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ABSTRACT
Background  Metabolic dysfunction-associated fatty 
liver disease (MAFLD) represents a new inclusive 
definition of the whole spectrum of liver diseases 
associated to metabolic disorders. The main objective 
of this study was to compare patients with MAFLD 
and non-MAFLD with hepatocellular carcinoma (HCC) 
included in a nationally representative cohort.
Methods  We analysed 6882 consecutive patients with 
HCC enrolled from 2002 to 2019 by 23 Italian Liver 
Cancer centres to compare epidemiological and future 
trends in three subgroups: pure, single aetiology MAFLD 
(S-MAFLD); mixed aetiology MAFLD (metabolic and 
others, M-MAFLD); and non-MAFLD HCC.
Results  MAFLD was diagnosed in the majority of 
patients with HCC (68.4%). The proportion of both total 
MAFLD and S-MAFLD HCC significantly increased over 
time (from 50.4% and 3.6% in 2002–2003, to 77.3% 
and 28.9% in 2018–2019, respectively, p<0.001). In 
Italy S-MAFLD HCC is expected to overcome M-MAFLD 
HCC in about 6 years. Patients with S-MAFLD HCC 
were older, more frequently men and less frequently 
cirrhotic with clinically relevant portal hypertension and a 
surveillance-related diagnosis. They had more frequently 
large tumours and extrahepatic metastases. After 
weighting, and compared with patients with non-MAFLD, 
S-MAFLD and M-MAFLD HCC showed a significantly 
lower overall (p=0.026, p=0.004) and HCC-related 
(p<0.001, for both) risk of death. Patients with S-MAFLD 
HCC showed a significantly higher risk of non-HCC-
related death (p=0.006).
Conclusions  The prevalence of MAFLD HCC in Italy 
is rapidly increasing to cover the majority of patients 
with HCC. Despite a less favourable cancer stage at 
diagnosis, patients with MAFLD HCC have a lower 
risk of HCC-related death, suggesting reduced cancer 
aggressiveness.

 
INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for more 
than 80% of primary liver cancer and is the leading 
cause of mortality in patients with cirrhosis.1 2 

Significance of this study

What is already known on this subject?
	⇒ Metabolic dysfunction-associated fatty liver 
disease (MAFLD) represents a new inclusive 
definition of the whole spectrum of liver 
diseases associated to metabolic disorders. 
Hepatocellular carcinoma (HCC) is the most 
common type of primary liver cancer in adults. 
Data on the prevalence of the previously called 
non-alcoholic fatty liver disease in patients with 
HCC are not recent and controversial, while 
studies evaluating the prevalence of MAFLD 
(based on the new definition and diagnostic 
criteria) in patients with HCC are lacking.

What are the new findings?
	⇒ MAFLD was diagnosed in the majority of Italian 
patients with HCC (68.4%). MAFLD HCC is 
expected to become the only form of HCC in 
Italy in about 10–12 years. Pure MAFLD HCC (in 
the absence of any additional aetiology, single 
aetiology MAFLD (S-MAFLD)) had advanced 
fibrosis/cirrhosis in 90% of cases and a lower 
surveillance-related diagnosis. Despite tumours 
being larger, more frequently multinodular, 
metastatic and with higher α-fetoprotein levels, 
S-MAFLD was characterised by a significantly 
lower overall and HCC-related risk of death and 
higher non-HCC related death risk, suggesting 
reduced cancer aggressiveness.
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Worldwide, the main causes of this cancer remain chronic hepa-
titis B virus (HBV) and hepatitis C virus (HCV) infections and 
alcohol abuse, but over the last two decades a growing propor-
tion of HCCs has been associated to metabolic disorders such 
as obesity, diabetes and hyperlipidaemia, associated with fatty 
liver.3 Indeed, non-alcoholic fatty liver disease (NAFLD) has 
grown over the past two decades from a relatively unknown 
disease (and underestimated in terms of clinical consequences) 
to the recognised most common cause of chronic liver disease in 
the world, considering that NAFLD is estimated to affect 25% of 
the general population.4 Non-alcoholic steatohepatitis (NASH), 
the subtype of NAFLD that can progress to cirrhosis, HCC and 
liver-related death,5 is the most rapidly increasing indication for 
liver transplantation in the USA.6

Conversely, vaccination and therapy for HBV infection, 
prevention campaigns for sexual and iatrogenic transmission of 
HBV and HCV and the availability of potent antiviral agents for 
HCV are reducing the burden of chronic viral liver diseases.7 
Data on the prevalence of NAFLD-associated HCC are not 
recent and controversial, ranging from 14.1% in the USA to 
35% in Northern England, with a greater than 10-fold increase 
in 10 years.8 9 The geographical distribution in Europe shows 
that Italy has a relatively high incidence of primary liver cancer1 
but the prevalence of NAFLD-HCC is controversial and largely 
unknown.3 10–12

An international panel of experts has recently proposed a 
panel of clear and simple criteria for the diagnosis of metabolic 
(dysfunction) associated fatty liver disease (MAFLD), which 
transforms the diagnosis of NAFLD from an exclusion to an 
inclusion process.13 14 The diagnosis relies on the recognition 
of underlying metabolic abnormalities, given that NAFLD may 
frequently coexist with other conditions. The term MAFLD 
thus represents an umbrella definition including several subphe-
notypes, with overlapping contributors in individual patients, 
such as inappropriate alcohol consumption and viral hepatitis. 
Combined aetiology is expected to make the natural history of 
disease worse than that of pure MAFLD. Although dissenting 
opinions were expressed,15 the new MAFLD definition definitely 
focuses on metabolic disorders as primary factors or cofactors in 
the development of fatty liver.

To our knowledge, studies evaluating the prevalence of 
MAFLD (based on the new definition and diagnostic criteria) in 
patients with HCC are lacking. The primary aim of the present 
study was thus to assess the epidemiological trajectories, in 
recent and future years, of MAFLD-HCC in the Italian Cancer 

Liver (ITA.LI.CA) database that represents the largest and most 
comprehensive HCC data collection of the last 20 years in a 
Western country. Secondary aims were the analyses of overall 
survival, staging and treatment allocation of patients with 
MAFLD-HCC, compared with non-MAFLD HCC.

METHODS
Patients
We analysed the ITA.LI.CA registry, currently including 7816 
patients consecutively diagnosed with HCC and followed-up 
by 23 centres (9 acting as primary and 14 as tertiary referral 
centres) from January 1987 to December 2019. The inclusion 
criterion was the presence of HCC diagnosed according to 
Italian or international guidelines available at the time of cancer 
detection. Data were collected prospectively and updated every 
2 years; entries are regularly checked for consistency by the 
group coordinator and, whenever clarification or additional 
information are deemed necessary, relevant cases are returned to 
the recruiting centre before final inclusion. The ITA.LI.CA data-
base management conforms to the past and the current Italian 
legislation regarding privacy, and the present study conforms to 
the ethical guidelines of the Declaration of Helsinki. Due to the 
design of the database and of the study it was not possible to 
involve patients and the public in any way in this research.

For the purpose of this study, we analysed 6882 consecutive 
patients diagnosed with HCC and enrolled in the ITA.LI.CA 
database from 2002 to 2019 (first semester) in order to rely on 
a follow-up of at least 2 years. Data before 2002 were excluded 
because too many data were missing for descriptive statistics. 
To describe epidemiological trends the study period was divided 
in nine consecutive fractions (from 2002–2003 to 2018–2019).

Aetiology and diagnosis of liver disease
The aetiology of chronic liver disease and HCC was defined by 
clinicians participating in the ITA.LI.CA. programme at time of 
record upload, according to generally agreed criteria12 16 17:

	► HBV, for carriers of HBV surface antigen (±hepatitis delta 
virus);

	► HCV, for patients positive for serum anti-HCV antibody;
	► Alcohol, in the presence of daily ethanol intake exceeding 

20 g for women and 30 g for men, for more than 10 years, in 
the absence of any other cause of liver injury.

Other aetiologies, including haemochromatosis, Wilson 
disease, α-1 antitrypsin deficiency, primary biliary cirrhosis 
and sclerosing cholangitis, were defined according to clinical 
records. Aetiologies and comorbidities were taken from the 
initial records of individual cases in the ITA.LI.CA database, that 
are locked immediately after inclusion.

The presence of cirrhosis (YES/NO) was defined at time of 
enrolment on the basis of clinical/laboratory data, eventually 
supported by liver biopsy, but biopsy was not mandatory and 
there was not a specific field describing how the diagnosis was 
made (ie, merely clinical or histological).12 16 17 In the population 
defined without cirrhosis (n=480 patients), the degree of hepatic 
fibrosis was based on the fibrosis-4 (FIB-4) index, as follows:

	► Absence of fibrosis (<1.30);
	► Fibrosis F1–F2 (>1.3 and <3.25, or  >1.3 and <2 for 

patients older than 65);
	► Fibrosis F3 (>3.25, or >2 for patients older than 65).18

In a sensitivity analysis, the upper FIB-4 limit for patients aged 
below 65 was also set at 2.67.19

At time of enrolment, the presence of steatosis was not system-
atically defined by imaging or histology and no retrospective data 

How might it impact on clinical practice in the foreseeable 
future?

The new MAFLD diagnostic criteria allow for a better definition 
of the prevalence of metabolic comorbidities in HCC. MAFLD 
HCC, the most common form of liver cancer, may be driven 
by the sole metabolic factors, sometimes in the absence of 
cirrhosis, or in association with virus or alcohol, with differences 
in tumour stage, aggressiveness and risk of death. This evidence 
opens a new scenario for treatment, where obesity, diabetes 
and other comorbidities need to be carefully considered to 
reduce the pending, competing risk of cardiovascular outcome. 
Scientific societies of diabetes and obesity should encourage 
the evaluation of fibrosis, either by surrogate biomarkers or by 
transient elastography, in all patients with evidence of hepatic 
abnormalities, considering the high risk of HCC.
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were available. Accordingly, MAFLD cases were defined only by 
the presence of at least one of the following characteristics: (a) 
overweight/obesity (body mass index (BMI) >25 kg/m2); (b) type 
2 diabetes; (c) evidence of metabolic dysregulation,13 defined by 
the presence of at least two of the following criteria:
1.	 Fasting glucose levels 100–125 mg/dL or antidiabetic 

treatment;
2.	 Triglycerides >1.7 mmol/L (150 mg/dL) or specific drug 

treatment;
3.	 High-density lipoprotein cholesterol  <1.0 mmol/L (40 mg/

dL) in men or <1.3 mmol/L (50 mg/dL) in women or specific 
drug treatment;

4.	 Blood pressure >130/85 mm Hg or specific drug treatment.
Three additional proposed criteria for metabolic dysregula-

tion (waist circumference, high sensitivity C reactive proteins 
and Homeostasis Model Assessment index) were not available in 
the ITA.LI.CA database.

