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Background/Aims: Non-alcoholic liver disease and alcoholic liver disease begin as simple steatosis that may progress
to steatohepatitis and ensuing liver-related complications such as cirrhosis and hepatocellular carcinoma (HCC). We
explored differences in characteristics between non-alcoholic steatohepatitis (NASH) and alcoholic steatohepatitisrelated (ASH) HCC.
Methods: NASH and ASH patients were identified from our department’s prospective HCC database. A total of 54 and
45 patients met predefined inclusion and exclusion criteria for the NASH-HCC and ASH-HCC groups, respectively. Clinical,
biochemical and tumor characteristics were studied.
Results: NASH-HCC patients were older compared to ASH-HCC patients (72±9 vs. 66±9 years, P<0.001) and less male
predominant (65% vs. 98%, P<0.001). Prevalence of diabetes mellitus (78% vs. 36%, P<0.001) and hypertension (80% vs.
58%, P<0.001) were significantly higher in the NASH-HCC group. Liver function tests and Child-Pugh scores were similar.
There were no differences in alpha-fetoprotein level, lesions found at diagnosis (unifocal/multifocal) or prevalence of
portal vein invasion. In both groups, almost half of the patients were in TNM stage 4 at the time of diagnosis and more
than 50% of patients were not suitable for any therapy. Median survival in the NASH-HCC and ASH-HCC groups were 13
and 7 months respectively (P=0.113).
Conclusions: Despite significant differences in demography of the NASH-HCC and ASH-HCC groups, liver and tumor
characteristics were comparable. Most patients were diagnosed late and were not amenable to curative or locoregional
therapies. Better characterization of patients with NASH and ASH at risk of HCC is necessary to optimize screening,
surveillance, and management strategies. (Clin Mol Hepatol 2020;26:196-208)
Keywords: Carcinoma, Hepatocellular; Non-alcoholic fatty liver disease; Fatty liver, Alcoholic; Survival

Study Highlights
1. NASH-HCC

patients were older at diagnosis, had significantly more metabolic risk factors and were diagnosed less frequently on surveillance as
compared to ASH-HCC.
2. 18.5%

patients of NASH-HCC and 11.1% of ASH-HCC were non-cirrhotic at diagnosis of HCC.
3. Many

NASH-HCC patients were diagnosed at the symptomatic stage. More rigorous surveillance for HCC in NASH patients than currently practised is needed.

INTRODUCTION
Globally, liver cancer is the 5th and 9th most common malignancy in men and women respectively, representing the 2nd leading cause of cancer mortality. Significant burden of hepatocellular
carcinoma (HCC) is seen in Asia.1,2 While viral hepatitis traditionally accounts for most cases of HCC, a burgeoning proportion of
HCC is associated with non-alcoholic fatty liver disease (NAFLD)
or what was labelled cryptogenic previously.3 It is increasingly recognised that cryptogenic cirrhosis often represents “burnt-out”
NAFLD as a significant number of these patients would have the
clinical phenotype comparable with NAFLD, such as higher prevalence of metabolic risk factors, but not the characteristic histopathologic features of NAFLD, which typically disappear with the
onset of advanced fibrosis/cirrhosis.4 NAFLD is a lifestyle-related
condition affecting the liver and is considered as the hepatic manhttp://www.e-cmh.org

ifestation of metabolic syndrome due to its association with diabetes mellitus (DM), dyslipidemia, insulin resistance and obesity.
NAFLD embodies a spectrum of disease ranging from simple steatosis, considered benign accumulation of lipids within the liver to
the more aggressive non-alcoholic steatohepatitis (NASH), characterized by necrosis, inflammation, and fibrosis, with the potential to progress to liver cirrhosis and HCC.5,6 NAFLD is regarded as
the most common cause of chronic liver disease in the United
States and other developed countries.7
While the natural history of NAFLD/NASH is still not fully understood, it shares certain similarities with alcoholic liver disease
(ALD) and ASH.8 In patients with NASH, HCC usually occurs in the
setting of liver cirrhosis. However, it is recognized that HCC can
develop in non-cirrhotic NASH as well. Over a follow-up period of
7–12 years, the rates of liver-related complications for NAFLD are
3–5% for cirrhosis, 2% for jaundice and encephalopathy, 1% for
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variceal bleeding, and 0.5–1% for development of HCC.9,10 A multicenter longitudinal cohort study of biopsy-proven NAFLD reported the outcome of 619 patients over a median follow-up period of
12.6 years - 44 patients (7%) developed liver-related events including five patients (0.8%) diagnosed with HCC. Of the 44 patients who developed the end-stage liver disease, 17 (38.6%)
died from complications of liver disease.11
Similarly, ALD is an established risk factor for the development
of cirrhosis and HCC. The lifetime risk of development of liver cirrhosis is 8–20% and that of HCC 3–10% with ongoing alcohol
abuse.12-14 Chronic alcohol use of more than 80 g/day for more
than 10 years increases the risk of HCC by 5-fold.15 In a metaanalysis, there was a relative risk of 1.86 of developing HCC with
alcohol consumption. The increased risk was present even in patients consuming a low amount of alcohol (25 g/day).16 There is a
paucity of data comparing the clinical features of patients with
HCC arising from either NAFLD or ALD. In this study, we explored

differences in clinical, biochemical and tumor characteristics between NASH-HCC and ASH-HCC. This is important because there
is still scant understanding regarding the natural history of NASHHCC. As NASH is closely related to ASH, a comparison between
the two etiologies will help us understand specific peculiarities
that may help us manage the individual diseases better.

