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The Hepatitis Aggressiveness Score (HAS)
A Novel Classification System for Post–Liver Transplantation
Recurrent Hepatitis C
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Abstract: Several histopathologic features have been described
in cases of ﬁbrosing cholestatic hepatitis C (FCH-C). We investigated whether FCH-associated features can be utilized as
the basis of a novel grading system for the entire population of
post–liver transplantation (LT) recurrent hepatitis C virus
(HCV) infection. Liver biopsies obtained at a median (interquartile range) of 12.3 (10.4-13.8) months post-LT from 170
patients with recurrent HCV were included. Biopsies were assessed for the following FCH features: (1) ductular reaction, (2)
cholestasis, (3) hepatocyte ballooning, and (4) periportal sinusoidal fibrosis. A Hepatitis Aggressiveness Score (HAS) was assigned on the basis of the number of FCH features as follows: 0
features = HAS 1; 1 to 2 features = HAS 2; and 3 to 4
features = HAS 3. We analyzed the performance of this novel
system in predicting clinicopathologic outcomes compared with
conventional grading systems after a median (interquartile range)
follow-up of 24 (13-45.5) months. The HAS classification was
highly predictive of fibrosis progression (P < 0.001) and was the
best predictor of graft loss in a multivariable analysis model,
which included all conventional hepatitis grading systems (adjusted hazard ratio = 5.5, confidence interval 2.9-10.7, P < 0.001
for HAS 3 vs. HAS 1 and 2, compared with adjusted hazard
ratio = 1.0, confidence interval 0.5-1.9, P = 0.94 for the presence
of moderate to severe necroinflammation by at least 1 conventional grading system). Presence of at least 3 of 4 FCH features
(HAS 3 group) characterized a subset of patients with distinctly
worse prognosis and severe cholestatic disease (ie, FCH-C). We
propose a novel approach to the histologic grading of post-LT
recurrent HCV based exclusively on FCH features. This system
allows accurate identification of FCH-C cases and stratification
of all recurrent HCV patients into distinct prognostic categories.
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C

hronic hepatitis C virus (HCV) infection is currently
the most common indication for liver transplantation
(LT) in the United States, representing the underlying
liver disease in over one third of allograft recipients.1
Post-LT recurrent hepatitis C is nearly universal and represents an important complication in this population.2–7
Allograft HCV infection, however, is in many respects
biologically distinct from HCV infection of native livers,
largely because of an altered immune response to HCV in
the setting of post-LT immunosuppression. Well-described diﬀerences include various aspects of viral kinetics, signiﬁcantly faster rate of ﬁbrosis progression,
and more frequent development of highly aggressive,
cholestatic variants of the disease, referred to as ﬁbrosing
cholestatic hepatitis C (FCH-C).8–12 Histologically, the
severity of HCV-related necroinﬂammation is assessed
according to the same grading systems used to evaluate
chronic hepatitis in native livers and represents one of
several parameters used to monitor post-LT disease activity, shown to correlate with subsequent progression to
advanced ﬁbrosis and cirrhosis in some studies.3,13–15
Histologic grade, however, has inconsistently been incorporated into clinical algorithms for initiation of antiviral treatment in the post-LT setting.12,16–18 Moreover,
histologic features associated with the most severe forms
of recurrent HCV infection (ie, FCH-C)10,19–23 are not
included in conventional grading systems and, therefore,
when present, must be evaluated separately.
Although various morphologic features of FCH-C
are well described in literature, the precise number and
severity of ﬁndings needed for the histopathologic characterization of this condition have not been established.
The 2003 International Transplant Society (ITS) expert
panel consensus conference on LT and hepatitis C recommended the utilization of histopathologic features as
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part of their suggested clinicopathologic diagnostic criteria of FCH-C, including “ballooning of perivenular
hepatocytes, paucity of inﬂammation, and variable degree
of cholangiolar proliferation without bile duct loss.”12
These criteria, however, may lack suﬃcient detail to be
useful in the evaluation of individual cases by pathologists, and their diagnostic utility, alone or in combination,
has not been well established. As a result, studies to date
have inconsistently reported various combinations of
histopathologic ﬁndings of FCH-C, if any, in conjunction
with clinical parameters.22 Therefore, more speciﬁc recommendations regarding the histopathologic characterization of FCH-C have become essential.
In this study, we have reviewed liver biopsies from a
historical cohort of 170 patients diagnosed with recurrent
HCV infection to investigate whether histopathologic
evaluation of FCH-associated features can be used as the
basis of a prognostically meaningful classiﬁcation system
for the entire population of recurrent hepatitis C patients
and whether a more precise histopathologic characterization of FCH-C on the basis of clinicopathologic correlation can be established.

