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Abstract
AIM: To compare the clinical outcome and pathologic 
features of non-alcoholic steatohepatitis (NASH) patients 
with hepatocellular carcinoma (HCC) and hepatitic C 
virus (HCV) patients with HCC (another group in which 
HCC is commonly seen) undergoing liver transplantation. 

METHODS: Patients transplanted for HCV and NASH 
at our institution from January 2000 to April 2011 were 
analyzed. All explanted liver histology and pre-trans-
plant liver biopsies were examined by two specialist liv-
er histopathologists. Patient demographics, disease free 
survival, explant liver characteristics and HCC features 
(tumour number, cumulative tumour size, vascular inva-
sion and differentiation) were compared between HCV 

and NASH liver transplant recipients. 

RESULTS: A total of 102 patients with NASH and 283 
patients with HCV were transplanted. The incidence of 
HCC in NASH transplant recipients was 16.7% (17/102). 
The incidence of HCC in HCV transplant recipients was 
22.6% (64/283). Patients with NASH-HCC were statisti-
cally older than HCV-HCC patients (P  < 0.001). A signif-
icantly higher proportion of HCV-HCC patients had vas-
cular invasion (23.4% vs  6.4%, P  = 0.002) and poorly 
differentiated HCC (4.7% vs  0%, P  < 0.001) compared 
to the NASH-HCC group. A trend of poorer recurrence 
free survival at 5 years was seen in HCV-HCC patients 
compared to NASH-HCC who underwent a Liver trans-
plantation (P  = 0.11).

CONCLUSION: Patients transplanted for NASH-HCC 
appear to have less aggressive tumour features com-
pared to those with HCV-HCC, which likely in part ac-
counts for their improved recurrence free survival.
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INTRODUCTION
The prevalence of  obesity in North American Society 
continues to rise[1]. With this increasing rate of  obesity 
there has been a concomitant increase in the preva-
lence of  non-alcoholic fatty liver disease (NAFLD)[2]. 
The natural history of  NAFLD is quite variable. It 
includes a spectrum ranging from reversible steatosis 
to steatohepatitis with hepatic fibrosis (NASH), and 
ultimately cirrhosis[3-5]. Up to 30% of  adults in North 
America and Western Europe are known to have excess 
fat accumulation in the liver[6]. Of  these, nearly 10% 
have NASH, which represents 2%-3% of  all adults. 
There is speculation that NASH may soon become one 
of  the main causes of  End Stage Liver Disaese (ESLD) 
requiring liver transplantation in North America[7]. 

Hepatitis C virus (HCV) is one of  the most com-
mon underlying liver diseases in hepatocellular carcinoma 
(HCC), accounting for about one-third of  the cases of  
HCC in the United States[8]. It is well established that 
patients with NASH can progress to develop HCC with 
previous reports suggesting that the 5 year prevalence 
may be as high as 7.6%[9]. However as increasing num-
bers of  HCC cases arising from NASH are being seen, 
it is important to clarify the outcomes and recurrence by 
comparing the clinical and pathological features of  HCC 
due to NASH with those of  HCC caused by one the 
more common underlying liver diseases in HCC, HCV 
infection, as a benchmark. 

Previous studies have suggested that patients with 
NASH cirrhosis are less likely than those with HCV to 
get transplanted[10]. This may be in large part to a higher 
likelihood of  being denied listing for co-morbid condi-
tions. Previous authors have shown that NASH patients 
with diabetes, hypertension, body mass index (BMI) > 
30 years and age > 60 years undergoing liver transplanta-
tion have a poor (50%) 1 year mortality[11]. However in 
appropriately selected NASH patients post liver trans-
plant survival can fair at least as well as individuals who 
undergo transplant for other etiologies. The outcome of  
NASH patients with underlying HCC undergoing a liver 
transplantation compared to HCV patients with underly-
ing HCC (another group in which HCC is commonly 
seen) has not been thoroughly investigated. Specifically 
the tumour characteristics in explanted livers and disease 
free survival between these groups have not been com-
pared. The goal of  the present study was to compare the 
clinical and pathological parameters as well as disease free 
survival in the two groups.