PATIENTS AND METHODS
Patient selection
The study cohort comprised patients in a prospective HCC database of the Department of Gastroenterology and Hepatology, Singapore General Hospital. Patients enrolled into the database from
1st July 2000 to 30th May 2013 formed the study cohort. During
this period, our HCC registry enrolled 635 patients and after ex-

Department of Gastroenterology, Singapore General Hospital
HCC database from July 2000 to May 2013
(n=635)
Excluded: positive viral serology (HBsAg and HCV EIA)
(n=379)
Non-viral HCC
(n=256)
Excluded: patients with anti-HBc positivity
(n=96)
Remaining HCC patients
(n=160)
Excluded: patients with other etiologies of chronic
liver disease (PBC, Wilson's AIH cirrhosis)
(n=6)
Alcohol consumption
(n=154)
Excluded: patients with alcohol consumption that is
not significant (n=43)

No alcohol consumption
(n=66)

Excluded
(n=12)

No

Metabolic risk factors

Significant alcohol consumption
(ASH-HCC) (n=45)
Yes

NASH-HCC
(n=54)

Figure 1. Patient selection flowsheet. HCC, hepatocellular carcinoma; HCV, hepatitis C virus; EIA, enzyme linked immunosorbant assay; PBC, primary
biliary cirrosis; AIH, autoimmune hepatitis; ASH, alcoholic steatohepatitis; NASH, non-alcoholic steatohepatitis.
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clusion criteria, 99 patients were included in the study cohort. The
patients were followed till 31st October 2015 (see flowchart, Fig. 1).
Diagnosis of HCC was made based on dynamic imaging such as
computerized tomography (CT) or magnetic resonance imaging
(MRI).17 None of the patients included in the study needed a histological assessment for diagnosis of HCC.
Diagnosis of NASH-HCC was based on negative viral serology
(negative HBsAg and anti-HCV IgG), by the exclusion of other liver
diseases like autoimmune hepatitis induced cirrhosis, primary biliary cirrhosis, Wilson’s disease and by the absence of significant
alcohol intake, in the presence of metabolic syndrome according
to International Diabetes Federation and Asia Pacific Working
Party on NAFLD.18,19 Our definition of NASH-HCC is similar to that
of other studies in NASH-HCC.20,21
ASH-HCC was diagnosed after negative viral serology and with
significant alcohol consumption of more than 60 g/day in both
genders.22 To exclude any effect of past hepatitis B infection on
the hepatocarcinogenesis in NASH or ASH group, HBcIgG data
was verified in the study population. All patients with previous
hepatits B virus (HBV) exposure as evidenced by HBcIgG positivity
were excluded from the study.
There were 54 NASH-HCC and 45 ASH-HCC after consideration
of inclusion and exclusion criteria. The diagnosis of cirrhosis was
made on the morphological changes seen on dynamic contrast
imaging of liver and/or by the presence of radiological, biochemical, endoscopic or clinical features suggestive of cirrhosis or portal
hypertension.23-25
HCC surveillance was defined as 6-monthly follow up with ultrasound imaging of the liver and serum alpha-fetoprotein (AFP)
determination. Not all patients in the study were on HCC surveillance- a number of them presented with symptoms. We stratified
the patients as those whose HCC were diagnosed while they were
on a regular surveillance program versus those who were not on a
regular surveillance program and whose HCC were diagnosed because they presented with symptoms.

Data collection

Statistical analysis
Results are presented as numbers and percentages in separate
columns for qualitative data or as the means and standard deviation for quantitative data. Comparisons were by 2 sample T -test
for quantitative factors and Pearson’s chi-square test for qualitative factors. P values less than 0.05 from two-sided tests were
considered to be significant. For survival analysis, Kaplan-Meier
and Cox regression (Breslow, generalized Wilcoxon) techniques
were used. All statistical analyses were performed by using SPSS
24.0 software (SPSS Inc., Chicago, IL, USA).

