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Abstract

Background & Aims—Recurrent hepatitis C with ensuing fibrosis is the leading cause of liver
allograft loss. We investigated whether histologic features in early post-transplant liver biopsies could
predict the rate of fibrosis progression in this population.

Methods—From 1999 to 2007, 476 liver transplants were performed for hepatitis C at our center.
We reviewed all available post transplant biopsies for these patients; patients were categorized as

rapid, intermediate, or slow fibrosers based on their METAVIR fibrosis score at 24 months. Stage
FO biopsies for rapid and slow fibrosers were analyzed histologically and immunohistochemically.

Results—We identified 52 rapid fibrosers and 61 slow fibrosers in our cohort. There was a
significant increase in the fibrosis progression rate in the group transplanted between 2003 to 2007
compared with 1999 to 2002. The course of fibrosis progression was determined early in the post-
transplant period and the rate was constant. Rapid fibrosers had more hepatocyte apoptosis than slow
fibrosers (P = 0.001) but no difference in hepatitis activity based on analysis of stage FO biopsies.
Rapid fibrosers also experienced more episodes of acute rejection following transplantation (P<
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0.001). CK19 and vimentin expression on FO stage biopsies could distinguish rapid from slow
fibrosers (CK19: AUC 0.71, P = 0.0034; vimentin: P =0.0219).

Conclusions—CKZ19, vimentin, and hepatocellular apoptosis are promising early markers of rapid
fibrosis progression in patients transplanted for hepatitis C. The rate of fibrosis progression is
established early in the post-transplant period; this initial rate dictates long-term outcome.

Introduction

Hepatitis C (HCV)-related cirrhosis remains the primary indication for liver transplantation in
the United States.13 Following transplant, the recurrence of HCV is inevitable4 and occurs
within 3-4 weeks.5' 8 The natural history of HCV in immunocompromised transplant patients
is different than in immunocompetent non-transplanted patients because fibrosis develops at
an accelerated rate following transplantation.”~13 Progressive fibrosis is a significant cause of
graft failure and post-transplantation mortality, with cirrhosis affecting between 10% and 44%
of patients.3: 8 10, 12, 14

The time course of fibrosis among HCV-infected patients is highly variable in both the non-
transplant and post-transplant populations. The concept of “rapid fibrosers” emerged from the
observation that a sub-population of non-transplanted HCV patients (4.6%) developed cirrhosis
before age 50, progressing at a more rapid rate than the average patient.1® In the transplant
setting, a subset of “rapid fibrosers” has also been recognized. Although definitions of rapid
are not universally agreed upon, one study defined rapid fibrosis as a progression rate of more
than 0.8 units of Ishak fibrosis stage per year.9

Alarmingly, the rate of fibrosis appears be increasing in more recently transplanted patients.
Berenguer et al. showed that the median rate of fibrosis progression increased from 0.13
METAVIR fibrosis stage units/year in patients transplanted in 1988 to 0.64 stage units/year in
patients transplanted in 1996.7 Although several risk factors for rapid progression have been
identified, including increased donor age, certain immunosuppressive regimens, inflammation
on biopsy in the first year post-transplant, elevated transaminase levels for 3 consecutive
months, episodes of rejection, and histologic recurrence of HCV within 6 months, predicting
a given patient's course in advance is difficult.”» 9: 12, 13, 16-24

The aim of our single-center retrospective study was to identify histologic predictors of rapid
fibrosis progression. Because the ductular reaction and the expression of mesenchymal proteins
by biliary epithelial cells have been associated with some forms of particularly rapid fibrosis
such as biliary atresia, 2> we hypothesized that increases in certain epithelial and mesenchymal
markers might identify rapid progressors.

