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Objective: To evaluate the effect of hepatic steatosis on
LI-RADS® major features at MRI in patients with non-al-
coholic fatty liver disease (NAFLD)-associated hepato-
cellular carcinoma (HCC).

Methods: HCC and liver parenchyma features at
MRI from 48 consecutive patients with NAFLD and
histology proven HCC (mean = SD; 4.5 + 3.4 cm) were
independently reviewed by three radiologists. Inter-
rater agreement was determined by prevalence/bias-
adjusted kappa. Hepatic fat signal fraction (FS%) was
independently calculated. HCC features were compared
by FS% at MRI using logistic regression analysis and
histologic steatosis grade using Cochran-Armitage test
for trend, stratified by cirrhotic liver morphology or
histologic fibrosis stage. Receiver operating character-
istic curves were generated to determine the sensitivity
and specificity for major HCC features by FS%.

Results: Major HCC features included arterial phase
hyperenhancement (APHE) in 45 (93%), portal venous
phase washout (PVWO) in 30 (63%), delayed phase
washout (DPWO) in 38 (79%) and enhancing “capsule”
in 34 (71%). Cirrhotic morphology was present in 22

INTRODUCTION

Hepatocellular carcinoma (HCC) is the second leading cause
of cancer-related death worldwide with a rising incidence
both in the United States and globally.' The predominant
risk factor for HCC is hepatic cirrhosis, most commonly
secondary to viral hepatitis B (HBV) or C (HCV) or alcoholic
hepatitis.*” In recent years, studies have identified an increased
risk of developing HCC in patients with non-alcoholic fatty
liver disease (NAFLD).%® Of note, it is now estimated that
4-22% of HCC cases in Western countries can be attributed
to NAFLD.>'%"!> Data suggest that HCC in NAFLD may arise

(46%). Inter-rater agreement was 0.75 for APHE, 0.42-
0.58 for PVWO, 0.58-0.71 for DPWO and 0.38-0.67
for enhancing “capsule”. There was an 18%, 14% and
22% increase in the odds of absent PVYWO, DPWO and
capsule appearance for every 1% increase in hepatic
FS% in patients with non-cirrhotic liver morphology
(p = 0.011, 0.040 and 0.029, respectively). Hepatic FS%
>14.8% had a sensitivity and specificity of 64 and 100%
for absent PVWO and 71 and 90% for absent DPWO in
patients with non-cirrhotic liver morphology.
Conclusion: Absent washout and capsule appearance
are associated with increasing hepatic steatosis in
patients with non-cirrhotic, NAFLD-associated HCC.
Advances in knowledge: In patients with non-cirrhotic,
non-alcoholic fatty liver disease (NAFLD)-associated
hepatocellular carcinoma (HCC), absent HCC washout
and capsule appearance are associated with increasing
hepatic steatosis, thereby potentially impacting the
noninvasive imaging diagnosis of HCC in these patients.
Lack of washout or capsule appearance in steatotic
livers at MRI may require alternative criteria for the diag-
nosis of HCC in patients with non-cirrhotic NAFLD.

in the absence of hepatic fibrosis or cirrhosis, thereby raising
questions about which patients to screen for HCC when
traditional risk factors are absent.>'*!” Diagnosis of NAFLD
requires (i) evidence of hepatic steatosis (HS) by either
histology or imaging, (ii) absence of competing etiologies
for hepatic steatosis, (iii) no significant alcohol consumption
and (iv) no co-existing etiologies for chronic liver disease.'®
Moreover, NAFLD is frequently associated with obesity and
metabolic syndrome. With the rising incidence and preva-
lence of obesity, metabolic syndrome and NAFLD worldwide,
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the incidence of HCC secondary to NAFLD is likely to continue
to rise.!” 2

HCC, unlike most malignancies, is unique given its character-
istic imaging appearance and is most commonly diagnosed
non-invasively by multiphasic contrast-enhanced CT or MRI,
thereby obviating the need for histologic confirmation.*%¢
The European Association for the Study of the Liver (EASL),
European Organization for Research and Treatment of Cancer
(EORTC) and American Association for the Study of Liver
Diseases (AASLD) have developed guidelines for non-invasive
imaging diagnosis of HCC based on specific imaging hallmarks
of HCC in patients with cirrhosis.”****’ Additionally, the Liver
Imaging Reporting and Data System (LI-RADS) was devel-
oped to provide standardized reporting of imaging features in
patients at risk for HCC including those with cirrhosis, chronic
HBV infection or current or prior HCC.***** However, CT/
MRI LI-RADS® 2014 and current 2017 criteria (Supplementary
Table 1) as well as EASL-EORTC and AASLD guidelines have
not been validated in patients with NAFLD in whom histologic
and/or imaging evidence of cirrhosis may be absent. In fact,
studies on imaging characteristics of HCC in NAFLD are rare.
Iannaccone et al reviewed CT and MRIs of HCCs in 22 patients
with NAFLD and showed that these HCCs typically presented
as a large solitary, encapsulated mass with arterial hyperen-
hancement in a non-cirrhotic liver.”® However, it is not known
if the degree of hepatic steatosis in NAFLD affects CT/MRI
LI-RADS® major diagnostic imaging features including HCC
arterial phase hyperenhancement (APHE), washout appearance,
and enhancing “capsule”?®?**"2 Moreover, while studies have
examined interobserver agreement for HCC major features in
cirrhotics, agreement has not yet been explored in the setting of
NAFLD.?