MATERIALS AND METHODS
We performed a retrospective review on all patients who 
underwent liver transplantation (LT) for HCV or NASH 
cirrhosis from January 2000 to April 2011 at our institu-
tion. Patients less than 18 years of  age were excluded. 
Data on these patients were prospectively entered in our 
transplant database. In order to confirm or refute the 

original histological diagnoses, all explanted liver histol-
ogy and pre-transplant liver biopsies were re-examined by 
two specialist liver histopathologists who were blinded to 
the original diagnoses. 

The etiology of  the original liver disease was diag-
nosed by set criteria. NASH was determined to be the 
cause of  chronic liver disease in patients with histological 
evidence of  steatohepatitis in pre-transplant liver biop-
sies or in liver explants (steatosis, portal and/or lobular 
inflammation, hepatocyte ballooning, pericellular fibrosis 
and the presence of  Mallory bodies)[12,13], in conjunction 
with no history of  alcohol consumption. HCV-related 
liver disease was confirmed by explants pathology and 
the presence of  HCV RNA. 

All patients with a pre and post-transplant diagnosis 
of  HCC were identified in both the NASH and HCV 
groups. Listed patients with known HCC all fell within 
Milan Criteria[14]. Patients who received pre-transplant 
radiofrequency ablation were excluded. HCC was con-
firmed histologically in the explanted liver. All Donation 
after Cardiac Death (DCD) organs were procured from 
controlled DCD donors using techniques previously pub-
lished by our group[15]. Primary outcomes were patient 
survival as well as pathologic features of  HCC (tumour 
number, cumulative tumour size, vascular invasion and 
differentiation). Level of  differentiation of  HCC tumours 
was graded using the Modified Edmondson-Steiner grad-
ing system[16]. Additional variables investigated included 
age at diagnosis, gender and α-feto-protein (AFP) levels. 
Recurrence free survival was taken at the time point of  
maximal follow-up. 

Statistical analysis
All data are presented as means ± SD. Differences be-
tween groups were analyzed using the unpaired t test for 
continuous variables and by the χ 2 test or continuity cor-
rection method for categorical variables. Survival curves 
for patient and graft survival were generated using the 
Kaplan-Meier method and compared by the log-rank test. 
All statistical tests were two-sided and differences were 
considered significant when P < 0.05.

RESULTS
A total of  832 liver transplants were performed at the 
London Health Sciences Centre during the study pe-
riod. Of  these, 283 (34.0%) recipients were positive for 
HCV based on the aforementioned criteria. NASH was 
the indication for liver transplantation in 96 (11.5%) re-
cipients, and 42 (5.1%) recipients were diagnosed with 
‘cryptogenic’ or ‘idiopathic’ cirrhosis. The remaining 411 
(49.4%) recipients had liver failure due to other iden-
tifiable causes. Of  the 42 cases originally diagnosed as 
cryptogenic cirrhosis, 6 were re-designated as NASH as-
sociated cirrhosis based on current histologic and clinical 
definitions. Thus the final analysis of  HCV and NASH 
liver transplant recipients was: 283 (34.0%), 102 (12.3%) 
respectively (Figure 1). 
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The incidence of  HCC in NASH recipients was 16.7% 
(17/102). Importantly, none of  the re-categorized NASH 
patients who were originally designated cryptogenic were 
found to have HCC. The incidence of  HCC in HCV liver 
transplant recipients at our centre was 22.6% (64/283). 

Patients with NASH-HCC were statistically older than 
HCV-HCC patients (58.6 ± 4.2 years vs 52.6 ± 5.8 years, 
P < 0.001). There was no significant difference in gender 
or preoperative AFP level between the two groups. No 
patients with NASH-HCC received a DCD liver allograft 
(Table 1). The diagnosis of  HCC was made before liver 
transplantation using multiple imaging techniques in 65% 
of  NASH patients and 89% of  HCV patients. HCC 
was more likely to be found incidentally in transplanted 
NASH patients (35%) than in transplanted HCV patients 
(11%) (P = 0.015). 

