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ABSTRACT

Background: Nonalcoholic steatohepatitis (NASH) is an increasing indication for orthotopic liver transplan-
tation (OLT) in the United States and other countries. However, the incidence of disease recurrence and
natural course following OLT remains incompletely understood.

Objective: To estimate the incidence of recurrent disease, outcome and identify risk factors associated with
disease recurrence in patients undergoing OLT for NASH as compared to those undergoing OLT for HCV
cirrhosis.

Methods: We identified all patients with end-stage liver disease secondary to NASH (n=53) or HCV (n=95)
cirrhosis who underwent OLT at our institution between 1998 and 2005. Protocol liver biopsies were
performed (Day 7, Month 4 and yearly) after OLT, and as clinically indicated. Kaplan-Meier survival analy-
sis was performed to assess the fibrosis progression and survival. Cox regression analysis was performed
to identify factors associated with disease recurrence.

Results: Five-year survival was 90.5% in NASH vs 88.4% in HCV group (p=0.97). The median (25%ile,
75%ile) follow-up to last available biopsy was 12.7 (5.9, 26.3) months, during which 17 (32%) of NASH
patients developed persistent fatty infiltration in their graft, 8 (15%) of whom had accompanying his-
tologic features of recurrent NASH. There was no difference in the prevalence of post-OLT steatosis be-
tween HCV and NASH patients after adjusting for time of histologic follow-up (p=0.33). Patients with HCV
infection were more likely to develop hepatic fibrosis post-OLT than those with NASH (62.1% vs 18.9%,
p<0.001). Multivariate analysis identified post-OLT diabetes (HR=2.0, 95% CI: 1.2-3.2, p=0.007) as an
independent risk factor for fibrosis development. Additionally, NASH subjects who received steroids had
a significantly higher risk of developing hepatic fibrosis post-OLT than NASH patients who did not receive
steroids and all HCV subjects (p<0.001).

Conclusion: Recurrence of steatosis post-OLT is common. Corticosteroid use may contribute to fibrosis pro-
gression in this population.
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INTRODUCTION

I Ionalcoholic fatty  liver  disease
(NAFLD) and nonalcoholic steato-
hepatitis (NASH) have emerged as

common causes of chronic liver disease world-

*Correspondence: Nizar N. Zein, M.D. The Cleveland Clinic,
9500 Euclid Avenue, Cleveland, Ohio 44195, USA

Tel: +1-216-444-6126
Fax: +1-216-445-5477
E-mail: zeinn@ccf.org

wide. It is estimated that by the year 2025,
more than 25 million Americans may have
NASH-related chronic liver disease [1]. This
prevalence would greatly exceed the current
prevalence of hepatitis C virus (HCV)-related
liver disease [1]. NASH can progress to cir-
rhosis and liver failure necessitating ortho-
topic liver transplantation (OLT) in 3%—15%
of patients [2, 3]. Given these current esti-
mates, we would predict increased demand
for OLT due to NASH cirrhosis. However,
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little is known about the frequency of dis-
ease recurrence and eventual outcome of the
liver allograft in patients with NASH cirrho-
sis undergoing OLT. The identification of the
natural course of NASH and modifiable risk
factors that promote disease recurrence post-
OLT is therefore of paramount importance for
any strategy aimed at improving outcomes.

The recurrence of HCV infection post-OLT
is a universal event [4, 5], whereas the natu-
ral course of NASH post-OLT is less clearly
identified. Small series have demonstrated
11%—38% recurrence rate of NASH post-OLT
[6-9]. Several recipient factors influence the
recurrence of NASH post-OLT. The meta-
bolic syndrome (MS), characterized by a con-
stellation of factors including obesity, diabetes
mellitus, hypertension, and hyperlipidemia, is
the most frequent risk factor for the develop-
ment of NAFLD and NASH. These metabolic
derangements often occur after OLT and have
become well recognized side effects of immu-
nosuppressant agents used in OLT. In one se-
ries of 95 patients with HCV who underwent
OLT [10], there was a significant increase
in the prevalence of metabolic derangements
including hypertension and diabetes mellitus
post-OLT compared to pre-transplant charac-
teristics.