The aim of this study was to evaluate the effect of hepatic steatosis
on LI-RADS® major features at MRI in patients with NAFLD-as-
sociated HCC.

METHODS AND MATERIALS

Patient selection

After receiving approval from the Institutional Review Board
and obtaining a waiver of informed consent, a HIPAA-compliant
retrospective review was undertaken using the comprehensive
electronic medical records of consecutive patients with NAFLD
and pathology proven HCC from 1/1/2001 to 12/31/2016. Inclu-
sion criteria included: (1) MRI of the liver included at least
dynamic contrast-enhanced series and in- and opposed-phase
sequence, (2) pathology proven HCC, (3) biopsy proven hepatic
steatosis >5% and/or hepatic fat signal fraction >5% at MR
imaging and (4) no competing aetiology for hepatic steatosis and
(5) no coexisting causes of chronic liver disease or alcoholic liver
disease.'® A total of 90 patients with a diagnosis of NAFLD and
pathology proven HCC were identified during the indicated time
period. Of the 90 patients identified, 42 patients were excluded
due to coexisting chronic hepatitis B (HBV) or chronic hepatitis C
(HCV) infection, alcoholic liver disease and/or hereditary hemo-
chromatosis (N = 42). Ultimately, 48 patients formed the final
study group. The NAFLD disease spectrum was defined based
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on American Association for the Study of Liver Diseases catego-
ries: non-alcoholic fatty liver (NAFL) with hepatic steatosis >5%
and no evidence of hepatocellular injury or fibrosis; non-alco-
holic steatohepatitis (NASH) with hepatic steatosis 25% and with
inflammation + fibrosis; NASH cirrhosis, cirrhosis with current
or past evidence of steatosis or steatohepatitis; and cryptogenic
cirrhosis, cirrhosis with no obvious aetiology and with metabolic
risk factors such as obesity and metabolic syndrome.'®

Multireader MRI review

MRI HCC features and liver parenchyma characteristics were
independently reviewed by three board-certified abdominal
radiologists with 3, 10 and 15 years of experience in abdom-
inal imaging (Author X, Y, Z). Final MRI features were deter-
mined by majority. HCC features evaluated included arterial
phase hyperenhancement (APHE), portal venous phase
washout (PVWO), delayed phase washout (DPWO), presence
of an enhancing “capsule” and T, weighted (T2W), T| weighted
(T1W) and diffusion (DWI) signal intensity. All sequences were
available in all patients except for DWI, which was available in
only 32 of 48 patients. Gadolinium based extracellular contrast
medium (Gadoterate meglumine, DOTAREM® Guerbert LLC
or gadobutrol, GADAVIST® Bayer Healthcare) was used for
contrast enhanced sequences in this study. Digital subtraction
was not used routinely to assess post contrast images. Readers
assessed for enhancing “capsule” in the portal venous and delayed
phases of contrast enhancement. In patients with multiple HCCs,
the MRI features of the largest HCC with histologic confirma-
tion were evaluated. Cirrhotic liver morphology was graded as
present or absent based on the subjective assessment of surface
nodularity, right hepatic lobe liver atrophy, left lobe hypertrophy,
caudate lobe hypertrophy and widened fissures, as well as on
secondary signs of portal hypertension including splenomegaly,
ascites and portosystemic venous collaterals.

Fat signal fraction (FS%) calculation

Hepatic fat signal fraction (FS%) was determined by an inde-
pendent observer blinded to histological grade of steatosis
using a previously described method.*® The largest possible
region of interest (ROI) was drawn at a single slice location on
the non-tumor bearing liver parenchyma in the posterior right
hepatic lobe on the in- and opposed phase images while avoiding
major vascular structures and artefact. Hepatic fat signal fracture
was calculated as [(S;p—Sop)/2*Sip)] where Spp is the mean signal
on in phase images while Sop is the mean signal observed on
opposed phase images.