Materials and Methods

Patient Population

This study was approved by the University of Pennsylvania IRB. The cohort was composed

of all HCV-infected patients who underwent liver transplant at the University of Pennsylvania
between 1999-2007. During this time, 996 total liver transplants were performed, of which 476
(48%) were in patients with chronic HCV. Twenty-three patients had two transplants between
1999-2007; disease progression in each transplanted liver was examined independently. Our
immunosuppression regimen was tacrolimus based, with dose reductions in the setting of renal
dysfunction. Corticosteroids were used for the first 3-6 months. The use of azathioprine and

mycophenolate mofetil was not routine. Protocols for antiviral therapy were standardized in

2003, after which patients did not receive antiviral therapy unless METAVIR stage F3 fibrosis
was documented on biopsy, or unless they had non-genotype 1 virus or a clinical (as opposed
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to histologic) diagnosis of fibrosing cholestatic hepatitis (FCH). Treatment data were only

available for the post-2003 cohort. Twenty-six patients in this group received treatment for
FCH or non-genotype 1 virus. The conclusions from the analyses in Figs. 1, 2, and S1 were
not changed by the exclusion of these cases, and they are therefore included in all analyses
presented here.

Protocol biopsies were instituted in 2003 and were performed once at months 4 through 6, then
yearly beginning at 1 year post-transplant. All post-transplant biopsies from the entire cohort
of HCV-infected patients (476 transplants; 1272 biopsies) were reviewed to categorize patients
as rapid fibrosers or slow fibrosers. We defined rapid as reaching METAVIR stage F3 or F4
before or at 24 months post transplant and slow as remaining at METAVIR stage FO or F1 at
or beyond 24 months post transplant. These definitions were selected because a) biopsies are
inaccurate, and both F3 and F4 represent clinically meaningful significant fibrosis; b) antiviral
therapy (except as noted above) was started when patients reached F3, so therapy did not affect
the categorization of a given patient; and c) the development of significant fibrosis by 24
months is a clinically meaningful indicator of rapid progression. We identified 52 cases as
rapid and 61 as slow fibrosers. Twenty cases were excluded from assignment to either category
because baseline fibrosis was detected in the time zero biopsy, but were still included in the
study of the entire HCV transplant population. These cases were included in the analysis for
Fig. 1A, but not Fig. 1B. The 274 cases (57.6%) without time zero biopsies were assumed to
have received grafts without baseline fibrosis (FO). Thirty-six (7.6%) of the total population
had no adequate biopsies (defined as including at least five portal tracts) and were not included
in the analyses. Two hundred seventy-five cases (57.8%) did not have follow-up biopsies
beyond 24 months including 37 rapid fibrosers (71%) who had stage F3 or F4 disease on the
last available biopsy. There were 232 post-transplant biopsies obtained and reviewed in the
rapid fibroser subgroup (20 from time zero biopsies), and 164 within the slow fibroser subgroup
(14 from time zero). Analyses of the subgroup transplanted after the initiation of protocol
biopsies (2003-2007) are shown in the Supplemental Data (Figs. S1, S3, S4; Tables S1, S4,
S5, S7, S8) and, with the exception of vimentin immunostaining, are not significantly different
from the analyses of total cases from 1999-2007. Cox regression analyses for the post-2003
subgroup could not be carried out due to insufficient numbers of patients.

All post-transplant biopsies for the 52 rapid and 61 slow fibrosers were evaluated for acute and
chronic rejection (see Supplemental Methods). Thirty-two rapid and 46 slow fibrosers had
METAVIR FO or F1 fibrosis biopsies available for further study. These were evaluated
histologically as described in the Supplemental Methods.

Immunohistochemistry and sirius red staining

Statistics

Results

FO and F1 biopsies from rapid and slow fibrosers were stained with the collagen binding dye
sirius red and with antibodies against Hsp47, CK19, and vimentin (see Supplemental Methods).
Immunoreactivity for CK19 and Hsp47 was scored on a 0-3 scale (see Fig. 3A,B), while
vimentin was scored on a binary scale (baseline =0, increased =1; see Fig. 3C,D) in a blinded
fashion by the same pathologist.

See Supplemental Methods.

