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Small Steatotic HCC: A Radiological 
Variant Associated With Improved 
Outcome After Ablation
Margaux Hermida,1 Ancelin Preel,1 Eric Assenat,2 Lauranne Piron,1 Christophe Cassinotto ,1 José Ursic-Bedoya ,3   
Chloé Guillot,1 Astrid Herrero,4 Fabrizio Panaro,4 Georges-Philippe Pageaux,3 and Boris Guiu 1

Percutaneous thermal ablation is a validated treatment option for small hepatocellular carcinoma (HCC). Steatotic 
HCC can be reliably detected by magnetic resonance imaging. To determine the clinical relevance of this radiological 
variant, we included 235 patients (cirrhosis in 92.3%, classified Child-Pugh A in 97%) from a prospective database on 
percutaneous thermal ablation for <3  cm HCC. Among these patients, 52 (22.1%) had at least one steatotic HCC nod-
ule. Nonalcoholic steatohepatitis was more frequent in patients with than without steatotic HCC (P  =  0.057), whereas 
body mass index, diabetes mellitus, liver steatosis, and liver fat content did not differ between groups. Liver disease 
was less advanced in patients with than without steatotic HCC: lower total bilirubin (−2.1  µmol/L; P  =  0.035), higher 
albumin (+0.8  g/L; P  =  0.035), and lower Model for End-Stage Liver Disease score (−0.8; P  =  0.014). Tumor pheno-
type was less aggressive in patients with steatotic HCC: lower alpha-fetoprotein (AFP) concentration (P  =  0.019), less 
frequent AFP  >  100  ng/mL (P  =  0.045), and multifocality (P  =  0.015). During the follow-up (median: 28.3  months), 
overall mortality (3.8% vs. 23.5%; P  =  0.001) and HCC-specific mortality (0.0% vs. 14.2%; P  =  0.002) rates were lower 
in patients with steatotic HCC. Early (<2  years) recurrence was also less frequent (32.7% vs. 49.2%; P  =  0.041). The 
mean time to intrahepatic distant recurrence (16.4 vs. 9  months, P  =  0.006) and the median time to recurrence and 
recurrence-free survival (32.4 vs. 18.6  months, P  =  0.024 and 30.4 vs. 16.4  months, P  =  0.018) were longer in patients 
with steatotic versus nonsteatotic HCC. The 3-year overall survival was 94.4% and 70.9% in steatotic and nonsteatotic 
HCC (P  =  0.008). In multivariate analysis, steatotic HCC (hazard ratio = 0.12; P  =  0.039) and AFP (HR=1.002; 
P  <  0.001) independently predicted overall survival. Conclusion: Small steatotic HCC detected by magnetic resonance 
imaging is associated with a less aggressive tumor phenotype. In patients with such radiological variant, percutaneous 
thermal ablation results in improved outcome. (Hepatology Communications 2021;5:689-700).

Liver cancer is the sixth most common cancer 
and the third leading cause of death from can-
cer worldwide.(1) Hepatocellular carcinoma 

(HCC) represents 80%-90% of all liver cancer types. 
For early-stage HCC, percutaneous thermal abla-
tion (PTA) is a validated treatment option, together 

with surgical resection and liver transplantation.(2) 
Specifically, PTA has become the first-line cura-
tive treatment of small (i.e., <3  cm) HCC due to its 
excellent tolerance, particularly in patients with portal 
hypertension or comorbidity.(3) However, the rate of 
intrahepatic distant recurrence is high (i.e., 60%-80%) 
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after PTA of HCC,(3-5) like after surgical resection.(6,7) 
As HCC is a very heterogeneous cancer, both at the 
molecular and histological level, considerable efforts 
have been made to identify HCC subclasses based 
on histological features, molecular subgroups, genetic 
alterations, or oncogenic pathways, to guide tumor 
management.(8-10)

Among the different HCC histological variants, 
steatohepatitic HCC (SH-HCC) was described 
by Salamao et al. in 2010(11) and is defined by bal-
looning change, Mallory-Denk bodies, and inflam-
matory infiltrate, in addition to intratumoral fat. A 
limited number of reports investigated the outcome 
of patients with SH-HCC(12-15) and exclusively after 
surgical resection. Only one showed a trend in favor 
of longer disease-free survival,(14) although SH-HCC 
belongs to the non-proliferative HCC subgroup.(9) 
These HCC subclasses are determined by analysis of 
biopsy specimens. However, histological samples are 
rarely available in clinical practice because in patients 
with cirrhosis, HCC is primarily detected and diag-
nosed using noninvasive imaging criteria, according to 
the European Association for the Study of the Liver 
(EASL)/American Association for the Study of Liver 
Disease recommendations.(2)

