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Abstract

Primary sclerosing cholangitis (PSC) is a chronic pro-
gressive inflammatory disease affecting the bile ducts,
leading to fibrosis and eventually cirrhosis in most pa-
tients. Its etiology is unknown and so far no effective
medical therapy is available. Liver transplantation (LTX)
is the only curative treatment and at present PSC is the
main indication for LTX in the Scandinavian countries.
Close to half of the PSC patients experience one or
more episodes of acute cellular rejection (ACR) follow-
ing transplantation and approximately 1/5 of the trans-
planted patients develop recurrent disease in the graft.
In addition, some reports indicate that ACR early after
LTX for PSC can influence the risk for recurrent disease.
For these important post-transplantation entities affect-
ing PSC patients, we have reviewed the current litera-
ture on epidemiology, pathogenesis, treatment and the
possible influence of rejection on the risk of recurrent
disease in the allograft.
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INTRODUCTION

Primary sclerosing cholangitis (PSC) is a chronic choles-
tatic liver disease of unknown etiology. Histologically, it
is charactetized by the existence of intrahepatic and/or
extrahepatic concentric, obliterative fibrosis of the biliary
ducts. It is a progressive disorder that eventually leads to
the development of cirrhosis and hepatic decompensa-
tion in the majority of the patients'™”. PSC is closely asso-
ciated with inflammatory bowel disease (IBD), especially
ulcerative colitis (UC), which is diagnosed in approxi-
mately two-thirds of northern European PSC patients[}s].
Approximately 2/3 of the PSC patients are male' and
most affected individuals are less than 40 years of age at
the time of diagnosis. There is still no medical treatment
with proven efficacy” and liver transplantation (LTX)
is currently considered as the only curative option for
end-stage liver disease due to PSC". Although graft and
patient survival following LTX has improved dramati-
cally over the last two decades, and is now close to 80%
at 5 years”, it has become increasingly obvious that the
disease can recur in the transplanted liver. In the earliest
reports, recurrent primary sclerosing cholangitis (tPSC)
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. . . . 10,11
did not seem to influence graft and patient survival*'",

On the contrary, more recent data have indicated that a
significant proportion of the affected patients will de-
velop graft loss™? | thus influencing the long-term patient
survival”. Therefore, tPSC represents an important con-
dition in a steadily growing cohort of patients, for which
little is known regarding its epidemiology, pathogenesis
and treatment.

PSC patients are also believed to be at an increased
risk of rejection, and probably up to 50% of the patients
will experience one or more episodes of acute cellular re-
jection (ACR) during the first few weeks following trans-
plantation. The need for increased immunosuppression
represents a problem in the clinical management of these
patients“mm]. In addition, the immunological reactions
related to rejection could influence the risk of developing
rPSC in the graft as more reactive lymphocytes are likely
to be present. To date, a possible effect of rejection on
the risk of developing recurrent disease is supported by
three published reports. This deserves increased attention
and will be addressed in this review.

EPIDEMIOLOGY OF PSC AND rPSC

The incidence of PSC varies considerably among differ-
ent parts of the world. Population-based studies of dis-
ease frequency from Norway, Great Britain and United
States, indicate a comparable incidence (0.9-1.3/100 000
per year) and prevalence (8.5-13.6/100 000)"""" while
the numbers from southern Europe and Asia have been
reported to be 10-100 times lower™ . PSC is today the
number one indication for liver transplantation in the
Scandinavian countries, while it in the United States is
the fifth most common indication™. The first report of
suspected PSC recurrence in a liver graft was published
in 1988 by Lerut ez al* describing a transplanted PSC
patient developing intrahepatic biliary strictures in the ab-
sence of allograft rejection within the first year after the
transplantation. Since then, numerous reports have cor-
roborated tPSC as a clinical entity[25’281. The incidence of
recurrence varies widely in reports from different centers,
probably reflecting variation in diagnostic criteria, study
design, and length and type of follow-up. We have in this
review identified, after exclusion of cohorts duplicated in
previous reportsp()’}z], a total of 22 publications contain-
ing data from original studies on the outcome of LTX
for PSC, which analyzed the incidence of recurrent dis-
ease (Table 1). For studies based on the same clinical ma-
terial, the most recent and largest study was included. Of
the total number of 1399 patients transplanted for PSC
in these studies, 259 (18.5%) developed recurrence (range,
5.7%-59.1% in the individual studies). In the largest se-
ries reported so far (z = 230), focusing on the risk factors
for rPSC, recurrence occurred in 23.5% of the patients
at a median of 4.6 years after LTX". This number is in
accordance with the overall percentage for the studies we
analyzed.
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PATHOGENESIS OF PSC AND rPSC

