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Abstract

Background & Aims—Many patients with cryptogenic cirrhosis (CC) have other conditions
associated with nonalcoholic steatohepatitis (NASH) that put them at risk for complications that
preclude orthotopic liver transplantation (OLT).

Methods—We followed all patients with NASH and CC who were evaluated for OLT (n=218) at
Baylor Regional Transplant Institute between March 2002 and May 2008. Data were compared
with those from patients evaluated for OLT because of hepatitis C (HCV)-associated cirrhosis
(n=646).

Results—Patients with NASH and CC were older, more likely to be female, had a higher body-
mass index, and a greater prevalence of diabetes and hypertension, compared with patients with
HCV-associated cirrhosis, but the two groups had similar MELD scores. NASH and CC in
patients with MELD scores <15 were less likely to progress; these patients were less likely to
receive OLT and more likely to die or be taken off the wait list because they were too sick,
compared with patients with HCV-associated cirrhosis. The median progression rate among
patients with NASH and CC was 1.3 MELD points/year vs. 3.2 MELD points/year for the HCV
group (P=0.003). Among patients with MELD scores >15, there were no differences among
groups in percentage that received transplants or rate of MELD score progression. Hepatocellular
carcinoma occurred in 2.7% of patients with NASH and CC per year, compared with 4.7%/year
among those with HCV-associated cirrhosis.

Conclusions—Patients NASH and CC and low MELD score have slower disease progression
than patients with HCV-associated cirrhosis and are less likely to receive OLT.
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Introduction

Methods

Nonalcoholic fatty liver disease (NAFLD) encompasses a spectrum of clinicopathologic
conditions ranging from simple steatosis to NASH, which can progress to cirrhosis, end-
stage liver disease and hepatocellular carcinoma.1=3 NASH connotes histologic changes
consisting of steatosis, hepatocyte injury, lobular inflammation and/or fibrosis in the absence
of alcohol ingestion.# These histologic findings typically disappear after the development of
cirrhosis.> © Therefore, NASH is often inferred as the most likely cause of liver disease in
patients with a diagnosis of cryptogenic cirrhosis (CC) and clinical features of the metabolic
syndrome.’-®

The prevalence of NAFLD has steadily increased, paralleling the increase in obesity and
type 2 diabetes mellitus. NAFLD currently affects approximately 30%—46% of the United
States (US) adult population, depending on the population studied.1%-1> However, the
highest prevalence of NAFLD (90%) and NASH (30%) is seen in the morbidly obese
population presenting for bariatric surgery.16-18 The rising prevalence of NASH led to
speculation that it would surpass HCV as the leading indication for OLT by 2020.13. 19
However, this is controversial and may not occur as those with NASH are more likely than
others to have advanced comorbid conditions such as cardiovascular disease or malignancy
that preclude transplantation.20-23

As a result of the increasing prevalence of NASH, more patients are presenting for OLT
evaluation with decompensation or HCC.24 To date the course of patients with NASH
cirrhosis who are evaluated and listed for OLT has not been defined. Therefore, we aimed
to: 1) define the course of patients with cirrhosis due to NASH/CC who are evaluated and/or
listed for OLT and 2) to determine the incidence of HCC in NASH/CC patients listed for
OLT.

Institutional review board approval was granted prior to the initiation of this retrospective
study. We analyzed all patients >18 years of age who were referred for consideration of
primary OLT at Baylor Regional Transplant Institute from March 2002 to May 2008. No
living donor liver transplants were performed during this time. Demographic, lab, and
imaging data were obtained from patients’ initial OLT evaluation. Non-liver related
diagnoses such as diabetes and hypertension are recorded in the Baylor Liver Transplant
Research Database if treatment for these conditions was documented in the medical record
during their evaluation. NASH required liver biopsy confirmation while cryptogenic
cirrhosis connoted absence of serologic evidence of other causes of liver disease or a history
of significant alcohol use. All patients denied for OLT during the time period with a
diagnosis of NASH/CC were compared to all patients denied for OLT with a diagnosis of
HCYV cirrhosis. When patients are denied for OLT, they were recorded as excluded for
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medical comorbidities, psychosocial reasons, adequate hepatic reserve, exceeding tumor
criteria, or death. However, the specific comorbidities and psycosocial reasons are not
recorded in our database. Thus a competing risk analysis could not be performed. Our
center’s listing criteria require that candidates maintain a dry body weight less than 100
pounds over ideal body weight and this is applied to all patients regardless of their liver
disease etiology.