Interestingly, SH-HCC represents a subset of ste-
atotic HCCs.(12) The diagnosis of steatotic HCC, 
contrary to that of SH-HCC, does not require any 
biopsy specimen and can be achieved noninvasively 
using chemical-shift imaging, which is part of routine 
magnetic resonance imaging (MRI) protocols.(16,17) 
We previously reported that steatotic HCC (among 
32 covariates related to patient, liver disease, tumor, 
and technical factors) was surprisingly associated 
with improved overall survival (OS) after PTA.(18) 
Comparative analyses between patients with small 
steatotic versus nonsteatotic HCC were yet to be 

conducted to provide much-needed data to (1) eluci-
date the mechanisms by which the outcome of patients 
with small steatotic HCC might be improved and (2) 
determine whether the detection of such radiological 
variant might be helpful in treatment decision making.

Therefore, the objective of this study was to explore 
the baseline characteristics of patients with small ste-
atotic HCC detected by MRI, their outcome, and 
tumor recurrence after PTA compared with patients 
with nonsteatotic HCC.

Materials and Methods
This retrospective analysis was performed using 

data from a prospective database of patients who 
underwent PTA for HCC at our institution. This 
study was approved by our institutional review board 
(NCT03428321 [www.clini​caltr​ials.gov]), and written 
informed consent for the procedure and the prospec-
tive anonymized data collection was obtained from all 
patients.

Inclusion criteria were HCC diagnosed by histopa-
thology or by imaging criteria, no extrahepatic metas-
tasis or macrovascular invasion, tumor size ≤30  mm, 
World Health Organization performance status 0 or 
1, prothrombin time ratio >50%, and platelet count 
higher than 50 G/L.

Exclusion criteria were follow-up <3 months, Child-
Pugh class ≥B8, HCC nodule adjacent to the hepatic 
hilum, history of biliary-digestive anastomosis or endo-
scopic sphincterotomy, combined treatment with embo-
lization or chemoembolization, and no baseline MRI.

Treatment was validated at a multidisciplinary 
meeting that included interventional radiologists, 
liver surgeons, oncologists, hepatologists, and radi-
ation oncologists. PTA was considered as first-line 
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treatment for patients with Barcelona Clinic Liver 
Cancer (BCLC) 0-A HCC.(2)

All patients underwent contrast-enhanced dynamic 
MRI including chemical-shift gradient-echo imaging, 
within 1 month before PTA.

PATIENT AND TUMOR DATA
The following patient data were collected: age, 

sex, American Society of Anesthesiologists physical 
status score (assessed by the anesthesiologist), body 
mass index (BMI), diabetes mellitus, liver disease 
(cirrhosis was defined as typical hepatic dysmorphia 
on imaging, or by noninvasive evaluation of fibrosis, 
or by histological analysis of liver biopsy; patients 
were considered noncirrhotic based on liver biopsy 
or noninvasive evaluation of fibrosis; the others were 
considered undetermined), steatosis (defined as sig-
nal  intensity  loss  on opposed-phase  gradient-echo 
sequences at baseline MRI), liver fat content,(19) and 
Child-Pugh, Model for End-Stage Liver Disease 
(MELD), albumin-bilirubin (ALBI), and AFP 
scores.

Steatotic HCC was defined by two radiolo-
gists (5 and 15  years of experience in liver imaging, 
respectively) when signal intensity loss was noted on 
opposed-phase compared with in-phase gradient-  
echo images for at least one HCC nodule. HCC 
location also was recorded(18): dome, subcapsu-
lar, adjacent to large vessels, or adjacent to at-risk 
organs. The following inflammation-based scores 
were calculated: platelet-to-lymphocyte ratio (PLR), 
neutrophil-to-lymphocyte ratio (NLR), lymphocyte-  
to-monocyte ratio (LMR), and systemic immune-  
inflammation index (SII).(20)

PERCUTANEOUS THERMAL 
ABLATION

All procedures were done under general anesthesia 
with endotracheal intubation in a multimodality inter-
ventional suite. PTA was performed by four inter-
ventional radiologists (5-15 years of expertise in liver 
PTA) using a radiofrequency or a microwave device, 
depending on the operator’s choice. Ultrasonography 
was the first-line guidance modality, but computed 
tomography (CT) guidance was used after tumor 
tagging whenever necessary.(18) Contrast-enhanced 
CT (portal phase) was performed immediately after 

the procedure to evaluate the ablation zone (i.e., the 
area of low attenuation) and to detect postprocedural 
complications. In the case of incomplete ablation or 
insufficient margins, the ablation needle(s) was re-  
inserted during the same procedure to achieve com-
plete ablation.

FOLLOW-UP AND OUTCOME
Complications were recorded and classified accord-

ing to the Society of Interventional Radiology (SIR) 
guidelines.(21) Technical success was defined as com-
plete ablation of the target tumor(s)(21) on the imme-
diate post-PTA CT images.