RESULTS

Demographic, anthropometric, clinical and laboratory data were
collected at the time of HCC diagnosis and analyzed. Demographic data included age, gender and ethnicity. Anthropometric data
included height, weight, waist circumference and body mass index (BMI). Alcohol consumption was quantified based on patients’ history and review of medical records. Clinical data reviewed included presence or absence of DM, hypertension, and
http://www.e-cmh.org

hyperlipidemia. Hyperlipidemia was considered to be present in a
patient with elevated triglycerides >1.7 mmol/L and reduced high
density lipoprotein-C; <1.03 mmol/L in males and <1.29 mmol/L
in females, or in those patients who were already taking lipid
lowering medications.18,19 Liver-specific data included liver biochemistry total protein, albumin (Alb), globulin, total bilirubin
(Tbil), alkaline phosphatase (ALP), alanine transaminase (ALT),
aspartate transaminase (AST), gamma-glutamyltransferase, prothrombin time, international normalized ratio and full blood count
including platelet count. If there was cirrhosis, Child-TurcottePugh (CTP) classification and model for end-stage liver disease
(MELD) score were recorded.
HCC specific data collected included modality of diagnosis,
whether HCC diagnosis was made on surveillance, Barcelona Clinic Liver Cancer (BCLC) staging, and size of the tumor, multifocal or
unifocal and treatment types (curative, locoregional or supportive
care).
Survival outcome was based on census by our national registry
of deaths on 31 October 2015. Liver related mortality was defined
by death resulting from liver failure, variceal bleeding, spontaneous bacterial peritonitis or tumor rupture and tumor progression.
This study was reviewed and approved by the Singapore General
Hospital, Institutional Review Board.

Patient characteristics
The demographic, clinical and biochemical data are summarized
in Tables 1 and 2.
The mean age at diagnosis of HCC of patients in NASH-HCC
group was significantly older at 72±9 years compared to 66±9
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years in the ASH-HCC group (P <0.001). In the NASH-HCC group
there were significantly less male patients compared to the ASHHCC group (65% vs. 96%, P <0.001). The ethnic composition was
significantly different between the two groups with NASH-HCC
having significantly more Malay patients compared to the ASHHCC (16.7% vs. 0%) and ASH-HCC having significantly more Chinese and Indian patients compared to the NASH-HCC group (Chinese, 91.1% vs. 79.6%; Indians, 8.9% vs. 3.7%; P <0.001). In the
NASH-HCC group, 10 patients (19%) did not have cirrhosis,
whereas in the ASH-HCC group five patients (11%) did not show
features of cirrhosis. This difference was not statistically significant (P =0.3).
The prevalence of DM, hypertension and hyperlipidemia was
significantly higher in the NASH-HCC group compared to the
ASH-HCC group (see Table 1). The liver biochemistry comprising
Alb, Tbil, ALT, AST, and ALP were comparable between the
NASH-HCC and ASH-HCC groups.
Table 1. Demographic and clinical comparison between NASH-HCC
and ASH-HCC groups

Etiology
Variable

NASH-HCC
(n=54)

ASH-HCC
(n=45)

Male

35 (64.8)

43 (95.6)

Female

19 (35.2)

2 (4.4)

43 (79.6)

41 (91.1)

Malay

9 (16.7)

0 (0.0)

Indian

2 (3.7)

4 (8.9)

Gender

<0.001

Ethnicity
Chinese

P-value

The mean BMI although higher in NASH-HCC group did not differ significantly from the ASH-HCC group. There was no difference
in CTP and MELD score between the groups at the diagnosis of
HCC.
Both groups showed markedly elevated mean AFP levels with a
wide variability. The mean or median AFP values were not significantly different between the two groups.

Details of HCC diagnosis
Table 3 summarizes the aspects of HCC diagnosis. The diagnosis of HCC was made based on dynamic cross-sectional CT or
MRI. A majority of the patient in both groups were diagnosed at
the symptomatic stage. Symptomatic stage HCC were patients
who presented with symptoms related to the HCC e.g., pain or
with decompensated liver disease as opposed to those patients
who were asymptomatic and had their HCC diagnosed on surveillance. In the NASH-HCC group, 56% patients were diagnosed at
the symptomatic stage as compared to 53% patients in ASH-HCC
group.
Around 90% patients of NASH-HCC group were not on surveillance for HCC as compared to 73% patient of ASH-HCC group.
This difference was statistically significant (P =0.046).
Table 2. Biochemical comparison between NASH-HCC and ASH-HCC
groups

<0.001

Cirrhosis

Etiology
Variable
Age
BMI (kg/m2)

0.31

Yes

44 (81.5)

40 (88.9)

No

10 (18.5)

5 (11.1)

DM

Albumin (g/L)
Bilirubin (umol/L)
<0.001

NASH-HCC
(n=54)

ASH-HCC
(n=45)

P-value

72±9

66±9

<0.001

27.2±4.6

23.7±5.0

0.08

29±8

30±5

0.29

44±59

47±63

0.11

ALP (IU/L)

143±91

169±124

0.45

40±21

41±23

0.88

Yes

42 (77.8)

16 (35.6)

ALT (IU/L)

No

10 (18.5)

28 (62.2)

AST (IU/L)

91±109

73±50

0.96

GGT (IU/L)