We then stratified HCC cases into three groups13:
	► S-MAFLD (single aetiology MAFLD): including patients 

with HCC with a diagnosis of either MAFLD or MAFLD-
cirrhosis, in the absence of any additional aetiology;

	► M-MAFLD (mixed aetiology MAFLD): including patients 
with HCC with a diagnosis of either MAFLD or MAFLD-
cirrhosis and with additional aetiological factor(s) (ie, HCV, 
HBV, at risk alcohol intake);

	► Non-MAFLD: including patients with HCC not associated 
with metabolic disorders.

True cryptogenic HCC cases, defined by the absence of any 
defined risk factor, were included in the non-MAFLD cohort.

Staging and treatment of HCC
Cancer burden was assessed by liver CT and/or MRI, while 
further investigations aimed at detecting extrahepatic tumour 
spread were generally carried out when clinically indicated or 
routinely in patients with advanced HCC or candidates for liver 
transplantation (LT). HCC was staged according to Barcelona 
Clinic Liver Cancer (BCLC) and ITA.LI.CA staging systems.20–25

When patients underwent multiple treatments, they were clas-
sified according to the most effective one using the following 
hierarchy: LT, liver resection (LR), percutaneous ablation (ABL), 
transarterial chemoembolisation/embolisation or radioemboli-
sation (IAT, intra-arterial therapies), sorafenib (SOR) and other 
therapies or best supportive care (OTHER/BSC).25–27

Study design and statistical analysis
The objective of this study was to compare the epidemiology, 
the clinical characteristics, the management and outcome of 
MAFLD and non-MAFLD HCC described in a large, nationally 
representative cohort.

We performed two main analyses. First, we compared the 
epidemiological trends of MAFLD and non-MAFLD groups by 
their frequency across biennials. Epidemiological trends were 
graphically shown and the statistical significance of differences 
was evaluated using a linear regression model and analysis of 
variance. Linear regression models were also used to explore 
future trajectories of MAFLD and non-MAFLD HCC.

Second, we compared S-MAFLD, M-MAFLD and non-
MAFLD HCC in terms of patients’ baseline characteristics, 
staging, treatment allocation and overall survival. In order to 
perform this comparison, continuous variables were summarised 
by median (25%–75% CI) and groups were compared by Mann-
Whitney U test. Categorical variables were summarised with 
frequencies and percentages, and groups compared by χ2 test. 

Following McCaffrey et al indications, absolute standardised 
mean difference and the Kolmogorov-Smirnov statistic were 
used to assess aetiology-related imbalances on baseline vari-
ables (ie, each subgroup was compared with the rest of the 
population).28

Propensity score values and inverse probability weights 
(IPW) were then calculated using generalised boosted models 
as described by McCaffrey et al.28 This is a machine learning 
technique using a flexible estimation method that can adjust 
for a large number of covariates. In the presence of multiple 
treatments, the authors proposed to use this methodology in the 
following fashion to obtain weights: first, create dummy indica-
tors for each of the aetiological group (aetiology group vs rest 
of the population), then fit separate models to each dummy aeti-
ological indicator and obtain the estimated propensity score for 
the given aetiological group.

All potential confounders were included in boosted models: 
age and sex, surveillance for HCC, performance status (PS), 
Child-Pugh-Turcotte class, model for end stage liver disease score 
(MELD), clinically relevant portal hypertension, tumour-related 
variables (size and number of lesions, macrovascular invasion, 
metastases, α-fetoprotein (AFP) values) and main treatment. 
Variables related to MAFLD definition (ie, BMI, diabetes, hyper-
tension and dyslipidaemia) were excluded from the models. In 
order to reduce the type I error rate (because of the inflated 
sample size in the pseudo data), we used stabilised weights (SW) 
as:

SW=p/PS for the study group, and SW=(1-p)/(1-PS) for the 
control group where p is the probability of aetiology without 
considering covariates and PS is the propensity score. The 
overall survival was calculated from the date of HCC diagnosis 
to the date of death, last follow-up evaluation or censoring date 
(31 December 2019). Unweighted and weighted survival curves 
were calculated using the Kaplan-Meier method and compared 
using the log-rank test. A weighted multivariable Cox survival 
model was also calculated.

The proportional-hazards assumption was tested on the basis 
of Schoenfeld residuals.

Since recent literature indicates that the prognosis of patient 
with HCC is influenced not only by cancer-related death, but 
also by liver failure and extrahepatic causes of death, weighted 
competing-risk analyses were performed using the methodology 
provided by Fine and Gray.29–31

Survival analyses were performed both before and after correc-
tion for the lead-time bias in patients with HCC diagnosed under 
surveillance, as previously reported.32 Missing data of study covari-
ates always involved less than 10% of patients, and were estimated 
using the maximum likelihood estimation method.33

The prognostic performance of ITA.LI.CA staging34 and BCLC 
classification21 was calculated using the Harrel Concordance 
Index, and the Akaike Information Criterion (AIC) derived 
by a Cox regression model. The AIC is particularly useful to 
compare ordinary prognostic systems with a different number of 
stages/points. A low AIC value testifies a high homogeneity and 
monotonicity of gradients, while high values of concordance-
index indicate high discriminatory ability and monotonicity of 
gradients.34

All analyses were performed in JMP Pro V.15.2.0 (2019 SAS 
Institute), Stata V.13.0 (Copyright 1985–2013 StataCorp LP) 
and R application V.4.0.0 GUI 1.71 (S. Urbanek & H.-J. Bibiko, 
R Foundation for Statistical Computing, 2016). A two-tailed p 
value<0.05 was considered statistically significant.
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RESULTS
Baseline characteristics, staging and main treatment
Patient’s metabolic baseline characteristics are described in 
table  1. Globally, 1181 cases were classified as S-MAFLD 
(17.1%), 3524 (51.2%) as M-MAFLD and 2177 (31.6%) as 
non-MAFLD. By definition, metabolic alterations were rare in 
the non-MAFLD cohort. Type 2 diabetes, obesity and hypertri-
glyceridaemia were significantly more common in S-MAFLD 
than in M-MAFLD. Notably, 381 cases without other aeti-
ological factors (30.1% of S-MAFLD) and 1861 with viral or 
alcohol comorbidities (52.8% of M-MAFLD) were included in 
the respective cohorts because of the presence of diabetes or two 
metabolic factors, in the absence of overweight/obesity (‘lean 
MAFLD’).13 14

Demographic data and tumour characteristics are shown 
in table  2. Cirrhosis was present in 85.6% of patients with 
S-MAFLD HCC, in contrast to the near totality of other 
groups (95.1% in M-MAFLD and 94.3% in non-MAFLD, 
p value vs S-MAFLD: <0.05 for both). Notably, 113/1181 
patients with S-MAFLD were classified as fibrosis F0–F2 
according to FIB-4 score (9.6%) versus 72/3524 of M-MAFLD 
(2.0%) and 53/2177 of non-MAFLD (2.4%) (p<0.001 for 
both comparisons). These figures did not change consider-
ably when the FIB-4 cut-off of advanced fibrosis was set at 
2.67 for patients aged  <65 (7.79%, 1.53% and 1.93% in 
S-MAFLD, M-MAFLD and non-MAFLD, respectively) (data 
not reported in detail, p<0.001). In S-MAFLD, the presence 
of HCC was diagnosed less frequently during surveillance 
compared with other groups (p<0.05). Moreover, S-MAFLD 
HCCs were significantly larger and more frequently associ-
ated with metastases, but with lower AFP levels compared 
with HCC of other aetiology (p<0.05). S-MAFLD HCCs 
were less frequently in ITA.LI.CA stage 0 and treated with LT 
and ABL, and were more frequently treated with LR, SOR, 
OTHER/BSC therapies than other groups (table 2, p<0.05).

Patients with non-MAFLD were younger, had more frequently 
clinically relevant portal hypertension and MELD  >10 than 
MAFLD; they had less frequent extrahepatic spread, but more 
frequent macrovascular invasion and high AFP levels than non-
MAFLD (p<0.05). As a consequence, they were less frequently 
in ITA.LI.CA stage A and more commonly in stages B2 and C 
and treated with IAT than MAFLD (table 2, p<0.05).

In the M-MAFLD cohort (online supplemental table 1), 
the presence of HCV was the most common cofactor (67%). 

Patients with HBV and who are alcoholic were younger, less 
frequently women and less frequently diagnosed under surveil-
lance than patients with HCV. Moreover, HBV and alcohol had 
more advanced tumours and more decompensated cirrhosis than 
patients with HCV.

Table 1  Metabolic characteristics of S-MAFLD, M-MAFLD and non-
MAFLD patients with hepatocellular carcinoma

Variables

S-MAFLD 
(N=1181)
Number (%)

M-MAFLD 
(N=3524)
Number (%)

Non-MAFLD 
(N=2177)
Number (%)

Body weight

 � Normal 381 (32.26)* 1861 (52.81)* 2177 (100.00)*

 � Overweight 435 (36.83)* 1241 (35.22)* 0*

 � Obesity 365 (30.90)* 422 (11.98)* 0*

Type 2 diabetes 803 (68.00)* 1597 (45.32)* 0*

Pre-diabetes 188 (15.92)* 1199 (34.02)* 651 (29.90)*

Hypertension 615 (52.08)* 1631 (46.28)* 281 (12.91)*

Hypertriglyceridaemia 586 (49.62)* 461 (13.08)* 20 (0.92)*

Low HDL cholesterol 197 (49.62)* 1676 (47.56)* 361 (16.58)*

*P value<0.05 in the comparison of each group versus all remaining cases.
HDL, high density lipoprotein; MAFLD, metabolic associated fatty liver disease; M-
MAFLD, mixed aetiology MAFLD; S-MAFLD, single aetiology MAFLD.