Tumor pathology review

HCC tumor grade (well, well-moderately, moderately, moder-
ately-poorly and poorly differentiated types), hepatic histologic
steatosis grade (none (<5%), mild (5-33%), moderate, (33-66%),
severe (>66%)) and hepatic fibrosis stage (0, 1, 2, 3, 4) were
extracted from official pathology reports.

Statistical methods

Data were analyzed using JMP 13.0 (SAS, Cary, NC) and Prism
7.0 (GraphPad Software, Inc, La Jolla, CA). Descriptive statis-
tics were generated with continuous variables presented as
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mean + standard deviation and/or median—interquartile range
(IQR—25th to 75th percentile) and categorical variables as
counts (proportions). Inter-rater agreement was determined by
prevalence-adjusted bias-adjusted Cohen’s kappa®’ to account for
the imbalanced ratio of HCCs with APHE to no APHE and T,W
hyperintensity to no T,W hyperintensity. Agreement between
cirrhotic liver morphology by MRI and histologic cirrhosis was
determined by prevalence-adjusted Cohen’s kappa.”’ Differ-
ences between non-cirrhotic and cirrhotic sub groups were
compared using an unpaired t-test with equal variance assump-
tion for continuous data and Fisher’s exact test for categorical
data. Hepatic FS% was compared by histologic steatosis grade
using Kruskall-Wallis test. HCC features were compared by
hepatic FS% stratified by cirrhotic liver morphology at MRI or
histologic fibrosis stage using logistic regression and the unit
odds ratio (OR) and 95% confidence interval (CI) for every 1%
increase in hepatic FS% calculated. HCC features were compared
by histologic steatosis grade (mild, moderate, severe) stratified
by cirrhotic liver morphology at MRI or histologic fibrosis stage
using Cochran-Armitage test for trend. Receiver operating
characteristic (ROC) curves were generated to determine the
area under the curve (AUC) and the sensitivity and specificity
at different cutoffs for hepatic FS% in differentiating absent
portal venous and delayed phase washout and enhancing capsule
appearance. Two-sided p < .05 was considered statistically signif-
icant. All p-values reported are raw p-values that have not been
inflated to account for multiple testing correction.

RESULTS

Patient, HCC and liver parenchyma characteristics
by liver morphology

48 patients were identified who had NAFLD and patholog-
ically confirmed HCC (Figure 1 for study flow diagram).
Demographic, clinical, imaging and pathology data are
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summarized in Table 1. 26 patients had non-cirrhotic liver
morphology (54.2%) and 22 patients had cirrhotic liver
morphology (45.8%) at MRI. Patients with cirrhotic liver
morphology had higher proportion of diabetes compared to
patients with non-cirrhotic liver morphology (86% v. 31%; p
<0.001).

The mean + SD HCC tumor size (cm) was 4.5 + 3.4 cm and
was significantly larger in patients with non-cirrhotic versus
cirrhotic liver morphology (5.7 £ 3.4 v. 3.3 + 3.0 cm; p =
0.014). The mean + SD hepatic fat signal fraction (FS%) by
MRI was 8.0 + 8.4% with a trend toward decreased hepatic
FS% in patients with cirrhotic versus non-cirrhotic liver
morphology (5.9 £ 8.1% v. 9.7 £ 8.4%, respectively; p =
0.12). Assessment of HCC features and liver parenchyma
morphology by majority consensus and by individual reader
are reported in Table 2 and Supplemental Table 2. Patients
with cirrhotic liver morphology had a significantly lower
proportion of HCCs with T,W hyperintensity (63% v. 100%;
p <0.001), T} hypointensity (23% vs 89%; p < 0.001) and DWI
hyperintensity (69% vs 100%; p = 0.019) compared to patients
with non-cirrhotic liver morphology (Supplementary Figure

1).

HCC features and liver morphology—Inter-rater
agreement

Inter-rater agreement for HCC features and for cirrhotic liver
morphology for the entire cohort are reported in Table 3. Inter-
rater agreement for HCC features stratified by cirrhotic liver
morphology is reported in Supplementary Table 3. Agreement
between cirrhotic liver morphology at MRI and histologic
fibrosis Stage 3—4 at pathology was good (kappa = 0.75).

Figure 1. Study flow diagram. HBV, hepatitis B virus; HCC, hepato cellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus;
NAFLD, non-alcoholic fatty liver disease; NAFL, non-alcoholic fatty liver; NASH, nonalcoholic steatohepatitis.

