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Abstract
Aim—This long-term study aimed to evaluate recurrence and evolution of primary biliary
cirrhosis (PBC) after orthotopic liver transplantation (OLT).

Methods—We reviewed “blindly” allograft biopsy specimens of women who underwent
transplantation for PBC (n = 84), and women who received a transplant for chronic hepatitis C
virus infection (CHCV) (n = 108). All needle liver biopsy specimens obtained more than 6 months
post-OLT were examined, including 83 specimens from 44 PBC patients and 152 specimens from
58 CHCV patients.

Results—Granulomatous destructive cholangitis was found in five biopsies from four PBC
patients (P = 0.0048). Non-necrotizing epithelioid cell granulomas were present in four biopsies
from four PBC patients, and in two biopsies from one CHCV patient. Piecemeal necrosis (P =
0.0002), lobular necroinflammatory activity (P < 0.0001), steatosis (P < 0.0001) and fibrosis (P <
0.0001) were more prevalent in CHCV patients than PBC patients. Four PBC patients developed
histologic evidence of autoimmune hepatitis (AIH), at a mean time of 3.66 years post-OLT. One
of these patients had histologic features of AIH/PBC overlap syndrome. All four patients
developed bridging fibrosis (n = 2) or cirrhosis (n = 2). No other PBC patient had evidence of
cirrhosis after OLT.

Conclusions—Histologic findings indicative of recurrent PBC were present in 15.9% of the
PBC patients undergoing biopsy in this series. However, this group of patients did not suffer
significant bile duct loss or fibrosis, as compared to the control group, suggesting that recurrent
PBC is a mild or slowly progressive disease. Histologic evidence of AIH was observed in allograft
biopsies of some PBC patients.
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INTRODUCTION
End-stage primary biliary cirrhosis (PBC) is a common indication for orthotopic liver
transplantation (OLT) in women. Following OLT, the majority of PBC patients have a
favorable outcome, with over two-thirds surviving more than 10 years.1,2 Whether PBC
recurs after OLT originally had been a controversial issue, but many liver transplant centers
have subsequently reported evidence of recurrent primary biliary cirrhosis (RPBC)
following OLT from either cadaveric,3–7 or living-related donors.8–10 The incidence of
recurrence and the natural history of the disease after OLT are not well established, owing to
differences in study designs, lengths of follow-up, immunosuppression regimens and
diagnostic criteria of recurrence in the literature. Therefore, there is a need for long-term
studies.6,11

Granulomatous destructive cholangitis (“florid duct lesion”) is the diagnostic histologic
feature of both PBC and RPBC,12,13 but is often absent from the biopsy material undergoing
microscopic examination. Other histologic features may be suggestive but not diagnostic of
RPBC, and differential diagnosis from other conditions, such as allograft rejection, hepatitis,
or large bile duct problems, may be difficult.13,14 Because of the importance of histologic
examination in this setting, we performed a “blinded” study of needle liver biopsy
specimens from PBC patients, as compared to a control group of patients transplanted for
chronic hepatitis C virus (CHCV), with a double aim: (i) to seek unbiased evidence of
characteristic histologic features of RPBC; and (ii) to correlate the histologic features with
clinical outcome on long-term follow-up.

PATIENTS AND METHODS
The study population consisted of all consecutive female patients with antimitochondrial
antibody (AMA) positive PBC (titers equal to or greater than 1:40) undergoing OLT from
1989 to 1999 (n = 84) at The Mount Sinai Medical Center in New York City. Patients with
concomitant liver disease were not included in the study. The control group of patients
consisted of all consecutive HCV-antibody positive women, who were in the same age range
as the PBC patients, and underwent OLT from 1990 to 1999 (n = 108) at the same
institution. CHCV patients with concomitant liver disease were also excluded from the
study. In all patients of both groups, the preoperative diagnosis was confirmed by histologic
examination of the liver explanted at OLT. All liver allografts were taken from cadaveric
donors. Post-OLT biopsies were performed when clinically indicated. In the setting of
abnormal liver function tests, biopsies were performed to delineate their etiology, as well as
the severity of the histologic changes.