PATIENTS AND METHODS
Patient Selection
Medical records of all patients who underwent LT
for HCV-related end-stage liver disease at our institution
from February 2002 to December 2009 were assessed. All
liver biopsies from HCV-infected patients performed between 6 and 18 months post-LT and all samples reported
as “consistent with FCH” or “showing features of FCH”
at any time after LT were rereviewed. If >1 sample was
obtained during this period, the sample with the highest
degree of necroinﬂammatory activity was selected as the
“index biopsy.” Post-LT HCV infection was deﬁned by
a positive HCV RNA by polymerase chain reaction
(PCR). A positive HCV PCR in only the pre-LT period
was also considered acceptable in the absence of HCV
antiviral therapy.
Exclusion criteria were the following: (a) evidence of
therapy-related HCV clearance before biopsy; (b) signiﬁcant biliary complication (deﬁned as abnormal biliary
imaging by endoscopic retrograde cholangiopancreatography or magnetic resonance cholangiopancreatography
requiring endoscopic, percutaneous, or surgical intervention); (c) evidence of acute cellular rejection as the
primary histopathologic abnormality (for exclusion of
any given sample as “index biopsy”); (d) evidence of
concomitant disease(s) that could inﬂuence the natural
history of post-LT recurrent hepatitis C, including viral
hepatitis B coinfection, human immunodeﬁciency virus
coinfection, steatohepatitis (deﬁned by the presence of at
least 2 of the following features in addition to steatosis:
predominantly centrilobular hepatocyte ballooning, predominantly centrilobular sinusoidal ﬁbrosis, and Mallory
hyaline), and chronic ductopenic rejection (deﬁned by the
presence of interlobular bile ducts in <50% of portal
tracts in a sample containing Z10 portal tracts) (e) death
r
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or retransplantation within 30 days of LT; and (f) unavailable or inadequate (< 5 portal tracts present in the
sample) liver biopsy material.

Clinical Data
All clinical, laboratory, and follow-up data utilized
in this study were obtained from our institution’s electronic medical records. Serum quantitative HCV RNA
levels (Cobas Amplicor HCV v2.0; Roche Diagnostics,
Branchburg, NJ) were recorded if measured within 1
month of the index biopsy. All other laboratory data used
in this study correspond to prebiopsy levels, collected
within 1 week of the liver biopsy date. The term “graft
loss” refers to either patient death or graft failure requiring liver retransplantation. Graft survival time is
measured in months from the index biopsy to either graft
loss or last follow-up. This study was approved by our
center’s institutional review board.

Histopathologic Data
Archival formalin-ﬁxed paraﬃn-embedded 4-mmthick tissue sections of liver biopsy samples from each
patient were evaluated by routine (hematoxylin and eosin) stains and special stains (including Masson trichrome
and reticulin stains). Biopsies were independently graded
and staged according to the Batts-Ludwig,24 Ishak
[modiﬁed Hepatitis Activity Index, (HAI)],25 Scheuer,26
and Metavir27 systems by 2 pathologists (R.K.M. and
M.S.), who were blinded to clinical and outcome data.
Discrepant scores were resolved by consensus rereview of
pertinent slides. In addition, all biopsies were also assessed for the presence of the following histopathologic
features, which comprised the basis of our proposed
grading system:
1. Prominent ductular reaction, at least focally expanding
portal tracts, mimicking biliary obstruction.
2. Prominent hepatocyte ballooning/swelling (with cellular enlargement and cytoplasmic rarefaction), present
in the majority of the sample, with lobular disarray.
3. Cholestasis (including at least focal canalicular cholestasis), of any degree.
4. Periportal sinusoidal/pericellular ﬁbrosis (excluding
areas of “usual” pattern of periportal ﬁbrosis).
Each of the features was described as present or
absent in each biopsy (as illustrated in Fig. 1). The ﬁnal
Hepatitis Aggressiveness Score (HAS) was assigned as
follows: HAS 1—presence of 0 criterion; HAS 2—
presence of 1 to 2 criteria; HAS 3—presence of 3 to 4
criteria (Table 1). For both ductular reaction and
hepatocyte ballooning, the qualifier “prominent” was
adopted in this study, as mild cases of either feature may
be difficult to recognize (and may require cytokeratin
immunohistochemistry in the case of mild to moderate
ductular reaction). In addition, fibrosis staging information was collected for all patients who underwent
follow-up biopsies (ie, after index biopsy) from our
pathology database. When multiple follow-up biopsies
were performed, the highest documented fibrosis stage
was recorded.
www.ajsp.com |
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FIGURE 1. Spectrum of FCH-C histopathologic changes in post-LT recurrent hepatitis C ranging from conventional histopathologic appearance (left column) to well-developed FCH-C (right column). Rows 1 through 4 illustrate increasing degrees of
severity of ductular reaction, hepatocyte ballooning and lobular disarray, cholestasis, and periportal sinusoidal fibrosis (from left to
right: none, moderate, and severe; rows 1 and 4, trichrome stain; rows 2 and 3 hematoxylin and eosin stain). Arrows indicate
areas of periportal sinusoidal fibrosis (in contrast to areas of “usual” pattern of periportal fibrosis also shown in the image).
*Degree of severity of each feature meeting the study criteria.