The etiology and pathogenesis of both PSC and rPSC are
currently unknown. Most studies have focused on pre-
transplant (“primary”) pathogenesis, and lessons from
these studies may give insight and provide hypotheses for
further research even on the pathogenesis of recurrent
disease. The primary disease is characterized by chronic
inflammation and progressive fibrotic strictures of the
bile ducts™". By the time the patient is diagnosed with
PSC, the changes in the liver architecture are already quite
advanced. To determine at this stadium, at a cellular level,
which observations that can be of primary importance
in the pathogenesis of PSC or just a secondary phenom-
enon for the ongoing disease is difficult to judge. So far,
there has been no unified pathogenetic mechanism for
PSC development.

It is important to identify risk factors for recurrence,
both in the search for mechanisms involved in the patho-
genesis and in improving the management of these pa-
tients after transplantation. It might also shed light on the
pathogenesis of the primary disease. The pathogenesis
of tPSC can be considered multifactorial and influenced
by pre- and/or post-operative factors in combination
with a genetic predisposition. It is also likely that it is
partly related to the pathogenesis of the primary disease.
Although it is beyond the scope of this review to go into
details regarding PSC pathogenesis, we will briefly men-
tion the theories that have gained the most general accep-
tance in recent yearsm
be involved in recurrent disease. Four hypotheses have
been put forward, each is potentially relevant at different
stages of the disease process.

Strong evidence indicates that genetic variants play
an important role in disease susceptibility and siblings of
PSC patients ate 9-39 times more likely to develop PSC
compared with the general populationm. Family mem-
bers of PSC patients are also at increased risk of devel-
oping UC, indicating the existence of shared genetic risk
factors between these two conditions'”. Furthermore, un-
biased genome-wide association studies have demonstrat-
ed shared susceptibility loci between UC and PSCP*",
PSC associated variants in the human leukocyte antigen
(HLA)-region were first reported almost 30 years ago™
and have since been verified numerous times. It has so far
not been possible to pin-point the exact causative genes
in the HLA-region, and it is likely that more than one
susceptibility gene exists at this locus. A recent genome-
wide association study has also provided strong evidence
for involvement of two or more non-HLA genes; in
particular BCI.2L.717 involved in deletion of autoreactive
lymphocytes and MST7 involved in macrophage activa-
tion. Variants at the MST7 locus are also associated with
IBD™*. The role of these genes in recurrent disease is
currently unknown but it is plausible that some of these
variants together with other factors determine the sus-
ceptibility to recurrent disease.