Forty-five of the 84 PBC patients (53.5%) originally were on a cyclosporine-based
immunosuppression regimen, while the remaining 39 (46.5%) were on a tacrolimus-based
regimen. Forty-eight of the 108 CHCV patients (44%) originally were on a cyclosporine-
based regimen, and the remaining 60 (56%) were on a tacrolimus-based regimen. Fifty-two
PBC patients (61.9%) and 58 CHCV patients (53.7%) received their livers from male
donors. The study protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki, and was approved by the Mount Sinai Institutional Review Board.

Histologic slides (including hematoxylin-eosin and Masson trichrome stains) from all needle
liver biopsy specimens obtained more than 6 months after OLT were reviewed, and those
with sufficient material were examined in a “blinded” fashion by two pathologists in
conference. Biopsies performed within 10 days of a previous one were excluded from the
study. The specimens were considered to be adequate for evaluation when they contained a
minimum number of six portal tracts. A set of histologic features known to be characteristic
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of PBC or CHCV were assessed in a semiquantitative fashion (Table 1). A total number of
83 allograft biopsies from 44 PBC patients and 152 allograft biopsies from 58 CHCV
patients were examined.

Statistical analysis was performed using a SAS statistical package (JMP, Cary, NC). Non-
parametric data were analyzed using a χ2-test, or a Fisher’s exact test, when indicated. The
Shapiro–Wilk test was used to determine whether or not parametric data were normally
distributed. Data with a normal distribution were analyzed using t-tests, while those that
were not normally distributed were analyzed using Wilcoxon–Kruskal–Wallis (rank sums).
A P-value of less than 0.05 was considered to be significant.

RESULTS
The median age at OLT was 55.6 years (range, 37–71 years) in the PBC group and 55.6
years (range, 39–70 years) in the CHCV group (P = 0.94, NS). The median time until the
first biopsy (excluding the biopsies of the first 6 months post-OLT) was 450 days for the
PBC patients, and 374 days for the CHCV patients (P = 0.0084). The median histologic
follow-up time was 2.8 years (range, 0.6–12.7 years) in the PBC group and 2.2 years (range,
0.5–11.5 years) in the CHCV group (P = 0.3, NS). Statistically significant differences were
found between the two groups in terms of semi-quantitative assessment of several histologic
features, as shown in detail in Table 2.

Granulomatous destructive cholangitis was present in five biopsy specimens from four
patients in the PBC group, and in none of those in the CHCV group (P = 0.0048) (Fig. 1).
The florid duct lesions were observed in biopsies taken at a median time of 2.75 years post-
OLT (range, 2.6–8.7 years). Nonnecrotizing epithelioid cell granulomas without identifiable
florid duct lesions were seen in one more biopsy specimen from one of these four patients,
and in three more specimens from three additional PBC patients. The granulomas involved
portal tracts in all four patients, and lobules in one of the four patients. However, there was
also a patient in the CHCV group, who had 2 biopsies with small granulomas of
undetermined cause in the lobules (P = 0.18, NS). Histochemical stains for microorganisms
(acid fast, Gomori methenamine silver, Periodic acid Schiff) were performed in all cases
with granulomas, and were negative. Careful review of the charts of these patients did not
disclose any medication that could be considered responsible for granuloma formation.

Overall, florid duct lesions or epithelioid cell granulomas were found in seven women of the
PBC group, representing 15.9% of the patients of this group undergoing biopsy
(corresponding to 8.33% of the total number of PBC patients), at a median time of 2.78
years post-OLT (range, 1.14–8.77 years). Four of these seven patients were on the
cyclosporine-based immunosuppression regimen at the time of recurrence, while the other
three were on the tacrolimus-based regimen. Six of these seven women had received their
livers from male donors.

Piecemeal necrosis (interface hepatitis) and lobular necroinflammatory activity were
significantly more common in the CHCV group than the PBC group (P = 0.0002, and P <
0.0001, respectively). Steatosis was also more common in the CHCV group, and was usually
mild (P < 0.0001). Significant differences in the scoring distribution (absent, mild,
moderate, severe) were seen in piecemeal necrosis (P = 0.0014), lobular necroinflammatory
activity (P < 0.0001), and steatosis (P < 0.0001) between the groups. Fibrosis was also more
prevalent and of higher stage in the CHCV group (P < 0.0001). The mosaic plot of fibrosis
over time (Fig. 2) clearly illustrates the tendency for progressive fibrosis in the CHCV
group, as opposed to the PBC group. There were no significant differences between the two
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groups in terms of various other histologic features, including bile duct damage or loss,
ductular reaction, chronic portal inflammation and cholestasis.

