characterization of liver lesions 
between 2014 and 2022 and had a definitive pathological 

or radiological diagnosis of HCA or FNH. The study’s na-
ture was retrospective and observational, and its code of 
ethics is  IR.TUMS.IKHC.REC.1400.250 (Tehran Univer-
sity of Medical Sciences, Imam Khomeini Hospital Com-
plex). The study was conducted according to established 
ethical guidelines and regulations. Written informed con-
sent was obtained. Patients’ information was entered into 
the study in a confidential and coded manner. Informed 
consent was obtained from the patients for the publica-
tion of their images. The principles of the Declaration of 
Helsinki were observed.

To be included in this study, patients had to be 18 
years old or above and undergo an MRI with extracel-
lular contrast agent (gadolinium) and/or DWI within  
6 months before surgery or biopsy. Exclusion criteria 
were poor quality of images, unclear margins of lesions,  
suboptimal arterial phase, presence of bleeding or necro-
sis within the lesion based on imaging findings (increased 
or heterogeneous T1 for bleeding and high T2 for necro-
sis), damaged or lost source file within the database, and 
small size of the lesions (diameter < 5 mm or ROI < 100 
pixels).

The gold standard of final diagnosis is the confirma-
tion of pathology obtained from core needle biopsy sam-
ples or surgical resection [23].

MRI technique, lesion selection, and texture analysis

MRI images were taken by a 3-Tesla scanner (Magnetom 
Trio®, Siemens Healthcare, Erlangen, Germany) with axial 
directed fast spin-echo T2-weighted, gradient recalled 
echo T1-weighted with fat saturation, single shot breath 
holding echo planar DWI. An ADC map was generated 
at high (800 s/mm2) b-values. Gadolinium (Gd-DTPA, 
Kangchen Pharmaceutical Company Ltd., Guangzhou, 
China) was used with a fast bolus injection (0.2 mmol/
kg) followed by a 20 ml 0.9% saline chaser, both with  
a 20 ml/sec rate. Dynamic images were taken every  
15-20 seconds after contrast medium injection. Arterial 
and portal phases were acquired 20-40 and 60-70 seconds 
after injection, respectively (Table 1).

Demographic information such as age and gender were 
extracted from the files. MR images were extracted from 
PACS (Picture Archive and Communication System da-
tabase) in the bitmap format. Qualitative features on MRI 
were considered as follows: arterial hyperenhancement le-
sion signal intensity more than surrounding liver paren-
chyma in the arterial phase; significant T2 hyperintensity 
the signal intensity similar or more than the spleen on T2 
signals; atoll sign, a peripheral rim of high intensity with 
central lesion iso intensity on T2; intralesional fat, at least 
20% drop of signal intensity on opposed-phase of gradi-
ent echo images in comparison with in-phased images; 
central scar, star-like structure with T2 hyperintensity and 
arterial and portal hypo enhancement and delayed hyper-
enhancement at the centre of the lesions.
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The values of TA parameters were obtained by the ImageJ 
free platform (National Institutes of Health, Bethesda, 
MD, USA) by an observer blinded to the clinical and pa-
thology judgments. A polygonal ROI (region of interest) 
was drawn manually in the largest cross-sectional dia-
meter (2D slices) within the margins of the lesions at the 
same position in different sequences (Figure 1). Skewness 
(asymmetry of the pixel distribution), kurtosis (tailedness 
of the pixel distribution), and entropy (measure of irregu-
larity or randomness) were obtained. The mentioned TA 
parameters derived from unfiltered images and were not 
sensitive to the scan protocols [22,24]. The pixel intensity 
ranged from 0 to 255.

Statistical analysis

Continuous quantitative data were reported as mean  
± standard deviation, and qualitative data were reported 
as numbers and percentages. To compare parameters be-
tween the 2 groups, initially, the normality of data distri-
bution was checked by the Kolmogorov-Smirnov test, and 
then a non-parametric Mann-Whitney U test was applied 
for comparisons. The c2 test was performed for the com-
parison of categorical variables. With receiver operating 
characteristic (ROC) analysis, the area under the curve 
(AUC), sensitivity, and specificity of each parameter were 
calculated. The diagnostic power of the test was classified 
as follows [25]: 0.9-1: excellent; 0.8-0.9: good; 0.7-0.8: 
fair; 0.6-0.7: poor; 0.5-0.6: fail. In the final step, a binary 
logistic regression was performed, including statistically 
significant features.

A measured p-value <0.05 was reported as statistically 
significant. Statistical analyses were performed by IBM 
SPSS version 25 software.