Table 2  Demographic data and liver-related and tumor-related 
characteristics in S-MAFLD, M-MAFLD and non-MAFLD patients with 
hepatocellular carcinoma

Variables

S-MAFLD (N=1181)
Number (%) or
median (Q1–Q3)

M-MAFLD (N=3524)
Number (%) or
median (Q1–Q3)

Non-MAFLD 
(N=2177)
Number (%) or
median (Q1–Q3)

Female sex 219 (18.54)* 1009 (28.63)* 353 (16.24)*

Age (years) 69 (63–75)* 69 (61–76)* 67 (58–74)*

Age >70 years 508 (43.01) 1607 (45.60)* 821 (37.71)*

Surveillance 533 (45.13)* 2177 (61.78)* 1329 (61.05)*

FIB-4 grade in patients 
diagnosed without 
cirrhosis

 � F0 22 (1.86)* 11 (0.31)* 10 (0.46)*

 � F1–2 91 (7.71)* 61 (1.73)* 43 (1.98)*

 � F3 69 (5.84)* 102 (2.89)* 71 (3.26)*

Diagnosis of cirrhosis 999 (84.59)* 3350 (95.06)* 2053 (94.30)*

CRPH 887 (75.11)* 2818 (79.97) 1796 (82.50)*

MELD 10 (8–12) 10 (8–12)* 10 (8–12)*

MELD >10 422 (35.73)* 1220 (34.62)* 1072 (49.24)*

Child B and C 360 (30.48) 1091 (30.96) 689 (31.65)

ECOG PS>0 346 (29.30) 1040 (29.51)* 563 (25.86)*

Number of nodules 1 (1–3) 1 (1–3) 1 (1–3)

Multinodular 563 (47.67) 1650 (46.82) 1041 (47.82)

Largest diameter (mm) 35 (22–56)* 30 (20–47)* 30 (20–50)

Largest diameter >50 mm 319 (27.01)* 701 (19.89)* 472 (21.68)

Macrovascular invasion 161 (13.63) 454 (12.88)* 357 (16.40)*

Metastases 84 (7.11)* 151 (4.29) 79 (3.62)*

AFP (ng/ml) 7 (5–162) 17 (7–239)* 34 (7–756)*

AFP >1000 ng/mL 182 (15.41)* 560 (15.89)* 468 (21.50)*

Radical therapy 581 (49.20) 1830 (51.93)* 1091 (50.11)

ITA.LI.CA stage

 � 0 158 (13.38)* 612 (17.37)* 376 (17.27)

 � A 294 (24.89) 883 (25.06)* 481 (22.10)*

 � B1 285 (24.13) 836 (23.72) 504 (23.15)

 � B2 94 (7.96) 261 (7.41) 184 (8.45)*

 � B3 91 (7.71) 230 (6.53) 151 (6.94)

 � C 113 (9.57) 243 (6.90)* 219 (10.06)*

 � D 146 (12.36) 459 (13.03) 262 (12.04)

BCLC stage

 � 0 42 (3.56)* 193 (5.48) 114 (5.24)

 � A 527 (44.62)* 1665 (47.25)* 970 (44.56)*

 � B 209 (17.70) 499 (14.16)* 352 (16.17)

 � C 340 (28.79)* 914 (25.94) 590 (27.10)

 � D 63 (5.33) 253 (7.18) 151 (6.94)

Main therapy

 � LT 33 (2.79)* 163 (4.63) 104 (4.78)

 � LR 225 (19.05)* 491 (13.93)* 322 (14.79)

 � ABL 298 (25.23)* 1132 (32.12)* 639 (29.35)*

 � IAT 267 (22.61) 762 (21.62)* 520 (23.89)*

 � SOR 83 (7.03)* 193 (5.48)* 126 (5.79)

 � OTHER/BSC 275 (24.3)* 702 (19.90) 466 (21.40)

*P value<0.05 in the comparison of each group versus other groups all remaining cases.
ABL, percutaneous ablation or alcohol injection; AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; 
CRPH, clinically relevant portal hypertension; FIB-4, fibrosis-4 index; IAT, intra-arterial therapy; ITA.LI.CA, 
Italian Liver Cancer; LR, liver resection; LT, liver transplantation; MAFLD, metabolic associated fatty liver 
disease; MELD, model for end stage liver disease; M-MAFLD, mixed aetiology MAFLD; OTHER/BSC, other 
therapies or best supportive care; ECOG PS, Eastern Cooperative Oncology Group performance status; Q1, 
first quartile; Q3, third quartile; S-MAFLD, single aetiology MAFLD; SOR, sorafenib.
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Epidemiological trends and trajectories of MAFLD and non-
MAFLD HCC
The proportion of S-MAFLD significantly increased over 
the study period (figure  1A), from 3.6% in 2002–2003 to 
28.9% in 2018–2019 (p<0.001). Conversely, the proportion 
of patients with HCV significantly decreased (from 64.4% 
to 45.8%, p<0.001), as well as that of HBV (from 15.7% to 
10.6%, p<0.001), leading to a sharp fall of the overall viral aeti-
ology (p<0.001). The proportion of alcohol-related HCC also 
decreased (from 14.5% to 12.4%, p<0.001).

Differently from S-MAFLD, the proportion of M-MAFLD 
remained almost stable over time (figure 1B), from 46.8% in the 
first biennium to 48.4% in the last period (p=0.445). Further-
more, the relative proportion of patients with non-MAFLD 
significantly and continuously decreased over time, from 49.6% 
to 22.7% (p<0.001). Globally (figure 1C), the majority of Italian 
patients with HCC (68.4%) were defined as MAFLD (sum of 
S-MAFLD and M-MAFLD) and the proportion significantly 
increased over time (from 50.4% to 77.3%, p<0.001).

Using linear regression models, we extended to future years 
the epidemiological trends of MAFLD and non-MAFLD HCC 
(figure  1 panels A–C). We calculated that S-MAFLD HCC 
should overcome HCV HCC (figure 1A), as well as M-MAFLD 
HCC (figure 1B) in about 4 and 6 years, respectively. MAFLD 
HCC will become the only form of HCC in Italy in about 10–12 
years (figure 1C).

Outcomes
Using stabilised IPW we obtained three pseudo-populations with 
sample sizes similar to that of original populations, but very well 
balanced for all baseline non-metabolic characteristics (table 3). 
Risk of death curves and multivariable analyses before (online 
supplemental figure 1 and online supplemental table 2) and after 
correction for lead-time bias in patients with HCC diagnosed 
under surveillance (figure  2, table  4, and online supplemental 
table 3) largely overlapped; for this reason, only the analyses 
after correction are presented.

After a median follow-up for survivors of 70.8 months (95% 
CI: 67.1 to 73.7), median overall survival was significantly lower 
(p=0.000) in non-MAFLD (23.8 months) than in S-MAFLD 
(28.1 months) and M-MAFLD (27.1 months) (figure 2A). Data 
were confirmed also after weighting, with a significantly lower 
overall risk of death in MAFLD compared with patients with 
non-MAFLD HCC (figure  2B). These results were confirmed 
also when the same curves were not adjusted for lead time bias 
(online supplemental figure 1).

Online supplemental figure 2 and 3 showed that the outcome 
of patients with M-MAFLD was not significantly influenced by 
the presence of different aetiological factors. Other subgroup 
analyses in patients with S-MAFLD and M-MAFLD suggested 
that metabolic factors similarly influenced the risks of death in 
the two cohorts (online supplemental table 4); in particular, in 
both cohorts the presence of diabetes was significantly associated 
with an increased risk of death from non-HCC-related causes, 
whereas BMI >25 kg/m2 was associated with a reduced all-cause 
risk of death (online supplemental table 4).

The ITA.LI.CA staging provided a more granular stratification 
of patients (tables 2 and 3) and a better prognostic performance 
(online supplemental figure 4) than BCLC classification.

At multivariable weighted Cox analysis (table  4), ITA.
LI.CA stage and the main treatment showed a strong impact 
on death risk; both S-MAFLD and M-MAFLD groups showed 
a significant lower risk of death compared with patients with 

non-MAFLD (p=0.003 and p=0.001, respectively). As to the 
weighted competing risk of death specifically due to HCC 
progression, both S-MAFLD and M-MAFLD, had a significantly 
lower risk of death compared with non-MAFLD (p=0.000) 
(table 4, figure 2C). Interestingly, S-MAFLD had a significantly 
higher weighted competing risk of death due to non-HCC-
related causes compared with non-MAFLD (p=0.012, table 4, 
figure  2D). These results were confirmed also when the same 
analyses were not adjusted for lead time bias (online supple-
mental table 3) and when patients with non-cirrhosis (n=406) 
were removed from the analysis (online supplemental table 3).

DISCUSSION
Our analysis of the ITA.LI.CA. database shows that the majority 
of HCC cases in Italy may be classified as MAFLD-related 
according to a recent proposal,13 and that in about 6 years 
MAFLD of pure metabolic origin (S-MAFLD) will be the 
primary cause of incident HCC. While it is already known that 
MAFLD is associated with an higher cardiovascular mortality,35 
this is the first time that the prevalence of metabolic comorbid-
ities in HCC has been so clearly defined. Either overweight/
obesity or diabetes or two independent metabolic factors, poten-
tially involved in HCC development, were present in two-thirds 
of the Italian patients with HCC recruited in the last 18 years, a 
proportion increasing to 77.3% in the last period (2018–2019).

The present classification of MAFLD might be improved for 
the identification of relative weight of the different parameters 
defining aetiology.15 Although there were no possibilities to 
differentiate the association of the different metabolic risk factor 
in both MAFLD-HCC groups, our evidence opens a totally new 
scenario for treatment of the most common form of liver cancer, 
prompting for careful assessment and treatment of diabetes and 
excess body weight not only for their well-known association 
with severe cardiovascular involvement. On this regard, data 
shown in online supplemental table 1 and online supplemental 
figure 2 and 3 support one important finding of this study, that 
is, the metabolic factors, when superimposed to other aetio-
logical agents, tend to normalise time-to-outcome among the 
different aetiological factors, but have a specific role when occur 
isolated determining a moderately different outcome (online 
supplemental table 4).