The characteristics of our study population are shown in Tables 1 and S1. The same transplant
team remained in place during the entire study period, and post-transplant patient and graft
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survival were consistently above the national average (data not shown). From the 476
transplants performed secondary to HCV cirrhosis, 52 (10.92%) rapid and 61 (12.81%) slow
fibrosers were identified. The mean follow-up time in years (+ SD) was 2.11 (+ 1.99) for the
entire HCV cohort, 1.91 (+ 1.39) for rapid fibrosers, and 4.20 (% 1.70) for slow fibrosers.
Though the rapid fibroser population consisted of a greater percentage of women (n=14; 27%)
than the slow fibroser population (n=7; 11%), this difference did not reach statistical
significance (P = 0.0513). There was no statistically significant difference in known recipient
race between rapid and slow fibrosers (P= 0.8894). There were statistically significant
differences between the mean age at time of transplant for rapid vs. slow fibrosers (49.75 £
8.20 for rapid vs. 52.79 + 7.33 for slow, P=0.0399) andthe mean donor age (44.81 + 17.96 for
rapid vs. 37.81 + 2.26 for slow, P=0.0447). There was no statistically significant difference in
the percentage of patients with co-existing alcoholic liver disease or hepatitis B for rapid vs.
slow fibrosers (P=0.1623 for alcoholic cirrhosis, P=0.4602 for hepatitis B).

The rate of progression to cirrhosis (METAVIR F4) for rapid versus slow fibrosers is illustrated
in Figs. 1A and S1A, with the rate of progression for the total cohort shown for comparison.

By year 8 following transplantation, 61% of the total population (rapid, slow, and intermediate
groups) with biopsies available to that point had cirrhosis. By year 2, 78% of rapid fibrosers

had cirrhosis; in contrast, only 4% of slow fibrosers were cirrhotic as late as year 8. By the end
of the first year post-transplant, the rate of cirrhosis approximated 20, 3.6, and 0 (percent with
cirrhosis/time in years) for rapid fibrosers, the entire cohort, and slow fibrosers, respectively.
Based on these Kaplan-Meier data, the median time to cirrhosis (F4) was 1.5 years for rapid

fibrosers, 6.6 years for the total cohort, and could not be calculated for slow fibrosers due to

an insufficient number of events. At year 8.5, we noted a sharp rise in the percentage of slow
fibrosers with cirrhosis due to a single atypical patient who developed mild portal fibrosis at

year 7 and cirrhosis at year 8.5 in the absence of any significant co-morbidities. Exclusion of
this patient from the analysis did not significantly affect our results.

Analyzing the rate of progression from FO to any stage of fibrosis (F1-F4) also demonstrated
that the degree of fibrosis on biopsies within the first year is predictive of the rate of subsequent
fibrosis progression. We used the Kaplan-Meier method to calculate the probability of
remaining at FO at years 2, 4, 6, and 8 if the year 1 post-transplant biopsy was at stage FO. For
the total HCV cohort biopsied the probabilities were 0.69, 0.32, 0.19, and 0.05, respectively
(Figs. 1B; see also S1B). By definition, the probability of a rapid fibroser having no fibrosis
beyond year 2 is 0. Slow fibrosers have probabilities of being at stage FO at years 2, 4, 6, and
8 of 1, 0.63, 0.45, and 0.23, respectively. If the single atypical slow fibroser is excluded from
this analysis, the probability of a slow fibroser remaining FO at year 8 is 0.43. These findings
suggest that rapid or slow fibrosis progression is determined early, and that these classifications
are maintained in the years following transplantation.

Stratification by transplant era (1999-2002 vs. 2003-2007) demonstrated a significant increase
in the rate of fibrosis progression in more recent years (Fig. 1C; log-rank P = 0.0160). The
median time to cirrhosis for HCV patients was 7.68 years for patients transplanted between
1999-2002 vs. 4.67 years for patients transplanted between 2003-2007. In the unadjusted Cox
analysis of the entire cohort, the risk of developing cirrhosis was 94% higher in the group
transplanted from 2003-2007 (HR 1.94, 95% CI 1.14 - 3.32).