¢ Hepatic steatosis by histology and/or imaging
¢ Clinical suspicion/diagnosis of NAFLD
¢ Pathology proven HCC

(n =90)

Excluded (n = 42)

Significant alcohol consumption (n=12)
HCV (n=19)

HBV (n=5)
Alcoholic liver disease + HCV (n=5)
Hereditary hemochromatosis + HCV (n=1)

NAFLD-associated HCC

(n=48)

Cirrhotic Liver

Morphology at MRI
No Yes
Subgroup: NAFLD-associated HCC NAFLD-associated HCC
trrotic without cirrhosis (n=26) with cirrhosis (n=22)
Morphology
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Table 1. Demographic, clinical, imaging and pathology data in patients with NAFLD-associated HCC (n = 48; main) by non-cirrhotic
(n = 26) and cirrhotic (n = 22) liver morphology

Main Cohort Non-cirrhotic morphology Cirrhotic morphology p-
(n=48) (n=26) (n=22) value
Age (years) (mean + SD) (IQR) 64.6 9.9 (60.7 to 73.5) 67.3 + 8.8 (60.7 to 68.0) 61.4 +10.3 (56.4 to 68.3) 0.042
Gender 0.53
Female 13 (27.1) 6(23.0) 7 (31.8)
Male 35(72.9) 20 (76.9) 15 (68.2)
BMI (kg m2) (mean + SD) (IQR) 32.5+5.4(29.5to 34.6) 32.4£5.0 (29.5to 34.6) 32.7 £ 6.1 (27.6 to 38.0) 0.84
Diabetes (%) 27 (56.2) 8(30.8) 19 (86.4) <0.001
Total cholesterol (mean + SD)(IQR) 175 + 61 (149 to 204) 182 + 52 (149 to 204) 169. + 70 (125 to 192) 0.53
Triglycerides (mean + SD) (IQR) 141 + 76 (116 to 206) 165 + 93 (116 to 206) 116 + 43 (86 to 132) 0.044
Hepatic steatosis diagnosis 1.0
Biopsy 47 (98.0) 26 (100) 21 (95.5)
Imaging (FS > 5%) 1(2.0) 0(0) 1(4.5)
Tumor size (cm) mean + SD (IQR) 4.5+3.4(3.5t06.7) 5.7+3.4(3.5t06.7) 33+3.0(2.0t03.4) 0.014
Hepatic fat signal fraction (FS%)
mean + SD (IQR) 8.0 + 8.4 (2810 15.4) 9.7 + 8.4 (2810 15.4) 59 +8.1(1.6t08.6) 0.12
HCC pathology source
Biopsy 6 (12.5) 2(7.7) 4(18.2)
Surgical resection 30 (62.5) 24 (92.3) 6 (27.3)
Liver explant at transplant 12 (25.0) 0(0) 12 (54.5)
Pathologic features
Tumor grade 0.23
Well differentiated 12 (25.0) 6(23.1) 6(27.2)
Well-moderately differentiated 1(2.1) 0(0) 1(4.5)
Moderately differentiated 28 (58.3) 14 (53.8) 14 (63.6)
Moderately poor differentiated 7 (14.6) 6(23.1) 1(4.5)
Hepatic steatosis grade 0.75
None 0(0) 0(0) 0(0)
Mild 39 (81.3) 20 (77.0) 19 (86.4)
Moderate 5(10.4) 3(11.5) 2(9.1)
Severe 4(8.3) 3(11.5) 1(4.5)
Hepatic fibrosis stage <0.001
0 12 (25.0) 10 (38.5) 2(9.1)
1 9(18.8) 8(30.8) 1(4.5)
2 5(10.4) 5(19.2) 0(0)
3 4(8.3) 1(3.8) 3(13.4)
4 18 (37.5) 2(7.7) 16 (72.7)

BMI, body mass index; HCC, hepato cellular carcinoma; IQR, interquartile range (25th to 75th percentile).

p-value for non-cirrhotic group versus cirrhotic group; continuous variables analyzed using unpaired t-test with equal variance assumption;
categorical data analyzed using Fisher’s exact test.

Hepatic fat signal fraction (FS%) by histologic

steatosis grade

Median (IQR) FS% increased by histologic steatosis grade: 3.6%
(1.8 to 9.2) (mild), 12.5% (7.6 to 15.8) (moderate) and 20.4%

(16.4 to 26.8) (severe) (p = 0.003) (Figure 2).

HCC features at MRI by hepatic fat signal fraction

(FS%)

Absent PVWO, DPWO and enhancing capsule appearance were
significantly associated with increasing hepatic FS% among

patients with non-cirrhotic liver morphology with an 18%,
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Table 2. HCC features and liver parenchyma morphology at MRI by majority consensus in patients with NAFLD-associated HCC
(n = 48) by non-cirrhotic (n = 26) and cirrhotic (n = 22) liver morphology