Only few and controversial data of HCC associated to hepatic 
steatosis have been generated in real-life clinical practice. 
Concurrent to the rapid advances in the treatment of both HBV 
and HCV and their declining role as prevalent oncogenic risk 
factors, the proportion of NAFLD-related HCC was reported 
to be dramatically increased in the USA in a few studies, not in 
others.36–39 Three studies in Europe showed that NAFLD/NASH 
accounted for a very small proportion of liver-related deaths and 
LT.3 40 41 However, it is unlikely that European diagnostic codes 
reliably pick up the occurrence of NAFLD or NASH, since codes 
do not recognise NASH-related cirrhosis and very low NAFLD 
awareness still exists among healthcare professionals and institu-
tions all over Europe, including Italy.42

In order to have insight on the relative contribution of aetiolog-
ical agents and to evaluate the epidemiological trends and trajec-
tories of HCC associated to metabolic diseases in both recent 
and future years, we thus applied the new definition of MAFLD 
to the large ITA.LI.CA cohort. Compared with declining rates of 
HCV-related, HBV-related and alcohol-related HCC, the epide-
miological trend of ‘pure’ MAFLD HCC (S-MAFLD) showed 
an impressive eightfold increase, accounting for 28.9% of all 
HCC diagnosed in the last study period, whereas the proportion 
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Figure 1  Epidemiological trends and future trajectories of S-MAFLD-HCC and HCC of other aetiologies in Italian Cancer Liver database, period 
2002–2019 (A). Epidemiological trends and future trajectories of S-MAFLD, M-MAFLD and non-MAFLD cases (B). Epidemiological trends and future 
trajectories of MAFLD and non-MAFLD cases (C). HBV, hepatitis B virus; HCC, hepatitis C virus; HCC, hepatocellular carcinoma; MAFLD, metabolic 
associated fatty liver disease; M-MAFLD, mixed aetiology MAFLD; S-MAFLD, single aetiology MAFLD.
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of M-MAFLD HCC remained almost stable over time (around 
50%). For the future, it is reasonable to hypothesise that rates 
will progressively decline in this cohort, due to the role of 
direct-acting antiviral (DAA) treatment in the eradication of 
HCV.43–45 By using linear regression models, we prolonged the 

epidemiological trajectories seen for MAFLD and non-MAFLD 
HCC into the next few years, showing that MAFLD HCC might 
become the only form of HCC in about 10–12 years (figure 1C). 
This analysis, obtained from a real-world, prospectively-collected 
HCC database with accurate check of metabolic factors present 
in all included patients, can overcome the problem generated by 
the lack of a specific diagnostic code for NAFLD and should be 
considered in designing health policies aimed at treating patients 
with HCC.

One potential bias could derive by the lack of viral levels and 
the effect of antiviral therapies in the ITA.LI.CA. database. For 
these reasons, and in agreement with previous analyses,12 16 17 
HBV-HCC or HCV-HCC were defined according to the defini-
tion of clinicians at time of record upload. Patients with HCV/
HBV with a suppressed virus might have a different outcome 
within the M-MAFLD or non-MAFLD cohorts, although several 
data from the literature suggest that previous HCV could still be 
an important aetiological factor at time of HCC occurrence.46–48 
The principal aim of our study that was to describe the epidemi-
ological and prognostic features of the S-MAFLD HCC popula-
tion in Italy, with the M-MAFLD and non-MAFLD populations 
as control groups. To reach this goal, it was important to have 
a completely pure S-MAFLD cohort, by excluding all patients 
with a previous viral history, although suppressed/cured at time 
of HCC diagnosis. According to this strategy, our study indicates 
that changes in the epidemiology of liver disease (higher pres-
sure of metabolic factors, lower pressure of viral factors) are also 
modifying the features of patients with HCC, since patients with 
S-MAFLD were older, more frequently men and less frequently 
cirrhotic with clinically relevant portal hypertension and a 
surveillance-related diagnosis, with larger tumours and extrahe-
patic metastases. These characteristics will limit treatment strat-
egies, influencing the prognosis, the risk of cancer-related and 
non-cancer-related death.

In both non-MAFLD and M-MAFLD groups most patients 
had an underlying cirrhosis (94.3% and 95.0%, respectively) 
and about 60% of HCC was detected under surveillance. 
Numbers are different in the S-MAFLD group, with 15% of 
patients without cirrhosis and HCC detected under surveillance 
in less than half of cases. However, more than 5% of S-MAFLD 
were diagnosed with F3 fibrosis by the FIB-4 index, thus 
making the sum of cases with advanced fibrosis (F3) or cirrhosis 
above 90% (table  1). These values are in contrast with other 
settings, where an increased risk of HCC was reported in the 
precirrhotic stage of NAFLD and less than 50% of the previ-
ously called NAFLD-associated HCC was described to occur 
in a cirrhotic background.30 49–52 The presence of referral bias, 
derived from studies in NASH cohorts, and the low sample size, 
lack of homogeneity and poor diagnostic accuracy of previous 
studies, compared with the accurate scrutiny of all cases enrolled 
in the prospective Italian database, might explain the differ-
ence. Conversely, as shown in table  1, our data underline the 
importance of overweight/obesity (present in 67% of patients 
with S-MAFLD), pre-existing hyperglycaemic or overt diabetes 
(83.9% of S-MAFLD) as factors associated with HCC, in the 
absence of other comorbid conditions responsible for chronic 
liver diseases.53–56 Moreover, the striking difference in surveil-
lance might explain why S-MAFLD HCC were larger, more 
frequently multinodular, metastatic and with higher AFP levels 
compared with HCC of any other aetiology (table 1).

To analyse the net impact of MAFLD on overall and competing 
risks of death, we reduced the effect of baseline differences 
among subgroups with stabilised IPW method (table 2). Expect-
edly, the three pseudo-populations, very well balanced for 

Table 3  Demographic data and liver-related and tumor-related 
characteristics of S-MAFLD, M-MAFLD and non-MAFLD pseudo-
populations with hepatocellular carcinoma obtained using stabilised 
inverse probability weights

Variables

S-MAFLD (N=1121)
Number (%) or median
(Q1–Q3)

M-MAFLD (N=3457)
Number (%) or median
(Q1–Q3)

NON-MAFLD 
(N=2155)
number (%) or 
median
(Q1–Q3)

Female sex 258 (23.03) 799 (23.11) 495 (22.96)

Age (years) 69 (63–75) 69 (61–76) 67 (58–74)

Age >70 years 475 (42.29) 1482 (42.88) 928 (43.08)

Surveillance 655 (58.43) 2042 (59.06) 1270 (58.53)

FIB-4 grades in patients 
diagnosed without 
cirrhosis

 � F0 5 (0.47) 17 (0.44) 7 (0.32)

 � F1–2 31 (2.73) 90 (2.60) 57 (2.62)

 � F3 33 (2.98) 119 (3.43) 72 (3.34)

Diagnosis of cirrhosis 1052 (93.81) 3232 (93.49) 2019 (93.72)

CRPH 902 (80.46) 2773 (80.22) 1730 (80.31)

MELD 10 (8–12) 10 (8–12) 10 (8–12)

MELD >10 433 (38.62) 1350 (39.22) 856 (39.72)

Child B and C 350 (31.23) 1082 (31.30) 680 (31.56)

ECOG PS>0 313 (27.94) 985 (28.49) 611 (28.38)

Number of nodules 1 (1–3) 1 (1–3) 1 (1–3)

Multinodular 534 (47.67) 1625 (47.00) 1022 (47.23)

Largest diameter (mm) 35 (22–56) 30 (20–47) 30 (20–50)

Largest diameter >50 mm 238 (21.20) 746 (21.57) 462 (21.42)

Macrovascular invasion 152 (13.54) 477 (13.80) 302 (14.03)

Metastases 57 (5.08) 148 (4.28) 81 (3.74)

AFP (ng/mL) 7 (5–162) 17 (7–239) 34 (7–756)

AFP >1000 ng/mL 187 (16.67) 583 (16.87) 365 (16.96)

Radical therapy 568 (50.66) 1765 (51.05) 1092 (50.69)

ITA.LI.CA stage

 � 0 167 (14.92) 579 (16.74) 391 (18.14)

 � A 281 (25.04) 842 (24.35) 488 (22.64)

 � B1 268 (23.93) 825 (23.87) 502 (23.30)

 � B2 84 (7.45) 268 (7.76) 186 (8.63)

 � B3 71 (6.33) 244 (7.07) 140 (6.49)

 � C 105 (9.39) 256 (7.39) 180 (8.34)

 � D 145 (12.94) 443 (12.81) 268 (12.45)

BCLC stage

 � 0 41 (3.62) 176 (5.09) 130 (6.01)

 � A 526 (46.92) 1608 (46.53) 935 (43.38)

 � B 176 (15.68) 528 (15.26) 350 (16.26)

 � C 312 (27.82) 900 (26.05) 591 (27.42)

 � D 67 (5.96) 244 (7.07) 149 (6.93)

Main therapy

 � LT 33 (2.93) 171 (4.94) 96 (4.46)

 � LR 178 (15.91) 484 (14.01) 315 (14.63)

 � ABL 332 (29.63) 1062 (30.72) 658 (30.52)

 � IAT 251 (22.42) 773 (22.37) 503 (23.34)

 � SOR 67 (6.00) 195 (5.64) 123 (5.72)

 � OTHER/BSC 259 (23.10) 771 (22.30) 460 (21.34)

No differences between groups were demonstrated.
ABL, percutaneous ablation or alcohol injection; AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CRPH, 
clinically relevant portal hypertension; FIB-4, fibrosis-4 index; IAT, intra-arterial therapy; ITA.LI.CA, Italian Liver 
Cancer; LR, liver resection; LT, liver transplantation; MAFLD, metabolic associated fatty liver disease; MELD, 
model for end stage liver disease; M-MAFLD, mixed aetiology MAFLD; OTHER/BSC, other therapies or best 
supportive care; ECOG PS, Eastern Cooperative Oncology Group performance status; Q1, first quartile; Q3, third 
quartile; S-MAFLD, single aetiology MAFLD; SOR, sorafenib.
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Figure 2  Kaplan-Meier overall failure curves comparing S-MAFLD, M-MAFLD and non-MAFLD groups before (A) and after weighting (B). Weighted 
competing risk curves comparing S-MAFLD, M-MAFLD and non-MAFLD groups for different failure competing events: death due to hepatocellular 
carcinoma progression (C), death due to other causes (D). MAFLD, metabolic associated fatty liver disease; M-MAFLD, mixed aetiology MAFLD; S-
MAFLD, single aetiology MAFLD.