Rapid fibrosers had more episodes of acute and chronic rejection than slow fibrosers (Table
2). An adjusted Cox regression analysis was performed to determine whether donor age,
transplant era, and rejection type and severity could explain the differences in progression
between rapid and slow fibrosers (Table 2). Before adjusting for these factors, rapid fibrosers,
not unexpectedly, were found to be more likely to progress to cirrhosis than slow fibrosers (HR
132.30, 95% CI 17.64 — 950.73). Adjustment for donor age, recipient age, and transplant era
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did not significantly change the differences noted between rapid and slow fibrosers. An
interaction between these factors was not found. The findings were similar when intermediate
fibrosers were included in the analysis (Table S2). When severity and frequency of acute
rejection episodes and an assessment of chronic rejection were added to the model, there was
only a modest change in the hazard ratio (HR 115.07, 95% CI 15.19 — 871.51). While the
variability of these estimates was large given the small sample sizes of the rapid and slow
fibroser groups, it does suggest that factors such as donor age, recipient age, transplant era,
and rejection episodes influence progression to cirrhosis but do not completely explain the
differences in rates of progression.

We carried out a detailed histologic analysis to identify features on FO and F1 stage biopsies
predictive of rapid fibrosis progression. Using the last available stage FO biopsies and F1
biopsies for each case, we analyzed multiple histologic parameters, including inflammatory
activity and apoptosis (Tables 3A, S4). FO biopsies of rapid fibrosers demonstrated more
hepatocellular apoptosis (mean apoptotic cells/hpf: 0.30 + 0.38 rapid fibrosers vs. 0.08 + 0.16
slow fibrosers, P = 0.0012) than those of slow fibrosers, consistent with research showing that
apoptosis induces activation of fibrogenic cells.26 There was no difference between rapid and
slow fibrosers in any of the other histological parameters. There were no significant differences
in F1 biopsies between the two groups (Tables S3, S5).

To identify other histologic predictors of rapid vs. slow fibrosis progression, we stained the
stage FO and F1 biopsies of rapid and slow fibrosers for expression of the collagen chaperone
Hsp47,27 the epithelial cell marker CK19, and the mesenchymal marker vimentin (Figs. 2, 3,
S2, S3, and S4). CK19 expression was significantly greater in the FO (but not F1) biopsies of
rapid versus slow fibrosers (Stage 0: Fig. 2A, P = 0.0034, Stage F1: Fig. S2A; see also Figs.
3, S3A, S4A). Note that there was no acute inflammation, cholestasis, or other features of
biliary injury. In contrast, immunostaining with Hsp47 revealed no difference in expression
between rapid and slow fibrosers (Stage 0: Fig. 2B, P = 0.1278; Stage F1: Fig. S2B; see also
Figs. S3B, S4B). Similarly, sirius red staining for collagen did not distinguish between rapid
and slow fibrosers (Stage 0: Table 3B, P=0.1358; Stage F1: Table S6; see also Tables S7, S8).
Increased vimentin staining was predictive of rapid fibrosis on FO but not F1 biopsies from the
rapid and slow fibroser groups from 1999-2007 (Stage 0: Table 3B, 81% of rapid fibrosers vs.
52% of slow fibrosers, P=0.022, Stage 1: Table S6; see also Fig. 3and Tables S7, S8). Vimentin
staining was not significantly different between rapid and slow fibrosers transplanted from
2003 onward, likely due to the small sample size (Table S7, P = 0.2691).