, since these mechanisms may also
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Ref. Yr n Median follow-up Recurrence Median time to recurrence Diagnostic criteria Risk factor(s)
(range) in months n (%) (range) in months for recurrence for recurrence
Goss et al™ 1997 127 36 (ND) 11 (8.6) ND (ND) Radiographic and ND
histological evidence
Jeyarajah et al” 1998 100 ND (12-108) 18 (18) 21 (mean) (ND) Radiographic and/or ACR
histological evidence
Graziadei et al™” 1999 120 55 (mean) (4-136) 24 (20) 8.5 (3-42) Radiographic and/or None
histological evidence
Kubota et al™® 1999 53 ND (12-156) 3(5.7) ND (16-48) Radiographic and ND
histological evidence
Liden et al™ 2001 61 ND (ND) 5(8.2) ND (ND) Radiographic and ND
histological evidence
Renz et al"”" 2002 49 66 (ND) 7 (14) ND (ND) Radiographic or ND
histological evidence
Yusoff et al"™ 2002 12 58 (mean) (4-174) 2(17) ND Radiographic and ND
histological evidence
Khettry et al™" 2003 42 ND (24-168) 6 (14.3) ND (ND) Radiographic and/or  Recipient-donor
histological evidence mismatch
Kugelmas et al”™ 2003 71 ND (14-91) 15 (21.1) 53 (mean) (12-110) Radiographic or ND
histological evidence
Brandsaeter et al” 2005 49 77 (17-182) 9 (18) ND Radiographic Steroid-resistant
evidence ACR
Khuroo et al™™ 2005 5 90 (1-186) 2 (40) ND Radiographic ND
evidence
Oldakowska-Jedynak et al™ 2005 17 32 (mean) (0.9-91) 2(12) 29 (18-51) Radiographic and/or ND
histological evidence
Cholongitas et al”” 2007 53 110 (12-185) 7 (13.2) 60 (4-120) Radiographic and  Steroids for UC (>3
histological evidence mo post-LTX)
Campsen et al” 2007 130 66 (ND) 22 (16.9) ND (ND) Radiographic Pre-LTX CCA
evidence
Yamagiwa et al” 2007 44 ND (ND) 11 (25) ND (ND) Radiographic and ND
(all LDLT) histological evidence
Tamura et al™™ 2007 8 (LDLT) 42 (ND) 4 (50) 40 (14-66) Radiographic ND
evidence
Haga et al™ 2007 22 31 (mean) (22-71) 13 (59.1) 31 (22-71) Radiographic and ND
(all LDLT) histological evidence
Alexander et al'*” 2008 69 50 (1-173) 7 (10) 68 (24-134) Radiographic and/or ~ ACR, steroid
histological evidence resistant ACR, HLA-
DRB1*08 in donor or
recipient
Alabraba et al™ 2009 230 82.5 (0.0-239) 54 (23.5) 55.2 (6-155) Radiographic and Intact colon at the
histological evidence time of LTX, use of
EDC graft
Kashyap et al"”” 2009 58 415 (mean) (ND) 11 (19) ND (ND) Radiographic and/or ND
histological evidence
Egawa et al”! 2009 20 63 (1-133) 11 (55) ND (26-71) Radiographic or Cytomegalovirus
(all LDLT) histological evidence  infection within 3
mo, related donor
Moncrief et al"™ 2009 59 68 (33-106) 15 (25) 402 (19.5-66.1)  Radiographic and/or ACR,
histological evidence  cytomegalovirus
mismatch

LDLT: Live donor liver transplantation; CCA: Cholangiocarcinoma; ND: Not determined; HLA: Human leukocyte antigen; ACR: Acute cellular rejection;

LTX: Liver transplantation; EDC: Extended donor criteria; n: No. of patients.

In addition to the genetic associations at loci involved
in the immune response, the fact that the majority of
PSC patients have 1BD, an increased frequency of other
autoimmune diseases" and the presence of multiple
autoantibodies™ further supportt a role for autoimmune
components in the pathogenesis. The most prevalent au-
toantibody, which is found in more than 90% of PSC pa-
tients, is a special type of perinuclear anti-neutrophil cy-
toplasmatic antibody (pPANCA)*™*, The same antibody is

observed in UC and in type 1 autoimmune hepatitis'™**.

(49
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On the other hand, the male predominance, the lack of
demonstration of a specific PSC autoantigen and the
missing response to immunosuppressive treatment are
atypical for an autoimmune disease!***”, The importance
of autoantibodies in both PSC and rPSC is unknown,
nevertheless mechanisms related to the immune response
are likely candidates for overlapping mechanistic themes
between the primary and recurrent disease.

Studies in murine models with intestinal bacterial
overgrowth suggest that innate immune responses to the
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bacterial products could initiate a PSC-like disease pro-
cess™™ and despite the lack of convincing evidence to
support a role of infectious agents in human studies™ ",
the presence of an infectious trigger or infectious modi-
fier effects is still possible.