Table 4  Overall and competing risks multivariable Cox models using stabilised inverse probability weights

Variables

All causes of death HCC-related death Other causes of death

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Non-MAFLD (ref)
S-MAFLD
M-MAFLD

–
0.86 (0.77 to 0.95)
0.89 (0.83 to 0.96)

–
0.003
0.001

–
0.57 (0.48 to 0.66)
0.83 (0.75 to 0.92)

–
0.000
0.000

–
1.17 (1.04 to 1.33)
1.03 (0.94 to 1.12)

–
0.012
0.595

ITA.LI.CA stage
0 (ref)
A
B1
B2
B3
C
D

–
1.16 (1.05 to 1.29)
1.55 (1.39 to 1.72)
1.82 (1.60 to 2.07)
2.07 (1.79 to 2.39)
2.05 (1.76 to 2.40)
2.56 (2.25 to 2.93)

–
0.004
0.000
0.000
0.000
0.000
0.000

–
1.25 (1.03 to 1.50)
2.03 (1.70 to 2.44)
2.74 (2.21 to 3.39)
3.53 (2.83 to 4.41)
3.33 (2.67 to 4.14)
2.37 (1.93 to 2.92)

–
0.023
0.000
0.000
0.000
0.000
0.000

–
1.10 (0.97 to 1.24)
1.08 (0.95 to 1.23)
0.98 (0.82 to 1.17)
0.75 (0.60 to 0.93)
0.80 (0.65 to 0.98)
1.33 (1.13 to 1.56)

–
0.131
0.256
0.836
0.008
0.032
0.001

Main treatment
LT
LR
ABL
IAT
SOR
OTHER/BSC (ref)

0.14 (0.11 to 0.18)
0.35 (0.31 to 0.39)
0.46 (0.42 to 0.51)
0.69 (0.62 to 0.76)
1.09 (0.94 to 1.26)
–

0.000
0.000
0.000
0.000
0.274
–

0.19 (0.12 to 0.29)
0.57 (0.48 to 0.68)
0.68 (0.59 to 0.78)
0.80 (0.70 to 0.93)
1.36 (1.13 to 1.65)
–

0.000
0.000
0.000
0.002
0.002
–

0.36 (0.28 to 0.46)
0.56 (0.48 to 0.65)
0.71 (0.63 to 0.81)
0.91 (0.80 to 1.03)
0.71 (0.57 to 0.90)
–

0.000
0.000
0.000
0.147
0.004
–

ABL, percutaneous ablation or alcohol injection; HCC, hepatocellular carcinoma; IAT, intra-arterial therapy; ITA.LI.CA, Italian Liver Cancer; LR, liver resection; LT, liver 
transplantation; MAFLD, metabolic associated fatty liver disease; M-MAFLD, mixed aetiology MAFLD; OTHER/BSC, other therapies or best supportive care; S-MAFLD, single 
aetiology MAFLD; SOR, sorafenib.
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baseline characteristics, maintained significant differences for 
metabolic variables (ie, body weight, diabetes, hypertension and 
dyslipidaemia) strictly related to MAFLD definition. By the use 
of the ITA.LI.CA staging system, preferred to the BCLC clas-
sification in multivariable survival analysis for its better ability 
to stratify patients (tables 2 and 3) and survival (online supple-
mental figure 4),17 23–25 34 57 we found a significantly lower risk 
of death in patients with MAFLD both before (figure 2A) and 
after the application of SW (figure 2B). Controversial data exist 
on this issue.30 58–62 In our setting, more than 60% of patients 
were classified as stage 0 to B1 by the ITA.LI.CA system, and in 
the three groups (S-MAFLD, M-MAFLD and non-MAFLD) the 
proportion of patients receiving curative treatments was similar. 
IPW transformation shows that the protective effect of MAFLD 
on liver-related survival is independent of HCC stage and type 
of treatment (figure 2); at multivariable (IPW adjusted) analysis, 
MAFLD remained an independent risk factor for all-cause death, 
together with ITA.LI.CA staging and main treatment (table 4).

Despite their larger tumour size, patients with MAFLD 
showed a significantly lower weighted competing risk of death 
related to HCC progression than non-MAFLD (HR 0.57 and HR 
0.83 in S-MAFLD and M-MAFLD, respectively)(figure 2C and 
table 4), in keeping with a less aggressive phenotype. However, it 
cannot be excluded that a higher competing mortality (by other 
causes) concurred to this result. In our setting, the expected 
prognostic advantage provided by lower HCC-related mortality 
on the overall risk of death was partially counterbalanced by a 
significantly higher risk of death by other causes in S-MAFLD 
(figure 2B–D, and table 4). In this competitive scenario, metabolic 
comorbidities might increase the risk of death associated with 
cardiovascular events, or even exacerbate the mortality caused 
by the complications of cirrhosis, such as infections and vari-
ceal bleeding, independently of liver cell failure. Lastly, patients 
with viral infection(s) as cause or cofactor of liver disease can 
now take advantage from antiviral therapies blocking—or even 
reversing—the progression of cirrhosis, dampening the risk of 
liver-related death in the future (table 4).

There are no pathogenetical data to explain the reduced 
aggressiveness of MAFLD HCC. While HCV uses its RNA 
genome and viral associated structural and non-structural 
proteins to alter cellular pathways to influence all 10 hall-
marks of cancer,63 the pathogenesis of NAFLD-associated 
HCC is not well understood.5 Differently from other solid 
tumours, HCC develops on a milieu of chronic inflammation 
that drives the oncogenic pathways64; it can postulated that 
the higher severity of HCV-related liver injury, compared 
with NAFLD, is responsible for the higher aggressiveness 
of HCV-HCC.65 This was confirmed by Sanyal et al in a 
prospective study where patients with NAFLD had a lower 
risk of progression to patients with HCC versus HCV.66

Several limitations and strengths should be discussed. A 
major limitation is represented by the retrospective nature 
of the study that makes it vulnerable by unintended biases. 
Moreover, the application of new diagnostic criteria to 
reclassify patients may suffer from a certain degree of impre-
cision. However, the database has been in use for a long time 
by well-trained physicians of ITA.LI.CA centres, and this 
reduces the risk of insufficient data and of misinterpretation 
of metabolic features. Three metabolic parameters consid-
ered in the original MAFLD definition (waist circumference, 
insulin resistance and C reactive protein)13 were not avail-
able, and this definitely reduced the number of lean patients 
classified as MAFLD. Accordingly, the prevalence of MAFLD, 
is potentially underestimated, but underestimation should be 

limited, considering that subjects with waist circumference 
and insulin resistance exceeding the proposed cut-off should 
be largely included among patients with MAFLD with over-
weight/obesity and diabetes. On the other hand, our defi-
nition of M-MAFLD for patients with HCC based only on 
metabolic factors without clear evidence of present or past 
hepatic steatosis probably overestimates the prevalence of 
M-MAFLD cases. According to our M-MAFLD definition 
probably most European countries would already have only 
MAFLD HCCs. Certainly, steatosis was very likely to have 
occurred in patients with alcohol abuse and with HCV infec-
tion representing 87% of the total M-MAFLD population 
(online supplemental table 1).

Nonetheless, a few interesting results of the MAFLD category 
should be underlined: (a) it provides a defined picture of the 
S-MAFLD, representing the real focus of this study; and (b) the 
definition allows for a deeper analysis of the prognostic impact 
of individual metabolic factors in the M-MAFLD population 
(online supplemental table 4).

A further limitation is that the ITA.LI.CA database covers 
subjects diagnosed with HCC and does not include the very 
large cohort of MAFLD cases, without liver cancer, where 
outcome is dictated by end-stage liver failure or cardiovas-
cular disease. In the presence of HCC, the outcome is largely 
driven by liver disease, although a few cardiovascular events 
are possible. Given the uncertainty of the exact role played 
by liver disease progression and/or additional cardiovas-
cular disease we only considered all-cause mortality in the 
final analysis. Additionally, we were only able to distinguish 
between HCC and non-HCC-related death to perform the 
competing risk survival analysis.

The main strength of the study resides in the analysis of a 
very large database of patients with HCC in a Western country, 
uniformly managed over the past 20 years and including 
multiple, prospectively-collected risk factors that are the basis 
for MAFLD criteria assignment, as well as solid data on tumour 
characteristics, treatment and outcomes.