Discussion

In summary, we have carried out the largest single-institution retrospective study of HCV
patients post-transplant to date. We show that the rate of fibrosis on a population basis is
constant throughout the post-transplant period and that the course of fibrosis is determined
early post-transplant. Although several studies (incorporating patients transplanted from
1988-2002) have demonstrated that the presence or absence of significant fibrosis on a biopsy
at one year post-transplant was predictive of graft survival and the development of cirrhosis,
the predictive value was less dramatic than in our population.®: 12: 13 This may be due to an
increasing rate of fibrosis in patients transplanted more recently, as in our study. We found that
as early as six months post transplant, histologic parameters alone can identify which patients
are fated for rapid fibrosis progression. The presence of fibrosis on a biopsy in the first year
predicted continued rapid progression, while the absence of fibrosis in the first year predicted
that a patient would have little or no fibrosis at year 8, findings that have important implications
for counseling patients as well as starting antiviral and, potentially, antifibrotic therapy. This
work overall demonstrates that fibrosis in early post-transplant biopsies is highly predictive of
long-term outcome and has led us to hypothesize that there are critical molecular and cellular
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events with long-lasting effects put into play early. The data support the use of protocol biopsies
at one year and potentially as early as six months after transplant in HCV patients, although
prospective trials that include clinical decompensation as an outcome are required before
making a definitive recommendation.

Consistent with other studies, 7> 8: 12, 14, 18, 22 \yje found that the rate of fibrosis progression
in HCV patients post transplant has increased significantly over the last decade, with the risk
of developing cirrhosis being 94% higher in the group transplanted between 2003-2007 than
in the group transplanted between 1999-2002. Although our study was not designed to identify
clinical causes of increased progression, the literature suggests that a combination of declining
organ quality, altered viral subspecies, and changes in immunosuppressive regimens may be
responsible. Donor age is clearly associated with increased fibrosis progression,’-9 12, 14, 18,
22-24 and the increased use of older donor allografts to expand the organ pool has likely
contributed to the increased rate of fibrosis we observed. Cox regression analysis suggests,
however, that donor age contributes to but does not entirely explain the recent increase in
fibrosis progression in our population.

Post-transplant immunosuppressive regimens have been implicated in fibrosis progression,
with associations between fibrosis and tacrolimus, mycophenolate mofetil, and the number of
steroid boluses.”+ 12, 14, 23 \We found that the number of acute rejection episodes was associated
with fibrosis progression, as has been previously reported.13: 24 Surprisingly, we did not find
that rapid fibrosis was associated with inflammation, in contrast to the findings of other studies.
9: 13: 16 18 The reason for this inconsistency is not clear, but might be attributable to
differences in immunosuppressive practices or anti-viral management at our center compared
with others as well as differences in study design including the examination of earlier stage
(FO) biopsies in our study.

One of our most intriguing findings is an increase in expression of the biliary epithelial cell
marker CK19 in rapid compared with slow fibrosers. This suggests a possible role for bile
ductular proliferation in fibrosis progression post-transplant. Clouston and colleagues have
previously shown a correlation between the extent of the ductular reaction and the stage of
fibrosis in untransplanted HCV patients.28 Similarly, a vigorous ductal reaction has been
associated with features of the epithelial to mesenchymal transition (EMT) in a variety of
diseases with typically rapid rates of fibrosis progression.2® Interestingly, we found that
expression of the mesenchymal marker vimentin was greater in the stage FO biopsies of rapid
fibrosers than in slow fibrosers. Vimentin appears to stain a combination of parenchymal cells
(likely hepatic stellate cells), portal mesenchymal cells, and some (although not all) biliary
epithelial cells (Fig. 3). Neither sirius red staining nor Hsp47 expression correlated with fibrosis
progression in our study, suggesting that the FO biopsies of rapid fibrosers represent a stage
before the onset of early collagen synthesis. The increased vimentin staining may therefore
reflect both early biliary injury (the ductular reaction) as well as increased hepatic stellate cell
activation preceding matrix deposition.