The strong connection to IBD has lead to the hy-
pothesis that long-lived memory cells (lymphocytes)
generated in the gut are responsible for the inflammation
of the biliary tree in PSC". This hypothesis is supported
by the expression, in both liver and intestine in PSC
patients, of vascular adhesion protein-1 (VAP-1)™ and
mucosal adressin cell adhesion molecule (MAdCAM)-1"".
In contrast, MAACAM-1 and VAP-1 expression in the
physiological state is restricted to the gut and liver, re-
spectively. In PSC and other inflammatory liver diseases,
MAdCAM-1 may function to recruit intestinally activated
T-lymphocytes to the liver™ ' Tt is an intriguing hypoth-
esis that activated lymphocytes generated in this manner
in the recipient can attack the new organ in a similar
manner, and contribute to the occurrence of recurrent
disease in the transplanted liver.

Several studies have focused on the composition
of bile in PSC pathogenesis, this is partly based on the
findings of a PSC-like disease in mice that lack proteins
involved in the transportation of bile components. These
changes closely resemble intrahepatic PSC in humans®*,
Interestingly, variants in the ABCB4 gene (also called
MDR3) influence the progression of PSC*. _ABCB4 vari-
ants are also of importance in the pathogenesis in some
forms of intrahepatic cholestasis of pregnancy and type
3 progressive familiar intrahepatic cholestasis”™*. The
influence of these variants, on disease progtession, is nec-
essarily dependent upon the genotype of the liver and it
remains to be verified if vatiants in the donor liver poten-
tially affect the progression of rPSC in a similar manner.

RISK FACTORS FOR rPSC

It is also important to identify the risk factors for rPSC

because it can reveal essential clues in the pathogenesis

of both PSC and rPSC, and potentially influence the

management of PSC patients after transplantation. Since

the first report on suspected recurrence in the liver graft
: [24]

appeared in 1988,

sought. However, the data on specific risk factors are still

potential risk factors have been

limited and non-consistent, serving as an illustration of
the complexity of the disease.

Several studies have shown one or more risk factors
to be significantly associated with increased risk of rPSC
as follows: the presence of HLA-DRB1*08 in either

absence of donor HLA DR52™,
[32]

recipient or donor®),
recipient-donor gender mismatch!™", male recipient
older recipient agem, younget recipient agem]
lon before transplantatlon[ > use of related donor
use of extended donor criteria (EDC) grafts B ACR! 970]
steroid-resistant ACR', use of OKT3"™, presence of
UC after LTX"", maintenance of steroid therapy for UC
for more than 3 mo"”

intact co-
73, 741

, presence of cholangiocarcinoma

(4 9

Boishidengs  WIG | www.wjgnet.com

(CCA) before transplantationm]

. . . . .. 70,73
megalovirus infection in the recipient””

and concutrent cyto-
. Differences
between various immunosuppressive regimes used after
LTX have been hypothesized to be related to the risk of
tPSC, however no such effect has been observed">"”.
Also, no effect has been found according to post-trans-
plant use of ursodeoxycholic acid (UDCA)".

Most of the studies on risk factors for tPSC have
appropriately performed multivariate analysis and have
found one or more factors to be significantly associated
with rPSC. Nevertheless, almost none of the findings are
reproduced by other groups. The discrepant results are
not so surprising, considering that some of the studies
included only a limited number of patients and were thus
prone to both false positive and negative findings.

One of the risk factors that seem to be best docu-
mented is the link between IBD and recurrent disease
in the liver allograft. This was first reported in a study
by Vera es 4P in 2002, which demonstrated a dramatic
reduction in the risk of recurrence if the colon was tre-
moved before or at the time of the transplantation. This
study evaluated 152 patients and found male gender and
intact colon after transplantation to be the strongest pre-
dictors of tPSC. Fifty-six (37%) patients developed rPSC
during follow-up, but only 1 (6%) of 17 patients who
underwent colectomy before or at the time of LTX had
recurrence. The importance of IBD in rPSC was con-
siderably strengthened in a study by Cholongitas ez al™"
in 2007 evaluating 69 patients receiving LTX for PSC.
In this series, none of the PSC patients without UC or
patients undergoing pre-LTX total colectomy developed
tPSC. On the contrary, recurrence occutted in 7 (27%)
of 26 patients with post-LTX UC. In their multivariate
regression analysis, UC with the need for maintenance
steroids for more than three months was the only risk
factor significantly associated with rPSC. In 2009, Al-
abraba e# al" published the largest study to date on risk
factors for tPSC, of note, this study was a re-review and
extension of the cohort studied by Vera ez al™. A total of
230 consecutive adult patients who underwent liver trans-
plantation for PSC were included. The protective effect
of colectomy before or during 'TX on the risk of devel-
oping rPSC was confirmed, while colectomy after LTX
had no beneﬁcial effect on the incidence of recurrent
disease!"”. Taken together, these three studies give a rela-
tively strong indication that absence of inflammation in
the intestine, either due to absence of concurrent IBD or
colectomy before or during I'TX has a protective effect
against tPSC"*™ These findings are consistent with the
hypothesis of a common T-cell recruitment theme in UC
and PSC, as reviewed by Grant es al™ that may also be
relevant in rPSC. Importantly, these data should not be
interpreted as an advocation for pre-transplant colectomy
that may in theory increase the risks for surgical com-
plications during transplantation, but rather as input to
understanding the mechanisms of rPSC development.

