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Abstract

Purpose: To explore the value of CT texture analysis
(CTTA) for differentiation of focal nodular hyperplasia
(FNH) from hepatocellular adenoma (HCA) on con-
trast-enhanced CT (CECT).
Methods: This is a retrospective, IRB-approved study
conducted in a single institution. A search of the medical
records between 2008 and 2017 revealed 48 patients with
70 HCA and 50 patients with 62 FNH. All lesions were
histologically proven and with available pre-operative
CECT imaging. Hepatic arterial phase (HAP) and portal
venous phase (PVP) were used for CTTA. Textural
features were extracted using a commercially available
research software (TexRAD). The differences between
textural parameters of FNH and HCA were assessed
using the Mann–Whitney U test and the AUROC were
calculated. CTTA parameters showing significant differ-
ence in rank sum test were used for binary logistic
regression analysis. A p value < 0.05 was considered
statistically significant.
Results: On HAP images, mean, mpp, and skewness were
significantly higher in FNH than in HCA on unfiltered
images (p £ 0.007); SD, entropy, and mpp on filtered
analysis (p £ 0.006). On PVP, mean, mpp, and skewness
in FNH were significantly different from HCA
(p £ 0.001) on unfiltered images, while entropy and
kurtosis were significantly higher in FNH on filtered
images (p £ 0.018). The multivariate logistic regression

analysis indicated that the mean, mpp, and entropy of
medium-level and coarse-level filtered images on HAP
were independent predictors for the diagnosis of HCA
and a model based on all these parameters showed the
largest AUROC (0.824).
Conclusions: Multiple explored CTTA parameters are
significantly different between FNH and HCA on
CECT.

Key words: Hepatocellular adenoma—Focal nodular
hyperplasia—Texture analysis—Liver—Computer
tomography

Focal nodular hyperplasia (FNH) and hepatocellular
adenoma (HCA) are the second and third most common
benign solid liver lesions, respectively, both predomi-
nately occurring in young women [1]. Differentiating
these two lesions from each other has a high clinical
relevance due to the different risk of complications and
different clinical managements. While complications are
very rare in FNH [2], hemorrhage and malignant trans-
formation can be seen in HCA [1].

Multiphasic contrast-enhanced CT (CECT) imaging
is often the first modality for the non-invasive charac-
terization of liver lesions. Differentiation of HCA from
FNH may be difficult on CECT imaging when charac-
teristic features such as intralesional scar or intralesional
fat are lacking [3]. The enhancement pattern of FNH
may overlap with that of inflammatory-type HCA [4]
both presenting as hyperenhancing lesions on hepaticCorrespondence to: Alessandro Furlan; email: furlana@upmc.edu
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arterial phase. Therefore, additional imaging with
gadoxetic acid enhanced MR or a liver biopsy is often
required to reach a definitive diagnosis.

Texture analysis is an emerging imaging-based post-
processing method that allows for quantification of tissue
heterogeneity [5, 6]. There has been a surge in research
application of CT texture analysis (CTTA) in recent
years. Texture analysis allows for mathematical extrac-
tion of several quantitative parameters that reflect the
distribution and relationship of pixel gray-level value
within a region of interest (ROI), providing additional
information that cannot be detected by the human eyes
[5]. Several oncologic and non-oncologic applications of
CTTA have been investigated for liver diseases. Previous
works have shown correlation between CTTA and tumor
histology, molecular profile [7], prognosis [8–13], and
treatment response [6] in different neoplasms. Recent
studies have also reported the value of CTTA to differ-
entiate benign from malignant liver lesions [14]. How-
ever, research on the role of CTTA in differentiating
benign liver lesions has been limited [15].

The purpose of our study was to explore the value of
CTTA for the differentiation of FNH from HCA on
CECT imaging.

Materials and methods

The institutional review board approved this HIPPA-
compliant retrospective study. The requirement to obtain
informed consent was waived.

Population

The surgical and pathology records between January
2008 and December 2017 were searched to identify pa-
tients fulfilling the following criteria: (i) age ‡ 18 years;
(ii) at least one pathologically proven HCA or FNH; (iii)
CECT of the abdomen performed within 6 months be-
fore biopsy or resection of the lesion. The initial search
resulted in 119 patients (113 females and 6 males, mean
age 39.2 years) with 161 lesions (90 HCA, 71 FNH).
Twenty-nine lesions were excluded due to (i) poor visu-
alization of the lesion margins (n = 12) or severe imag-
ing artifacts (n = 1); (ii) the presence of intralesional
hemorrhage or necrosis (n = 14); (iii) small size, i.e.,
axial diameter of less than 5 mm (n = 2) (Fig. 1).