Patients were monitored by MRI (including 
dynamic acquisitions) at week 4-6 after PTA, and 
then every 3  months, and by chest CT scan every 
6 months.

Complete ablation observed on the first follow-up 
MRI was considered as the primary treatment success. 
Secondary treatment success was treatment success 
observed only after a second PTA performed within 
8 weeks after the first one.

Local tumor progression (LTP) was defined as any 
growing or enhanced tumor focus within or at the 
edge (direct contact) of the ablation zone, after com-
plete ablation documented by at least one MRI.(22) 
Intrahepatic distant recurrence (IDR) was defined as 
any new HCC nodule in the liver, defined according 
to EASL criteria.(22)

STATISTICAL ANALYSIS
Normally distributed continuous variables were 

described using means  ±  SD, and nonnormally dis-
tributed continuous variables using medians and 
interquartile range (IQR). Categorical variables were 
compared with the Fischer’s exact test, and contin-
uous variables with the two-sided t-test or Kruskal-
Wallis test, as appropriate.

Time to recurrence (TTR) was defined as the interval 
between PTA and death, recurrence, or last follow-up.

Recurrence-free survival (RFS) was defined as the 
time from PTA until the first recurrence, death, or last 
follow-up. OS was defined as the interval between 
PTA and death (any cause) or last follow-up. For 
TTR and survival analyses, patients who underwent 
liver transplantation were censored at transplantation 
date.
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The median (and 95% confidence interval [CI]) 
follow-up was calculated using the reverse Kaplan-
Meier method. Survival curves were estimated using 
the Kaplan-Meier method and compared with the 
log-rank test. Univariate and multivariate Cox pro-
portional-hazards models of all potential baseline pre-
dictors were built to compute the hazard ratios (HRs) 
with their 95% CI. A robust variance estimator was 
used systematically. Log linearity was checked using 
fractional polynomials.

All analyses were performed with the Stata soft-
ware version 16.1 (Stata Corporation, College Station, 
TX). A P value < 0.05 was considered significant.

Results
STUDY POPULATION

Between January 2015 and November 2019, 279 
consecutive patients underwent PTA for HCC at our 
institution. Forty-four patients were excluded due to 
(1) absence of baseline liver MRI (n = 27), (2) com-
bined treatment with embolization (n = 9), (3) meta-
static progression discovered at PTA day (n = 1), (4) 
HCC > 30 mm (n = 4), and (5) follow-up <2 months 
(n = 3). Finally, 235 patients (median age of 65 years 
[IQR: 58-72  years]; 79.2% [186 of 235] men) who 
underwent PTA of 419 small HCC nodules were 

included in this study. Cirrhosis was detected in 
92.3% (217 of 235) of patients, primarily of alco-
holic origin (55.7%). Nevertheless, liver function was 
well-preserved, because 97% of patients with cirrho-
sis were classified as Child-Pugh A (A5  =  83% and 
A6 = 14%) with a median MELD score of 8.8 (95% 
CI: 6-13) and ALBI grade 1 or 2 in 65.9% and 34.1% 
of patients, respectively. All patients had an AFP 
score ≤2. Liver biopsy was obtained in 19.2% patients   
(Fig. 1).

BASELINE CHARACTERISTICS OF 
PATIENTS WITH STEATOTIC AND 
NONSTEATOTIC HCC

Both radiologists independently classified (100% 
interobserver agreement) 52 patients (22.1%) as having 
at least one steatotic HCC (Fig. 2), and 183 (77.9%) 
as without. Among the 6 patients with multifocal 
steatotic HCC, 3 (50%) presented fatty change in all 
HCC nodules. Nonalcoholic steatohepatitis (NASH) 
was more frequent in patients with than without ste-
atotic HCC (21.2% vs. 10.4%; P = 0.057). Except for 
BMI, which did not differ between patients with and 
without steatotic HCC, metabolic conditions tended 
to be more frequent in the group with steatotic HCC 
group (diabetes mellitus: 46.2% vs. 38.8%, and liver ste-
atosis: 40.4% vs. 32.8%, respectively; not significant). 

FIG. 1. Study flowchart.
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Liver fat content was also higher in patients with ste-
atotic HCC (6% vs. 4.6%), but the difference was not 
significant (Table 1).

Liver disease was slightly less advanced in patients 
with than without steatotic HCC: Baseline total 
bilirubin concentration was lower (−2.1  µmol/L; 
P  =  0.035); albumin concentration was higher 
(+0.8  g/L; P  =  0.035); and MELD score was lower   
(−0.8; P  =  0.014) in patients with steatotic HCC. 
These data also significantly differed in a per-tumor 
comparison (data not shown).