73±135

179±273

0.06

8,241±19,343

21,633±107,187

0.41

7.73±1.97

0.98

Hypertension

0.003

Yes

43 (79.6)

26 (57.8)

AFP (ug/L)

No

7 (13.0)

18 (40.0)

CTP score

Hyperlipidemia

MELD

<0.001

Yes

29 (53.7)

8 (17.7)

No

20 (37.0)

36 (80.0)

Values are presented as number (%).
NASH, non-alcoholic steatohepatitis; HCC, hepatocellular carcinoma; ASH,
alcoholic steatohepatitis; DM, diabetes mellitus.
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7.67±1.95
12.55±5.1

13.29±4.9

0.48

Values are presented as mean±standard deviation.
NASH, non-alcoholic steatohepatitis; HCC, hepatocellular carcinoma; ASH,
alcoholic steatohepatitis; BMI, body mass index; ALP, alkaline phosphatase;
ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma
glutamyl transferases; AFP, alpha-fetoprotein; CTP, Child-Turcotte-Pugh;
MELD, model for end-stage liver disease.

https://doi.org/10.3350/cmh.2019.0012

http://www.e-cmh.org

Rahul Kumar, et al.
NASH and ASH HCC

Tumor characteristics

Table 4. Differences in the tumor characteristics between NASH-HCC
and ASH-HCC groups

Tumour Characteristics are summarised in Table 4. There were
no significant differences between the two groups in the prevalence of multifocal HCC and of portal vein invasion (see Table 4).
Lymph node invasion was seen more frequently in ASH-HCC compared to NASH-HCC (22% vs. 7.5%, P =0.031). BCLC and Tumor
lymph Node Metastasis (TNM) staging were similar between the
two groups. Due to the retrospective nature of study, some data
regarding the TNM classification and BCLC staging was missing
from our dataset.

HCC treatment

Etiology
Variable

HCC survival outcomes
The survival outcome data for 96 patients (51 NASH-HCC and
45 ASH-HCC) were available. Three patients in the NASH -HCC
group were foreigners who returned to their home countries after
HCC diagnosis and initial treatment. Six patients (11.8%) in
NASH-HCC group and three patients (6.7%) in the ASH-HCC

Table 3. Differences in aspects of HCC diagnosis between NASH-HCC
and ASH-HCC groups

Etiology
Variable

NASH-HCC
(n=54)

ASH-HCC
(n=45)

On screening/
surveillance

P-value
0.046

Yes

6 (11.1)

12 (26.7)

No

48 (88.9)

33 (73.3)

Symptomatic at
diagnosis

31 (57.4)

26 (57.8)

Multiple

20 (37.0)

17 (37.8)

Diffuse

2 (3.7)

2 (4.4)

Unknown

1 (1.8)

0 (0.0)

Portal vein involvement

Yes

30 (55.6)

24 (53.3)

No

24 (44.4)

21 (46.7)

Values are presented as number (%).
HCC, hepatocellular carcinoma; NASH, non-alcoholic steatohepatitis; ASH,
alcoholic steatohepatitis.

http://www.e-cmh.org

0.81

No

35 (64.8)

28 (62.2)

Yes

18 (33.3)

16 (35.6)

1 (1.9)

1 (2.2)

Lymph node involvement

0.03

No

50 (92.6)

34 (75.6)

Yes

4 (7.4)

10 (22.2)

Unknown

0 (0.0)

1 (2.2)

0

1 (6.2)

0 (0.0)

A

5 (31.3)

3 (42.9)

BCLC stage

0.26

B

2 (12.5)

1 (14.2)

C

2 (12.5)

3 (42.9)

D

6 (37.5)

0 (0.0)

I

9 (56.3)

2 (28.6)

II

2 (12.5)

1 (14.3)

TNM staging (AJCC 7ed)

0.37

IIIA

2 (12.5)

2 (28.6)

IIIB

2 (12.5)

0 (0.0)

IIIC

0 (0.0)

0 (0.0)

IVA

0 (0.0)

0 (0.0)

IVB

1 (6.3)

2 (28.6)

Treatment type

0.41

Curative

14 (25.9)

9 (20.0)

Loco-regional therapy

11 (20.3)

10 (22.2)

1 (1.9)

2 (4.4)

28 (51.8)

24 (53.3)

Best supportive care

P-value
0.99

Single

Systemic chemotherapy

0.82

ASH-HCC
(n=45)

Number of lesions

Unknown

HCC treatment modalities are summarized in Table 4. Only 20%
patients in ASH-HCC group received treatment with curative intent (liver transplantation, liver resection or radiofrequency ablation) compared to 26% in NASH-HCC group (P =0.41). More than
50% of patients in both groups were not suitable for any treatment and were accorded best supportive care.