HCC imaging Main cohort Non-cirrhotic Cirrhotic

features (n=48) morphology (n = 26) morphology (n = 22) p-value
APHE 45 (93.4) 24 (92.3) 21 (95.4) 1.0
PVWO 30 (62.5) 15 (57.7) 15 (68.1) 0.56
DPWO 38(79.2) 19 (73.1) 19 (86.3) 0.31
Enhancing “Capsule” 34 (70.8) 21(80.1) 13 (59.1) 0.12
T,W hyperintense 40 (83.3) 26 (100) 14 (63.4) <0.001
T1W hypointense 28 (58.3) 23 (88.5) 5(22.7) <0.001
DWI hyperintense 28 (87.5) 719 (100) ™9 (69.2) 0.019

APHE, arterial phase hyperenhancement; DPWO, delayed phase washout; DWI, diffusion weighted imaging; T;W, T; weighted; T,W, T, weighted.
DWI available for *32/48, **19/26 and *** 13/22. p-value for non-cirrhotic group versus cirrhotic group; categorical data analyzed using Fisher’s

exact test.

14% and 22% increase in the odds of absent PVWO, DPWO
and enhancing capsule for every 1% increase in hepatic FS%
(p =0.011, 0.040 and 0.029, respectively) (Table 4; Figures 3 and
4). Absent PVWO was also associated with increasing hepatic
FS% among patients with lower histologic fibrosis stage (0 to
2) with a 13% increase in the odds of absent PVWO for every
1% increase in hepatic FS% (Supplementary Table 4; p = 0.033).
There was no association between absent major HCC features
and increasing hepatic FS% among patients with cirrhotic liver
morphology (Table 4; Figure 5) or higher histologic fibrosis stage™*
(Supplementary Table 4).

HCC features at MRI by histologic steatosis grade

Absent DPWO and enhancing capsule appearance were signifi-
cantly associated with increasing histologic steatosis grade
among patients with non-cirrhotic liver morphology (p = 0.003
and 0.016, respectively) but not cirrhotic liver morphology
(p = 0.56 and p = 0.57, respectively) (Figure 6; Supplementary
Table 5). Similarly, absent PVWO, DPWO and enhancing capsule

Table 3. Interobserver agreement for HCC features and liver
parenchyma morphology at MRI in patients with NAFLD-
associated HCC (n = 48)

giﬁr‘;‘agmg RIvsR2 | R1vsR3 Rli 5
APHE 0.75 0.75 0.75
PVWO 0.42 0.50 0.58
DPWO 0.58 0.71 0.71
Enhancing “Capsule” 0.46 0.38 0.67
T,W signal 0.88 0.83 0.79
T1W signal 0.58 0.63 0.75
DWI signal’ 0.58 0.53 0.70
Cirrhotic liver morphology 0.63 0.54 0.50

APHE, arterial phase hyper enhancement; DPWO, delayed phase
washout; DWI, diffusion-weighted imaging; PVWO, portal venous
phase washout; R1, reader 1; R2, reader 2; R3, reader 3; T\W, T;
weighted; T,W, T, weighted.

Data are presented as prevalence-adjusted bias-adjusted kappa.

appearance were associated with increasing histologic steatosis
grade among patients with hepatic fibrosis stage 0-2 (p = 0.018,
<0.001 and p = 0.016, respectively) but not hepatic fibrosis Stage
3-4 (p = 0.57, p = 0.92, p = 0.57 respectively) (Supplementary
Figure 2 and Supplementary Table 5).

Receiver Operating Characteristic (ROC) analysis:
HCC washout and capsule by hepatic FS% among
patients with non-cirrhotic liver morphology

The areas under the receiver-operating characteristic (ROC)
curve for absent PVWO, DPWO and enhancing capsule
appearance by hepatic FS% among patients without cirrhotic
liver morphology were good (0.83, 0.83 and 0.81, respectively;
Figure 7). A hepatic FS% cutoff of >14.8% had a sensitivity and
specificity of 64 and 100% for absent PVWO and 71 and 90% for
absent DPWO, respectively. A hepatic FS% cutoff of >18.6% had

Figure 2. Hepatic signal fraction (FS%) by histologic steato-
sis grade (mild, moderate and severe). Data are presented as
median (IQR) and analyzed using Kruskall-Wallis test. IQR,
inter quartile range.
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Table 4. HCC features at MRI by hepatic fat signal fraction (FS%) in patients with NAFLD-associated HCC (n = 48; main) by non-