Statistical Analysis
Continuous variables were described using median
and interquartile range (IQR) and compared using the
Mann-Whitney test or Kruskal-Wallis test. Categorical
variables were compared using the w2 test. Timedependent graft loss was assessed using Kaplan-Meier
survival analysis and log rank test using the following
3 categories of necroinﬂammatory activity: minimal activity, including Batts-Ludwig grades 0 to 1, Scheuer
grade 0 to 1, Ishak scores 0 to 4, and Metavir A0; mild
activity, including Batts-Ludwig grade 2, Scheuer grade 2,
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HAI score 5 to 8, and Metavir A1; and moderate to severe
activity, including Batts-Ludwig grades 3 to 4, Scheuer
grades 3 to 4, HAI score >8, and Metavir A2 to 3. Cox
proportional hazards regression was used for multivariable analysis, which included the HAS, Batts-Ludwig,
Scheuer, Metavir, and HAI/Ishak classiﬁcations, using
the optimal cutoﬀ score for predicting graft loss in each
grading/staging system. All variables with a P value
<0.20 in univariable analysis were initially included in
the multivariable model, and nonsigniﬁcant variables
were removed in a stepwise manner. All P values were
r
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TABLE 1. The HAS

TABLE 2. Characteristics of Study Population (n = 170)*

Histologic features
1. Prominent ductular reaction, at least focally expanding portal
tracts, mimicking biliary obstruction
2. Prominent hepatocyte ballooning/swelling, present in the majority
of the sample, with lobular disarray
3. Cholestasis (including at least focal canalicular cholestasis), of any
degree
4. Periportal sinusoidal ﬁbrosis
Final scoring
0 of 4 features: HAS 1 (nonaggressive hepatitis)
1-2 of 4 features: HAS 2 (aggressive hepatitis)
3-4 of 4 features: HAS 3 (FCH)

Sex (Male/Female)
Age at transplantation (y)
Donor age (y)
Calculated MELD score
Cold ischemia time (min)
Acute rejection Banﬀ Z5 (%)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)
Alkaline phosphatase (U/L)
g-Glutamyl transpeptidase (U/L)w
HCV viral load (%)z
0-7.6 million (IU/dL) (%)
>7.6 million (IU/dL) (%)

FCH indicates ﬁbrosing cholestatic hepatitis; HAS, Hepatitis Aggressiveness
Score.

2-tailed, and P values <0.05 were considered statistically signiﬁcant. Statistical analyses were performed using
MedCalc for Windows, version 12.0.0.0 (Mariakerke,
Belgium) and Stata 12 (College Station, TX).

RESULTS
Clinical Data
A total of 379 HCV-infected patients underwent
LT in our institution during the study period. Exclusion
criteria and number of patients excluded were the following: <1 month of follow-up after LT (n = 15), presence of biliary complications (n = 57), diagnosis of
chronic rejection (n = 5), no liver biopsy performed from
6 to 18 months after LT (n = 145), or no biopsy slides
available for review (n = 41). Several patients were excluded on the basis of >1 criterion. A total of 170 patients met the study criteria [male = 125, female = 45,
median (IQR) age at transplantation 56.1 (52.2-60.5) y,
median (IQR) post-LT time at index biopsy of 12.3 (10.413.8) mo, and median (IQR) follow-up time after index
biopsy of 24 (13-45.5) mo] and were included in the
analysis. Samples initially reported as “consistent with
FCH” or “showing features of FCH” included 8 biopsies
obtained before 6 months post-LT (2 to 4.8 mo) and
2 biopsies obtained after 18 months post-LT (31.5 and
33 mo). Demographic information of our study population is summarized in Table 2.

r
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80.8
19.1

*Median (IQR), unless otherwise speciﬁed.
wg-Glutamyl transpeptidase levels available in 113 cases.
zRNA levels available in 120 cases.
y indicates years; MELD, model for end-stage liver disease; min, minutes;
HCV, hepatitis C virus.

loss (Fig. 3). A statistically signiﬁcant diﬀerence was observed between patients showing 1 versus 0 feature
(HR = 2.4; 95% CI, 1.0-6.7; P = 0.03) and 3 versus 1
features (HR = 4.7; 95% CI, 1.6-13.8; P = 0.0001),
whereas the survival diﬀerence between patients showing
2 versus 1 (HR = 2.1; 95% CI, 0.75-6.01; P = 0.11) and 4
versus 3 (HR = 2.3; 95% CI, 0.91-5.90; P = 0.5) features
did not reach statistical signiﬁcance.