The final population included in the study (Table 1)
was made of 98 patients: 48 patients (47 females, 1 male,
mean age 40.1 ± 11.6 years) with 70 HCAs and 50 pa-
tients (48 females, 2 males, mean age 38.4 ± 9.8 years)
with 62 FNHs. Pathologic confirmation was obtained via
percutaneous needle biopsy (23 HCA; 14 FNH) or hep-
atic resection (47 HCA, 48 FNH). HCAs were classified
according to genotype/phenotype and immunohisto-
chemical characteristics into (1) HNF1a-mutated

(n = 10, 14.3%), (2) inflammatory (n = 37, 52.8%), (3)
b-catenin mutated (n = 3, 4.3%), and (4) unclassified
(n = 20, 28.6%) subtypes. The mean ± SD interval time
between CECT and the pathological proof was
57 ± 41 days (range 0–135 days).

CECT technique

Post-contrast images were obtained during hepatic arte-
rial phase (HAP, 20–30 s after injection of contrast agent
determined by ‘‘bolus tracking’’ technique, using a
threshold of 100 HU in the abdominal aorta) and portal
venous phase (PVP, 30–40 s after the completion of
HAP). The patients received 100–125 mL of Iopamidol
(Isovue 370; Bracco Diagnostics, Princeton, NJ) or Io-
hexol (Omnipaque 350; GE Healthcare, Princeton, NJ)
injected through a peripheral intravenous line at rate of
3–5 mL/s. The scanning parameters were as follows: slice
thickness, 3–5 mm; pitch, 1.375; tube potential, 120 kVp;
automatic mA modulation with range of 100–590 mA;
matrix size, 512 9 512; and field of view, 327–500 mm.
Unenhanced CT images were acquired only in 30% of the
studies and thus not included in the TA.

Texture analysis

Texture analysis was performed by a single observer
(R.C.) with 4 years of experience in cross-sectional
imaging and 6 months of experience with texture analy-
sis, blinded to the pathological classification. The study
coordinator (A.F.) reviewed the surgical reports and the
ultrasound images obtained during percutaneous biopsy
to ensure only pathologically proven lesions were in-
cluded in the study.

The CT images were anonymized and exported to a
dedicated workstation for CTTA. Textural features were
extracted using a commercially available research soft-
ware (TexRAD, version 3.9, Feedback Plc, Cambridge,
UK) which applies a two-step filtration-histogram ap-
proach. Axial HAP and PVP images were used for tex-
ture analysis. A polygonal ROI was manually drawn on
the largest cross section within the margins of the lesions
as described in prior studies (Figs. 2, 3) [8, 9, 16]. A 2-cm
rounded ROI was also placed on the non-lesional right
lobe liver parenchyma. In each post-contrast phase, the
software automatically extracts an independent dataset
of texture parameters based on the histogram of gray-
level frequency and gray-level distribution within the
region of interest. Statistical and histogram-based
parameters were extracted before and following the
application of different levels of filtration by using
Laplacian of Gaussian spatial band-pass filter. Each fil-
ter (spatial scale filter, SSF) highlights the features of
objects with a specific size (object radii of 2–6 mm). The
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unfiltered parameters are labeled as SSF = 0. Filter
value of 2 mm (SSF = 2) indicates fine texture; filters of
3 and 4 mm (SSF = 3 or 4) correspond to medium
texture, and filters of 5 and 6 mm (SSF = 5 or 6) indi-
cate coarse texture. Histogram parameters included for
this study were mean (average value of the pixels),
standard deviations (SD), entropy (indicator of irregu-
larity) [5, 17], mean of positive pixel (mpp), skewness
(indicating asymmetry of the histogram), and kurtosis
(indicating peakedness of the histogram) [18].

Statistical analysis

The Mann–Whitney U test was used to compare the
distribution of CTTA parameters in HCAs and FNHs.
Receiver operating characteristics (ROC) analyses were
performed for the most discriminative features to assess
the performance for the diagnosis of HCA. CTTA
parameters which were shown to be statistically signifi-
cant were then entered in a binary logistic regression
(forward conditional). In addition, an exploratory anal-

Fig. 1. Flow diagram for the selection of the final population with hepatocellular adenoma (HCA) or focal nodular hyperplasia
(FNH).