All patients listed with a diagnosis of NASH/CC during the time period where compared to
all patients listed with a diagnosis of HCV cirrhosis. We chose to include all HCV-infected
patients in this group instead of matching them to NASH/CC patients in order to have a
large cohort as one comparator group with a single diagnosis.

Patient characteristics were compared using Wilcoxon rank sum. Median values are reported
in Tables 1 and 2. Patient survival and risk of development of HCC were evaluated by
Kaplan-Meier analysis. Patients were not delisted for advanced liver disease unless it
resulted in multiorgan system failure. SAS 9.1 was used for all statistical analyses.

Evaluated, but not listed patients

During the study period, 415 patients with NASH/CC and 1232 patients with HCV cirrhosis
(30% of whom had concominant alcohol consumption) were evaluated for OLT; 48% of
each group were not approved for listing for liver transplantation. Table 1a compares the
characteristics of the 197 patients denied for listing with a diagnosis of NASH/CC cirrhosis
and the 586 patients denied for listing with a diagnosis of HCV cirrhosis. NASH/CC patients
who were denied listing were older (median age 60 vs. 51; P<0.001), more likely to be
female (57% vs. 35%; P<0.001), heavier (body mass index (BMI) >30: 59% vs. 40%;
P<0.001), and had a lower glomerular filtration rate (GFR) (74 mL/min vs. 88 mL/min;
P=0.004) when compared to HCV patients who were denied. Despite differences in patient
characteristics, liver disease severity at the time of evaluation, as measured by the MELD
and Child-Turcotte-Pugh scores, were similar. While all patients in these groups were
denied listing for OLT, the reasons for denial were different. NASH/CC patients were most
likely to be denied for comorbid conditions (72%), whereas HCV patients were most likely
to be denied for psychosocial reasons including ongoing psychological issues, recidivism,
and lack of social support (39%; P<0.001).

Listed patients

Table 2 compares the 217 patients listed for OLT with a diagnosis of NASH/CC to the 645
patients listed for OLT with a diagnosis of HCV cirrhosis (27% of whom had concominant
alcohol consumption).

Listed patients with NASH/CC were older (56 vs. 51 years; P<0.001) and more likely to be
female (48% vs. 32%; P<0.001). They also had a higher percentage of patients with a BMI
>30 (54% vs. 42%; P=0.004), diabetes (55% vs. 22%; P<0.001), or hypertension (46% vs.
28%; P<0.001) than HCV patients. GFR (82 vs. 102 mL/min; P<0.001) and alanine
aminotransferase (ALT) (37 vs. 62; U/L (P<0.001) were lower in NASH/CC patients than in
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HCV patients. In addition, HCC was less common in NASH/CC than in HCV patients (12%
vs. 27%; P<0.001). Despite these differences, liver disease severity, as measured by median
MELD score (14 for both; P=NS) and Child-Turcotte-Pugh point system (7 for both;
P=NS), was the same.

Overall, patients with NASH/CC were less likely to be transplanted than patients with HCV
(48% vs. 62%; P<0.001). While listed, 22% of NASH/CC patients and 16% of HCV
patients either died on the list or were delisted for being too ill. NASH/CC patients were less
likely to reach an endpoint (Figure 1) (death, delisting, or transplantation; P=0.006) after a
median of 12.3 months on the transplant waiting list. Liver transplantation was significantly
less common in surviving NASH/CC patients who remained on the list (Figure 2)
(P<0.001). Thus, NASH/CC patients were not only less likely to be transplanted, but more
likely to die or be delisted while waiting compared to HCV patients.