Fibrosis Progression
Follow-up biopsies were performed in 119/170 patients (HAS 1 to 2, 108/143; HAS 3, 11/27), after a median
(IQR) follow-up time of 23.6 (13.3-45) months after index
biopsy. The HAS system was able to accurately predict risk
of ﬁbrosis progression, which was significantly diﬀerent
among HAS categories (Fig. 4), including any ﬁbrosis
progression (1 stage or more), at least 2-stage progression,
and progression to cirrhosis. Subgroup analysis of ﬁbrosis
progression of patients with no ﬁbrosis or mild ﬁbrosis
(deﬁned as portal or periportal ﬁbrosis without bridging)
on index biopsy revealed similar results (Table 3).
100%

Prognostic Value of FCH Features

80%
% OF CASES

At least 1 FCH feature was present in 42.4%
(72/170) of biopsies (Fig. 2). All individual histologic
features evaluated as part of the HAS system were associated with increased risk of graft loss on univariable
analysis. Cholestasis was the most ominous ﬁnding
[hazard ratio (HR) 8.59; 95% conﬁdence interval, (CI)
2.68-27.46; P < 0.001], followed by hepatocyte ballooning with lobular disarray (HR 7.27; 95% CI, 3.71-14.23;
P < 0.0001), ductular reaction (HR 5.29; 95% CI, 2.3012.17; P < 0.0001), and periportal sinusoidal ﬁbrosis (HR
2.75; 95% CI, 1.50-5.04; P = 0.0001) (Fig. 3).
Similarly, the total number of FCH features seen
on each liver biopsy had a robust correlation with graft

125/45
(52.2-60.5)
(39.2-59)
(14-27)
(324-596)
11.2
1.1 (0.8-2.98)
0.4 (0.2-1.48)
64.5 (37.3-159.5)
60 (11-122)
158.5 (106.25-268)
158 (54-398)
56.1
50
20
480

60%

58%
(98/170)

40%
18%
(31/170)

20%

9%
(15/170)

8%
(14/170)
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(12/170)

2

3

4

0%
None

1

Number of FCH features

FIGURE 2. Distribution of cases of recurrent hepatitis C
showing 0 to 4 FCH histologic features on index biopsy.
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FIGURE 3. A, Survival analysis according to the presence of individual FCH histologic features showing a negative impact of each
feature on graft survival. B, Total number of FCH features (ranging from 0 to 4) present on index biopsy accurately predicts graft
loss. Statistically different survivals are seen in patients showing 0 versus 1 feature (P = 0.03) and 1 versus 3 features (P = 0.0001),
whereas survival difference between patients showing 1 versus 2 and 3 versus 4 features was not significant. Kaplan-Meier survival
analysis and log rank test.

The Hepatitis Aggressiveness Score
Survival analysis allowed us to classify the population
of recurrent hepatitis C patients into 3 main prognostic
categories. Patients showing none of the analyzed FCH
features represented the largest group (98/170; 57.6%) and
had a distinctly more favorable prognosis, with 1-year
and 3-year graft survival of 95% and 93%, respectively,
and protracted course of ﬁbrosis progression, broadly
corresponding to the clinically recognized group of “slow
ﬁbrosers.” This group was classiﬁed as HAS 1 or nonaggressive hepatitis. On the opposite end of the severity
spectrum were patients with 3 to 4 FCH features (27/170;
15.9%), who showed most of the expected clinicopathologic characteristic of FCH-C, including presence of severe
cholestatic disease, and experienced very high and early
graft loss, with 1-year and 3-year graft survival of 40% and

P<0.0001

20%, respectively. This group was classiﬁed as HAS 3 or
FCH. Patients showing 1 to 2 features (45/170; 26.4%
combined) had an intermediate prognosis compared with
the previous groups, with 1-year and 3-year graft survival
of 82% and 65%, respectively, and generally corresponded
to the clinically recognized group of “non-FCH rapid
ﬁbrosers.” These patients were grouped into HAS 2 or
aggressive hepatitis (Figs. 2, 3).
The 3 HAS groups had signiﬁcantly diﬀerent risks
of graft loss (HAS 2 vs. 1: HR = 3.2; 95% CI, 1.5-7.0;
P = 0.0007. HAS 3 vs. 2: HR = 3.9; 95% CI, 1.9-7.9;
P < 0.0001. HAS 3 vs. 1 to 2: HR = 7.8; 95% CI,
4.4-13.7; P < 0.0001). In addition, a 3-tiered classiﬁcation
of recurrent hepatitis C facilitated comparison between
the HAS system and existing grading systems, which
have typically been divided into 3 groups for statistical