Tumor phenotype differed significantly between 
groups. AFP concentration was lower (P = 0.019), and 
AFP > 100 ng/mL (P = 0.045) and multifocality were 
less frequent (P = 0.015) in patients with steatotic HCC, 
whereas tumor size did not differ between groups. 
Similar results were obtained in a per-tumor compari-
son (data not shown). Finally, PTA was more frequently 

performed under ultrasonography guidance (vs. CT, 
P  =  0.01) and using radiofrequency (vs. microwave 
ablation, P = 0.02) in patients with steatotic HCCs.

None of the inflammation-based scores (NLR, 
PLR, LMR, and SII) differed significantly in patients 
with and without steatotic HCCs (Table 2).

FOLLOW-UP AND OUTCOME 
(TABLE 3)

Technical success was 100% in both groups. Primary 
treatment success was obtained in 100% of patients 
with steatotic and 98.9% of patients with nonsteatotic 
HCC (P = 0.9), whereas secondary treatment success 
was 100% in both groups.

Complications (SIR grade B/C) were observed after 
3% and 3.7% of PTA in patients with and without ste-
atotic HCC, respectively (P = 1). No PTA-related death, 
needle track seeding, or liver abscess was recorded.

The median follow-up of the whole cohort was 
28.3  months (95% CI: 25.6-33.4) and did not differ 
between patients with and without steatotic HCC 
(median: 27.5 and 29.8  months; P  =  0.59). Twenty-
six (11.1%) patients underwent liver transplantation. In 
12 (46.2%) patients, PTA was performed in a context 
of bridge to transplant. The number of transplanted 
patients did not differ between groups (P = 0.9).

During the follow-up, 3.8% (2 of 52) and 23.5% 
(43 of 183) of patients with and without steatotic 
HCC died (P  =  0.001). HCC-specific mortality also 
was much lower in patients with steatotic HCC (0 vs. 
14.2% [26 of 183], P = 0.002).

Overall, recurrence was less frequent in patients 
with than without steatotic HCC (42.3 vs. 54.6%), 
but the difference was not significant (P  =  0.12). 
Conversely, early (i.e., <2 years) recurrences were sig-
nificantly less frequent in patients with steatotic HCC 
(32.7% vs. 49.2%, P = 0.041).

LTP and IDR tended to be less frequent in patients 
with than without steatotic HCC (7.6% vs. 15.9%, 
P  =  0.12; and 40.4% vs. 49.2%, P  =  0.27). The mean 
time to IDR was significantly longer in patients with 
steatotic than nonsteatotic HCCs (16.4 ± 13.1 months 
vs. 9 ± 8.7 months, P = 0.006).

The first distant recurrence was beyond the Milan 
criteria in 5.8% of patients with steatotic HCC and 
in 8.5% of patients without steatotic HCC (P = 0.77). 
In these patients, the median time to recurrence was 

FIG. 2. In-phase (A) and opposed-phase (B) chemical-shift 
imaging showing signal intensity loss on the opposed-phase in a 
typical steatotic HCC (white arrow).
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TABLE 1. CHARACTERISTICS OF PATIENTS WITH STEATOTIC AND NONSTEATOTIC SMALL HCC 
NODULES TREATED BY PTA

Characteristic Steatotic HCC Nonsteatotic HCC P Value

Patients n = 52 n = 183

Age, years (mean ± SD) 65.3 ± 9.1 64.7 ± 9.9 0.69

Sex (n [%])

Male 41 (78.9%) 145 (79.2%) 1

Female 11 (21.1%) 38 (20.8%)

ASA score (n [%])

1-2 31 (59.6%) 87 (47.5%) 0.12

3-4 21 (40.4%) 96 (52.5%)

Diabetes (n [%])

No 28 (53.8%) 112 (61.2%) 0.34

Yes 24 (46.2%) 71 (38.8%)

Metformin treatment (n [%]) 10 (19.2%) 32 (17.5%) 0.77

Statin treatment (n [%]) 9 (17.3%) 29 (15.8%) 0.83

BMI, kg/m2 (mean ± SD) 27.8 ± 5.3 27.4 ± 5 0.56

Prior treatment for HCC (n [%])

Naive patient 26 (50%) 86 (47%) 0.7

Yes 26 (50%) 97 (53%)

Liver disease

Cirrhosis (n [%])

No 3 (5.8%) 15 (8.2%) 0.56

Yes 49 (94.2%) 168 (91.8%)

Causes of liver disease (n [%])

Alcohol (with or without viral hepatitis) 28 (53.8%) 103 (56.3%) 0.24

Viral hepatitis B or C 10 (19.2%) 51 (27.9%)

Hemochromatosis 3 (5.8%) 8 (4.4%)