cirrhotic (n = 26) and cirrhotic (n = 22) liver morphology

Main Cohort Non-cirrhotic morphology Cirrhotic morphology
(n=48) (n=26) (n=22)
HCC imaging feature %nlit 95% CI | p-value lgll;t 95% CI v:ﬁlle %nlit 95% CI Veﬁlle
APHE present 1.19 0.91 to 1.54 0.20 1.30 0.80 to 2.13 0.29 1.16 0.76 to 1.79 0.49
PVWO absent 1.05 0.98to 1.13 0.18 1.18 1.04 to 1.36 0.011 0.88 0.73 to 1.06 0.18
DPWO absent 1.06 0.98 to 1.15 0.17 1.14 1.01 to 1.29 0.040 0.85 0.64to 1.12 0.25
Enhancing “Capsule” absent 1.01 0.94 to 1.09 0.79 1.22 1.02 to 1.46 0.029 0.89 0.76 to 1.05 0.17
T,W hyperintense 1.35 1.04 to 1.76 0.029 n/a n/a n/a 141 0.98 to 2.04 0.064
T{W hypointense 1.01 0.94 to 1.09 0.73 0.80 0.64 to 1.01 0.061 1.05 0.93t01.18 0.43
DWT hyperintense 0.94 0.80 to 1.10 0.45 n/a n/a n/a 0.98 0.83to 1.16 0.82

APHE, arterial phase hyper enhancement; DPWO, delayed phase washout; DWI, diffusion weighted imaging; FS%, hepatic fat signal fraction; OR,
odds ratio; PVWO, portal venous phase washout; T{W, T; weighted; T,W, T, weighted.
n/a = 100% T,W hyperintense or DWI hyperintense; Unit OR = % increase or decrease in odds of outcome for every 1% increase in hepatic FS%;

data analyzed using logistic regression.

a sensitivity and specificity of 80 and 100% for absent enhancing
capsule appearance (Figure 7).

DISCUSSION

NAFLD represents a spectrum of disease ranging from NAFL to
NASH = fibrosis to NASH cirrhosis to cryptogenic cirrhosis.'®
NAFLD is a known risk factor for development of HCC
and the HCC may arise in the absence of hepatic fibrosis or
cirrhosis.>*” The present study sought to examine the effect
of hepatic steatosis on major HCC MR imaging features in
patients with both non-cirrhotic and cirrhotic, NAFLD-associ-
ated HCC. In the present cohort, 56% of HCCs occurred in the
absence of cirrhotic liver morphology, similar to previous studies
showing 39-49% of NAFLD-associated HCCs occurring in non-
cirrhotic livers.*®* The exact prevalence and incidence of HCC
in non-cirrhotic NAFLD is unknown but affects no more than 1
per 3000-4000 individuals with isolated NAFLD.*~*2

Hepatic fat signal fraction (FS%) at MRI was used to quantita-
tively estimate hepatic steatosis. Importantly, mean hepatic FS%
increased with histologic steatosis grade (mild—6.3%, moderate
11.8% and severe 21.2%), findings similar to those reported by
Tang et al using MR imaging proton density fat fraction (PDFF)
(Grade 1—6.4%, Grade 2—17.4% and Grade 3—22.1%).%

Studies on MRI features of NAFLD-associated HCC are rare.
APHE is one of the CT/MRI LI-RADS® major criteria but has
been reported to be absent in 10-40% of HCCs.****** In
our study, APHE was present in 45 (93%) cases overall and in
agreement with current reported incidence of 86-100%.°*** Of
note, absent APHE was not associated with hepatic steatosis or
fibrosis/cirrhosis by MRI or pathology.

In the current study, 37% of HCCs did not show PVWO and
21% did not show DPWO, findings that are slightly higher
than the 12-18% reported in earlier studies.’®** Of note, there
was no difference in the proportion of HCCs showing PVWO

or DPWO between patients with cirrhotic and non-cirrhotic
NAFLD. However, absent HCC washout was associated with
both increasing FS% at MRI and histologic steatosis grade
among patients with non-cirrhotic NAFLD. These findings may
be related to the fact that increasing hepatic steatosis results in
greater background liver signal loss/hypointensity on the fat-sup-
pressed T; weighted post-contrast enhanced images, thereby
resulting in the appearance of persistent HCC hyperintensity or
isointensity during the portal venous and delayed phase imaging
and ultimately absent washout appearance. However, given this
potential masking of washout on post-contrast images due to
background hepatic signal loss, digital subtraction imaging may
be useful in overcoming this limitation and warrants further
investigation. Additionally, prior studies have suggested small
HCCs in cirrhotic livers may not demonstrate washout in up to
40-60% of cases.”™' However, in the current study tumor size
was not associated with absent PVWO (p = 0.79) or DPWO (p
= 0.98). Moreover, Jang et al reported differences in the timing
of washout between moderate and well/poorly differentiated
HCCs.*® However, there was no difference in HCC PVWO (p
= 0.81) or DPWO (p = 0.68) by histologic tumor grade in the
current study.