Other factors that may influence the recur-
rence of NAFLD and NASH post-OLT are im-
munosuppressant agents, specifically cortico-
steroids. In fact, corticosteroids are frequently
implicated in the pathogenesis of NAFLD and
NASH [11, 12]. In one small series [12], cu-
mulative steroid use has been associated with
recurrent NASH post-OLT. The objectives
of this study are to estimate the incidence of
recurrent disease, patient and liver allograft
outcome, and identify risk factors associated
with recurrent disease and fibrosis progres-
sion in patients undergoing OLT for NASH
compared to those undergoing OLT for HCV.

PATIENTS AND METHODS

Using our electronic pathology database, we
reviewed the medical records of all adult pa-
tients aged >18 years who underwent OLT for
end-stage liver disease secondary to NASH

or HCV cirrhosis at the Cleveland Clinic be-
tween 1998 and 2005. The presence of HCV
was confirmed by qualitative seropositivity for
HCV RNA. NASH cirrhosis was defined as
histologic features consistent with NASH on
liver explants, or cryptogenic cirrhosis in the
setting of MS. All other causes of liver disease
were ruled out as part of the routine pre-OLT
evaluation.

MS was defined at one year post-OLT ac-
cording to the National Cholesterol Education
Program, Adult Treatment Panel III (ATP III)
[137]. The “waist circumference” trait in the
ATP III criteria was replaced by body mass
index (BMI) greater than 28.8 kg/m® in both
men and women for the purpose of this study.
This cutoftf value for BMI was equivalent in a
regression analysis to a waist circumference of
102 cm in cross-sectional studies of men in the
United States and in Europe [14].

Recipients of living donor grafts were exclud-
ed. None of our patients received donor livers
with greater than 30% steatosis. We also ex-
cluded subjects who have been referred for a
second OLT or multi-solid organ transplants
during the time period from which study pa-
tients were identitied.

Demographic data (patient’s age, gender and
race), donor age, stage of post-transplant liver
biopsies, biopsy-proven acute cellular rejection
(ACR) and corresponding treatment were ex-
tracted from prospectively collected data for
patients with NASH or HCV who underwent
OLT at the Cleveland Clinic. Additionally, de-
tails of metabolic traits including BMI, fasting
serum glucose, triglyceride and HDL, systolic
and diastolic blood pressure at one year after
OLT were recorded. Detailed medical history
of hypertension, hyperlipidemia, and diabetes,
and their corresponding therapy were also ob-
tained from medical records.

Histological analysis:

Protocol liver biopsies were performed (day 7,
month 4 and yearly) after OLT. Additional bi-
opsies were performed as clinically indicated.
All biopsies were read by dedicated liver pa-
thologists. The Banff schema [157] was used
to evaluate ACR, and accordingly defined as
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moderate or severe ACR when the rejection
activity index score was >5. Hepatic fibrosis
(stage) was assessed by Ludwig-Batts scoring
system [16 ], and accordingly assigned using a
scale of O to 4 (FO: absent, I'1: portal fibrosis,
F2: periportal fibrosis, I'3: bridging fibrosis,
F4: cirrhosis). The tirst biopsy that showed at
least stage one fibrosis post-OLT was used for
the time-to-progression analysis assuming FO
for all patients at the time of OLT. If there was
no evidence of fibrosis during post-OLT fol-
low-up, the last biopsy performed was chosen
for the time-to-progression analysis.

Hepatic steatosis was quantified as the per-
centage of the hepatic parenchyma occupied
by fat droplets, and accordingly assigned as
negative when <5% of the hepatic parenchy-
ma was involved, and positive when there was
>5% involvement. The presence of steatosis in
combination with two of the following features
accounts for the diagnosis of NASH. These
histological features include, lobular inflam-
matory cell infiltrates, ballooning hepatocyte
degeneration, Mallory’s hyaline, and a typical
pattern of fibrosis.

Immunosuppression:

Induction therapy at the Cleveland Clinic
consists of two doses of interleukin-2 recep-
tor antagonist (Basiliximab)The first dose
(20 mg) is administered in the intensive care
unit, within 12 hours of transplantation. Pa-
tients receive the second dose on postoperative
day 4 (20 mg). All patients receive 1000 mg
intravenous methylprednisolone in the operat-
ing room followed by a tapering dose of intra-
venous methylprednisolone to 20 mg/day by
day 6. This is followed by conventional steroid
taper of oral prednisone until discontinued by
day 21 following transplantation.