NASH-HCC
(n=54)

Values are presented as number (%). There were missing data in the registry
regarding the BCLC and TNM staging. Staging data was available for 23
patients, which is presented in the table.
HCC, hepatocellular carcinoma; NASH, non-alcoholic steatohepatitis; ASH,
alcoholic steatohepatitis; BCLC, Barcelona Clinic Liver Cancer; TNM, Tumor
lymph Node Metastasis; AJCC, American Joint Committee on Cancer.
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group were alive at the time of census. Survival Comparison between the groups is shown in Table 5.
Liver related mortality was defined by death resulting from liver
failure, variceal bleeding, spontaneous bacterial peritonitis, tumor
rupture or tumor progression. Other causes of mortality in NASHHCC group included septicemia in five (10%), metastatic cancer of
other organs in two (4%), and DM induced come in one patients
(2%). In the ASH-HCC group septicemia was cause of mortality in
two (4.4%) and metastatic cancer of other organs in one patients
(2.2%). Table 6 shows the other (excluding liver related) causes of
mortality in both groups.

Overall survival (OS)/all-cause mortality
The median OS of NASH-HCC group was 13±2.5 months and
that of ASH-HCC was 7±1.6 months (P =0.12) (Fig. 2). On multivariate logistic regressions, the significant determinant of allcause mortality were CTP score (P <0.001) and tumor stages III
(P =0.014) and IV (P <0.001). Age was not a significant factor of
OS in the multivariable analysis (P =0.4), neither was presence or

Table 5. Survival comparison between the groups

N

All-cause mortality Liver related mortality

NASH-HCC

51

45 (88)

36 (70)

ASH-HCC

45

42 (93)

38 (84)

Total

96

87 (90)

74 (77)

absence of DM, cirrhosis, portal vein or lymph node involvement
(Tables 7 and 8).

Liver related mortality
With regards to liver related mortality, the median survival of
NASH-HCC group was significantly better than ASH-HCC (19±10.3
vs. 8±1.3 months, P =0.047) (Fig. 3). Multivariable logistic regression showed CTP score (p=0.003) and tumor stages III (P =0.025)
and IV (P =0.001) as the significant determinant of liver related
mortality (Tables 7 and 8). Patient age at diagnosis, presence or
absence of DM, cirrhosis, portal vein involvement or lymph node
involvement were not significant determinants of liver-related
mortality.

DISCUSSION
The main findings of this study are that the NASH-HCC patients
were older at diagnosis, had significantly more metabolic risk factors and were diagnosed less frequently on surveillance or screening as compared to ASH-HCC.
There is often concern over the diagnosis of NASH-related HCC.
NASH and metabolic syndrome are closely intertwined, where insulin resistance plays a key role in both disease entities and NASH
assumed to be the hepatic manifestation of metabolic syndrome.
In an earlier study of 65 patients with NASH, Chitturi et al.26

Values are presented as number (%).
N, total number of patients; NASH, non-alcoholic steatohepatitis; HCC,
hepatocellular carcinoma; ASH, alcoholic steatohepatitis.

Value
NASH-HCC (9/51)
Septicemia

5 (10)

Other metastatic cancers (colon, 1; unknown primary, 1)

2 (4.4)

DM coma

1 (2)

Multi-organ failure of unknown cause

1 (1)

Cumulative survival

Table 6. Causes of non-liver-related mortality

1.0
0.8
0.6
0.4
0.2
0.0
0

24

ASH-HCC (4/45)
Septicemia

2 (4.4)

Number of patients at risk

Other metastatic cancers (prostate, 1)

1 (2.2)

NASH-HCC 51

Multi-organ failure of unknown cause

1 (2.2)

ASH-HCC

Values are presented as number (%).
NASH, non-alcoholic steatohepatitis; HCC, hepatocellular carcinoma; DM,
diabetes mellitus; ASH, alcoholic steatohepatitis.
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Etiology
NASH-HCC
ASH-HCC
NASH-HCC-censored
ASH-HCC-censored

Overall median survival
NASH-HCC: 13±2.5 months
ASH-HCC: 7±1.6 months
P=0.12

45

48
72
96
Survival in months

120

19

13

6

6

6

9

5

3

3

3

Figure 2. Kaplan Meier overall survival analysis between the NASH-HCC
and ASH-HCC groups. NASH, non-alcoholic steatohepatitis; HCC, hepatocellular carcinoma; ASH, alcoholic steatohepatitis.
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Table 7. Univariate Cox regression

Variable
Etiology
NASH-HCC
ASH-HCC
Age
Gender
Female
Male
DM
No
Yes
HTN
No
Yes
HLD
No
Yes
Cirrhosis
No
Yes
Albumin
ALP
ALT
AST
GGT
AFP
Total bilirubin
Serum creatinine
MELD score
CTP score
Portal vein involved
No
Yes
Lymph node involved
No
Yes
TNM staging (AJCC 7th ed)
I
II
III
IV

All-cause mortality
HR (95% CI)

Liver-related mortality
P-value

HR (95% CI)

P-value

1.00
1.31 (0.94–1.68)
1.01 (0.99–1.04)