Results

Study population

A total of 62 patients, including 57 women and 5 men, 
were included in this study. The age of the patients was 
between 18 and 59 years, with an average of 35.63 and 
a standard deviation of 9.62. Of these patients, 106 lesions 
were included in this investigation. Fifty lesions were 
FNH, and 56 were liver adenomas. The selection process 
and excluded cases are exhibited in Figure 2.

Moderate to strong arterial hyperenhancement was 
found in 49 FNHs and 55 HCAs, which was not statis-
tically significant. On the other hand, T2 hyperintensity  
(2 vs. 27), atoll sign (0 vs. 16), and intralesional fat (2 vs. 13) 
were more often encountered in HCAs, and central scars 
(48 vs. 16) were more frequent in FNHs. The largest AUC 
(77.7, fair) was attributed to the central scar (sensitivity: 
84%; specificity: 71.4%). The length and qualitative char-
acteristics of lesions are shown in Table 2. 

Table 1. Acquisition technique

Sequence TE (ms) TR (ms) ST (mm) Gap/Space (mm) Matrix FOV (mm) FAº

T2-weighted 80-99 508-891 5 2.5 320 × 192 380 × 380 90

Contrast-enhanced (arterial/portal) 2 4 4 2 256 × 192 400 × 400 12

DWI 69-76 5300-9474 6-8 5-9 82 × 82 400 × 400 90
TE – time of echo, TR – time of repetition, ST – slice thickness, FOV – field of view, FA – flip angle, DWI –diffusion-weighted image.

Figure 1. Lesion selection and the histogram diagram resulting from the 
distribution of the pixels. The margin of the mass marked with a red marker. 
From top to bottom, images on the right side related to arterial, portal, 
DWI, and T2-weighted sequences. The histogram derived from each lesion 
is shown on the left side of the corresponding sequences 
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Texture analysis

Multiple TA features showed statistically significant dif-
ferences between FNHs and HCAs. In the T2W sequence, 
the mean value of skewness (0.38 ± 0.34, –0.17 ± 0.28,  
p < 0.0001) and entropy (3.80 ± 0.39, 3.25 ± 0.41,  
p < 0.001) of FNHs were higher than those of HCAs.  
The mean value of entropy in the arterial phase (4.64  
± 0.49, 4.28 ± 0.57, p = 0.001), portal phase (4.28 ± 0.55, 
4 ± 0.54, p = 0.018), and DWI (4.1 ± 0.6, 3.68 ± 0.67,  
p = 0.005) were also statistically different between the  
2 groups. Details of these comparisons are shown in Table 3.

Skewness on T2 revealed the most significant AUC on 
ROC analysis (0.841, good, p < 0.0001) (Figure 3). A value 
of less than –0.04 has a sensitivity of 96.7% and a specificity 

of 66.7% for diagnosing HCAs. Entropy on the DWI (AUC: 
0.808, p < 0.0001) also showed good performance. Entropy 
on arterial and portal phase and T2W presented fair diag-
nostic power. Diagnostic performance is reported in Table 4.

Logistic regression analysis

A binary logistic regression analysis carried out using 
the diagnosis as the dependent variable and the follow-
ing covariates: atoll sign, intralesional fat, central scars,  
T2 hyper intensity, skewness on T2W images, and entropy 
on arterial phase, portal phase, DWI, and T2W. The resul-
tant model was statistically significant (p < 0.0001) and 
correctly predicted 84.1% of lesions. The corresponding 
AUC was 0.942, i.e. excellent (p < 0.0001) (Figure 4).

Figure 2. The selection process and final population presented in this flow diagram. FNH: focal nodular hyperplasia, HCA: hepatocellular adenoma

Table 2. Qualitative features of liver MRI of focal nodular hyperplasia and hepatocellular adenoma

p-value*Hepatocellular adenoma 
(n=56)

Focal nodular hyperplasia 
(n=50)

Characteristics

0.9355549PresentModerate to marked enhancement on the 
arterial phase 11Absent

< 0.001272PresentT2 hyperintensity

2948Absent

< 0.001160PresentAtoll sign

4050Absent

0.005132PresentIntralesional fat

4348Absent

< 0.0011642PresentCentral scar

408Absent
*c2 test

Ninty-seven patients with radiologic (MRI) reports of FNHs or HCAs  
between January 2014 and December 2022 (83 FNHs, 123 HCAs)

Sixty-two patients with 106 lesions (50 FNHs, 56 HCAs) 

Significant image artifact: 3 patients, 13 lesions
Hemorrhage or necrosis: 2 patients, 5 lesions

Suboptimal arterial phase: 1 patient, 2 lesions
Small size: 3 patients, 8 lesions

Unclear margin: 1 patient, 2 lesions
Unavailable or damaged DICOM. Source: 4 patients, 34 lesions