No evidence of fibrosis was found in the biopsy specimens of five out of the seven patients
in the PBC group with either florid duct lesions or epithelioid cell granulomas. These
biopsies were taken at a median time of 2.95 years post-OLT (range: 1.14–7.37 years). In
the sixth patient, no fibrosis was found in a biopsy specimen taken 2.7 years post-OLT, but
moderate (septal) fibrosis was seen in a specimen taken 8.7 years post-OLT. In the seventh
patient, severe (bridging) fibrosis was found in 2 biopsy specimens, taken at 1.8 and 2.6
years post-OLT. The biopsies of this patient were also characterized by marked
necroinflammatory activity suggesting an overlap syndrome of autoimmune hepatitis (AIH)
and PBC and are presented in more detail below. Cirrhosis was present in 17 biopsies from
11 patients of the CHCV group, and in seven biopsies from two patients of the PBC group.

The only two cirrhotic patients of the PBC group, as well as one additional patient with
bridging fibrosis, had histologic evidence of AIH, including severe necroinflammatory
activity with areas of bridging necrosis and parenchymal collapse, and presence of abundant
plasma cells in the inflammatory infiltrates (Fig. 3). One of the two cirrhotic patients died of
sepsis, shortly after re-transplantation, while the other one was alive at the time of last
follow-up. Two biopsies of yet another patient of the PBC group had a combination of
prominent necroinflammatory activity and bridging fibrosis with granulomas and florid duct
lesions, suggesting an overlap syndrome of AIH and PBC (Fig. 4).

The demographic, clinical and pathologic data pertaining to these four patients with AIH are
summarized in Table 3. All four were on the tacrolimus-based immunosuppression regimen.
Serologic studies performed at the time of biopsy diagnosis of AIH in two patients were
negative for antinuclear and smooth muscle autoantibodies, while anti-liver kidney
microsome type 1 autoantibodies were detected in one of them. Serologic testing for
hepatitis B virus, HCV, cytomegalovirus and Epstein–Barr virus was negative in all four
patients.

DISCUSSION
In this series of 84 patients undergoing OLT for PBC over a period of 10 years, definite
histologic evidence of recurrent disease (i.e. presence of granulomatous destructive
cholangitis) was identified in four patients undergoing biopsy at a median time of 2.75 years
post-OLT. In addition, non-necrotizing epithelioid cell granulomas in portal tracts, which
strongly suggest RPBC, were present in biopsy specimens of three more patients, bringing
the overall incidence of definite or possible RPBC to 8.33% for the entire group,
corresponding to 15.9% of the patients undergoing biopsy. The median time of RPBC
diagnosis was 2.78 years post-OLT.

Similar to PBC occurring in the native liver, RPBC can be diagnosed with confidence only
by histologic examination of biopsy material. “Sampling error” is an important issue,
because the characteristic histologic changes may have a patchy distribution within the
hepatic parenchyma. In the absence of florid duct lesions and epithelioid cell granulomas,
various combinations of other histologic changes, including bile duct damage and loss,
chronic portal inflammation, bile ductular reaction, and fibrosis, may be suggestive of RPBC
in the appropriate clinical setting. Taking into account that transplanted livers are often
simultaneously affected by more than one pathologic condition, and that such conditions
may have overlapping histologic features, it is understandable that a confident diagnosis of
RPBC may sometimes be difficult or impossible. Because of these reasons, our study
approach was based on a detailed analysis of histologic features, as shown in Table 1.
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In this “blinded” histologic study, features that generally characterize chronic hepatitis, such
as piecemeal necrosis, lobular necroinflammatory activity and fibrosis, were seen in biopsy
specimens from patients of both the PBC and the CHCV groups. Although the incidence and
degree of these changes were greater in the CHCV group than in the PBC group, these
findings further emphasize the difficulties that may be encountered in the diagnosis of any
given case, especially when clinical information is inadequate.