Calcineurin inhibitors are administered to all
patients. Mycophenolate mofetil is added when
side effects precluded full therapeutic dose of
calcineurin inhibitors.

Mild ACR is treated by increasing tacrolim-
us trough level, while corticosteroids are re-
served for those with moderate or severe re-
Jection (rejection activity index >5). Patients
with biopsy-proven moderate or severe ACR

Recurrence Following Liver Tx: NASH vs HCV

are treated with an intravenous bolus of 1000
mg methylprednisolone followed by tapering
dose of intravenous methylprednisolone or
oral prednisone over five days.

Intravenous valganciclovir is administered for
a minimum of seven days post-transplanta-
tion as prophylaxis against cytomegalovirus
(CMV) infection. No CMV prophylaxis is giv-
en to the sero-negative donor/sero-negative
recipient (D-/R-) combination.

Statistical Ana|ysis:

Descriptive statistics were computed for all
factors. These include means, standard devia-
tions and percentiles for continuous variables
and frequencies for categorical factors. Uni-
variate analysis was done to compare subjects
with NASH to those with HCV. Wilcoxon
rank sum tests were used to compare continu-
ous and Pearson’s y* were used for categorical
variables. The same was done to compare sub-
jects who developed steatosis during follow-
up to those who did not. In addition, a binary
logistic regression analysis was performed to
assess factors associated with disease recur-
rence post-OLT. Subject group and duration
of follow-up were forced in the models and an
automated stepwise variable selection was per-
formed on 1000 bootstrap samples to choose
the final model; factors that appeared in 230%
of replications were kept in the final model. In-
teractions between disease group and all the
variables in the final model were explored and
included if p<o0.1.

A time-to-event analysis was performed to
assess differences in fibrosis progression and
survival between the two groups. Time of fol-
low-up was defined as number of years from
OLT to either occurrence of event or last fol-
low-up visit if no event. Raplan-Meier survival
analysis and log-rank tests were used to com-
pare the two groups. For determing time-to-
progression, univariate and multivariate Cox
proportional analysis were also performed.
The same variable selection method as de-
scribed above was utilized to build the final
model.

A p<0.05 was considered statistically signifi-
cant. SAS ver 9.2 software (The SAS Institute,
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Table 1: Demographic and clinical characteristics by disease group

Factor All (n=148)
Male 112 (75.7)
Caucasian 119 (80.4)

Age 55.4 (50.0, 60.0)

Triglyceride (n=98)

HDL (n=96) 43.0 (35.0, 52.0)
Tacrolimus 128 (86.5)
Cyclosporine 13 (8.8)
Mycophenolate mofetil 53 (35.8)
Diabetes post-OLT 87 (58.8)
Hypertension postOLT 89 (60.1)

BMI @1 yr post-OLT (n=136) 28.6 (24.3, 31.9)
MS @1 yr post-OLT (n=123) 65 (Lb2.9)

Acute cellular rejection 65 (43.9)

Steroids 34 (23.6)
Total FU months (OLT to last Bx) 12.7 (5.9, 26.3)
Steatosis 64 (43.2)
Fibrosis 69 (46.6)

Values are presented as n(%) or Median (25%ile, 75%ile)

153.5 (106, 208)

NASH (n=53) HCV (n=95) p value
32 (60.4) 80 (84.2) 0.001
49 (92.5) 70 (73.7) 0.006

57.8 (52.3, 63.4)
150 (115, 200.5)
43.0 (37.5, 51.0)

54.0 (50.0, 58.0)  0.005
153.5 (104, 212)  0.99
43.0 (34.0, 54.5)  0.91

48 (90.6) 80 (84.2) 0.28

4 (7.6) 9 (9.5) 0.77
21 (39.6) 32 (33.7) 0.47
38 (71.7) 49 (51.6) 0.017
28 (H2.8) 61 (64.2) 0.18
30.9 (26.7, 34.1)  27.1 (23.9, 30.1)  <0.001
24 (58.5) 41 (50.0) 0.37
22 (41.5) 43 (45.3) 0.66

3 (5.7) 31 (34.1) <0.001
5.1 (0.69, 13.4) 19.6 (11.9, 30.0)  <0.001
17 (32.1) 47 (49.5) 0.041
10 (18.9) 59 (62.1) <0.001

p values correspond to Pearson’s %2 tests for categorical factors and Wilcoxon rank sum tests for continuous variables

Cary, NC) and R ver 2.4.1 software (The R
Foundation for Statistical Computing, Vienna,
Austria) were used to perform all analyses.