Table 1. Characteristic of the final population

Baseline characteristics FNH (50 patients with 62 lesions) HCA (48 patients with 70 lesions)

Patients’ gender
Females 48 (96.0) 47 (97.9)
Males 2 (4.0) 1 (2.1)

Patients’ age Mean 38.4 ± 9.8 years (range 18–58) Mean 40.1 ± 11.65 years (range 18–61)

Pathologic confirmation
Biopsy 14 (22.6) 23 (32.9)
Resection 48 (77.4) 47 (67.1)

Lesions size 4.7 ± 3.0 cm (range 0.8 - 12.2 cm) 4.2 ± 2.8 cm (range 1.0 - 11.2 cm)

Patients’ number of lesions
Single 31 19
Multiple 19 (mean 3; range 2–6) 29 (mean 13, range 2–27)
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ysis of the role of CT texture analysis for the differenti-
ation of the subtypes of HCA was conducted using
Kruskall–Wallis test.

Statistical significance level was set at p < 0.05. Sta-
tistical analysis was conducted using SPSS software
(version 18.0; SPSS, Chicago, IL) and MedCalc for
Windows, version 17.1 (MedCalc Software, Ostend,
Belgium).

Results

On HAP images, multiple CTTA parameters were sta-
tistically higher in FNH compared to HCA (Table 2).
The strongest differences on unfiltered images were
found for mean, mpp, and skewness (p £ 0.007); on
medium-level filter for SD (p £ 0.006); and on coarse-

level filter for SD, entropy, and mpp (p £ 0.003). The
largest calculated AUROCs for the diagnosis of HCA
were for mean on 5-mm coarse filter (0.638; CI
0.535–0.733), mpp on 6-mm coarse filter (0.681; CI
0.579–0.771), entropy on 4-mm medium-level filter
(0.646; CI 0.543–0.740), and 6-mm coarse-level filter
(0.707; CI 0.606–0.794). These four parameters were
independent predictors of HCA at logistic regression
analysis. A combined model based on all these CTTA
features yielded a AUROC of 0.824 (CI 0.734–0.894)
(Fig. 4).

On PVP images, mean, mpp, and skewness were
statistically different on unfiltered images (p £ 0.001)
(Table 3). The corresponding AUROC for the diagnosis
of HCA were 0.678 (CI 0.590–0.757) for the mean, 0.679

Fig. 2. Texture analysis on a 30-year-old female with
inflammatory hepatocellular adenoma. A polygonal ROI was
manually drawn within the margin of the lesion (A) on HAP.

Representative images of texture features extracted with fine
(SFF = 2, B), medium (SSF = 4, C), and coarse (SSF = 6, D)
filters.
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(CI 0.591–0.758) for mpp, and 0.674 (CI 0.586–0.753) for
skewness. When applying fine- and medium-level filters,
the kurtosis was statistically higher in FNH (p £ 0.001),
while entropy was significantly higher in both 5-mm and
6-mm coarse filters (p = 0.018). On filtered images, the
largest AUROC curve was for the kurtosis on 2-mm fine
filter (0.678; CI 0.590–0.757). The logistic regression
analysis demonstrated that mean and skewness were
independent predictor for the diagnosis of HCA. A
model based on these two parameters yielded a AUROC
of 0.733 (CI 0.648–0.807) (Fig. 5).

We also explored the potential of texture analysis in
differentiating the four subgroups of HCA, but none of
the texture parameters was statistically different. The
analysis of non-lesional liver did not show any signifi-

cantly difference on the texture parameters extracted
from the right hepatic lobe.

Discussion

We explored the diagnostic performance of texture
analysis on CECT in differentiating HCA from FNH.
Multiple CTTA parameters showed a significantly dif-
ferent distribution between HCAs and FNHs on both
filtered and unfiltered images. While the AUROC of each
single parameter was relatively low, models based on the
combination of parameters showed a fair-to-good diag-
nostic accuracy on HAP (AUROC, 0.824) and PVP
(AUROC, 0.733) images.