P<0.0001

P<0.0001

FIGURE 4. Fibrosis progression according to HAS classification (Kaplan-Meier analysis and log rank test). Follow-up biopsies
available for 119/170 patients.
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TABLE 3. Fibrosis Progression Analysis
HR
All patients with f/u bx (n = 119)
Progression of at least 1 stage*
HAS 2 vs. 1
2.4
HAS 3 vs. 2
2.8
HAS 3 vs. 1
8.8
Progression of at least 2 stages*
HAS 2 vs. 1
1.8
HAS 3 vs. 2
2.7
HAS 3 vs. 1
7.7
Progression to cirrhosis*
HAS 2 vs. 1
4.6
HAS 3 vs. 2
9.5
HAS 3 vs. 1
31.1

95% CI

P

1.23-4.74
0.91- 8.54
1.3-57.2

0.001
0.007
< 0.0001

0.8-4.0
0.67-11.33
0.8-74.7

0.06
0.03
< 0.0001

0.9-22.6
1.8-51.7
2.2-431.5

0.01
< 0.0001
< 0.0001

Patients with stage r2 on index bx (n = 106)
Progression of at least 1 stage*
HAS 2 vs. 1
2.8
1.4-5.7
HAS 3 vs. 2
2.0
0.6-6.2
HAS 3 vs. 1
7.5
1-58.6
Progression of at least 2 stages*
HAS 2 vs. 1
2.2
1-4.9
HAS 3 vs. 2
2.4
0.6-9.1
HAS 3 vs. 1
7.3
0.8-64.8
Progression to cirrhosis*
HAS 2 vs. 1
5.4
0.8-35.3
HAS 3 vs. 2
8.3
1.2-57.7
HAS 3 vs. 1
35.1
1.3-984.3

0.0002
0.11
< 0.0001
0.01
0.07
< 0.0001
0.01
0.0001
< 0.0001

*Stage r2 refers to 4-tiered staging systems and corresponds to no ﬁbrosis,
portal ﬁbrosis, or periportal ﬁbrosis without obvious ﬁbrous bridges.
Bx indicates biopsy; f/u, follow-up.

analyses (ie, minimal, mild, and moderate-severe activity)
because of the small percentage of cases showing severe
necroinﬂammation in this population.

Correlation With Clinical and Laboratory Data
The median age (IQR) did not diﬀer signiﬁcantly
among the groups [HAS 1: 56.8 (53-61) y; HAS 2: 55.2
(51.1-60.4) y, HAS 3: 55.6 (51.4-59.6) y; P = 0.78]. No
signiﬁcant diﬀerence in sex distribution, ethnicity, MELD
score, and cold ischemia time was noted among the
3 groups (data not shown). The diﬀerent groups of
the HAS classiﬁcation were associated with increasing
median (IQR) levels of total bilirubin [HAS 1: 1.0
(0.7-1.3) mg/dL; HAS 2: 1.2 (0.7-3.5) mg/dL; HAS 3: 6.6
(2.7-17.5) mg/dL; P < 0.0001] and direct bilirubin [HAS
1: 0.3 (0.2-0.4) mg/dL; HAS 2: 0.4 (0.2-1.8) mg/dL; HAS
3: 3.3 (1.2-8.5) mg/dL; P < 0.0001). Aspartate aminotransferase mean levels were also signiﬁcantly higher in
HAS 3 compared with HAS 1 [135 (99-242) U/L vs. 46.0
(21-77.5) U/L; P < 0.0001], whereas no signiﬁcant diﬀerence was found for alanine aminotransferase [HAS 1: 53
(34-84.5) U/L; HAS 2: 67 (40.8-171.5) U/L; HAS 3: 102
(65.5-146.5) U/L; P = 0.17], and alkaline phosphatase
[HAS 1: 129 (91.5-226) U/L; HAS 2: 181.5 (132.5277.5) U/L; HAS 3: 256 (138-368.5) U/L; P = 0.11]. These
results are summarized in Figure 5. Serum HCV RNA
levels were available in 61.2% (104/170) of cases. At our
institution, however, levels higher than 7.6 million IU/dL
are not quantiﬁed (reported as >7.6 million IU/dL inr
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stead). For this reason, HCV RNA levels were subdivided
into 2 categories (> or <7.6 million IU/dL). Among
non-FCH patients (HAS 1 to 2), 10.5% of patients (9/86)
had HCV RNA levels above this level, compared with
44.4% (8/18) of FCH-C (HAS 3) patients (P = 0.0002).
Within the FCH-C/HAS 3 group, patients with HCV
RNA levels >7.6 million IU/dL showed a trend toward
higher rates of graft loss compared with patients with
lower viral loads [HR = 2.61 (0.8-6.7); P = 0.08]. Serum
cytomegalovirus (CMV) PCR was performed in 24/27
HAS 3 cases within a median of 3.5 (1-6) weeks of the
index biopsy and was negative in all cases. Immunohistochemical studies for CMV were not performed in any
of the HAS 3 cases (no CMV cytopathic eﬀect was
identiﬁed on hematoxylin and eosin-stained slides). The
percentage of patients with episodes of acute cellular rejection requiring treatment (steroid bolus or increased
immunosuppression) previous to the study biopsy was
14.8% (4/27) in the HAS 3 group compared with 10.5%
(15/143) in the HAS 1 to 2 groups (P = 0.75).