Pathological characteristics of  the NASH-HCC tu-
mours were compared with those of  HCV-HCC tumours 
(Table 1). A significantly higher proportion of  HCV-
HCC patients had vascular invasion (23.4% vs 6.4%, P = 
0.002) as well as poorly differentiated tumours (4.7% vs 
0%, P < 0.001) compared to the NASH-HCC. There was 

no significant difference in the mean number of  tumours 
or the mean cumulative size of  the tumours between the 
two groups. In both groups, the tumours satisfied Milan 
criteria pre-transplantation. 

Disease free survival at time of  maximal follow-up 
was not statistically significant between the two groups 
however there was a clear trend towards lower disease 
free survival in the HCV-HCC group (P = 0.11, Figure 2). 

DISCUSSION
The prevalence of  NAFLD has continued to increase 
as the obesity epidemic continues. The rate of  progres-
sion from NAFLD to the development of  NASH or end 
stage liver disease is unknown. However, the frequency 
of  NASH in patients listed for transplantation in North 
America has been previously determined to be 2.9%[17]. 
This is likely an underestimate as this number was based 
on data collected from the 1990s, whereas in the last de-
cade the rates of  obesity and metabolic syndrome have 
increased dramatically. A more recent analysis of  data 
from the Scientific Registry of  Transplant Recipients 
(SRTR) reported that the rate had increased to 3.5%[18]. 
In our series, 12.3% of  patients have NASH as the di-
agnosis leading to liver failure requiring transplantation. 
NASH as a primary diagnosis in patients being listed or 
transplantation has continued to increase at our centre. 

The natural history of  NAFLD ranging from re-
versible steatosis to steatohepatitis with hepatic fibrosis 
(NASH), and ultimately the possibility of  developing 
HCC has been previously described[19]. In small previ-
ously published North American series of  patients 
transplanted for NASH, HCC was found in 22% (2/9) 
of  patients[20]. In our series of  102 patients with NASH 
cirrhosis, 16.7% had HCC at the time of  transplantation. 
This is a similar rate to the 22.6% of  our HCV cirrhotic 
patients requiring transplantation, another well known 
high risk group for developing HCC. The high incidence 
of  HCC in NASH patients undergoing liver transplanta-
tion suggests that these patients are at high risk of  devel-

4147 August 21, 2012|Volume 18|Issue 31|WJG|www.wjgnet.com

NASH-HCC
2%

Other
54%

HCV
26%

HCV-HCC
8%

NASH
10%

Figure 1  Diagnosis in patients undergoing liver transplantation. HCC: 
Hepatocellular carcinoma; HCV: Hepatitic C virus; NASH: Non-alcoholic steato-
hepatitis. 

Table 1  Patient and tumour characteristics

HCV/HCC NASH/HCC P value
n  = 64 n  = 17

Age at transplant (mean ± SD) 52.6 ± 5.8 58.6 ± 4.2 < 0.001
Gender (% male) 94% 94% 1.000
Donor source (DBD/DCD/LD) 56/8/0 16/0/1 NA
AFP (mean ± SD)     93.1 ± 204.4   20.3 ± 34.0 0.149
Number of tumours 
(mean ± SD)

  1.59 ± 0.81   1.64 ± 0.75 0.819

Cumulative size of tumours 
(mean ± SD)

3.98 ± 2.4 3.27 ± 2.1 0.270

Vascular invasion 23.40% 6.30% 0.002
Poorly differentiated   4.70%      0% < 0.001

AFP: α-feto-protein; DBD: Donation after brain death; DCD: Donation 
after circulatory death; LD: Living donor; HCC: Hepatocellular carcinoma; 
HCV: Hepatitic C virus; NASH: Non-alcoholic steatohepatitis; NA: Not 
available.
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Figure 2  Recurrence free survival in non-alcoholic steatohepatitis-
hepatocellular carcinoma vs hepatitis c virus-hepatocellular carcinoma 
groups. HCC: Hepatocellular carcinoma; HCV: Hepatitic C virus; NASH: Non-
alcoholic steatohepatitis. 
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HCV-HCC (another group in which HCC is commonly 
seen). This may be related to less vascular invasion and 
less poorly differentiated pathology.
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