Differentiating HCA from FNH has clear clinical
importance. While FNH requires a conservative man-

Fig. 3. Texture analysis on a 41-year-old-female patient with focal nodular hyperplasia. Representative images of the ROI
drawn on HAP (A) and texture features extracted with fine (SFF = 2, B), medium (SSF = 4, C), and coarse (SSF = 6, D) filters.
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agement [19], HCA may need a more careful imaging
follow-up or surgical resection given the risk of hemor-
rhage (symptomatic bleeding in 14% of cases) [1] and

Table 2. CTTA parameters on HAP with a statistically significant different distribution between FNHs and HCAs in filtered and unfiltered images

Texture parameters FNH HCA p

SSF = 0 (unfiltered)
Mean 115.72 ± 32.50 96.57 ± 34.41 0.002
mpp 115.78 ± 32.44 96.62 ± 34.36 0.002
Skewness - 0.23 ± 0.45 - 0.08 ± 0.29 0.007
Kurtosis 0.73 ± 1.85 0.16 ± 0.70 0.047

SSF = 2 (fine filter)
Mean 26.21 ± 25.90 14.83 ± 17.02 0.007

SSF = 3 (medium filter)
Mean 42.56 ± 40.21 24.94 ± 27.66 0.015
SD 55.16 ± 18.56 45.80 ± 19.00 0.006
mpp 64.10 ± 36.07 49.40 ± 24.49 0.017

SSF = 4 (medium filter)
Mean 56.84 ± 50.05 33.68 ± 36.85 0.020
SD 57.94 ± 22.56 45.11 ± 20.86 0.001
Entropy 5.08 ± 0.37 4.85 ± 0.47 0.013
mpp 76.11 ± 45.07 55.10 ± 30.15 0.008

SSF = 5 (coarse filter)
Mean 68.51 ± 55.47 40.61 ± 44.57 0.018
SD 60.35 ± 23.77 44.65 ± 22.11 < 0.001
Entropy 5.10 ± 0.39 4.82 ± 0.48 0.002
mpp 86.56 ± 49.67 59.91 ± 33.70 0.003
Skewness - 0.38 ± 0.61 - 0.20 ± 0.86 0.016

SSF = 6 (coarse filter)
Mean 77.40 ± 57.70 46.16 ± 51.55 0.014
SD 62.09 ± 24.02 44.39 ± 23.37 < 0.001
Entropy 5.14 ± 0.39 4.80 ± 0.49 < 0.001
mpp 94.78 ± 51.16 65.23 ± 38.06 0.002
Skewness - 0.46 ± 0.52 - 0.27 ± 0.77 0.016

Fig. 4. Receiver operating curves of mean (5 mm coarse),
mpp (6-mm coarse filter), entropy (4-mm medium and 6-mm
coarse filters), and logistic regression analysis model for the
diagnosis of hepatocellular adenoma on hepatic arterial
phase.

Table 3. CTTA parameters on PVP with a statistically significant
different distribution between FNHs and HCAs in filtered and
unfiltered images

Texture parameters FNH HCA p

SSF = 0 (unfiltrered)
Mean 121.80 ± 25.14 103.87 ± 29.52 < 0.001
mpp 121.90 ± 25.00 103.88 ± 29.51 < 0.001
Skewness - 0.27 ± 0.46 0.0034 ± 0.22 0.001
Kurtosis 0.83 ± 1.58 0.079 ± 0.36 0.004

SSF = 2 (fine filter)
Mean 9.90 ± 17.89 2.35 ± 16.57 0.041
Kurtosis 1.34 ± 1.95 0.52 ± 2.01 < 0.001

SSF = 3 (medium fil-
ter)
Mean 17.18 ± 29.29 4.33 ± 26.71 0.041
SD 42.33 ± 15.08 37.74 ± 13.40 0.030
Kurtosis 2.10 ± 2.78 1.10 ± 3.22 0.001

SSF = 4 (medium fil-
ter)
Mean 23.99 ± 38.50 6.77 ± 35.39 0.031
SD 44.58 ± 18.96 38.57 ± 16.27 0.018
Entropy 4.82 ± 0.36 4.70 ± 0.36 0.024

SSF = 5 (coarse filter)
Mean 29.97 ± 44.75 9.86 ± 42.23 0.032
SD 46.99 ± 22.14 39.63 ± 19.11 0.020
Entropy 4.83 ± 0.41 4.69 ± 0.40 0.018
mpp 51.09 ± 41.93 38.88 ± 23.72 0.045