NASH 11 (21.2%) 19 (10.4%)

Unknown 0 2 (0.9%)

Steatosis (n [%])

Absent 31 (59.6%) 121 (67.2%) 0.31

Present 21 (40.4%) 59 (32.8%)

MRI quantification (%) 6% ± 5.6 4.6% ± 4.3 0.12

Child-Pugh class

A5 46 (88.5%) 149 (81.4%) 0.3

A6 4 (7.7%) 29 (15.9%)

B7 2 (3.8%) 5 (2.7%)

MELD score (mean ± SD) 8.2 ± 1.9 9 ± 2.3 0.014

Laboratory data (mean ± SD)

AFP (ng/mL) 9.4 ± 13.5 44.7 ± 186.6 0.019

AFP > 100 ng/mL (n [%]) 0 13 (8.2%) 0.044

Total bilirubin (µmol/L) 11.9 ± 5.6 14 ± 9.1 0.035

Albumin (g/L) 41.7 ± 5 39.9 ± 4.7 0.035

Prothrombin activity (%) 87.3 ± 11.1 84.4 ± 13.1 0.11

AST (UI/mL) 41 ± 38 38 ± 23 0.61

ALT (UI/mL) 34 ± 32 33 ± 31 0.77

GGT (UI/mL) 189 ± 204 155 ± 171 0.28

Platelet count (×103/mm3) 139 ± 66 136 ± 74 0.76

Neutrophils (×103/mm3) 3.65 ± 1.48 3.31 ± 1.32 0.15

Lymphocytes (×103/mm3) 1.58 ± 0.77 1.62 ± 1.21 0.78
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10.5  months (IQR: 8.1-32.4) and 5.1  months (IQR: 
3.5-12.2), respectively. At first IDR, the AFP score 
was > 2 in 1.9% and 3.3% of patients with and without 
steatotic HCC (P = 1), respectively.

IDR was treated by a new curative approach in 72.7% 
and 56.7% of patients with and without steatotic HCC 
(P  =  0.23). During the follow-up, extrahepatic metas-
tases were detected in 1 (1.9%) and 17 (9.3%) patients 
with and without steatotic HCC (P = 0.12) (Table 3).

TTR, RFS, AND OS
The 3-year cumulative recurrence rate was 40.4% 

and 49.7% in patients with and without steatotic 
HCC. TTR was longer in patients with steatotic 
(median: 32.4  months; 95% CI: 17.1-not reached) 
than without steatotic HCC (median: 18.6  months; 
95% CI: 12-23.6]) (HR = 0.6 [95% CI: 0.39-0.94], 
P = 0.024), but in multivariate analysis, steatotic HCC 
was not independently associated with TTR.

The 3-year RFS was 44.6% and 30.2% in patients 
with and without steatotic HCC. RFS was longer in 
patients with steatotic (median: 30.4  months [95% 
CI: 14.6-not reached) than without steatotic HCC 
(median: 16.4  months [95% CI: 11.4-21.1]) (HR = 
0.6, P  = 0.018), but in multivariate analysis, steatotic 
HCC was not independently associated with RFS.

The 3-year OS was 94.4% (95% CI: 79.2%-98.6%) 
and 70.9% (95% CI: 61.3%-78.6%) in patients with 
and without steatotic HCC. OS was longer in patients 
with than without steatotic HCC (HR = 0.14 [95% 

Characteristic Steatotic HCC Nonsteatotic HCC P Value

Monocytes (×103/mm3) 0.51 ± 0.22 0.64 ± 0.22 0.34

Creatinine (µmol/L) 79.8 ± 24.9 83 ± 28.7 0.44

ALBI score

1 34 (69.4%) 113 (64.9%) 0.56

2 15 (30.6%) 61 (35.1%)

HCC

Tumor size (mean ± SD) 16.3 ± 5 16.3 ± 5.5 0.98

<20 mm 44 (84.6%) 149 (81.4%) 0.6

>20 mm 8 (15.4%) 34 (18.6%)

No. of nodules per patient (n [%])

1 46 (88.5%) 132 (72.1%) 0.017

>1 6 (11.5%) 51 (27.9%)

Dome location (n [%]) 10 (19.2%) 47 (25.7%) 0.34

Subcapsular location (n [%]) 15 (28.9%) 72 (39.3%) 0.17

Near large vessel (n [%]) 16 (30.8%) 37 (20.2%) 0.11

Near surrounding organ (n [%]) 7 (10.6%) 27 (7.7%) 0.43

PTA

PTA modality (n [%])

Radiofrequency 26 (50%) 77 (42%) 0.31

Microwave 26 (50%) 106 (57.9%)

Imaging guidance (n [%])

Ultrasonography guidance 33 (63.5%) 93 (50.8%) 0.11

CT guidance 19 (36.5%) 90 (49.2%)

Note: Unless otherwise indicated, results are presented as numbers (percentages).
Significant P values are indicated in bold.
Abbreviations: ALT, alanine aminotransferase; ASA, American Society of Anesthesiologists; AST, aspartate aminotransferase; GGT, 
gamma-glutamyltransferase.