Comparison With Existing Grading System
In our series, the HAS system was superior to currently used grading systems in predicting graft survival in
the setting of post-LT recurrent hepatitis C, particularly
in the severe end of the grading spectrum (Fig. 6).
In univariable survival analysis, a higher HR (7.8; 95%
CI, 4.4-13.7) was demonstrated for the HAS classiﬁcation
compared with conventional grading systems at optimal
cutoﬀ scores in predicting graft loss. Finally, the HAS
classiﬁcation was the only system that was predictive
of time-dependent graft loss in the ﬁnal multivariable
model, which included grade and stage by all conventional systems (Table 4).

Assessment of Histopathologic Criteria for FCHC According to ITS Consensus12
We have conﬁrmed and further characterized the
diagnostic/prognostic value of some of the FCH-associated histologic ﬁndings included in the ITS consensus
criteria, namely ductular reaction and cholestasis. Similarly, hepatocyte ballooning represented an important
histologic feature in this setting, but we have not conﬁrmed the predominant centrilobular localization of this
ﬁnding in our series. Among 48 patients showing prominent hepatocyte ballooning in the entire population,
the percentage showing ballooning in a predominantly
centrilobular distribution was 11.5% (3/26) in FCH-C
patients compared with 9% (2/22) in non-FCH-C patients
(P = 0.84). With regard to the “paucity of inﬂammation”
criterion, the median grade of portal, interface, and lobular inﬂammation according to the HAI system was 2
(1 to 3), 2 (1 to 3), and 2 (1 to ), respectively, in FCH-C
patients (HAS 3) compared with 1 (0 to 4), 2 (0 to 4), and
2 (0 to 4) (P = 0.82) in non-FCH-C patients (HAS 1 to 2).
Similar results were obtained upon comparison with other
grading systems (data not shown). Therefore, our data
suggest that all histologic components of necroinﬂammation in cases of FCH-C are comparable with
www.ajsp.com |
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FIGURE 5. Bilirubin and liver enzyme levels at the time of index biopsy according to HAS classification. Statistically significant
difference in total and direct bilirubin levels is observed between HAS 1 versus HAS 3 groups, in keeping with the severe
cholestatic liver disease generally seen in patients classified as HAS 3. ALT indicates alanine aminotranferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; DBili, direct bilirubin; GGT, g-glutamyltransferase; TBili, total bilirubin.

those seen in non-FCH recurrent hepatitis C and that a
predominantly centrilobular distribution of hepatocyte
ballooning is probably not diagnostically useful.

DISCUSSION
With increasing success of new immunosuppression
regimens in controlling rejection-related graft loss, which
has become uncommon in most centers,28–30 eﬀorts have
now shifted to attempting to monitor and prevent the
progressive liver disease associated with recurrent HCV
infection, which currently represents a leading cause
of allograft loss and patient mortality in this population.6–8,13,14,16,18 Although diﬀerences exist among the

various currently used hepatitis grading systems, they
tend to yield comparable results as prognostic tools, as
similar histologic features (a combination of portal, interface, and lobular necroinﬂammatory activity) are evaluated. However, in addition to necroinﬂammatory activity,
other histopathologic features are well described in the
context of post-LT recurrent hepatitis C, particularly in
severe, cholestatic forms.
Ductular reaction—a relatively nonspecific finding
that may be seen in a variety of liver diseases and that
may be particularly prominent in biliary obstructive
processes—for instance, is also described in chronic hepatitis of various etiologies, including chronic viral hepatitis
C.31–33 Irrespective of its etiology, ductular reaction is now

FIGURE 6. Comparison between the HAS classification (A) and other currently used hepatitis grading systems (B–E) in predicting
graft loss in the setting of recurrent hepatitis C. Whereas all grading systems show prognostic utility, the HAS classification more
accurately identifies the patient group at highest risk for graft loss (ie, HAS 3 or FCH-C). B–E, Blue dotted line, minimal activity
(Batts-Ludwig grades 0 to 1, Scheuer grades 0 to 1, Ishak scores 0 to 4, and Metavir A0); green dotted line, mild activity (BattsLudwig grade 2, Scheuer grade 2, HAI scores 5 to 8, and Metavir A1); and red solid line, moderate to severe activity (Batts-Ludwig
grades 3 to 4, Scheuer grades 3 to 4, HAI score >8, and Metavir A2 to 3). Kaplan-Meier survival analysis and log rank test.
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TABLE 4.
Predictor
Univariable analysis
HAS
3 vs. 1-2
2 vs. 1
3 vs. 1
Necroinﬂammatory activity
Batts-Ludwig (2-4 vs. 0-1)
Scheuer (3-4 vs. 0-2)
Metavir (2-3 vs. 0-1)
HAI/Ishak (2-4 vs. 0-1)
Moderate-severe necroinﬂammation*
Fibrosis stage
Batts-Ludwig (2-4 vs. 0-1)
Scheuer (2-4 vs. 0-1)
Metavir (2-3 vs. 0-1)
HAI (3-6 vs. 0-2)
Moderate-severe ﬁbrosis*
Multivariable analysis
HAS
3 vs. 1-2
2 vs. 1
3 vs. 1
Moderate-severe ﬁbrosis*
Moderate-severe necroinﬂammation*