RESULTS

Baseline characteristics:

A total of 148 patients who had liver trans-
plantation for NASH cirrhosis (n=53) or HCV
cirrhosis (n=95) during the study period were
identified. The baseline characteristics of our
study population are listed in Table 1. The me-
dian (25%ile, 75%ile) age of the recipient at the
time of the transplant for the entire study pop-
ulation was 55.4 (50.0, 60.0) years; the studied
patients consisted of 112 (75.7%) men, and 119
(80.4%) Caucasians. Patients with NASH were
older than those with HCV at the time of the
transplant (57.8 vs 54.0 years, p=0.005). Sig-
nificantly fewer NASH patients were males:
(32 (60%) NASH compared to 80 (84%) HCV
patients, p=0.001). Additionally, the HCV
group was composed of fewer Caucasians than
the NASH group (73% vs 93%, p=0.006).

All patients received deceased donor liver al-
lograft with a median (25%ile, 75%ile) donor
age of 46.0 (34.0, 62.0) year. Immunosuppres-
sive therapy was primarily tacrolimus in 128
(86.5%) patients, while 13 (8.8%) subjects re-
ceived cyclosporine-based regimen. The two
study groups (NASH and HCV) were compa-
rable with regard to the choice of calcineurin
inhibitor. Mycophenolate mofetil (MMF) was
used as an adjuvant medication in 53 (35.8%)
subjects. Of the entire study population, bi-
opsy-proven ACR occurred in 65 (43.9%) pa-
tients, of whom 384 (23.6%) required intrave-
nous steroid therapy. The rate of ACR was
not significantly different between NASH and
HCYV patients (41.5% vs 45.3%, p=0.66). How-
ever, only three (6%) patients in the NASH
group developed moderate to severe ACR that
required intravenous steroid therapy, com-
pared to 31 (84%) of HCV patients (p<0.001).

The prevalence of metabolic features post-OLT:

MS, defined at one year post-OLT, was present
in 65 (52.9%) of our entire study population.
Compared to pre-OLT characteristics, we ob-
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Table 2A: Factors associated with steatosis—univariate analysis.

Duration of FU- Duration of FU-

Factor Steatosis (n=64) No Steatosis (n=84) Unadjusted p value  Adjusted p value
}ggifrljs‘“ﬁg‘g;om 17 (26.6) 36 (42.9) 0.041 0.33
Male 47 (78.4) 65 (77.4) 0.58 0.32
Caucasian 52 (81.3) 67 (79.8) 0.82 0.65
Age 55.0 (50.7,59.0)  56.0 (50.0, 63.0) 0.38 0.34
Triglyceride 157 (115, 219) 153 (101, 206) 0.65 0.56
HDL 42.0 (34.0, 50.0)  46.0 (39.0, 53.0) 0.14 0.19
Tacrolimus 56 (87.5) 72 (85.7) 0.75 0.56
Cyclosporine 5 (7.8) 8 (9.5) 0.72 0.41
Mycophenolate mofetil 25 (39.1) 28 (33.3) 0.47 0.12
Diabetes post-OLT 39 (60.9) 48 (57.1) 0.64 0.21
Hypertension post-OLT 37 (57.8) 52 (61.9) 0.61 0.65
BMI @1 yr post-OLT 28.4(25.0,31.6)  28.7 (24.0, 32.1) 0.97 0.97
MS @1 yr post-OLT 31 (53.5) 34 (52.3) 0.9 0.66
Acute cellular rejection 26 (40.6) 39 (46.4) 0.48 0.16
Steroids 17 (27.4) 17 (20.7) 0.35 0.99

Values are dpresented as n(%) or median (25%ile, 75%ile)
Unadjuste

p values correspond to logistic regression analysis adjusting

served a significant increase in the frequency
of diabetes (46% pre-OLT vs 58.8% post-OLT,
p=0.006) and hypertension (49% pre-OLT vs
60.1% post-OLT, p=0.004) after OLT.