TABLE 1. Continued

TABLE 2. INFLAMMATION-BASED SCORES 
IN PATIENTS WITH STEATOTIC AND 

NONSTEATOTIC HCC

Scores
Steatotic HCC 

(n = 52 patients)
Nonsteatotic HCC 
(n = 183 patients) P Value

NLR 2.91 ± 1.85 2.53 ± 1.27 0.18

PLR 102 ± 50.2 99.3 ± 58.2 0.74

LMR 3.25 ± 1.53 3.18 ± 2.63 0.82

SII 364.7 ± 223.3 329.5 ± 251.9 0.34

Significant P values are indicated in bold.
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CI: 0.03-0.61], P  =  0.008). In multivariate analysis, 
only steatotic HCC (HR = 0.12; P = 0.039) and AFP 
(HR = 1.002; P < 0.001) independently predicted OS 
(Fig. 3 and Table 4).

Discussion
This study compares the baseline characteristics 

of patients with small steatotic versus nonsteatotic 
HCCs, and their outcome after PTA. We confirm 
that steatotic HCC is an independent predictor of 
improved OS in patients treated by PTA for early-  
stage tumors. In our Western population, liver dis-
ease was slightly less advanced in patients with 
steatotic HCC (mean difference between groups: 
+0.8  g/L [albumin], −2.1  µmol/L [bilirubin], −0.8 
point [MELD score]). Although these differences 
were significant, it is very unlikely that the under-
lying liver disease explains the survival benefit. 
Indeed, PTA was performed in patients with BCLC 
0-A HCC and well-compensated cirrhosis in nearly 
all cases (97% were Child-Pugh A), and the num-
ber of deaths from liver cause (outside HCC) was 
similar in both groups (3.8% in steatotic vs. 4.4% 
in nonsteatotic HCC). On the other hand, despite 

a comparable follow-up, no death from HCC was 
reported in the group with steatotic HCC, whereas 
it concerned 14.2% of patients with nonsteatotic 
HCC. Both TTR and RFS were also longer in 
patients with steatotic HCC (median of 32.4 vs. 
18.6 months and 30.4 vs. 16.4 months, respectively).

Early (<2 years) tumor relapse is primarily related to 
metastatic spread.(7) The lower rate of early recurrence 
(32.7% vs. 49.2%; P = 0.041) and the longer time to 
IDR (16.4 vs. 9 months; P = 0.006) in patients with 
steatotic HCC strongly pleads for slower metastatic 
escape in this group.

Limited data are available on steatotic HCC.(12,23) In 
these studies, fatty change was detected by pathology 
analysis in approximately 20% of patients with HCC 
treated by surgical resection. We observed a similar rate 
(22.1%) in our series based on noninvasive MR diag-
nosis. The perfect interobserver agreement is not sur-
prising, as intratumoral fat deposition can be detected 
by chemical-shift MRI with 100% specificity,(16,17) due 
to the difference in resonance frequency between water 
and fat protons. In a large series (516 patients), Chan   
et al.(12) showed that steatotic HCC was associated with 
diabetes mellitus (36.7% vs. 22.1% in patients without 
steatotic HCC). Our European population with high 
prevalence of alcohol-related cirrhosis and high rate 

TABLE 3. FOLLOW-UP AND OUTCOME AFTER PTA IN 235 PATIENTS WITH STEATOTIC (n = 52) AND 
NONSTEATOTIC HCCS (n = 183) SMALL HCC NODULES