One limitation of our study was the use of biopsies to stage fibrosis. Although they are the
current standard, biopsies are notably inaccurate. Additionally, the greater number of biopsies
performed in rapid fibrosers compared with slow fibrosers, particularly before the initiation of
protocol biopsies, is a potential indicator of bias, as it suggests that the rapid fibroser group
was monitored more closely. Our study was retrospective and our findings, particularly that
CK19 and vimentin may be clinically relevant predictors of rapid fibrosis progression, need to
be confirmed in a prospective trial. Although this study was designed to identify histological
and not clinical predictors of rapid progression, a prospective trial with collection of detailed
clinical data would provide additional insight into fibrosis in this population and would
demonstrate whether the findings from our single center are generalizable to other centers.
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In conclusion, our study of fibrosis in the adult population after liver transplantation for HCV
has important biological and clinical implications, including that post-transplant fibrosis results
from progressive cellular processes set into motion early. Biopsies of patients within the first
year warrant particular attention, as the presence or absence of fibrosis and hepatocellular
apoptosis are predictive of fibrosis progression in subsequent years. As compared with patients
who have fibrosis on a biopsy in the first year, patients without fibrosis after one year are less
likely to develop subsequent fibrosis. Patients with immunoreactivity for CK19 and vimentin
on stage 0 biopsies, episodes of rejection, and higher donor age are particularly worrisome and
therefore may warrant more intense management.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Early biopsies predict the rate of fibrosis. (A) Kaplan-Meier estimates of the development of
cirrhosis (METAVIR Stage F4) in HCV-infected patients after transplant. The number of cases
represented within each cohort is 440, 52, and 61 for the entire cohort, rapid fibrosers, and slow
fibrosers, respectively. (B) Kaplan-Meier estimates of the development of fibrosis (METAVIR
Stages F1-4) in FO transplant livers of HCV-infected patients. Patients with baseline fibrosis
on time zero biopsy were excluded. The number of cases represented within each cohort is
421, 52, and 61 for the entire cohort, rapid fibrosers, and slow fibrosers. (C) Kaplan-Meier
estimates of cirrhosis progression according to transplant year in all patients undergoing liver
transplantation secondary to HCV. The number of transplant cases represented is 141 for the
entire cohort transplanted between 1999-2002, and 299 for the entire cohort transplanted
between 2003-2007. The log-rank P value of 0.0141 reflects the comparison in cirrhosis
progression among groups from 1999-2002 and 2003-2007. The total cohort includes rapid,
slow, and intermediate fibrosers. The number at risk for each year is shown below the graph.
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Figure 2.
ROC analysis of CK19 expression (A) and Hsp47 expression (B) in stage FO biopsies of rapid
vs. slow fibrosers.
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Figure 3.

CK19 and vimentin immunostaining are increased in rapid compared with slow fibrosers.
Representative FO biopsies (x200) from a slow (A,C) and rapid (B,D) fibroser, immunostained
for CK19 (A,B) and vimentin (C,D) expression. CK19 staining was scored as 0 (A) through 3
(B); vimentin was scored as 0 (C) or 1 (D).

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2011 March 1.



Page 13

Meriden et al.

*30e. JUs1d1984 UMOUY| 10} AJUO S13S01q1} MO|S pue pides Uamiag pare|ndjed usaq sey d

q
'$19S0.q 14 MO[S pue pidel UsaMIBq Pale|nfed usaq sey d,

"1S81 10BX® S,J8ysi4 10 arenbs 1y0 Buisn pasedwiod sem eyep Buurewas sy 1sal-) Juspnis e Buisn pasedwod sem abe uesiy

(z6T) T (1)L
(so) et (9e'82) 5€T
(s8€) ¢ (sz'9) sz
(sT'12) L€ (90'22) eve
(s8¢€) e (88'5) 82
(ST'T2) TT (T8'97) 08
02'8 ¥ 5.6V L9'LF 6115
(80'eL) 8¢ (0z'6L) L€
(¢6'92) v1 (08'02) 66
26'0T 001
s Ly

g snneday bunsixs-0)
SISOYLII9 91joyoafe Bunsixa-00
1BY1I0
SMUM
a1uedsiH
oelg
(%) N
aoey
(4A) @s ¥ abe uesy
alen
alewa
(%) N
JETIED)
uone|ndod juedsuesy O snieday Jo Jusdlad