0.09
0.39

1.00
1.48 (1.31–2.14)
1.01 (0.98–1.03)

0.03
0.58

1.00
1.40 (0.83–2.36)

0.21

1.00
1.44 (0.81–2.54)

0.21

0.56

1.00
1.07 (0.67–1.70)

0.77

0.43

1.00
1.08 (0.66–1.76)

0.76

0.49

1.00
0.77 (0.48–1.24)

0.28

1.00
1.14 (0.74–1.74)
1.00
1.21 (0.76–1.91)
1.00
0.86 (0.56–1.33)
1.00
0.77 (0.49–1.22)
0.93 (0.90–0.96)
1.005 (1.003–1.007)
1.001 (0.99–1.01)
1.007 (1.004–1.009)
1.001 (1.00009–1.002)
1.000003 (1.000001–1.000006)
1.005 (1.002–1.009)
1.003 (1.0001–1.005)
1.05 (1.004–1.09)
1.29 (1.16–1.44)
1.00
3.35 (2.08–5.40)

0.27
<0.001
<0.001
0.90
<0.001
0.04
0.01
0.004
0.04
0.03
<0.001

1.00
0.67 (0.39–1.38)
0.94 (0.91–0.98)
1.005 (1.003–1.007)
1.004 (0.99–1.02)
1.007 (1.005–1.009)
1.001 (1.0002–1.003)
1.000004 (1.000001–1.000006)
1.006 (1.002–1.009)
1.002 (0.999–1.005)
1.05 (1.007–1.10)
1.26 (1.12–1.42)

0.37
0.001
<0.001
0.50
<0.001
0.02
0.004
0.001
0.23
0.02
<0.001

<0.001

1.00
3.79 (2.27–6.35)

<0.001

1.00
4.35 (2.29–8.25)

<0.001

1.00
3.86 (1.90–7.84)

<0.001

1.00
1.88 (1.004–3.52)
3.00 (1.75–5.14)
8.58 (4.08–18.03)

0.05
<0.001
<0.001

1.00
1.82 (0.91–3.66)
2.94 (1.64–5.28)
9.50 (4.30–20.97)

0.09
<0.001
<0.001

HR, hazard ratio; CI, confidence interval; NASH, non-alcoholic steatohepatitis; HCC, hepatocellular carcinoma; ASH, alcoholic steatohepatitis; DM, diabetes
mellitus; HTN, hypertension; HLD, hyperlipidaemia; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma glutamyl
transferases; AFP, alpha-fetoprotein; MELD, model for end-stage liver disease; CTP, Child-Turcotte-Pugh; TNM, Tumor lymph Node Metastasis; AJCC, American
Joint Committee on Cancer.
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Table 8. Multivariable Cox regression

Variable

All-cause mortality
HR (95% CI)

Liver-related mortality

P-value

HR (95% CI)

P-value

Etiology
NASH-HCC

1.00

ASH-HCC

1.28 (0.73–1.87)

0.08

1.56 (1.21–1.95)

0.04

1.03 (0.9995–1.06)

0.40

1.03 (0.99–1.06)

0.32

0.70

0.90 (0.52–1.55)

Age

1.00

DM
No

1.00

Yes

0.91 (0.55–1.50)

1.00
0.70

Cirrhosis
No

1.00

Yes

0.74 (0.43–1.28)

0.28

0.67 (0.37–1.23)

0.20

1.28 (1.12–1.46)

< 0.001

1.25 (1.08–1.45)

0.003

CTP

1.00

Portal vein involved
No

1.00

1.00

Yes

1.47 (0.78–2.76)

0.23

1.78 (0.89–3.55)

0.10

Lymph node involved
No

1.00

1.00

Yes

1.07 (0.47–2.41)

0.88

0.78 (0.32–1.94)

0.60

TNM staging (AJCC 7th ed)
I

1.00

1.00

II

2.00 (0.96–4.16)

0.06

1.73 (0.76–3.93)

0.19

III

2.31 (1.19–4.51)

0.01

2.30 (1.11–4.76)

0.03

IV

6.38 (2.19–18.57)

0.001

7.13 (2.28–22.29)

0.001

HR, hazard ratio; CI, confidence interval; NASH, non-alcoholic steatohepatitis; HCC, hepatocellular carcinoma; ASH, alcoholic steatohepatitis; DM, diabetes
mellitus; CTP, Child-Turcotte-Pugh; TNM, Tumor lymph Node Metastasis; AJCC, American Joint Committee on Cancer.