Steatotic HCC Non-steatotic HCC P Value

Follow-up (median, 95% CI) 27.5 months (20.6-34.8) 29.1 months (25.2-33.6) 0.54

Liver transplant (n [%]) 6 (11.5%) 20 (10.9%) 0.9

Death, all causes (n [%]) 2 (3.8%) 43 (23.5%) 0.001

HCC-related death (n [%]) 0 26 (14.2%) 0.002

Death from liver cause, except HCC (n [%]) 2 (3.8%) 8 (4.4%) 0.62

Overall recurrence (n [%]) 22 (42.3%) 100 (54.6%) 0.16

Early (<2 years) recurrence (n [%]) 17 (32.7%) 90 (49.2%) 0.041

First distant recurrence beyond Milan criteria (n [%]) 3 (5.8%) 17 (8.5%) 0.58

LTP, per tumor

Occurrence (n [%]) 5 (7.6%) 55 (15.5%) 0.12

Time to LTP (mean ± SD) 18.9 ± 12 months 12.1 ± 8.7 months 0.18

IDR, per patient

Occurrence (%) 21 (40.4%) 90 (49.2%) 0.27

Time to IDR (mean ± SD) 16.4 ± 13.1 months 9 ± 8.7 months 0.006

Largest HCC nodule (mean ± SD) 18 ± 7 mm 17 ± 12 mm 0.81

AFP score > 2 at first IDR (n [%]) 1 (1.9%) 6 (3.3%) 1

Curative treatment of IDR 16 (72.7%) 51 (56.7%) 0.23

Extrahepatic recurrence (n [%]) 1 (1.9%) 17 (9.3%) 0.13

Note: Unless otherwise indicated, data are presented per patient.
Significant P values are indicated in bold.
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of diabetes mellitus strongly differs from the Chinese 
patients with high hepatitis B virus infection rate of this 
previous study.(12) In addition, our study only included 
small HCCs, whereas Chan et al. retrospectively col-
lected data on patients undergoing curative surgery 
basically for larger tumors.

More data are available on SH-HCC, which was 
described by Salamao et al. in 2010.(11) SH-HCC 
should be regarded as a subset (57.8% in Chan   
et al(12)) of steatotic HCC, in which—besides intratu-
moral fat—ballooning changes, Mallory-Denk bodies, 

and intratumoral inflammatory infiltrate are present. 
In most reports, SH-HCC has been associated with 
underlying fatty liver, steatohepatitis, diabetes mellitus, 
and generally with metabolic syndrome risk.(11-14,24) 
The association between SH-HCC and metabolic 
syndrome risk factors or liver steatosis(11-14,24-26) led us 
to consider that in HCC, the presence of steatohep-
atitic features is due to a global liver response (seen 
in both benign and malignant tissue) to the meta-
bolic syndrome.(27) However, this hypothesis has been 
called into question, because HCC can also develop 

FIG. 3. TTR (A), RFS (B), and OS (C) after PTA in patients with small steatotic and nonsteatotic HCCs.
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steatohepatitic morphology outside the setting of 
fatty liver disease or metabolic syndrome,(28) possibly 
related to genetic alterations inherent to HCC itself. 
In agreement, recurrent loss of chromosome 9q12-q31 
has been reported in a subset of SH-HCC, but not 
in NASH-associated HCC.(28) Although none of the 
metabolic factors (BMI, diabetes mellitus, metformin 
consumption, liver steatosis) investigated in our series 
was significantly associated with steatotic HCC, most 
of them were more frequent in this subgroup, including 

NASH (21.2% vs. 10.4%, P  =  0.057). Inflammation 
is involved in NASH and SH-HCC, and is recog-
nized as a cancer hallmark. The host inflammatory 
response is associated with cancer progression and 
patient survival.(29) The NLR, PLR, and SII inflam-
mation-based prognostic scores are predictors of early 
HCC recurrence after surgical resection.(30-32) SII also 
independently predicts post-recurrence survival.(20) In 
our study, these inflammation-based scores were com-
parable in patients with and without non-steatotic 

TABLE 4. UNIVARIATE AND MULTIVARIATE COX REGRESSION MODELS TO PREDICT OS (PER PATIENT 
ANALYSIS)

Variables

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value

Patients

Age

Sex female vs. male 0.70 (0.32-1.54) 0.38

ASA (>2 vs. ≤2) 2.13 (1.17-3.9) 0.014 1.92 (0.88-4.17) 0.1

Diabetes 1.36 (0.76-2.42) 0.3

Metformin treatment 0.99 (0.43-2.3) 0.98

Statin treatment 0.51 (0.18-1.42) 0.19

Treatment-naive patient 0.59 (0.31-1.09) 0.09

Local recurrence 0.94 (0.49-1.81) 0.85

IDR 1.83 (0.96-3.47) 0.07

Cirrhosis 0.8 (0.33-1.94) 0.62

Child-Pugh (B vs. A) 0.72 (0.08-6.63) 0.78

Cause of liver disease (vs. alcohol)