In conclusion, our study showed a significant increase 
in S-MAFLD HCC cases from 2002 to 2019, expected to 
exceed the incidence of HCV-HCC (figure  1A) and HCC 
of mixed aetiology (presumed M-MAFLD) (figure  1B) in 
about 4 and 6 years, respectively. Again, taking advantage 
from the new MAFLD definition, our study emphasises the 
close association between metabolic factors and HCC as 
shown by the constant prevalence of M-MAFLD during the 
entire study period. Although associated with a lower risk 
of HCC-associated death, the new scenario does not appear 
to be less gloomy in a community perspective. The progres-
sive decline of HCV-associated HCC has already been 
replaced by metabolic-related HCC, with/without associated 
viral and non-viral aetiological factors. The possibility to 
use potentially curative treatments represents a prognostic 
mainstay, independent from cancer stage, further supporting 
the proposed ‘therapeutic hierarchy’ approach to patients 
with HCC.24 The apparently less aggressive phenotype is 
counterbalanced by higher competing risks, late diagnosis 
and screening difficulties. At present, there are no approved 
drugs for MAFLD, and the surveillance of the immense 
population with diabetes and obesity is not feasible. In 
the future, only the integration of healthcare personnel of 
different specialties into a network model of care, as well 
as healthcare policies to reduce the burden of metabolic 
diseases, might smoothen the sky-rocketing incidence of the 
new HCC phenotype.

copyright.
 on January 17, 2025 at U

niversita degli S
tudi di P

alerm
o. P

rotected by
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2021-324915 on 21 D

ecem
ber 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/gutjnl-2021-324915
https://dx.doi.org/10.1136/gutjnl-2021-324915
https://dx.doi.org/10.1136/gutjnl-2021-324915
https://dx.doi.org/10.1136/gutjnl-2021-324915
http://gut.bmj.com/


150 Vitale A, et al. Gut 2023;72:141–152. doi:10.1136/gutjnl-2021-324915

Hepatology

Author affiliations
1Department of Surgery, Oncology and Gastroenterology, University of Padua, 
Padova, Italy
2Liver Disease and Transplant Unit, Polytechnic University of Marche, Ancona, Italy
3Obesity Center, Polytechnic University of Marche, Ancona, Italy
4Department of Gastroenterology, Azienda Ospedaliera Marche Nord Pesaro, Pesaro, 
Italy
5Department of Gastroenterology, Polytechnic University of Marche, Ancona, Italy
6School of Mathematics and Statistics University of Canterbury, Statistics University 
of Canterbury, Canterbury, New Zealand
7Department of Internal Medicine, Gastroenterology Unit, University of Genova, 
IRCCS Policlinico San Martino, Genoa, Italy
8Division of Internal Medicine, Hepatobiliary and Immunoallergic Diseases, IRCCS 
Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy
9Gastroenterology Unit, Fondazione Policlinico Universitario Agostino Gemelli IRCCS, 
Roma, Italy
10Medicine Unit, Azienda Ospedaliera Bolognini, Seriate, Italy
11Gastroenterology Unit, Ospedale Belcolle, Viterbo, Italy
12Department of Medical and Surgical Sciences, Internal Medicine–Zoli Unit, Alma 
Mater Studiorum - Università di Bologna, Padova, Italy
13Gastroenterology and Digestive Endoscopy Unit, Foggia University Hospital, Foggia, 
Puglia, Italy
14Department of Health Promotion, Mother & Child Care, Internal Medicine & 
Medical Specialties, PROMISE, Gastroenterology & Hepatology Unit, University of 
Palermo, Palermo, Italy
15Department of Experimental and Clinical Medicine, Internal Medicine and 
Hepatology Unit, University of Florence, Florence, Italy
16Gastroenterology Unit, Ospedale Generale Regionale di Bolzano, Bolzano, Italy
17Department of Clinical Medicine and Surgery, Gastroenterology Unit, University of 
Naples Federico II, Portici, Italy
18Internal Medicine, Gastroenterology, and Liver Unit, University Hospital Agostino 
Gemelli, Roma, Lazio, Italy
19Department of Internal Medicine, Ospedale degli Infermi di Faenza, Faenza, Emilia 
Romagna, Italy
20Infectious Diseases and Hepatology Unit, Azienda Ospedaliero-Universitaria di 
Parma, Parma, Emilia-Romagna, Italy
21Gastroenterology Unit, IRCCS Ospedale Sacro Cuore Don Calabria, Negrar, Veneto, 
Italy
22Department of Clinical Medicine and Surgery, Hepato-Gastroenterology Unit, 
Federico II University Hospital, Napoli, Italy
23Clinical and Experimental Medicine, University Hospital of Messina, Messina, Italy
24Division of Gastroenterology, IRCCS Azienda Ospedaliero-Universitaria di Bologna, 
Bologna, Italy
25Department of Clinical and Experimental Medicine, Universita degli Studi di Sassari, 
Sassari, Italy
26Department of Clinical and Experimental Medicine, Hepatology and Liver 
Physiopathology Laboratory and Internal Medicine, University of Pisa, Pisa, Italy
27Division of Medical Semeiotics, IRCCS Azienda Ospedaliero-Universitaria di 
Bologna, Bologna, Italy
28Internal Medicine and Gastroenterology, Fondazione Policlinico Gemelli, Rome, Italy
29Internal Medicine, Universita Cattolica del Sacro Cuore, Roma, Italy
30Department of Medical & Surgical Sciences, University of Bologna Hospital of 
Bologna Sant’Orsola-Malpighi Polyclinic, Bologna, Italy

Collaborators  Department of Surgery, Oncology and Gastroenterology, University 
of Padua: Anna Sartori, Angela Imondi, Barbara Penzo. Department of Medical and 
Surgical Sciences, Semeiotics Unit, University of Bologna: Maurizio Biselli, Paolo 
Caraceni, Francesca Garuti, Annagiulia Gramenzi, Andrea Neri, Davide Ramboldi, 
Valentina Santi. Azienda Ospedaliero-Universitaria S. Orsola-Malpighi, Internal 
Medicine–Piscaglia Unit, Bologna, Italy: Alessandro Granito, Luca Muratori, Fabio 
Piscaglia, Vito Sansone, Francesco Tovoli. Department of Surgical and Medical 
Sciences, Gastroenterology Unit, Alma Mater Studiorum–University of Bologna, 
Bologna: Elton Dajti, Giovanni Marasco, Federico Ravaioli. Department of Specialist, 
Diagnostic and Experimental Medicine, Radiology Unit, University of Bologna: 
Alberta Cappelli, Rita Golfieri, Cristina Mosconi, Matteo Renzulli. Gastroenterology 
and Digestive Endoscopy Unit, Foggia University Hospital, Foggia: Ester Marina 
Cela, Antonio Facciorusso. Department of Internal Medicine, Gastroenterology Unit, 
University of Genova, IRCCS Policlinico San Martino, Genova: Valentina Cacciato, 
Edoardo Casagrande, Alessandro Moscatelli, Gaia Pellegatta. Gastroenterology Unit, 
Fondazione Policlinico Universitario A. Gemelli, IRCCS, Roma:Nicoletta de Matthaeis. 
Department of Gastroenterology, Polytechnic University of Marche, Ancona: Gloria 
Allegrini, Alessandro Di Bucchianico. Gastroenterology Unit, Belcolle hospital, Viterbo: 
Valentina Lauria, Giorgia Ghittoni, Giorgio Pelecca. Vascular and Interventional 
Radiology Unit, Belcolle hospital, Viterbo: Fabrizio Chegai, Fabio Coratella, Mariano 
Ortenzi. Department of Medicine and Surgery, Infectious Diseases and Hepatology 
Unit, University of Parma and Azienda Ospedaliero-Universitaria of Parma: Elisabetta 
Biasini, Andrea Olivani. Gastroenterology Unit, IRCCS Sacro Cuore Don Calabria 
hospital, Negrar: Alessandro Inno, Fabiana Marchetti. Department of Health 

Promotion, Mother & Child Care, Internal Medicine & Medical Specialties, PROMISE, 
Gastroenterology & Hepatology Unit, University of Palermo: Anita Busacca, 
Giuseppe Cabibbo, Calogero Cammà, Vincenzo Di Martino, Giacomo Emanuele 
Maria Rizzo. Department of Clinical and Experimental Medicine, Clinical and 
Molecular Hepatology Unit, University of Messina: Maria Stella Franzè, Carlo Saitta. 
Department of Medical, Surgical and Experimental Sciences, Azienda Ospedaliero-
Universitaria of Sassari: Assunta Sauchella. Department of Internal Medicine, 
Ospedale per gli Infermi di Faenza: Vittoria Bevilacqua, Dante Berardinelli, Alberto 
Borghi, Andrea Casadei Gardini, Fabio Conti, Alessandro Cucchetti, Anna Chiara 
Dall’Aglio, Giorgio Ercolani. Department of Experimental and Clinical Medicine, 
Internal Medicine and Hepatology Unit, University of Firenze: Claudia Campani, 
Chiara Di Bonaventura, Stefano Gitto. Department of Clinical Medicine and Surgery, 
Hepato‐Gastroenterology Unit, University of Napoli "Federico II": Pietro Coccoli 
Antonio Malerba. Department of Clinical Medicine and Surgery, Gastroenterology 
Unit, University of Napoli "Federico II": Mario Capasso, Maria Guarino. Department 
of Clinical and Experimental Medicine, Hepatology and Liver Physiopathology 
Laboratory, University Hospital of Pisa, Pisa, Italy: Filippo Oliveri, Veronica Romagnoli.

Contributors  Concept and design: AV, GS-B, LM and FF. Writing of article: AV, GS-B, 
GMa and FF. Statistical analysis: AV and GVDR. Patients enrolment and database 
construction: GS-B, AO, MC, EGG, FPi, GRap, MDM, EC, MZ, RS, GC, FM, AM, FM, AG, 
FGF, GMi, AM, GN, GR, FA, GV, FO, FPe, RRM, FT, UC, LM and FF. Study refinement, 
correction and approval: GS-B, AO, MC, EGG, FPi, GRap, MDM, EC, MZ, RS, GC, 
FM, AM, FM, AG, FGF, GMi, AM, GN, GR, FA, GV, FO, FPe, RRM, FT, UC, LM and FF. 
Guarantor: GS-B.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was approved 
by The ITA.LI.CA database management conforms to the past and the current 
Italian legislation regarding privacy, and the present study conforms to the ethical 
guidelines of the Declaration of Helsinki. Approval for the study was obtained 
from the Institutional Review Board of the participating centres. Participants gave 
informed consent to participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. The 
ITA.LI.CA database management conforms to the past and the current Italian 
legislation regarding privacy, and the present study conforms to the ethical 
guidelines of the Declaration of Helsinki. Approval for the study was obtained from 
the Institutional Review Board of the participating centres.

Supplemental material  This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs
Gianluca Svegliati-Baroni http://orcid.org/0000-0003-4399-3359
Edoardo G Giannini http://orcid.org/0000-0001-8526-837X
Fabio Piscaglia http://orcid.org/0000-0001-8264-1845
Gerardo Nardone http://orcid.org/0000-0001-8344-6523
Giovanni Raimondo http://orcid.org/0000-0003-3112-8587

REFERENCES
	 1	 European Association for the Study of the Liver (EASL), European Association for the 

Study of Diabetes (EASD), European Association for the Study of Obesity (EASO). 
EASL-EASD-EASO clinical practice guidelines for the management of non-alcoholic 
fatty liver disease. J Hepatol 2016;64:1388–402.

	 2	 Global Burden of Disease Liver Cancer Collaboration, Akinyemiju T, Abera S, et al. The 
burden of primary liver cancer and underlying etiologies from 1990 to 2015 at the 
global, regional, and national level: results from the global burden of disease study 
2015. JAMA Oncol 2017;3:1683–91.