Enhancing “capsule”, which is characteristic and relatively
specific for HCC, was present in 71% of NAFLD-associated
HCCs in the current study, finding slightly lower than previ-
ously reported by Iannaccone et al among 16 NAFLD-associ-
ated HCCs (88%).7°7*2 Conversely, prior studies have reported
a lower proportion of enhancing “capsule” (44%) in HCCs
occurring in different chronic liver diseases but false-nega-
tive findings for enhancing “capsule” have been reported in
up to 43% of HCCs.*>*® Of note, there was no difference in
the proportion of HCCs showing enhancing capsule among
non-cirrhotic and cirrhotic NAFLD subgroups. However,
among patients with non-cirrhotic NAFLD, absent enhancing
capsule was associated with both increasing FS% at MRI and
histologic steatosis grade. One hypothesis is that the fibrosis
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Figure 3. A 57-year-old male with a BMI of 46 and histologically confirmed NASH and HCC. (A) In-phase and (B) opposed phase
MRI images demonstrate severe steatosis (hepatic FS% = 27.8%). 6.7 cm HCC (arrow) shows (C) pre-contrast 7; weighted hyper-
intensity and (D) arterial phase hyperenhancement with no washout in (E) portal venous or (F) delayed phases. Note non-cir-
rhotic liver morphology and no features of portal hypertension. Histology showed Stage 2 fibrosis, mild active steatohepatitis and

marked steatosis.

associated with cirrhosis contributes to the development of
the HCC tumor capsule and subsequent enhancing “capsule”
appearance. Additionally, the choice of MRI contrast medi-
um-gadolinium-based extracellular versus hepatobiliary
specific—may affect whether an enhancing capsule can be
identified on later post-contrast MR images. As such, in
patients with suspected or known NAFLD, gadolinium based
extracellular contrast medium should be considered to opti-
mize the ability to see an enhancing capsule.

Ancillary MRI features for HCC including intralesional
fat, corona enhancement, nodule-in-nodule architecture,
mosaic architecture, mild-moderate T,W hyperintensity,
restricted diffusion, lesional fat/iron sparing, transitional

or hepatobiliary phase hypointensity, and diameter increase
less than threshold growth are not factored into CT/MRI
LI-RADS" major criteria.’? Nonetheless, mild-moderate T,W
hyperintensity is highly suggestive of malignancy if present.
In the current study the majority of HCCs were T,W hyper-
intense overall (88%). However, a significantly higher propor-
tion of HCCs were T,W hypo/isointense among patients with
cirrhotic liver morphology (37%) compared to non-cirrhotic
liver morphology (0%), findings similar to those reported by
Hussain et al of 42-53% of HCCs being T,W iso/hypointense
in the presence of a cirrhotic liver.”* As such, HCC T,
weighted hyperintensity may be more common in non-cir-
rhotic NAFLD-associated HCC. Diffusion restriction is highly
suggestive of malignancy if present and was observed in the
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Figure 4. A 66-year-old male with a BMI of 32 and histologically confirmed NAFL and HCC. (A) In-phase and (B) opposed phase
MRI images demonstrate minimal to no steatosis (hepatic FS% = 3.3%). 5.6 crn HCC (arrow) shows (C) T, weighted hyperintensity,
(D) diffusion hyperintensity and (E) T; weighted hypointensity. Contrast-enhanced imaging shows (F) no arterial phase hyperen-
hancement but (G) slight enhancement during delayed phase imaging. Note non-cirrhotic liver morphology and no features of
portal hypertension. Histology showed stage O fibrosis and mild steatosis but not steatohepatitis.

majority of cases (88%), similar to 84% in an earlier study.” DWI may be particularly important ancillary feature in cases
Of note, DWI hyperintensity was more common in patients of non-cirrhotic NAFLD associated HCC that do not demon-
without cirrhosis (100%) than with cirrhosis (69%). As such, strate washout.