The prevalence of diabetes mellitus, defined
at one year post-OLT, was more common in
NASH compared to HCV patients (38 (71.7%)
vs 49 (51.6%), p=0.017). Additionally, the me-
dian (25%ile, 75%ile) BMI at one year post-
OLT was greater in NASH (30.9 (26.7, 34.1)
kg/m?) than HCV patients (27.1 (23.9, 30.1)
kg/m?®) (p<0.001). The rate of hypertension
and hyperlipidemia was not different between
the two groups. As such, there was no signifi-
cant difference in the prevalence of MS at one
year post-OLT between the NASH and HCV
patients, (58% wvs 50%, p=0.87). Furthermore,
there was no association between the develop-
ment of post-OLT MS and gender, ethnicity,
or type of immunosuppressive treatment regi-
men.

Recurrence of hepatic steatosis post-OLT:
Histologic follow-up was available in all sub-

p values correspond to Pearson’s 31(2 tests for Cate{gori_cal factors and Wilcoxon rank sum tests for continuous variables. Adjusted
or time between OLT and last biopsy.

jects who underwent OLT for NASH cirrho-
sis with a total of 159 post-OLT liver biopsies
performed. The median (25%ile, 75%ile) time
of histologic follow-up to last available biopsy
post-OLT was 5.1 (0.69, 13.4) months, during
which 17 (32%) of NASH patients developed
persistent fatty infiltration in their graft, 8
(15%) of whom had accompanying histologic
teatures consistent with recurrent NASH.

The HCV population (n=95) was histologi-
cally followed over a median (25%ile, 75%ile)
time of 19.6 (11.9, 30.0) months, during which
408 post-OLT liver biopsies performed. In
fact, there was no significant difference in
the prevalence of post-OLT steatosis between
HCV and NASH patients after adjusting for
time of histologic follow-up (p=0.33).

Table 2A shows the factors associated with de-
velopment of post-OLT steatosis in univariate
analysis. The risk of developing hepatic ste-
atosis post-OLT significantly increased with
time (p<0.001). Other factors including age,
gender, metabolic features, type of calcineurin
inhibitor, and the use of steroids for ACR were
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not significantly associated with the develop-
ment of steatosis. In multivariate Cox regres-
sion analysis (Table 2B), longer follow-up time
was the only factor independently associated
with the development of steatosis post-OLT
(p=0.004). Due to the small number of pa-
tients who developed recurrent NASH post-
OLT (n=8), we were not been able to study the
tactors associated with NASH post-OLT.

Recurrence of hepatic fibrosis post-OLT:

Of 148 patients, 69 (46.6%) developed fibrosis
post-OLT, while 79 (53.4%) remained fibro-
sis free post-OLT. Patients with HCV were
more likely to develop hepatic fibrosis post-
OLT than those with NASH, 62.1% vs 18.9%
(p<0.001). The median (25%ile, 75%ile) rate of
tibrosis progression in the HCV and NASH
was 0.5 (0.0, 1.3) and 0.0 (0.0, 0.0) fibrosis
stage per year, respectively (p<0.001) (Figure
1). Furthermore, 19 (20%) HCV patients devel-
oped advanced hepatic fibrosis (stage 8 or 4)
post-OLT, compared to only one patient (2%)
in the NASH group (p=0.002). After adjust-
ing for length of histologic follow-up, HCV
patients remained at higher risk of develop-
ing fibrosis post-OLT compared to those with
NASH (p=0.0007). Table 3A shows the fac-
tors associated with fibrosis progression in
univariate analysis. The hazard for fibrosis
progression post-OLT was higher in subjects
with HCV than those with NASH (HR=2.1;
95% CI: 1.1-8.9). Additionally, the use of ste-
roids for ACR was associated with a higher
hazard for fibrosis progression (HR=1.9,
p=0.009). Other factors associated with fibro-
sis progression post-OLT were hypertension
(p=0.044), diabetes mellitus (p=0.008), and
MS (p=0.019).

In multivariate analysis, after adjusting for
steroid use and disease group, subjects with
diabetes had twice the hazard of developing fi-

Table 2B: Factors associated with steatosis—

multivariate analysis.