P

HR

95% CI

7.8
3.2
13.2

4.4-13.7
1.5-6.8
6.4-26.9

<0.001
0.002
<0.001

5.1
2.4
5.0
2.8
1.7

1.8-14.1
1.4-4.3
1.6-16.4
1.4-5.5
0.9-3.0

0.002
0.003
0.006
0.002
0.062

3.5
3.5
3.5
2.7
3.5

1.9-6.3
1.9-6.3
1.9-6.3
1.6-4.7
1.9-6.3

<0.001
<0.001
<0.001
<0.001
<0.001

5.5
3.5
14.5
1.85
1.02

2.9-10.7
1.5-8.3
5.5-38.3
0.9-3.8
0.5-1.9

<0.001
0.004
<0.001
0.09
0.94

*Refers to scores greater than the optimal cutoﬀ point (indicated in parentheses) for predicting graft loss by at least 1 of the “conventional” grading/staging
systems.
CI indicates conﬁdence interval; HAI, Hepatitis Activity Index; HR, hazard
ratio; HAS, Hepatitis Aggressiveness Score.

thought to reflect hepatic progenitor cell activation,34
triggered as an “alternative” pathway of liver parenchymal
regeneration, often occurring in the setting of parenchymal
replicative arrest and hepatocellular senescence.32,35,36 In
chronic hepatitis C patients, ductular reaction seems to be
more common and pronounced in allograft compared with
native livers8 and, in cases of FCH-C, may be particularly
exuberant, closely mimicking biliary obstruction. Prominent ductular reaction was almost invariably present in the
cases classified as FCH-C/HAS 3 in our series but was also
seen in non-FCH-C patients and represented an important
predictor of graft survival in our study population. Recent
evidence suggests that even milder degrees of ductular reaction may have prognostic implications in this setting.
Meriden et al,37 in a large retrospective study of recurrent
hepatitis C patients, have shown significantly greater cytokeratin 19 expression (reflecting the magnitude of ductular reaction and hepatic progenitor cell activation) by
immunohistochemistry in the “rapid fibrosers” (defined as
METAVIR stage F3-F4 within 2 y of LT) than in the “slow
fibrosers” (defined as METAVIR stage F0-F1 within 2 y of
LT) subgroups.
Likewise, hepatocyte ballooning—characterized by
enlarged, swollen, rounded hepatocytes showing cytoplasmic rarefaction and reticulation—is seen in a variety
of liver diseases with hepatocyte injury. Although the
pathogenesis of the hepatocyte ballooning seen in chronic
viral hepatitis may differ from that seen in steatohepatitis
and cholestatic diseases,38 the latter is often a prominent
r
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feature in patients with FCH-C. In this setting, some
authors postulate a direct HCV cytopathic effect as the
underlying etiology of this histologic finding.21,23 In
contrast, cholestasis, either canalicular or intracellular, is
not part of the histopathologic spectrum of “uncomplicated”
chronic hepatitis C in either native livers or allografts. Its
presence in this context signifies either a superimposed
condition, such as biliary obstruction, rejection, drug toxicity, or development of a cholestatic form of hepatitis C. In
the latter scenario, the precise mechanism leading to cholestasis is largely unknown. Finally, the periportal sinusoidal/
pericellular fibrosis in association with ductular reaction is a
distinctive pattern of fibrosis that was first described in the
context of FCH-B.23,39
The main focus of this study is to introduce and
assess the utility of a novel approach to histopathologic
grading of post-LT recurrent hepatitis C based exclusively
on FCH features. Although particularly common and
prominent in FCH-C, most of the aforementioned features are also seen in non-FCH recurrent hepatitis C in
various combinations and, therefore, reﬂect a spectrum of
histopathologic changes in this population rather than
ﬁndings restricted to severe, cholestatic variants. We believe our proposed approach is feasible, as it utilizes
features that are familiar to pathologists and assessed
routinely during examination of liver biopsy specimens,
and yields valuable prognostic information, including risk
of ﬁbrosis progression and graft loss. In addition, we have
deﬁned all subgroups in this study based exclusively
on histopathologic/morphologic criteria (except for exclusion of biliary obstruction and vascular complications)
to more speciﬁcally evaluate the role of histopathology in
the characterization of FCH-C.
Strengths of this study include the relatively large
number of patients, including one of the largest groups of
FCH-C cases reported to date, long median follow-up
time, correlation with clinical parameters and outcome
data, and side-by-side comparison with all of the commonly used hepatitis grading systems. In addition, in contrast to all other grading schemes, our proposed system
utilizes features other than inﬂammatory activity and,
therefore, oﬀers a diﬀerent perspective on the histologic
evaluation of recurrent hepatitis C. As part of being a novel
approach to grading of recurrent hepatitis C, however, the
reproducibility of histopathologic ﬁndings and the prognostic value of the HAS system, or modiﬁcations thereof,
need to be conﬁrmed in prospective studies and by other