No pathological confirmation: 36

Excluded

Included

Target
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Discussions
In our investigation of distinguishing FNHs from HCAs, 
the skewness on the T2W sequence and entropy on all 
sequences had statistically significant different distribu-
tions. All these parameters were higher in FNHs. The dia-
gnostic performance was almost fair to good, with AUC 
values ranging from 0.743 (entropy on portal phase) to 
0.841 (skewness on T2W). The central scar was the best 
traditional finding for differentiation (AUC: 77.7), but as 
we said, TA parameters can show better overall diagnostic 
power. Furthermore, our final model consists of all signifi-
cant features with outstanding performance (AUC: 0.942, 
sensitivity: 88.5%, specificity: 83.7%). Eighty-four per cent 
of lesions were correctly predicted. So, we believe that 
first-order TA derived from liver MRI is a simple, fast, 
reliable, and non-invasive ancillary or complementary 
tool for distinguishing these lesions. They successfully re-
flected the histopathological heterogenicity in our study.

Despite low availability and no guarantee of the su-
periority of texture analysis based on MRI images with 
hepatobiliary contrast agent (in comparison with extra-

Table 3. Texture analysis of liver MRI of focal nodular hyperplasia and hepatocellular adenoma

Textural analysis Diagnosis Minimum Maximum Mean Std. deviation p-value*

T2-weighted 
images

Skewness FNH –0.5 0.95 0.38 0.34 < 0.001

Adenoma –0.9 0.22 –0.17 0.28

Kurtosis FNH –1.13 0.9 –0.10 0.49 0.880

Adenoma –1.08 1.08 –0.10 0.46

Entropy FNH 3.22 4.68 3.80 0.39 < 0.001

Adenoma 2.29 3.83 3.25 0.41

Arterial phase Skewness FNH –1.02 0.48 –0.24 0.40 0.439

Adenoma –1.22 0.71 –0.30 0.42

Kurtosis FNH –0.94 1.79 0.03 0.74 0.870

Adenoma –1.17 1.39 0.01 0.68

Entropy FNH 3.43 5.79 4.64 0.49 0.001

Adenoma 3.13  5.42 4.28 0.57

Portal phase Skewness FNH –1 1.18 0.08 0.46 0.214

Adenoma –0.97 1.1 –0.02 0.45

Kurtosis FNH –1.18 1.09 0.1 0.57 0.979

Adenoma –1.06 1.18 –0.09 0.58

Entropy FNH 3.25 5.48 4.28 0.55 0.018

Adenoma 2.65 5.10 4 0.54

Diffusion-
weighted 
images

Skewness FNH –1.34 0.98 –0.02 0.45 0.459

Adenoma –1.07 1.02 0.05 0.50

Kurtosis FNH –1.12 0.71 –0.25 0.52 0.466

Adenoma –1.01 1 –0.17 0.48

Entropy FNH 3.06 5.64 4.10 0.60 0.005

Adenoma 2.62 4.94 3.68 0.67
*Mann-Whitney U test, FNH – focal nodular hyperplasia, HCA – hepatocellular adenoma

Figure 3. ROC curves of texture analysis parameters. ArtsSk – arterial skew-
ness, ArtKur – arterial kurtosis, ArtEnt – arterial entropy,; PortSk – portal 
skewness, PortKur – portal kurtosis, PortEnt – portal entropy, T2Sk – T2 
skewness, T2Kur – T2 kurtosis, T2 Ent – T2 entropy
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cellular contrast agent), studies designed to distinguish 
HCAs from FNHs are predominantly based on them 
and CT scans. So far, no study used the identical MRI 
sequences as in our investigation for comparison. In the 
study of Canella et al., 51 HCAs from 40 patients and  
32 FNHs from 28 patients underwent GAE-MRI. TA on 
T2 fast spin-echo sequences, hepatic arterial, and hepato-
biliary phases were assessed. Among different texture pa-
rameters, skewness in the T2-weighted, arterial phase, and 
hepatobiliary phase, as well as entropy in the hepatobiliary 
phase, had another distribution, which was statistically 
significant. The highest AUC (0.87) was related to skew-
ness in the hepatobiliary phase. By adding TA parameters 
to the main criteria of hypointensity in the hepatobiliary 
phase, the AUC for the HCA diagnosis reached 0.98. In 
fact, with this method, 96.4% of lesions were correctly 
identified. As a result, TA has an added value for detect-
ing atypical HCAs that do not show hypointensity in the 
hepatobiliary phase [26]. The TA based on T2W in this 
study almost followed our investigation. They calculated 

that the mean skewness on T2W was higher in FNHs 
(0.91 ± 0.84 vs. 0.21 ± 0.56, p < 0.001). Their mentioned 
optimal cut-off was less than 0.18, with sensitivity 58.8% 
and specificity 87.5%. 