	 3	 Pimpin L, Cortez-Pinto H, Negro F, et al. Burden of liver disease in Europe: 
epidemiology and analysis of risk factors to identify prevention policies. J Hepatol 
2018;69:718–35.

	 4	 Younossi Z, Tacke F, Arrese M, et al. Global perspectives on nonalcoholic fatty liver 
disease and nonalcoholic steatohepatitis. Hepatology 2019;69:2672–82.

	 5	 Anstee QM, Reeves HL, Kotsiliti E, et al. From NASH to HCC: current concepts and 
future challenges. Nat Rev Gastroenterol Hepatol 2019;16:411–28.

copyright.
 on January 17, 2025 at U

niversita degli S
tudi di P

alerm
o. P

rotected by
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2021-324915 on 21 D

ecem
ber 2021. D

ow
nloaded from

 

http://orcid.org/0000-0003-4399-3359
http://orcid.org/0000-0001-8526-837X
http://orcid.org/0000-0001-8264-1845
http://orcid.org/0000-0001-8344-6523
http://orcid.org/0000-0003-3112-8587
http://dx.doi.org/10.1016/j.jhep.2015.11.004
http://dx.doi.org/10.1001/jamaoncol.2017.3055
http://dx.doi.org/10.1016/j.jhep.2018.05.011
http://dx.doi.org/10.1002/hep.30251
http://dx.doi.org/10.1038/s41575-019-0145-7
http://gut.bmj.com/


151Vitale A, et al. Gut 2023;72:141–152. doi:10.1136/gutjnl-2021-324915

Hepatology

	 6	 Younossi ZM, Stepanova M, Ong J, et al. Nonalcoholic steatohepatitis is the most 
rapidly increasing indication for liver transplantation in the United States. Clin 
Gastroenterol Hepatol 2021;19:e5:580–9.

	 7	 Moon AM, Singal AG, Tapper EB. Contemporary epidemiology of chronic liver disease 
and cirrhosis. Clin Gastroenterol Hepatol 2020;18:2650–66.

	 8	 Younossi ZM, Otgonsuren M, Henry L, et al. Association of nonalcoholic fatty liver 
disease (NAFLD) with hepatocellular carcinoma (HCC) in the United States from 2004 
to 2009. Hepatology 2015;62:1723–30.

	 9	 Otgonsuren M, Stepanova M, Gerber L, et al. Anthropometric and clinical factors 
associated with mortality in subjects with nonalcoholic fatty liver disease. Dig Dis Sci 
2013;58:1132–40.

	10	 Estes C, Anstee QM, Arias-Loste MT, et al. Modeling NAFLD disease burden in China, 
France, Germany, Italy, Japan, Spain, United Kingdom, and United States for the 
period 2016-2030. J Hepatol 2018;69:896–904.

	11	 Estes C, Razavi H, Loomba R, et al. Modeling the epidemic of nonalcoholic fatty liver 
disease demonstrates an exponential increase in burden of disease. Hepatology 
2018;67:123–33.

	12	 Garuti F, Neri A, Avanzato F, et al. The changing scenario of hepatocellular carcinoma 
in Italy: an update. Liver Int 2021;41:585–97.

	13	 Eslam M, Newsome PN, Sarin SK, et al. A new definition for metabolic dysfunction-
associated fatty liver disease: an international expert consensus statement. J Hepatol 
2020;73:202–9.

	14	 Eslam M, Sanyal AJ, George J, et al. MAFLD: a Consensus-Driven proposed 
nomenclature for metabolic associated fatty liver disease. Gastroenterology 
2020;158:1999–2014.

	15	 Singh SP, Anirvan P, Reddy KR, et al. Non-Alcoholic fatty liver disease: not time for an 
obituary just yet! J Hepatol 2021;74:972–4.

	16	 Vitale A, Burra P, Frigo AC, et al. Survival benefit of liver resection for patients with 
hepatocellular carcinoma across different Barcelona clinic liver cancer stages: a 
multicentre study. J Hepatol 2015;62:617–24.

	17	 Vitale A, Farinati F, Noaro G, et al. Restaging patients with hepatocellular carcinoma 
before additional treatment decisions: a multicenter cohort study. Hepatology 
2018;68:1232–44.

	18	 Vilar-Gomez E, Chalasani N. Non-Invasive assessment of non-alcoholic fatty 
liver disease: clinical prediction rules and blood-based biomarkers. J Hepatol 
2018;68:305–15.

	19	 Shah AG, Lydecker A, Murray K, et al. Comparison of noninvasive markers of 
fibrosis in patients with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol 
2009;7:1104–12.

	20	 Cillo U, Vitale A, Volk ML, et al. The survival benefit of liver transplantation in 
hepatocellular carcinoma patients. Dig Liver Dis 2010;42:642–9.

	21	 European association for the study of the liver. electronic address eee, 
European association for the study of the L. EASL Clinical Practice Guidelines: 
Management of hepatocellular carcinoma. J Hepatol 2018;69:182–236.

	22	 Vitale A, Cucchetti A, Qiao GL, et al. Is resectable hepatocellular carcinoma 
a contraindication to liver transplantation? A novel decision model based on 
"number of patients needed to transplant" as measure of transplant benefit. J 
Hepatol 2014;60:1165–71.

	23	 Farinati F, Vitale A, Spolverato G, et al. Development and validation of a new 
prognostic system for patients with hepatocellular carcinoma. PLoS Med 
2016;13:e1002006.

	24	 Vitale A, Farinati F, Pawlik TM, et al. The concept of therapeutic hierarchy for 
patients with hepatocellular carcinoma: a multicenter cohort study. Liver Int 
2019;39:1478–89.

	25	 Vitale A, Trevisani F, Farinati F, et al. Treatment of hepatocellular carcinoma 
in the precision medicine era: from treatment stage migration to therapeutic 
hierarchy. Hepatology 2020;72:2206–18.

	26	 Lombardi G, Zustovich F, Farinati F, et al. Pegylated liposomal doxorubicin and 
gemcitabine in patients with advanced hepatocellular carcinoma: results of a 
phase 2 study. Cancer 2011;117:125–33.

	27	 Pelizzaro F, Sammarco A, Dadduzio V, et al. Capecitabine in advanced 
hepatocellular carcinoma: a multicenter experience. Dig Liver Dis 
2019;51:1713–9.

	28	 McCaffrey DF, Griffin BA, Almirall D, et al. A tutorial on propensity score estimation for 
multiple treatments using generalized boosted models. Stat Med 2013;32:3388–414.

	29	 Fine JP, Gray RJ. A proportional hazards model for the Subdistribution of a 
competing risk. J Am Stat Ass 1999;94:496–509.

	30	 Piscaglia F, Svegliati-Baroni G, Barchetti A, et al. Clinical patterns of 
hepatocellular carcinoma in nonalcoholic fatty liver disease: a multicenter 
prospective study. Hepatology 2016;63:827–38.

	31	 Cabibbo G, Celsa C, Calvaruso V, et al. Direct-acting antivirals after successful 
treatment of early hepatocellular carcinoma improve survival in HCV-cirrhotic patients. 
J Hepatol 2019;71:265–73.

	32	 Cucchetti A, Trevisani F, Pecorelli A, et al. Estimation of lead-time bias and its impact 
on the outcome of surveillance for the early diagnosis of hepatocellular carcinoma. J 
Hepatol 2014;61:333–41.

	33	 Baraldi AN, Enders CK. An introduction to modern missing data analyses. J Sch 
Psychol 2010;48:5–37.

	34	 Vitale A, Farinati F, Finotti M. Overview of prognostic systems for hepatocellular 
carcinoma and ITA.LI.CA external validation of mesh and CNLC classifications. 
Cancers 2021;13.

	35	 Kim D, Konyn P, Sandhu KK, et al. Metabolic dysfunction-associated fatty liver disease 
is associated with increased all-cause mortality in the United States. J Hepatol 
2021;75:1284-1291.

	36	 Goldberg D, Ditah IC, Saeian K, et al. Changes in the prevalence of hepatitis C virus 
infection, nonalcoholic steatohepatitis, and alcoholic liver disease among patients 
with cirrhosis or liver failure on the Waitlist for liver transplantation. Gastroenterology 
2017;152:1090–9.

	37	 Wong RJ, Cheung R, Ahmed A. Nonalcoholic steatohepatitis is the most rapidly 
growing indication for liver transplantation in patients with hepatocellular carcinoma 
in the U.S. Hepatology 2014;59:2188–95.

	38	 Setiawan VW, Stram DO, Porcel J, et al. Prevalence of chronic liver disease and 
cirrhosis by underlying cause in understudied ethnic groups: the Multiethnic cohort. 
Hepatology 2016;64:1969–77.

	39	 Beste LA, Leipertz SL, Green PK, et al. Trends in burden of cirrhosis and hepatocellular 
carcinoma by underlying liver disease in US veterans, 2001-2013. Gastroenterology 
2015;149:e5:1471–82. quiz e17-8.

	40	 Belli LS, Perricone G, Adam R, et al. Impact of DAAs on liver transplantation: 
major effects on the evolution of indications and results. An ELITA study based 
on the ELTR registry. J Hepatol 2018;69:810–7.

	41	 Haldar D, Kern B, Hodson J, et al. Outcomes of liver transplantation for non-
alcoholic steatohepatitis: a European liver transplant registry study. J Hepatol 
2019;71:313–22.

	42	 Lazarus JV, Ekstedt M, Marchesini G, et al. A cross-sectional study of the 
public health response to non-alcoholic fatty liver disease in Europe. J Hepatol 
2020;72:14–24.

	43	 Adinolfi LE, Petta S, Fracanzani AL, et al. Reduced incidence of type 2 diabetes in 
patients with chronic hepatitis C virus infection cleared by direct-acting antiviral 
therapy: a prospective study. Diabetes Obes Metab 2020;22:2408–16.

	44	 Butt AA, Yan P, Aslam S, et al. Hepatitis C virus (HCV) treatment with directly acting 
agents reduces the risk of incident diabetes: results from electronically retrieved 
cohort of HCV infected veterans (ERCHIVES). Clin Infect Dis 2020;70:1153–60.