investigators. The value of this novel approach must also
be evaluated outside of the LT setting, especially in HCVinfected patients at highest risk for development of severe
cholestatic forms of the disease (including human immunodeﬁciency virus coinfection, nonliver solid organ
transplantation, bone marrow transplantation, etc.).
Despite these limitations, we believe that our data
strongly support the contention that the utilization of
FCH-C histopathologic features as the basis of an alternative grading system for recurrent hepatitis C may represent a valuable addition to the currently available
repertoire of hepatitis grading systems. When at least 3 of
www.ajsp.com |
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the 4 FCH features are present on a liver biopsy sample,
in the appropriate clinical setting [ie, absence of biliary
obstruction and hepatic artery thrombosis, as per current
(ITS) consensus recommendations, as described in the
Patients and Methods section] patients almost invariably
experience severe cholestatic liver disease with rapid
progression of liver ﬁbrosis, generally leading to graft
failure and/or death within several months (ie, consistent
with a clinicopathologic diagnosis of FCH-C). Patients
showing fewer FCH features have variable, but on average signiﬁcantly less, aggressive forms of recurrent hepatitis C. Therefore, our data clearly point to a more
precise histopathologic characterization of FCH-C (ie,
Z3 of 4 histologic criteria) than what is currently available in the literature (Table 1).
Besides aiding in the identiﬁcation and histopathologic characterization of FCH-C, our proposed system
was also able to accurately stratify non-FCH-C patients
into distinct prognostic categories (nonaggressive and
aggressive hepatitis) on the basis of the number of FCH
features present on liver biopsy samples, therefore representing a useful grading system for the entire population of recurrent hepatitis C patients. Although all
conventional grading systems included in this study were
of prognostic value, the HAS system was superior to all
others in predicting graft loss in our population. These
results must still be validated by prospective studies.
In addition, several studies have reported a faster
rate of ﬁbrosis progression in HCV-positive patients
transplanted in recent years compared with older series,37,40–42,4 and some authors have drawn attention to the
absence of a corresponding increase in necroinﬂammatory activity, suggesting the existence of inﬂammationindependent mechanisms of ﬁbrosis progression in this
setting.37,42 To this end, in our study population, the HAS
classiﬁcation remained highly predictive of patient and
graft survival independently of necroinﬂammatory activity by any of the currently utilized grading systems, suggesting that at least some of the included histologic
features may represent morphologic markers of putative
inﬂammation-independent factors.
Our study conﬁrmed the prognostic value of several
previously described FCH features but failed to prove the
utility of some of the histopathologic ﬁndings included in
the current diagnostic criteria for FCH-C, as suggested by
the ITS consensus—that is, hepatocyte ballooning in a
centrilobular distribution (as opposed to any distribution)
and paucity of inflammation. Although characteristic of
hepatitis B-associated FCH, the prevalence of the latter
findings in HCV-associated cases has been debated.23,43
In our series, either feature was only present in a minority
of FCH-C cases, as defined in this study. In fact, the
average portal, interface, and lobular inflammatory
scores were similar in FCH-C and non-FCH-C cases in
our study population, whereas hepatocyte ballooning
present exclusively in centrilobular areas (or showing
obvious centrilobular accentuation) was observed in a
small minority of cases in both groups. In most cases,
hepatocyte ballooning was diffuse and, in some cases,
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predominantly periportal. Our data, therefore, do not
support the aforementioned features as part of the histopathologic characterization of HCV-associated FCH.

CONCLUSIONS
In this study, we have introduced a novel approach
to the histologic grading of posttransplantation recurrent
hepatitis C based exclusively on FCH histologic features.
The features evaluated in the HAS classiﬁcation are distinct from those used in existing grading systems and reﬂect pathologic processes that may be important in the
pathogenesis of recurrent hepatitis C after LT, particularly in severe forms. Our proposed grading system
allows accurate identiﬁcation of FCH-C cases and stratiﬁcation of all recurrent hepatitis C patients into categories that were highly predictive of graft loss independently
of necroinﬂammation or stage. We believe our proposed
classiﬁcation system represents a valuable tool to be used
in the setting of post-LT recurrent hepatitis C.
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