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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 statistically older than HCV-HCC patients (P < 0.001). A significantly higher proportion of HCV-HCC patients had vascular 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 transplantation (P = 0.11).
CONCLUSION: Patients transplanted for NASH-HCC
appear to have less aggressive tumour features compared to those with HCV-HCC, which likely in part accounts for their improved recurrence free survival.
© 2012 Baishideng. All rights reserved.
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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.

Peer reviewer: Wan-Long Chuang, Professor, Internal Medicine, Kaohsiung Medical University, No. 100, Shih-Chuan 1st
Road, Kaohsiung 807, Taiwan, China

METHODS: Patients transplanted for HCV and NASH
at our institution from January 2000 to April 2011 were
analyzed. All explanted liver histology and pre-transplant liver biopsies were examined by two specialist liver histopathologists. Patient demographics, disease free
survival, explant liver characteristics and HCC features
(tumour number, cumulative tumour size, vascular invasion and differentiation) were compared between HCV
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original histological diagnoses, all explanted liver histology 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 diagnosed 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 biopsies 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 confirmed histologically in the explanted liver. All Donation
after Cardiac Death (DCD) organs were procured from
controlled DCD donors using techniques previously published 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 grading 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.

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 prevalence 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 common 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 numbers 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 conditions. Previous authors have shown that NASH patients
with diabetes, hypertension, body mass index (BMI) >
30 years and age > 60 years undergoing liver transplantation have a poor (50%) 1 year mortality[11]. However in
appropriately selected NASH patients post liver transplant 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 underlying 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 compared. The goal of the present study was to compare the
clinical and pathological parameters as well as disease free
survival in the two groups.

Statistical analysis
All data are presented as means ± SD. Differences between groups were analyzed using the unpaired t test for
continuous variables and by the χ 2 test or continuity correction 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 period. 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%) recipients, and 42 (5.1%) recipients were diagnosed with
‘cryptogenic’ or ‘idiopathic’ cirrhosis. The remaining 411
(49.4%) recipients had liver failure due to other identifiable causes. Of the 42 cases originally diagnosed as
cryptogenic cirrhosis, 6 were re-designated as NASH associated 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).

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 institution. 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
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DISCUSSION
The prevalence of NAFLD has continued to increase
as the obesity epidemic continues. The rate of progression 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 decade 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 diagnosis 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 reversible steatosis to steatohepatitis with hepatic fibrosis
(NASH), and ultimately the possibility of developing
HCC has been previously described[19]. In small previously 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 transplantation suggests that these patients are at high risk of devel-

AFP: a-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.

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 tumours were compared with those of HCV-HCC tumours
(Table 1). A significantly higher proportion of HCVHCC 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
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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).

Table 1 Patient and tumour characteristics

Age at transplant (mean ± SD)
Gender (% male)
Donor source (DBD/DCD/LD)
AFP (mean ± SD)
Number of tumours
(mean ± SD)
Cumulative size of tumours
(mean ± SD)
Vascular invasion
Poorly differentiated

4

Figure 2 Recurrence free survival in non-alcoholic steatohepatitishepatocellular carcinoma vs hepatitis c virus-hepatocellular carcinoma
groups. HCC: Hepatocellular carcinoma; HCV: Hepatitic C virus; NASH: Nonalcoholic steatohepatitis.

Figure 1 Diagnosis in patients undergoing liver transplantation. HCC:
Hepatocellular carcinoma; HCV: Hepatitic C virus; NASH: Non-alcoholic steatohepatitis.
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oping HCC and should undergo frequent ultrasound surveillance in a similar fashion to that performed in patients
with HCV.
It has also been shown that patients with NASH are
less likely to be listed for transplantation due to comorbidities, a justifiable practice given suboptimal results in NASH
patients possessing theses comorbidities[10]. However in
selected NASH patients receiving liver transplantation,
others have shown that 5 year disease free survival after
transplantation was significantly better than disease free
survival in the C and B viral groups, 66%, 29% and 39%
respectively[21]. More recent studies have suggested there is
no difference in 1 year and 3 year survival between patients
transplanted for NASH and those transplanted for other
indications[22]. The outcome in patients with HCV is clearly
affected by possible recurrence of HCV cirrhosis however
NASH patients are also at risk for recurrence of NASH
cirrhosis with some studies suggesting the incidence of
recurrent NASH being as high as 25%[23-25].
Patients with NASH and HCC post-transplant outcomes have not been previously investigated compared
to patients with HCV and HCC (another group in which
HCC is commonly seen). In previous studies looking at
patients undergoing liver resection for HCC, cumulative
survival after resection was comparable among HCVHCC and NASH-HCC patient groups[21].
In our study a significantly higher proportion of
HCV-HCC patients had vascular invasion as well as
poorly differentiated tumours compared to the NASHHCC group. Vascular invasion is the strongest predictor
of recurrence in patients with HCC[26].
In the present study a trend of poorer recurrence free
survival was seen in HCV-HCC patients compared to
NASH-HCC who underwent a Liver transplantation. The
higher proportion of patients with vascular invasion and
poorly differentiated tumours may at least in part account
for this difference in recurrence free survival. Based on
our results it therefore appears that NASH associated
HCC might be a less aggressive form of HCC compared
with HCV associated HCC. It must also be entertained
that some of the sickest NASH patients may not be listed
for transplantation because of significant comorbidities
or poor operative candidacy.
Limitations of the present study include its single
centre nature as well as the lack of generalizability to
non-transplant NASH and HCC populations due to the
unique social and biologic factors of patients approved
for transplantation.
In summary in those where NASH progresses to cirrhosis, there is a significant proportion that go on to develop HCC suggesting these individuals should undergo
aggressive screening protocols directed toward the early
detection of HCC, in a similar fashion to patients with
HCV-cirrhosis. Patients with NASH-HCC undergoing
liver transplantation also appear to be older than HCVHCC patients undergoing liver transplantation. In appropriately selected patients with NASH and HCC posttransplant outcomes equal if not better than patients with
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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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