Viral hepatitis B or C 0.91 (0.46-1.8) 0.79

Hemochromatosis 0.38 (0.05-2.6) 0.32

Others (including NASH) 0.56 (0.2-1.52) 0.25

Steatosis 0.76 (0.41-1.4) 0.38

AFP ≥ 100 vs. <100 ng/mL 4.71 (2.03-10.9) <0.001

AFP (per unit) 1.002 (1.001-1.003) <0.001 1.002 (1.001-1.003) <0.001

MELD (>9 vs. ≤9) 2.59 (1.44-4.67) 0.001 2.01 (0.95-4.26) 0.07

Tumor size (per mm) 1.01 (0.96-1.06) 0.73

Tumor size <20 mm 1.48 (0.65-3.33) 0.35

Nb. of HCC (1 vs. >1) 1.52 (0.78-2.96) 0.22

Steatotic HCC 0.14 (0.03-0.61) 0.008 0.12 (0.02-0.9) 0.039

Dome tumor 0.79 (0.39-1.63) 0.53

Subcapsular 1.58 (0.89-2.81) 0.12

Near large vessel 0.95 (0.49-1.84) 0.88

Near surrounding organ 0.53 (0.17-1.63) 0.27

PTA modality: MWA vs. RF 1.54 (0.84-2.8) 0.16

US vs. CT guidance 0.76 (0.42-1.37) 0.36

Note: Otherwise indicated, numeric predictors are investigated per unit.
Significant P values are indicated in bold.
Abbreviations: MWA, microwave ablation; RF, radiofrequency; US, ultrasonography.
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HCC, suggesting that inflammation does not play a 
major role in the occurrence of steatotic HCC and in 
their improved outcome.

In surgical studies, steatotic HCCs are more fre-
quently well-differentiated,(23) associated with lower 
serum AFP level, earlier stage, and lower frequency of 
major vessel and microvascular invasion.(12) Similarly, 
in our series, tumor phenotype was less aggressive in 
patients with small steatotic HCC: Serum AFP con-
centration was significantly lower (no patient with 
AFP  >  100  ng/mL in this group), and multifocality 
was less frequent. In studies on SH-HCC outcome 
after resection, no difference was noted in terms of 
OS, development of metastatic disease or local recur-
rence,(12-15) except in one that found improved disease-
free survival for typical SH-HCC.(14) Conversely, in 
our series of small tumors treated by PTA, steatotic 
HCC was associated with improved outcome. Studies 
on PTA for early-stage HCC usually report LTP rates 
between 10% and 30%, and 3-year cumulative recur-
rence, RFS, and OS rates of 51%-57%, 29%-40%, and 
60%-83%, respectively.(3,5,33-37) In our study, patients 
with small steatotic HCC showed excellent oncologi-
cal outcome (LTP rate = 7.6%, and 3-year cumulative 
recurrence, RFS, and OS = 40.4%, 44.6%, and 94.4%, 
respectively). These results suggest that focus should 
be redirected toward steatotic HCC rather than 
SH-HCC, especially because steatotic HCC can be 
noninvasively diagnosed by MRI in routine practice.

It remains quite uncommon to discover a predic-
tive factor of improved outcome. Indeed, the com-
monly used predictors (macrotrabecular-massive 
histological subtype,(10) AFP,(5,14,18,36-38) and multi-
focality(18,34,38)) are associated with poor prognosis. 
Outside liver transplantation, in which some of them 
are used to exclude poor candidates, they are of lim-
ited interest in clinical practice due to the absence of 
any validated neo-/adjuvant treatment. On the other 
hand, the radiological detection of steatotic HCC 
as a predictor of good outcome could help in treat-
ment decision making. In early-stage steatotic HCC, 
PTA is certainly the right treatment option, given 
the improved outcome of patients, its low complica-
tion rate, and improved cost-effectiveness compared 
with resection.(39) In these patients with small ste-
atotic HCC and well-compensated cirrhosis, liver 
transplant might be unnecessary or could be kept as a 
salvage therapy. Indeed, at first recurrence, the risk of 
recurrence outside the Milan criteria was very low in 

steatotic HCC (5.8%), compared with the 12.6% risk 
commonly reported in <3  cm HCC.(33) Additionally, 
at first recurrence, the AFP score was > 2 only in 1.9% 
of patients with steatotic HCC.

Several limitations to our study must be acknowl-
edged. First, this is a retrospective, monocentric study, 
although data came from a prospectively maintained 
database with a strict imaging follow-up policy. 
Second, the median follow-up was relatively short 
(28.3  months). Finally, like in most HCC studies, 
the very low percentage of patients with liver biopsy 
did not allow exploring histological/molecular/
genetic features of steatotic HCC. In this context, the 
SH-HCC subtype is associated with overexpression 
of C-reactive protein, and lack of satellite nodules and 
vascular invasion.(9,40) These tumors belong to the G4 
subclass with more favorable prognosis.(9) Genetically, 
SH-HCCs very rarely harbor activated Wnt/beta-  
catenin pathway, and they lack CTNNB1, TP53, and 
TERT promoter mutations.(9,40) It is certainly worth 
exploring molecular and genetic pathways in the wider 
subgroup of steatotic HCCs.

In conclusion, small steatotic HCC detected by 
MRI is associated with a less aggressive tumor pheno-
type. In patients with such radiological variant, PTA 
results in improved outcome and might be the treat-
ment of choice.
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