Figure 5. An 83 year old male with a BMI of 29 and diabetes was initially presumed to have cryptogenic cirrhosis but later histo-
logically confirmed NASH and HCC. (A) In-phase and (B) opposed phase MRI images demonstrate no steatosis (hepatic FS% =
1.7%). A 4.0 cm HCC in segment VII/VIII (arrow) shows (C) mild T, weighted hyperintensity. Contrast-enhanced imaging shows
(D) pre-contrast T; weighted isointensity, (E) mild arterial phase hyperenhancement, (F) portal venous phase isointensity without
washout and (G) delayed phased washout with enhancing capsule appearance. Note cirrhotic liver morphology and features of
portal hypertension including splenomegaly, ascites and upper abdominal venous collaterals. (H) Gross pathology image shows
a heterogeneous pale-tan mass with a thin peripheral fibrous capsule and background hepatic macroscopic steatosis. Histology
showed Stage 4 fibrosis, mild focal steatosis and mildly active steatohepatitis.
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Figure 6. HCC major features by histologic steatosis grade in patients with NAFLD-associated HCC stratified by liver morphology
at MRI. Percentage of HCCs with absent (A, B) arterial phase hyperenhancement (APHE), (C, D) portal venous phase washout
(PVWO), (E-F) delayed phased washout (DPWO) or (G-H) enhancing “capsule” appearance by mild, moderate or severe histo-
logic steatosis grade among patients with (A, C, E, G) non-cirrhotic liver morphology or (B, D, F, H) cirrhotic liver morphology.
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Interestingly, there were no significant differences in major
HCC imaging features in patients with non-cirrhotic versus
cirrhotic NAFLD. However, absent washout and enhancing
capsule appearance were associated with increasing steatosis
among patients with non-cirrhotic NAFLD. Taken together,
these findings suggest that imaging appearance of NAFLD-
associated HCC may vary significantly along the NAFLD
disease spectrum depending on the degree of hepatic steatosis
and presence of cirrhosis and further studies are needed
to better define the imaging appearance of NAFLD-associ-
ated HCC as well a compare with non-NAFLD associated
HCC.
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While prior studies have examined interobserver agreement for
HCC major features in cirrhotics, interobserver agreement has
not yet been explored in the setting of NAFLD.>>™* In chronic
liver diseases of other etiologies, good agreement for APHE and
washout and moderate agreement for enhancing “capsule” were
reported.®® In the current study similar findings were observed
with good agreement for APHE among all readers and fair to
good agreement for enhancing “capsule” However, there was
greater variability in agreement for washout with fair to moderate
agreement for PVWO and moderate to good for DPWO. Given
the higher proportion of HCCs demonstrating DPWO and the
greater agreement for washout during delayed phase imaging,
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Figure 7. Receiver operating characteristic (ROC) curves
for differentiating (A) portal venous washout (PVWO), (B)
delayed phase washout (DPWO) and (C) enhancing capsule
appearance by hepatic fat signal fraction (FS%) in 26 patients
with non-cirrhotic NAFLD-associated HCC.
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delayed phase imaging should be routinely performed in patients
with NAFLD undergoing contrast-enhanced MRI. Additionally,
inter-rater agreement was moderate to good for assessment of
cirrhotic liver morphology.

There are limitations to this study. This was a retrospective
review of 48 patients over a relatively long time period—15 years.

Thompson et a/

We did not include NAFLD patients with an imaging diagnosis
of HCC but with no histological confirmation, which would
have yielded a larger cohort. However, the inclusion of cases of
HCC diagnosed by imaging alone would capture only patients
who had major features present and exclude those that did not
meet the diagnosis criteria but still may have had HCC. Future
studies should seek to determine the comparative imaging
features between NAFLD and non-NAFLD associated HCC as
well as HCC in the setting of co-morbid hepatic steatosis and
other chronic liver diseases. Furthermore, due to the long time
period and retrospective nature of this study, the MRI technique
including scanner, field strength (1.5 T vs 3.0T), sequence proto-
col(s) and contrast agent(s) was not uniform across all patients.
Next, hepatic FS% was used to quantitatively measure hepatic
steatosis. There are known limitations to this method.*® None-
theless, hepatic FS% is less subject to changes in MRI technique
over time given the ratio of fat fraction rather than absolute fat
quantification. Future studies of NAFLD-associated HCC should
consider additional techniques for quantitatively measuring
hepatic fat content at MRI such as PDFE*® Lastly, ultrasound is
currently recommended for screening patients at risk for HCC
but may have decreased sensitivity for detecting liver masses
in the setting of diffuse hepatic steatosis. As such, multicenter
prospective, longitudinal imaging studies in patients with
NAFLD are needed not only to determine the best approach to
screening this population for HCC but also to develop standard-
ized imaging protocols and highly specific criteria for non-inva-
sive imaging diagnosis of NAFLD-associated HCC, particularly
in the setting of transplant allocation.

The present findings suggest that in patients with NAFLD-
associated HCC, >50% of HCCs may occur in the absence of
cirrhotic liver morphology. Moreover, in non-cirrhotic, NAFLD-
associated HCC, absent HCC washout and capsule appearance
are associated with increasing hepatic steatosis, thereby poten-
tially impacting the noninvasive imaging diagnosis of HCC in
these patients. In fact, LI-RADS", EASL-EORTC and AASLD
guidelines for non-invasive diagnosis of HCC have not been
validated in patients with NAFLD in whom imaging evidence of
cirrhosis may be absent. Imaging criteria for HCC diagnosis in
patients with non-cirrhotic NAFLD are particularly of interest
as these liver masses are not eligible for LI-RADS categorization
or EASL-EORTC and AASLD criteria.”>***** In short, absent
washout and capsule appearance in non-cirrhotic NAFLD may
require alternative criteria for the diagnosis of HCC in these
patients.
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