Factor OR (959% CI) p value
HCVvs NASH 1.7 (0.75-3.7) 0.20
Years to last FU 1.5 (1.1-1.9) 0.004
Female 1.7 (0.75-3.9) 0.20

brosis than those without diabetes (p=0.007).
As stated previously, NASH patients were at
lower risk of developing fibrosis post-OLT
than HCV patients. Interestingly, multivariate
analysis showed that the use of corticosteroids
in NASH patients carries a risk of developing
fibrosis post-OLT that rivals the risk in pa-
tients with recurrent HCV post-OLT (Table
3B). NASH subjects who received steroids for
the treatment of ACR had a signiticantly high-
er hazard of developing hepatic fibrosis post-
OLT than NASH patients who did not receive
steroids. The interaction between post-OLT
liver fibrosis and the steroid use for ACR was
not statistically significant in the HCV popu-
lation (Figure 2).

Survival outcome post-OLT:

At a median (25%ile, 75%ile) follow-up of 55.4
(48.6, 60) months post-OLT, the overall sur-
vival in the entire study population was 90%
(Figure 2). To estimate the impact of recurrent
disease on survival outcome post-OLT, we ex-
cluded deaths that occurred in the periopera-
tive period (within six months of OLT). As
such, five-year survival was not significantly
different between NASH and HCV patients
(90.5% vs 88.4%, p=0.97). Causes of death in
patients who underwent transplant for NASH
cirrhosis were acute lymphoblastic lymphoma
(n=1), melanoma (n=1), pneumonia (n=1), mes-
enteric ischemia (n=1) and unknown (n=1).
None of the NASH patients died of complica-
tions related to end-stage liver disease post-
OLT. In contrast, 11 (12%) of HCV patients
died, eight of whom (8%) due to complications
related to end-stage liver disease. Two other

1.0

0.8

0.6

0.4

Froportion wiProgression

— Hov
— NASH
p = 0.0007

0.2

00 | | | !
o] 20 40 &0 BO

Months since transplant

Figure 1: Fibrosis progression post-OLT in patients
with HCV and NASH.
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Table 3A: Factors associated with fibrosis—univariable analysis.

No Progression

Hazard Ratio

Factor E:%?SSIOH
Underlying diagnosis (HCV vs NASH) 68 (86.1)

Male 67 (84.8)
Non-Caucasian 22 (27.9)

Age 55.0 (49.0, 58.0)
Triglyceride 137 (92, 200)
HDL 43.0 (35.0, 55.0)
Tacrolimus 68 (86.1)
Cyclosporine 8 (10.1)
Mycophenolate mofetil 25 (31.7)
Diabetes post-OLT 49 (62.0)
Hypertension post-OLT 51 (64.6)

BMI @1 yr post-OLT 27.6 (24.0, 31.2)
MS @1 yr post-OLT 40 (59.7)

Acute cellular rejection 39 (49.4)
Steroids 28 (37.3)

Values are presented as n(%) or median (25%ile, 75%ile)

patients with HCV post-OLT died of recur-
rent hepatocellular carcinoma. The cause of
death was unknown in one subject. Accord-
ingly, portal hypertension and cirrhosis was
the most common cause of death post-OLT in
the HCV population and significantly more
common in the HCV compared to NASH pa-
tients (8/11 (8%) vs 0/5 (0%), p<0.001).

DISCUSSION

NAFLD is emerging as an important cause
of cirrhosis and hepatocellular carcinoma ac-
counting for a significant proportion of OLTs
performed in the United States [1-37. Little
1s known about the natural history of NASH
post-OLT. Over a median (25%ile, 75%ile) his-
tological follow-up period of 5.1 (0.69, 13.4)

(n=69) 95% CI) p value
97 (39.1) 9.1 (1.1-8.9) 0.025
45 (65.9) 1.6 (0.86-3.0) 0.14
7 (10.1) 1.6 (0.95-2.6) 0.078
57.0 (52.0,62.8)  0.98 (0.95-1.02) 0.31
174 (125, 224) 0.998 (0.99-1.00)  0.11
43.0 (35.0,51.00  1.01 (0.99-1.02) 0.21
60 (87.0) 0.95 (0.50-1.8) 0.87
5(7.9) 1.1 (0.54-2.4) 0.78
98 (40.6) 1.1 (0.70-1.8) 0.6
38 (55.1) 1.9 (1.2-8.0) 0.008
38 (55.1) 1.6 (1.01-2.6) 0.044
99.0 (25.1,32.9)  0.96 (0.92-1.01) 0.12
95 (44.6) 1.8 (1.1-8.0) 0.019
96 (37.7) 1.3 (0.84-2.0) 0.24
6 (8.7) 1.9 (1.2-8.0) 0.009