Among patients listed with an initial MELD score <15, NASH/CC patients were less likely
to progress and be transplanted than HCV patients (27% vs. 46%; P<0.001). NASH/CC
patients with MELD scores <15 were also more likely to be delisted or die while waiting
(26%), compared to HCV patients (26% vs. 20%; P<0.001). The median time on the waiting
list was 382 days for NASH/CC cirrhosis and 355 days for HCV cirrhosis (P=0.06). While
listed, the median progression per year based on calculated MELD score for those with a
MELD <15 was slower for NASH/CC patients than HCV patients (1.3 vs. 3.2 MELD points/
year; P=0.003). These trends did not hold for patients listed with MELD scores >15, as the
majority of patients, regardless of their type of liver disease, received an OLT. Specifically,
79% of NASH/CC patients, 86% of HCV patients were subsequently transplanted (P=NS),
while 16% of NASH/CC patients and 8% of HCV patients were delisted or died while
waiting. Patients were transplanted with median calculated MELD scores of 20 vs. 17, in the
NASH/CC group, HCV group respectively (patients with HCC exception points were
excluded from this analysis; P=0.01). The median MELD progression per year in patients
listed with a MELD >15 was similar in the 2 groups (P=NS). Patients listed with a
calculated MELD score >15 were generally transplanted within the first year and thus a
MELD progression rate could not be calculated (P=NS).

Incidental HCC discovered in explanted livers at the time of transplant were given a
diagnosis of HCC on the date of transplant. The likelihood of HCC developing while listed
for OLT in NASH/CC and HCV patients is shown in Figure 3 (P=0.03). The average per
annum incidence of HCC in listed patients was: 2.7% in NASH/CC patients and 4.7% HCV
patients (Table 3).

We next combined all patients evaluated for OLT with NASH/CC and HCV and evaluated
factors associated with listing or denial (Supplemental Table 4). Univariate analysis found
that older patients without HCC with a lower MELD and GFR, higher BMI, who had
diabetes and hypertension were more commonly denied for OLT. Multivariable analysis
found that older patients without HCC with a lower MELD and GFR were less likely to be
listed.
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We also combined all listed patients with NASH/CC and HCV and evaluated factors
associated with death or delisting vs. transplant or continued waiting (Supplemental Table
5). Univariate analysis found that older patients without HCC with a lower MELD and GFR,
higher BMI, who had diabetes, and hypertension were more likely to die or be delisted.
Multivariable analysis found that older patients without HCC with low MELD and high
BMI were more likely to die or be delisted.

Discussion

As the obesity epidemic continues, the prevalence of NAFLD has increased. However, since
advanced fibrosis in uncommon, the impact of this epidemic on the need for transplantation
is unclear.11: 13. 15 The pathologic signs of NASH often disappear when cirrhosis develops,
therefore the diagnosis is hard to confirm in retrospect and, as a result, many of these
patients are labeled as CC.7-2 Although we acknowledge that a minority of patients with CC
may represent other diagnostic entities, we chose to analyze NASH and CC patients together
as one group.

The number of liver transplants for NASH/CC nationwide has increased over time,
coincident with the increasing prevalence of NAFLD.13: 24. 25 |n addition, the number of
new referrals to Baylor Regional Transplant Institute for NASH/CC has increased over our
study period (data not shown; P=0.04). Although some have suggested that NASH cirrhosis
would overtake HCV as the main indication for OLT by 2020, this does not seem likely
since coincident comorbid conditions often found in NASH/CC patients may often preclude
OLT.1320-22 |n fact, our data confirm this suspicion; NASH/CC patients were almost twice
as likely as HCV cirrhosis patients to be denied for listing because of comorbid conditions.
Furthermore, NASH/CC patients listed for transplant with a low MELD were less likely to
receive a transplant since they progressed slowly and were more likely to die or be delisted,
usually due to complications of their comorbid diseases. In contrast, patients with MELD
scores >15 were likely to receive an OLT regardless of their diagnosis.