There are some other studies in the literature show-
ing that TA of liver MRI is helpful for the discrimina-
tion of different histopathological lesions. For instance, 
the following 3 works were designed to focus on texture 
analysis based on the T2W sequence. First, in the study of 
Zhong et al., 68 patients with 73 liver nodules (46 HCCs 
and 27 dysplastic nodules, confirmed by pathology) were 
examined. The diagnostic power of GAE-MRI, DWI, the 
combination of these 2 modalities, and TA based on T2-
weighted images was investigated. To distinguish small 
HCC from dysplastic nodules, the AUC in TA was 0.96, 
which was significantly higher than both types of GAE-
MRI (0.86) and DWI alone (0.8). Meanwhile, a combina-
tion of these 2 imaging modalities showed almost identical 
sensitivity (95.6% vs. 97.8%), but the specificity declined 
notably (66.7% vs. 92.6%) in comparison with TA [27]. 
Second, Stocker et al. reviewed the preoperative contrast-
enhanced MRI (native fat-saturated T1W, T2W, and 
arterial and portal phase) of 108 non-cirrhotic patients 
retrospectively. TA was performed by 2 separate readers, 
comparing the grey-level histogram, co-occurrence, and 
run-length matrix with 19 parameters. Two radiologists 
reviewed the images. The diagnostic power of TA was 
compared with the routine radiological exa mination. 
Their results showed that texture analysis of routine liver 
MRI effectively distinguished the masses mentioned above 
[28]. Finally, in the study by Li et al., TA findings from 
spectral attenuated inversion-recovery T2-weighted MRI 
(SPAIR T2W-MRI) of a total of 162 patients (55 haeman-
giomas, 67 liver metastasis, and 40 HCCs) were reviewed 
retrospectively. TA parameters were calculated from the 
grey-level co-occurrence matrix, grey-level gradient co-
occurrence matrix, grey-level run-length matrix, Gabor 
wavelet transform, and intensity-size-zone matrix. They 
claimed that TA findings obtained from SPAIR T2W-MRI 
for the diagnosis of single liver lesions can be used as an 
ancillary tool for more accurate diagnosis. However, none 
of the parameters is useful alone (a combination of 9 to  
16 parameters must be used) [16]. To sum up, all the men-
tioned works confirm that TA can be helpful in diagnostic 

Figure 4. ROC curve of predicted probabilities of model for diagnosis of 
hepatocellular adenoma. The model consisted of atoll sign, intralesional 
fat, central scars, T2 hyperintensity, skewness on T2-weighted images,  
entropy on T2-weighted images, diffusion weighted images, and arterial 
and portal phases 
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Table 4. Diagnostic performance of texture analysis

Parameters AUC* (95% CI) p-value Optimal cut-off** Sensitivity (%) Specificity (%)

Skewness on T2-weighted images 0.841 (0.73-0.952) < 0.0001 ≤ –0.04 96.7 66.7

Entropy on diffusion-weighted images 0.808 (0.682-0.934) < 0.0001 ≤ 3.75 80 76.2

Entropy on T2-weighted images 0.787 (0.66-0.914) 0.001 < 3.38 80 66.7

Entropy on arterial phase 0.768 (0.628-0.909) 0.001 < 4.35 86.7 66.7

Entropy on portal phase 0.743 (0.604-0.882) 0.003 < 3.90 83.3 61.9
*ROC analysis, **Youden Index
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challenges of liver lesions, either benign or malignant, so 
it deserves special attention. Our results are in accordance 
with the mentioned studies, and TA based on the T2W 
sequence reflects the histopathological difference.

The first limitation of our study was that it was con-
ducted retrospectively over 8 years, which may affect the 
homogeneity of the image acquisition technique. How-
ever, previous studies have shown that the TA parameters 
used in our work are not significantly affected because 
the mean, standard deviation, and mean positive pixels 
(MPP) may be involved [24]. Also, larger multicentre 
prospective studies are suggested, to verify the practi-
cality and generality. Our analysis was performed in the 
largest cross-sectional area in 2D, and a survey in 3D is 
strongly recommended (considering all parts of a lesion).  
The T1-weighted and delayed phase were not investigated 
because masses are isointense on these sequences, and 
they rarely provide sufficient contrast. It must be noted 

that the volume and the concentration of contrast medi-
um influence the TA [22], but the type (hepatobiliary vs. 
gadolinium) was not investigated. 

Conclusions
Accurate non-invasive diagnosis plays a vital role in 

managing FNH and HCA. First-order TA parameters 
on the T2W sequence (skewness and entropy), DWI 
(entropy), portal (entropy), and arterial phase (entropy) 
significantly differ between these lesions and have almost 
fair to good diagnostic power. They have differentiation 
potential and can add diagnostic value to routine MRI 
evaluations.
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