On the other side of arguments, Alexander ez al™ in a
study on 69 patients transplanted for PSC, found no cor-
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Diagnosis
Confirmed diagnosis of primary sclerosing
cholangitis prior to liver transplantation

And
Cholangiography Histology
Intrahepatic and/or extrahepatic Or Fibrous cholangitis and/or
biliary stricturing, beading, fibro-obliterative lesions
and irregularity > 90 d with or without ductopenia,
biliary fibrosis, or biliary cirrhosis
Exclusion criteria
Hepatic artery thrombosis/ stenosis
Established ductopenic rejection
Anastomotic strictures alone
Non Anastomotic strictures before post-transplantation day 90
ABO incompeatibility between donor and recipient

relation of rPSC to IBD or the presence of an intact colon
after transplantation. Neither did Gautam e a/” in a sys-
tematic review from 2006 on rPSC, including only studies
with available raw data. To investigate how different immu-
nosuppressive regimens affected the natural course of PSC
patients after transplantation, Kugelmas ef al™ teviewed
a cohort of 71 patients with a 21% recurrence rate. No
differences in the frequency of rPSC was observed in the
patients with and without IBD, however they did find that
OKTS3 therapy for steroid-resistant ACR was associated
with a higher risk of rPSC.

A few other groups have also independently reported
an association between ACR and recurrent disease. In a
study of 118 consecutive liver transplantations for PSC,
Jeyarajah ez a/™ found a significantly higher incidence of
ACR in recipients that later developed tPSC or chronic re-
jection. Alexander ¢z a/” found ACR and steroid-resistant
ACR to be predictive of an increased risk of tPSC and in
a study of 49 patients transplanted for PSC evaluated by
magnetic resonance cholangiography (MRC), steroid-resis-
tant ACR was the only significant predictor for PSC™,

Up to date, the possible mechanism behind the asso-
ciation between ACR and an increased risk of recurrent
disease is unknown. The biliary epithelium is one of the
components that is attacked and injured in ACR, and it
has been postulated that this can result in an increase in
autoimmune epitopes, leading to ductal damage medi-
ated by the immune system'". Others have suggested
the existence of a common factor predisposing to both
ACR and recurrent disease. Especially, the fact that PSC
patients seem to be more prone to ACR than most other
patient groups, has led to the speculation of a common
link between the pathophysiology of tPSC and ACR™!,
One hypothesis is the existence of a hyperactive compo-
nent of the immune system, and another theory is that
the increased risk of both ACR and tPSC results from a
defective mechanism in the immune regulation.

What is also worth mentioning is a reported higher
rate of recurrence in recipients of grafts from living re-
lated donors, with tPSC occurring in 55% and 59% of
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Figure 1 Endoscopic retrograde cholangiogram in a patient with recurrent
primary sclerosing cholangitis, showing multifocal stenosis with intervening
saccular dilatations affecting both intrahepatic and extrahepatic bile ducts.

the transplanted PSC patientsl73’74j. Both studies involved
a relatively low number of patients, but should urgently
inspire further investigations in larger cohorts to confirm
important pathogenic mechanisms.