months, our study reported the rate of recur-
rent NASH post-OLT of 15.1% in patients
with cryptogenic cirrhosis who had clinical
or histological features suggestive of NASH.
Although the majority of patients who experi-
enced recurrent NASH post-OLT have benign
course, a small number of patients may have
progressive disease leading to cirrhosis and
require second OLT. In contrast, recurrence
of HCV post-OLT is a universal event that fre-
quently leads to serious consequences includ-
ing cirrhosis and liver failure and has emerged
as an important cause of retransplantation in
the United States [4, 5.

Among the many factors that may potentially
predispose to the recurrence of NASH post-
OLT [7, 8], immunosuppression is of partic-
ular interest. Corticosteroids are frequently

Table 3B: Factors associated with fibrosis—multivariable analysis.

Factor

HCV/No Steroids vs NASH/No Steroids
HCV/Steroids. NASH/No Steroids
NASH/Steroids vs NASH/No Steroids

Diabetes

Non-Caucasian

Hazard Ratio (95% CI) p value
2.5 (1.2-5.5) 0.018
3.2 (1.4-7.2) 0.005
8.1 (2.1-31.5) 0.003
2.0 (1.2-3.2) 0.007
1.4 (0.82-2.3) 0.23
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Figure 2:. Fibrosis progression post-OLT after
adjusting for steroid use and disease group.

implicated in the pathogenesis of steatosis and
steatohepatitis [11, 12]. It has been demon-
strated that cumulative use of steroids is asso-
ciated with recurrent NASH post-OLT [12].
A strong correlation between the use of cor-
ticosteroids for ACR and the development of
tibrosis post-OLT in patients undergoing liver
transplant for NASH cirrhosis was well docu-
mented in our study. Our study suggests that
the use of corticosteroids post-OLT in NASH
carries a risk of developing hepatic fibrosis
that rivals the risk in patients with post-OLT
recurrent HCV. Based on these findings, im-
munosuppressant protocols for NASH patients
undergoing OLT should minimize the use of
corticosteroids when possible. The choice of
calcineurin inhibitor (tacrolimus vs cyclospo-
rine) and the use of MMF were not associ-
ated with progression of fibrosis post-OLT in
NASH patients.

Diabetes mellitus, hypertension, hyperlip-
idemia and obesity, which are risk factors of
NASH, are common after OLT [10]. In our
series, we observed a significant increase in
the frequency of hypertension and diabetes at-
ter OLT. These metabolic factors are known to
contribute to NASH. Due to the small number
of patients who experienced recurrent NASH
post-OLT, we were not been able to study
the factors associated with recurrent NASH.
However, our study identified a statistically
significant association between diabetes mel-
litus, hypertension and MS and the develop-
ment of fibrosis post-OLT in both HCV and
NASH patient groups.

It has previously been shown that steatosis as-
sociated with HCV genotype 1 infection is a
marker of metabolic abnormalities including
obesity, hyperlipidemia or diabetes mellitus
and has been termed “metabolic fat” [17- 20].
In contrast, steatosis in patients with HCV
genotype 3 is associated with viremia rather
than metabolic abnormalities and has been
termed “viral fat” [17-207]. Our study showed
no significant difterence in the prevalence of
steatosis in patients with HCV or NASH after
adjusting for the time of histological follow-
up post-OLT. This finding still remained true
after excluding patients with HCV genotype
8 (n=10). Furthermore, this relationship be-
tween HCV and steatosis was independent of
the metabolic derangements as the latter were
not associated with the development of steato-
sis in our series. It is possible that the develop-
ment of steatosis is virologically mediated. As
such, our findings support emerging data that
HCV promotes the development of insulin re-
sistance and hepatic steatosis [17-20].

In conclusion, recurrence of hepatic steatosis
and fibrosis post-OLT is common. Corticoste-
roid use may contribute to fibrosis progres-
sion in this population.
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