showed that virtually all subjects (98%) were insulin resistant. It is
commonly accepted that in the context of liver disease, presence
of metabolic syndrome connotes presence of NASH, in the absence of other etiologies of chronic liver disease, such as alcohol
or viral related causes. Separately, Bugianesi et al.27 demonstrated
that features suggestive of the metabolic syndrome, such as DM,
dyslipidemia, obesity and insulin resistance were reported more
frequently in patients with HCC arising in the setting of cryptogenic/NASH cirrhosis than in matched controls.
We used a definition of NASH-HCC based on the above considerations and which is similar that used in other studies on NASH
HCC.20,21
The biochemical parameters were not significantly different between the groups. Interestingly a number of patients in NASHHCC (18.5%) and ASH-HCC (11.1%) were not cirrhotic at diagnosis
of HCC. Since many NASH-HCC patients were diagnosed at symp-
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tomatic stage and not by surveillance or screening a more rigorous screening and surveillance methods is required for NASH-HCC
patients than currently practiced. In terms of overall mortality
both the groups were the same but NASH-HCC patients fared
better than ASH-HCC in terms of liver related mortality. Our study
also showed that significantly less NASH-HCC patients die from
liver-related mortality compared to ASH-HCC. Instead, more
NASH-HCC patients also died from septicemia unrelated to liver
cancer, diabetes induced coma and metastatic disease of other
organs as compared to ASH-HCC group.
Even though histologically NASH and ASH are quite similar they
are different in the natural history and liver-related complication
rates.28,29 ASH and NASH can be considered as diseases with differing aetiologies but of a similar morphologic spectrum. One of
the main complications of both NASH and ASH is the development of HCC.
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1.0
0.8
Cumulative survival

Etiology
NASH-HCC
ASH-HCC
NASH-HCC-censored
ASH-HCC-censored

Liver related morality: median survival
NASH-HCC: 19±10.3 months
ASH-HCC: 8±2.6 months
P=0.047

0.6
0.4
0.2
0.0
0

24

48
72
Survival in months

96

120

Number of patients at risk
NASH-HCC 51

27

22

15

15

15

ASH-HCC

13

9

7

7

7

45

Figure 3. Kaplan Meier survival curve: liver-related mortality. NASH,
non-alcoholic steatohepatitis; HCC, hepatocellular carcinoma; ASH, alcoholic steatohepatitis.

The liver undergoes simultaneous regeneration and fibrosis in
response to injury. These divergent responses lead to distinctive
pathways of hepatocarcinogenesis. Potential mechanisms of fibrosis-dependent carcinogenesis include increased integrin signalling
by the fibrotic matrix, paracrine signalling between hepatic stellate cells and hepatocytes, increased stromal stiffness, growth
factor sequestration by extracellular matrix, and reduced tumor
surveillance by natural killer and natural killer T cells.30 Apart from
the fibrosis induced hepatocarcinogenesis, chronic alcohol consumption interferes with several host anti-tumor mechanisms,
thereby facilitating hepatocyte proliferation and tumorigenesis.
The major mechanisms of alcohol-induced HCC include pathways
of ethanol metabolism, alcohol-induced oxidative stress and hypomethylation of DNA, and interplay of alcohol with iron elevation, retinoid metabolism, the immune system, inflammatory
pathways, and neoangiogenesis.31,32 The understanding of hepatocarcinogenesis in NASH although still evolving, is believed to
originate from deregulated one-carbon metabolism, nuclear factor
kB proteins, phosphatase and tensin homolog (PTEN), microRNA
instability and telomere shortening.33
Consistent with published literature our patients with NASHHCC were significantly older than patients with ASH-HCC with
most of the patients in NASH-HCC group in their 7th decade of
life whereas patients in ASH-HCC group were a decade younger.34-36 Older age at diagnosis of NASH-HCC cohort has clinical
implications. HCC screening and surveillance strategies should inhttp://www.e-cmh.org