	45	 Svegliati-Baroni G, Gaggini M, Carli F, et al. Mechanisms for increased risk of diabetes 
in chronic liver diseases. Liver Int 2020;40:2489–99.

	46	 Bruno S, Stroffolini T, Colombo M, et al. Sustained virological response to interferon-
alpha is associated with improved outcome in HCV-related cirrhosis: a retrospective 
study. Hepatology 2007;45:579–87.

	47	 Sapena V, Enea M, Torres F, et al. Hepatocellular carcinoma recurrence after 
direct-acting antiviral therapy: an individual patient data meta-analysis. Gut 
2022;71:593–604.

	48	 Reig M, Mariño Z, Perelló C, et al. Unexpected high rate of early tumor recurrence 
in patients with HCV-related HCC undergoing interferon-free therapy. J Hepatol 
2016;65:719–26.

	49	 Sanyal A, Poklepovic A, Moyneur E, et al. Population-Based risk factors and resource 
utilization for HCC: US perspective. Curr Med Res Opin 2010;26:2183–91.

	50	 Ertle J, Dechêne A, Sowa J-P, et al. Non-Alcoholic fatty liver disease progresses 
to hepatocellular carcinoma in the absence of apparent cirrhosis. Int J Cancer 
2011;128:2436–43.

	51	 Yasui K, Hashimoto E, Komorizono Y, et al. Characteristics of patients with 
nonalcoholic steatohepatitis who develop hepatocellular carcinoma. Clin 
Gastroenterol Hepatol 2011;9:428–33.

	52	 Pais R, Fartoux L, Goumard C, et al. Temporal trends, clinical patterns and 
outcomes of NAFLD-related HCC in patients undergoing liver resection over a 
20-year period. Aliment Pharmacol Ther 2017;46:856–63.

	53	 Lagiou P, Kuper H, Stuver SO, et al. Role of diabetes mellitus in the etiology of 
hepatocellular carcinoma. J Natl Cancer Inst 2000;92:1096–9.

	54	 Nair S, Mason A, Eason J, et al. Is obesity an independent risk factor for 
hepatocellular carcinoma in cirrhosis? Hepatology 2002;36:150–5.

	55	 Singh S, Allen AM, Wang Z, et al. Fibrosis progression in nonalcoholic fatty 
liver vs nonalcoholic steatohepatitis: a systematic review and meta-analysis of 
paired-biopsy studies. Clin Gastroenterol Hepatol 2015;13:e1-9:643–54.

	56	 Petroni ML, Brodosi L, Bugianesi E, et al. Management of non-alcoholic fatty 
liver disease. BMJ 2021;372:m4747.

	57	 Borzio M, Dionigi E, Rossini A, et al. External validation of the ITA.LI.CA 
prognostic system for patients with hepatocellular carcinoma: a multicenter 
cohort study. Hepatology 2018;67:2215–25.

	58	 Reddy SK, Steel JL, Chen H-W, et al. Outcomes of curative treatment for 
hepatocellular cancer in nonalcoholic steatohepatitis versus hepatitis C and 
alcoholic liver disease. Hepatology 2012;55:1809–19.

	59	 Hernandez-Alejandro R, Croome KP, Drage M, et al. A comparison of survival 
and pathologic features of non-alcoholic steatohepatitis and hepatitis 
C virus patients with hepatocellular carcinoma. World J Gastroenterol 
2012;18:4145–9.

	60	 Viganò L, Conci S, Cescon M, et al. Liver resection for hepatocellular carcinoma 
in patients with metabolic syndrome: a multicenter matched analysis with 
HCV-related HCC. J Hepatol 2015;63:93–101.

copyright.
 on January 17, 2025 at U

niversita degli S
tudi di P

alerm
o. P

rotected by
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2021-324915 on 21 D

ecem
ber 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.cgh.2020.05.064
http://dx.doi.org/10.1016/j.cgh.2020.05.064
http://dx.doi.org/10.1016/j.cgh.2019.07.060
http://dx.doi.org/10.1002/hep.28123
http://dx.doi.org/10.1007/s10620-012-2446-3
http://dx.doi.org/10.1016/j.jhep.2018.05.036
http://dx.doi.org/10.1002/hep.29466
http://dx.doi.org/10.1111/liv.14735
http://dx.doi.org/10.1016/j.jhep.2020.03.039
http://dx.doi.org/10.1053/j.gastro.2019.11.312
http://dx.doi.org/10.1016/j.jhep.2020.10.015
http://dx.doi.org/10.1016/j.jhep.2014.10.037
http://dx.doi.org/10.1002/hep.30185
http://dx.doi.org/10.1016/j.jhep.2017.11.013
http://dx.doi.org/10.1016/j.cgh.2009.05.033
http://dx.doi.org/10.1016/j.dld.2010.02.010
http://dx.doi.org/10.1016/j.jhep.2014.01.022
http://dx.doi.org/10.1016/j.jhep.2014.01.022
http://dx.doi.org/10.1371/journal.pmed.1002006
http://dx.doi.org/10.1111/liv.14154
http://dx.doi.org/10.1002/hep.31187
http://dx.doi.org/10.1002/cncr.25578
http://dx.doi.org/10.1016/j.dld.2019.06.015
http://dx.doi.org/10.1002/sim.5753
http://dx.doi.org/10.1002/hep.28368
http://dx.doi.org/10.1016/j.jhep.2019.03.027
http://dx.doi.org/10.1016/j.jhep.2014.03.037
http://dx.doi.org/10.1016/j.jhep.2014.03.037
http://dx.doi.org/10.1016/j.jsp.2009.10.001
http://dx.doi.org/10.1016/j.jsp.2009.10.001
http://dx.doi.org/10.1016/j.jhep.2021.07.035
http://dx.doi.org/10.1053/j.gastro.2017.01.003
http://dx.doi.org/10.1002/hep.26986
http://dx.doi.org/10.1002/hep.28677
http://dx.doi.org/10.1053/j.gastro.2015.07.056
http://dx.doi.org/10.1016/j.jhep.2018.06.010
http://dx.doi.org/10.1016/j.jhep.2019.04.011
http://dx.doi.org/10.1016/j.jhep.2019.08.027
http://dx.doi.org/10.1111/dom.14168
http://dx.doi.org/10.1093/cid/ciz304
http://dx.doi.org/10.1111/liv.14556
http://dx.doi.org/10.1002/hep.21492
http://dx.doi.org/10.1136/gutjnl-2020-323663
http://dx.doi.org/10.1016/j.jhep.2016.04.008
http://dx.doi.org/10.1185/03007995.2010.506375
http://dx.doi.org/10.1002/ijc.25797
http://dx.doi.org/10.1016/j.cgh.2011.01.023
http://dx.doi.org/10.1016/j.cgh.2011.01.023
http://dx.doi.org/10.1111/apt.14261
http://dx.doi.org/10.1093/jnci/92.13.1096
http://dx.doi.org/10.1053/jhep.2002.33713
http://dx.doi.org/10.1016/j.cgh.2014.04.014
http://dx.doi.org/10.1136/bmj.m4747
http://dx.doi.org/10.1002/hep.29662
http://dx.doi.org/10.1002/hep.25536
http://dx.doi.org/10.3748/wjg.v18.i31.4145
http://dx.doi.org/10.1016/j.jhep.2015.01.024
http://gut.bmj.com/


152 Vitale A, et al. Gut 2023;72:141–152. doi:10.1136/gutjnl-2021-324915

Hepatology

	61	 Young K, Aguilar M, Gish R, et al. Lower rates of receiving model for end-stage 
liver disease exception and longer time to transplant among nonalcoholic 
steatohepatitis hepatocellular carcinoma. Liver Transpl 2016;22:1356–66.

	62	 Dyson J, Jaques B, Chattopadyhay D, et al. Hepatocellular cancer: the 
impact of obesity, type 2 diabetes and a multidisciplinary team. J Hepatol 
2014;60:110–7.

	63	 D’souza S, Lau KC, Coffin CS, et al. Molecular mechanisms of viral hepatitis 
induced hepatocellular carcinoma. World J Gastroenterol 2020;26:5759–83.

	64	 Farazi PA, DePinho RA. Hepatocellular carcinoma pathogenesis: from genes to 
environment. Nat Rev Cancer 2006;6:674–87.

	65	 Svegliati-Baroni G, Bugianesi E, Bouserhal T, et al. Post-load insulin resistance 
is an independent predictor of hepatic fibrosis in virus C chronic hepatitis and 
in non-alcoholic fatty liver disease. Gut 2007;56:1296–301.

	66	 Sanyal AJ, Banas C, Sargeant C, et al. Similarities and differences in outcomes 
of cirrhosis due to nonalcoholic steatohepatitis and hepatitis C. Hepatology 
2006;43:682–9.

Editor’s quiz: GI snapshot

Unusual case of 
severe diarrhoea
See page 48 for question

ANSWER
The diarrhoea developed after COVID-19 pneumonia; other 
diarrhoea-causing diseases were absent. Therefore, this patient’s 
enterocolitis was likely associated with COVID-19. Although the 
result of PCR analysis of the faeces for SARS-Cov-2 was negative, 
a previous study reported that only 38.5% of COVID-19 infected 
patients with diarrhoea tested positive for SARS-Cov-2 when stool 
samples were analysed.1

As with typical COVID-19-associated enterocolitis, the clinical 
course was self-limiting in this patient; diarrhoea lasted for more 
than 4 months but gradually improved with intestinal rest, total 
parenteral nutrition and supportive care including antibiotics and 
somatostatin analogues. Anterograde and retrograde double-balloon 
enteroscopy on day 156 confirmed a nearly complete mucosal 
regeneration in the small (figure 2A) and large (figure 2B) intestines.

COVID-19 is reportedly accompanied by enterocolitis, which 
is typically mild and resolves spontaneously.2 3 Recently, a few 
cases of severe enterocolitis in COVID-19 patients have been 
reported.2 4 These reports documented delayed-onset diarrhoea 
following COVID-19 pneumonia, pathologically severe and diffuse 
epithelial damage with minimal inflammation, and a reversible 

clinical course without any specific treatment,2 4 as seen in our case. 
Our study and these previous studies suggest an association between 
COVID-19 and fulminant but self-limiting enterocolitis.
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