SSF = 6 (coarse filter)
Mean 34.86 ± 48.18 13.53 ± 47.31 0.049
SD 48.40 ± 24.81 39.65 ± 20.95 0.023
Entropy 4.84 ± 0.47 4.68 ± 0.45 0.018
mpp 55.34 ± 44.94 41.34 ± 27.52 0.032
Skewness - 0.16 ± 0.94 0.13 ± 0.75 0.041
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malignant transformation (4.2%) [20]. CECT is often the
first imaging modality for the characterization of liver
lesions. However, distinguishing an FNH from a HCA
on CECT remains challenging especially when they lack
typical imaging features such as a central scar, suggestive
of FNH (reported in about 50% of FNHs larger than
3 cm [21]) or intralesional fat, suggestive of HCA. CECT
imaging has a reported diagnostic accuracy ranging from
50 to 70% for diagnosis of FNH with typical imaging
presentation [22–25]. The appearance of FNH and HCA
on CECT may overlap. The classic appearance of FNH
is an intense and homogeneous enhancement on HAP
fading on PVP [26, 27]. HCA may also present as a
hypervascular lesion with various degree of enhancement
and with fading or washout on PVP, depending of the
subtype [28, 29]. Particularly, inflammatory HCAs are
characterized by marked arterial phase hyperenhance-
ment fading on PVP and delayed phases, thus overlap-
ping with the appearance of an FNH [4]. As a result, a
liver MRI with hepatobiliary contrast agent (Gd-BOP-
TA, Gd-EOB-DTPA) is usually required for definitive
characterization given the high diagnostic accuracy
(sensitivity of 92% and specificity of 95% for the lesions
demonstrating hypointensity on hepatobiliary phase) [30,
31].

By quantification of lesion heterogeneity, CTTA can
potentially help with differentiation of these two types of
lesions. The difference in texture parameters reported in
our study between FNHs and HCAs may reflect the
different histopathology of these lesions. The higher
heterogeneity of FNH (better manifested by higher

mean, mpp and entropy on HAP) may be related to the
presence of thick irregular fibrous septae dividing the
mass into multiple nodules/segments and large dys-
trophic arteries [32], a spatial organization not seen on
HCA. To the best of our knowledge, only one other
study [15] has investigated the value of CT texture
analysis in differentiating hypervascular liver lesions,
including FNH and HCA, in which a total of 17 FNH
and 19 HCA were evaluated among a larger cohort of 61
hypervascular lesions. In that study, the only statistically
different texture parameter between FNH and HCA was
the mean in medium (3 mm and 4 mm) and coarse filters
(5 mm and 6 mm). Only HAP images were analyzed in
the aforementioned study and the immunohistochemical
classification of the HCAs was not reported. Moreover,
not all FNHs were pathologically proven. The current
study is concordant with the prior investigation showing
that the mean on HAP images with coarse filter was
statistically higher in FNH than in HCA with an
AUROC of 0.638.

HCA is a diverse entity that can be divided into four
main subgroups according to the histopathological and
immunohistochemical classification [33]: (1) HNF1a-
mutated HCA (occurring in 35–40% of cases); (2)
inflammatory HCA (40–50%); (3) b-catenin mutated
HCA (10%); and (4) unclassified HCA (10%). None of
the texture parameters was statistically different among
the subtypes of HCA on HAP and PVP images. This
could be explained by relatively smaller number of
HNF1a-mutated (n = 10, 14.3%) and b-catenin-mu-
tated (n = 3, 4.3%) HCAs compared to inflammatory
HCA (n = 37, 52.8%) in our cohort. Moreover, CT
images have a lower contrast resolution compared to
other imaging technique (i.e., Magnetic Resonance) and
this could limit the quantification of heterogeneity in
HCA subtypes.

We acknowledge the following limitations in our
study. Firstly, it was conducted retrospectively over a
long period of time (10 years) that may have affected
homogeneity of CT acquisitions technique. However,
previous studies have demonstrated that CTTA param-
eters are not significantly influenced by the variations of
acquisition parameters and different CT scanners [10, 34]
with a good inter-reader agreement [9]. Secondly, only
pathological proven lesions were included in our cohort.
Although this step is a necessary inclusion criterion to
validate the correlation between texture parameters and
different histological classification, it may constitute a
selection bias due to the lower number of FNH than
HCA.

In conclusion, multiple explored CTTA parameters
are significantly different in FNH compared to HCA.
These results justify further larger-cohort studies,
preferably multicenter, to validate the use of texture
analysis in differentiating benign liver lesions and to in-
crease the diagnostic value of CECT.

Fig. 5. Receiver operating curves of unfiltered mean, mpp
and skewness, fine (2 mm) and medium (3 mm) filtered
kurtosis, and logistic regression analysis model for the
diagnosis of hepatocellular adenoma on portal venous phase.
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