As the number of transplanted PBC patients and the length of follow-up are increasing, it is
becoming evident that RPBC is not uncommon.3–10,15,16 The incidence of this condition
may have been underestimated because of sampling error, stringency of histologic criteria
and short follow-up. In a recent study of 100 PBC patients with a mean follow-up of 4.7
years post-OLT, florid duct lesions indicative of RPBC were identified in 14%.16 However,
when the histologic criteria for RPBC were expanded to include moderate lymphocytic
cholangitis with lymphoplasmacytic portal infiltrate, the incidence of RPBC was estimated
to be 26%.16 In a recent systematic review of 16 original studies of PBC patients post-OLT,
Gautam et al. calculated the weighted RPBC rate to be 18%.17 Nevertheless, the findings of
our study, as well as those of other recent reports,5–10,16,18,19 indicate that RPBC is
generally a mild or slowly progressive disease, only occasionally leading to re-
transplantation.

In terms of disease etiopathogenesis, there is evidence suggesting that certain factors
associated with PBC persist after OLT. For example, aberrant, extra-mitochondrial staining
by antibodies against the E2 component of pyruvate dehydrogenase, the major PBC
autoantigen, has been found to occur in the bile duct epithelial cells of both native livers and
allografts of PBC patients.20

It has been suggested that early steroid withdrawal post-OLT is associated with a relatively
high incidence of RPBC.4,21 It has also been suggested that PBC recurs earlier and with
greater severity in patients on tacrolimus-rather than cyclosporine-based
immunosuppression regimens.11,18 However, a recent comprehensive review17 did not find
a definite association between type of immunosuppression and disease recurrence. In our
series, four of the seven patients with histologic features of RPBC were on a cyclosporine-
based regimen, and the remaining three were on a tacrolimus-based one. It is of note,
however, that all four patients with features of AIH post-OLT (including one with features
of AIH/PBC overlap syndrome) were on tacrolimus-based immunosuppression.

Four PBC patients in our study developed AIH (also called “de novo AIH” or “immune
mediated hepatitis”), documented with allograft biopsies at a mean time of 3.66 years post-
OLT. One of these patients had features of AIH/PBC overlap syndrome, evidenced by
granulomas and florid duct lesions in biopsy specimens. There are 11 previous reports of
AIH in patients transplanted for PBC,6,22–26 including 1 with features of possible overlap
syndrome.25 The exact nature and incidence of AIH in the post-transplant setting are under
investigation; at present, it is not clear whether this condition represents a genuine
autoimmune attack, versus a form of rejection.12,13,27,28 Reports of additional cases will
help to define the incidence, clinicopathologic features and pathogenetic mechanisms of
AIH in liver transplant patients.

In conclusion, our “blinded” histologic analysis identified changes indicative of RPBC in
15.9% of the PBC patients undergoing biopsy more than 6 months post-OLT. However, this
group of patients did not suffer significant bile duct loss or fibrosis, as compared to the
control group of CHCV patients. In this population of immunosuppressed patients, RPBC
appears to be a mild or slowly progressive disease. Our findings also suggest that AIH is not
rare in this patient population and warrants further investigation. When features of AIH are
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present in post-transplant biopsy specimens, the patients are likely to develop severe hepatic
fibrosis or cirrhosis.
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Figure 1.
Granulomatous destructive cholangitis (florid duct lesion) in a liver allograft biopsy
specimen with recurrent primary biliary cirrhosis (hematoxylin-eosin, 200 ×).
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Figure 2.
Mosaic plot of fibrosis over time. The number of liver allograft biopsies during each time
period is indicated at the top of the columns.
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Figure 3.
Liver allograft biopsy specimen with features of autoimmune hepatitis and cirrhosis (patient
1 of Table 3): (a) there is parenchymal collapse and nodularity (hematoxylin-eosin; 100 ×);
(b) an area of bridging necrosis is seen (hematoxylin-eosin; 200 ×); (c) interface hepatitis
with prominent plasma cells is present (hematoxylin-eosin; 400 ×).
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Figure 4.
Prominent interface hepatitis (a) (hematoxylin-eosin; 400 ×), bridging fibrosis, (b)
(hematoxylin-eosin; 200 ×), and florid duct lesion and (c) (hematoxylin-eosin; 400 ×) from a
liver allograft biopsy specimen with features suggesting an overlap syndrome of
autoimmune hepatitis and primary biliary cirrhosis (patient 4 of Table 3).
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Table 1