clude elderly patients and the treatment strategies should also
address treatment approaches in elderly patients. NASH-HCC
group comprised significantly more female patients compared to
the ASH-HCC group, which is consistent with the alcohol consumption pattern worldwide.37-39
Interestingly our study showed that 18% of the patients in
NASH-HCC group and 11% of the patients in ASH-HCC group had
no apparent signs of cirrhosis on radiological examination. This
observation echoes previously published literature demonstrating
the occurrence of NASH related HCC in the absence of cirrhosis.
There is an increasing body of evidence showing that HCC can occur in patients with non-cirrhotic NASH. Two recent large studies
from Japan of 29240 and 87 patients41 with NAFLD and HCC reported that non-cirrhotic patients comprised 38% and 49% respectively of the cases of HCC. A recent meta-analysis of 168,571
subjects revealed that non-cirrhotic NASH subjects were 2.61
times significantly more likely to develop HCC compared to noncirrhotic subjects of other etiologies.42 Another study from the
USA reported 34.6% of patients in NAFLD-HCC group and 11.1%
of ALD-related HCC as not having cirrhosis at diagnosis.43 This is
consistent with the results of our study. One possible reason for
HCC occurring in non-cirrhotic ASH is that the main underlying
mechanism for hepatocarcinogenesis in ALD is the oxidative stress
of chronic inflammation coupled with induction of cytochrome
P-450 by alcohol leading to reactive oxygen species production
that in turn causes lipid peroxidation, DNA damage, iron overload
and immune system dysfunction.44 This hepatocarcinogenesis
pathway is independent of fibrosis and cirrhosis. Nevertheless,
the development of HCC in ASH/ALD without cirrhosis may not be
widely recognised and warrants further studies.45
Another notable observation in our study was that majority of
patients in both groups were symptomatic at diagnosis. Only
11.1% of the patients in NASH-HCC group were diagnosed on
surveillance imaging compared to 26.7% of the patients in ASHHCC group. This finding underlines the fact that NASH patients
may not be receiving adequate surveillance for liver-related complications since there is no consensus regarding HCC surveillance
in NASH. Major society guidelines recommend 6 monthly ultrasonography surveillance for HCC on at-risk population, i.e., in cirrhotic patients and HBV positive patients in endemic areas.17,46
Considering the fact that approximately 20% of patients with
NASH develop HCC in a non-cirrhosis setting,47 which is also corroborated by the data of our study, where 18% of patients in
NASH-HCC group were non-cirrhotic, is a need to identify these
NASH patients who are at increased risk of developing HCC so
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that appropriate surveillance strategies can be formulated. Currently, this subset of the patient is poorly defined.
To reduce the morbidity and mortality associated with late detection of HCC, we propose that patients with ALD as well as
those with NAFLD/NASH should have fibrosis assessment and
those with advanced/bridging fibrosis (>F3) or cirrhosis should be
on 6-monthly surveillance for HCC. This strategy is echoed in the
recently published HCC guidelines from the European Association
of study of liver diseases.17 Individualized intensive screening programs based on risk prediction of HCC like ADRESS-HCC48 needs
further validation in different cohorts.
Approximately 40% of the patients in both groups had multifocal or diffuse HCC. Portal vein involvement and tumor extent were
similar between the NASH-HCC and ASH-HCC groups. Majority of
the patients in both groups were diagnosed late in the course of
disease and more than 50% of them were symptomatic at presentation. As such, treatment options were limited in many patients. Only 4.4% patients in the ASH-HCC group and 13% patients in the NASH-HCC group underwent curative resection.
None of the patients in either group could receive liver transplantation due to advanced disease and non-availability of a liver
graft. Similar experiences in the treatment of NASH-HCC were reported by Weinmann and colleagues,49 who in a cohort of 45 biopsy proven NASH-HCC patients found only 17.8% went for resection, 4.4% for liver transplant after bridging therapy and
73.3% for locoregional therapy or supportive care. Recently data
from a large French cohort consisting of 582 alcohol induced HCC
reported that treatment with curative intent was less likely to happen in alcohol induced HCC, only 16.3% patient could undergo
treatment with curative intent.50
Our study showed that for all-cause mortality, although the median OS of NASH-HCC was numerically better than that of ASHHCC (13 months vs. 7 months), it was not statistically significant
(P =0.12). However, the median survival of NASH-HCC group was
significantly better than ASH-HCC (19 months vs. 8 months) for
liver related mortality (P =0.047). Patient’s age at diagnosis of
HCC did not affect the median OS or liver-related mortality of
both groups. This etiological difference of survival between the
groups is consistent with previously published NASH-HCC survival
data from Weinmann and colleagues49 and alcohol induced HCC
survival data by Costentin and colleagues50 who reported the lead
time adjusted median OS of 5.7 months in 528 alcohol induced
HCC patients.
The reason for difference in liver related mortality between the
groups, with the NASH-HCC group having significantly better sur-
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vival, is that the alcohol related HCC patients were likely to be imbibing alcohol till the point of admission, with a fair number of
them having florid alcoholic hepatitis which played an important
part in their liver related mortality. However, the OS which was
not statistically different between the two groups (although
showing a better trend for NASH-HCC group) was due to the fact
that after the initial period, it’s the tumour stage and grade that
were predominant factors in determining the mortality.
Our study is limited by its retrospective nature and single center
data. Alcohol quantification was via patient self-reporting and
electronic medical records, which cannot exclude a certain degree
of misclassification. Nevertheless, this study provides important
information on HCC attributed to two well established etiologies
of chronic liver disease in an Asian centre. It is the first study to
compare the difference in demographics, clinical, biochemical, tumor characteristics and survival outcomes between NASH and
ASH related HCC. Data collection through interconnected electronic record system and mandatory national mortality reporting
makes our data robust. Further prospective studies should look
for ways to improve OS in both groups.
NASH-HCC and ASH-HCC differ in their etiology and pathogenesis. Despite these differences, liver and tumor characteristics
were comparable between NASH-HCC and ASH-HCC. Patients
with NASH-HCC had more metabolic risk factors and were older
at diagnosis compared to ASH-HCC. Most patients in both groups
were diagnosed late and were not amenable to curative or locoregional therapies. OS of NASH-HCC and ASH-HCC were not statistically different. Better characterization of the at-risk population
of patients with NASH and ASH are needed to optimize screening,
surveillance, and management of NASH and ASH related HCC.
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