Interestingly, the presence of comorbid conditions does not appear to affect early post-OLT
outcomes as compared to those transplanted for other diseases.28: 27 However, over the long-
term, NASH/CC transplant recipients are more likely to die of cardiovascular disease while
HCV patients are more likely to die of recurrent liver disease.26 While this confirms that the
current selection process is adequate to choose patients who benefit from OLT, it likely
masks a selection bias in that those with comorbid conditions are not referred for transplant
evaluation, not approved for listing, and not transplanted as often as others. This selection
appears justified by the observation that NASH/CC patients with diabetes, hypertension,
BMI >30 and age >60 years have a 50% one year mortality.2” Thus despite good survival in
the currently selected cohort, we should not expand our criteria for OLT to include
NASH/CC patients with multiple comorbid conditions. Instead, the primary focus of
treatment in NASH/CC patients with a low MELD score needs to be aggressive treatment of
their obesity, diabetes, lipid disorders, and hypertension so that they do not develop
comorbid conditions that cause death or make them ineligible for transplant.
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Hepatocellular carcinoma (HCC) is another well-described complication of cirrhosis. Only
one previous study reported a 2.6% per year incidence of HCC in NASH patients.28
However, that study was subject to selection bias, and about a third of their patients had a
history of alcohol use. Nonetheless, the incidence of HCC in our study was similar (2.7%
per year). This may be related to rigorous surveillance, longer disease duration, and/or more
advanced liver disease in our listed patients than in previously reported patient
populations.14: 28

In conclusion, although a similar number of NASH/CC and HCV patients were denied OLT,
NASH/CC patients are more likely to be denied for transplant because of comorbid
conditions and are less likely to be transplanted even if listed compared to HCV cirrhosis
patients. This difference is predominantly seen in NASH/CC patients with low MELD
scores, who have a slower rate of liver disease progression than those with hepatitis C.
Therefore, in an era of increased emphasis on cost-effective medicine, one may consider
waiting to evaluate patients with NASH/CC for transplant until their MELD is >15.
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Event-free survival is shown. An event was defined as liver transplant, death, or delisting for

being too sick.
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Figure 2.

Transplant-free probability is shown. An event was defined as liver transplant only. Patients
were censored who died or were delisted for being too sick.
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Likelihood of remaining free of hepatocellular carcinoma (HCC) while awaiting liver

transplantation.
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Table 1

Demographics of patients evaluated and denied for OLT.

NASH/CC HCV P-value
(n=197) (n=586)
Age* 60 51 P<0.001
Sex Male 43% 65%
Female 57% 35% P<0.001
Race White 75% 70%
Black 6% 10%
Hispanic 17% 18%
Asian 1% 1%
Other 1% 1% NS
MELD" 12 u NS
ctet 7 7 NS
ALT 32 54 P<0.001
Platelets” 9 89 NS
BMI % >30 59% 40% P<0.001
GFR mL/min** 74 88 P<0.004
Denial Reason | Adequate Hepatic Reserve 10% 8%
Comorbid Conditions 2% 27%
Died 6% 14%
Psychosocial Issues 8% 39%
Tumor Criteria 3% 9%
Other 2% 3% P<0.001

NASH= Non-alcoholic steatohepatitis; CC=cryptogenic cirrhosis; HCV = Hepatitis C
Median values are given

* %
Glomerular filtration rate (GFR) was measured by sodium iothalamate clearance (glofil).
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Table 2
Demographics of patients listed for OLT.
NASH/Cryptogenic HCV
(N=217) (N=645) | P-value
Age” 56 51 P<0.001
Sex Male 52% 68%
Female 48% 32% P<0.001
Race White 7% 74%
Black 3% 8%
Hispanic 19% 16%
Asian 0% 1%
Other 1% 1% P=0.01
MELD" 14 14 NS
TP 7 7 NS
ALT® 37 62 P<0.001
Platelets” 86 73 P=0.005
Diabetes 55% 22% P<0.001
Hypertension 46% 28% P<0.001
BMI % > 30 54% 42% P=0.004
GER mL/min** 82 102 | P<0.001
HCC at any time 12% 27% P<0.001

NASH= Non-alcoholic steatohepatitis; CC=cryptogenic cirrhosis; HCV = Hepatitis C

*
Median values are given

*

*
Glomerular filtration rate (GFR) was measured by sodium iothalamate clearance (glofil).
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Table 3

Hepatocellular carcinoma in referred and listed patients.

NASH/CC | HCV | P-value
Number | HCC 26 175
No HCC 191 470 P<0.001
Found Referral diagnosis 9 79
At evaluation 5 36
During follow-up 12 60 NS
Number HCClyear 2.7% 47% | P=0.04

NASH= Non-alcoholic steatohepatitis; CC=cryptogenic cirrhosis; HCV= Hepatitis C virus
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