Histologic features assessed semiquantitatively in liver biopsy specimens

Feature Assessment

Florid duct lesion Absent Present

Granuloma Absent Present

Bile duct loss Absent Present in < 50% of p.t. Present in > 50% of p.t.

Bile duct damage Absent Present in < 1/3 of p.t. Present in 1/3–2/3 of p.t. Present in almost all p.t.

Ductular reaction Absent Mild Moderate Severe

Chronic portal inflammation Absent Mild Moderate Severe

Piecemeal necrosis Absent Mild Moderate Severe

Lobular necro-inflammatory activity Absent Mild Moderate Severe

Steatosis Absent Mild Moderate Severe

Fibrosis Absent (0) Portal (I) Septal (II) Bridging (III)

Cirrhosis Absent Present (IV)

Cholestasis Absent Present

p.t., portal tracts. Roman numerals equate descriptive designations to numerical fibrosis scores.

Hepatol Res. Author manuscript; available in PMC 2011 June 30.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hytiroglou et al. Page 13

Table 2

Statistically significant differences in histologic features between the biopsy specimens of the primary biliary
cirrhosis (PBC) group and those of the chronic hepatitis C virus (CHCV) group (corresponding numbers of
patients in parentheses)

PBC CHCV P-value

Total number of biopsies 83 152

Florid duct lesion 5 (4)     0 0.0048†

Piecemeal necrosis 0.0002†

    Absent 50 (32) 52 (33) 0.0014*

    Mild 23 (16) 69 (40)

    Moderate 6 (4) 23 (16)

    Severe 4 (2)   8 (7)

Lobular necroinflammatory activity < 0.0001†

    Absent 23 (17) 10 (7) < 0.0001*

    Mild 46 (33) 95 (49)

    Moderate 9 (8) 35 (26)

    Severe 5 (3) 12 (10)

Stage of fibrosis/cirrhosis < 0.0001†

    Absent 38 (26) 23 (18) < 0.0001*

    Portal (I) 14 (11) 55 (31)

    Septal (II) 17 (13) 33 (22)

    Bridging (III) 7 (6) 24 (17)

    Cirrhosis (IV) 7 (2) 17 (11)

Steatosis < 0.0001†

    Absent 62 (38) 68 (33) < 0.0001*

    Mild 19 (15) 73 (41)

    Moderate 1 (1) 10 (9)

    Severe 1 (1)   1 (1)

†
Comparison of how commonly a feature was found (presence vs. absence);

*
the scoring distribution (absent, mild, moderate, severe).
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Table 3

Demographic and clinicopathologic data of four patients with histologic evidence of autoimmune hepatitis
(AIH) following orthotopic liver transplantation for primary biliary cirrhosis (PBC)

Case Age HLA matching Time of biopsy
(days post-OLT)

Histologic diagnosis

1 40 matched: 0 loci 1. 756 AIH and cirrhosis (all 4 biopsies)

mismatched: 6 loci 2. 901

3. 1177

4. 1478

2† 57 matched: 1 locus 1. 309 AIH and cirrhosis in last 3 biopsies

mismatched: 5 loci 2. 343

3. 952

4. 2144

5. 2710

3 55 matched: 1 locus 1. 2963 AIH with bridging fibrosis (both biopsies)

mismatched: 5 loci 2. 4314

4 57 matched: 0 loci 1. 673 AIH/PBC overlap syndrome with bridging fibrosis (both biopsies)

mismatched: 6 loci 2. 976

HLA, human leukocyte antigen.

†
Patient 2 died soon after re-transplantation. The biopsy diagnosis was further supported by the histologic findings in the explanted allograft. The

other three patients were alive as of the time of last follow-up.
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