(o snieday 01 Arepuodas syuedsuely JsAIT) N

209y’ (o
€29t (0L'2€) €2
(sze) e
(T'52) 9v
(8z€) e
qr6se’ (€081) 11
6650’ €8, T 6.5
(c588) ¥§
€150’ (8v'11) L
1821
19
edNeA d

$18504q14 MO|S

s19s04q14 pidey  sjuejdsued | D snnedsH [e101

NIH-PA Author Manuscript

T 3lqel

NIH-PA Author Manuscript

‘syuaidioal Juepdsuen Jo solydeibowaq

NIH-PA Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2011 March 1.



1duasnue Joyiny vd-HIN

Meriden et al.

Table 2

Hazard ratios for time to cirrhosis in rapid and slow fibrosers.
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Variable Unadjusted Hazard Ratio P Value Adjusted Hazard Ratio P Value
(95% CI) 95% ciyt

Fibrosis Progression

Slow Reference Reference

Rapid 132.30 (17.64-950.73) <0.001 111.19 (14.64-844.47) <0.001
Gender

Male Reference Reference

Female 2.40 (1.23-4.66) 0.010 1.15 (0.50-2.65) 0.736
Recipient Aged 0.97 (0.94-1.01) 0.123 1.00 (0.95-1.04) 0.846
Recipient Race

White Reference

Black 1.11 (0.52-2.36) 0.783

Other 1.37 (0.48-3.91) 0.559
Transplant Era

1992-2002 Reference Reference

2003-2007 2.18 (1.09-4.37) 0.027 1.20 (0.50-2.91) 0.684
Donor Age? 1.02 (1.00-1.04) 0.030 1.02 (0.99-1.04) 0.127
Acute Rejection ScoreP 2.55 (1.38-4.71) 0.003 1.17 (0.56-2.44) 0.669
Acute Rejection Episodes® 1.55(1.15-2.09) 0.004
Chronic Rejectiond 3.55 (1.87-6.73) <0.001 1.43 (0.65-3.14) 0.378
Alcohol 0.74 (0.37-1.48) 0.399

TAdjusted model includes fibrosis progression, gender, recipient age, transplant era, donor age, rejection score modeled as a time varying covariate
and chronic rejection modeled as a dichotomous variable.

a . . .
Hazard ratio corresponds to a one year increase in age.
Acute rejection score is modeled as a time varying covariate with the severity of the episode noted at each biopsy being reflected at that time point.
Hazard ratio corresponds to a one unit increase in the number of acute rejection episodes.

Hazard ratio represents the risk of progression to cirrhosis if a subject ever had chronic rejection noted on a liver biopsy throughout the study period.
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Table 3A

Histologic variables in stage FO biopsies of rapid and slow fibrosers.

Rapid Fibrosers  Slow Fibrosers P value
N with available stage 0 biopsy for 26 44
review
Portal tract density Median (25-75 percentiles) 1(0.75-2.0) 1(1.0-2.0) 7433
Portal tract activity Median (25-75 percentiles) 1(0-2.0) 0.5 (0-1.0) .3442
Lobular activity Median (25-75 percentiles) 1(0-2.0) 1(0.25-2.0) 9125
N with steatosis
Present (%) 4(15.38) 16 (36.36) .0992
Absent (%) 22 (84.62) 28 (63.64)
N with plasma cells
Present (%) 2(7.69) 3(6.82) 1
Absent (%) 24 (92.31) 41 (93.18)
Apoptotic cells/high power field Mean + SD 0.30+0.38 0.08 +0.16 .0012

The first 3 parameters were scored from 0-3, with 3 being the highest score.
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Table 3B

Comparison of vimentin and Sirius red staining in FO stage biopsies of rapid versus slow fibrosers.

Stain Rapid Fibrosers Slow Fibrosers P value

Sirius red Mean + SD 5501 + 4608 4242 + 2242 .1358

Vimentin N with score = 0 5 21 .0219
N with score = 1 21 23
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