DIAGNOSTIC CHALLENGES IN rPSC

Since the report by Lerut ez a/*, a number of studies
have indicated that biliary complications, especially non-
anastomotic biliary strictures occurred more frequently
after liver transplantation for PSC than for other end-
stage liver diseases”" .

As with the diagnosis of PSC in the native liver, rPSC
is diagnosed based on the combination of radiological,
histological and biochemical findings. The diagnosis is
considered problematic because of the difficulty in distin-
guishing rPSC from other conditions with similar biliary
changes. A variety of potential insults to the liver graft
can all result in biliary injury and stricturing™*. In 1999,
Graziadei ef al”” established specific criteria for diagnosing
tPSC. This is a useful definition that has been followed
since (Table 2). Strict biochemical indices or typical clini-
cal symptoms are frequently absent in patients with rPSC.
These patients often present with a cholestatic biochemi-
cal profile, and further examinations with cholangiography
with either endoscopic retrograde cholangiopancreatog-
raphy (ERCP), MRC or percutaneous cholangiography
(PTC) show characteristic changes of the bile ducts with
multifocal strictures and segmental dilatations™. How-

ever, emphasis must be put on exclusion of other causes
that can cause similar radiographic and histological chang-
es. Accordingly, the diagnosis is made in patients with
a confirmed diagnosis of PSC prior to transplantation,
and by either typical histological features on biopsy or by
radiological demonstration of multiple nonanastomotic
strictures occurring more than 90 d after LTX (Table 2
and Figure 1).

Cholangiographic findings

As PSC affects both the intra- and extra-hepatic bile
ducts, most recipients will have a Roux-en-Y loop after
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Figure 2 Histological changes demonstrated in a biopsy from a patient with
recurrent primary sclerosing cholangitis. Bile duct (small arrow) surrounded by
collar of connective tissue with concentric layers of collagen fibers (large arrow)
illustrating the typical periductal lamellar fibrosis. (Original magnification, x 100).

LTX"™". This renders access to the bile ducts zia the
endoscopic route technically challenging[m]. Some cen-
ters have addressed this challenge using single or double
balloon enteroscopy and in this way are able to perform
ERCP in patients with complex postsurgical gastroin-
testinal anatomy”>”!, Tt is also worth mentioning that
some centers have reported preliminary good results
after bile duct reconstruction by direct choledochoduo-
denostomy”*”, resulting in an anastomosis that have
the advantage of easier access by conventional ERCP.
Still, PTC or MRC is most widely used in the post-LTX
population[92’%’97]. The typical findings on cholangiogra-
phy in rPSC involve multifocal nonanastomotic strictures
in both intra- and extrahepatic bile ducts, with interven-
ing segments of normal or dilated ducts®™. Sheng ef o/
compared the radiological signs of tPSC with other con-
ditions after LTX. They included 32 patients transplanted
for PSC who had developed biliary strictures in the graft
and a control group of 32 non-PSC grafts who also had
developed biliary strictures. This study demonstrated that
intrahepatic strictures were much more common in pa-
tients with tPSC and the appearance of the strictures was
different, mural irregularity and diverticular outpouch-
ings being more common in rPSC. Even though these
changes occurred significantly more frequently in patients
with rPSC [15 (47%) patients and 6 (19%) patients, re-
spectively], in the majority of the cases, it was impossible
to distinguish rPSC from other conditions based solely
on cholangiographic findings.

Several studies have evaluated the diagnostic accuracy
of MRC in PSC patients[%"mo]. A meta-analysis published
last year found that MRC had a sensitivity and specificity
of 86% and 94%, respectively in detecting PSC"". The
latest guidelines by both the European Association for
the Study of the Liver (EASL) and the American Asso-
ciation for the Study of Liver Diseases (AASLD) recom-
mend MRC rather than ERCP in patients with suspected
PSC!""™"" Nevertheless, some have raised concerns
regarding the sensitivity of MRC when it comes to subtle

intrahepatic changes'" or in detailed characterization

(4 9
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of extrahepatic biliary changes[m4]. There has been no
study so far comparing ERCP or PTC with MRC in tPSC
and it is thus not clear whether the sensitivity/specificity
figures are similar to those in the primary disease. Impor-
tantly, the quality of the MRC imaging is continuously
and rapidly evolving and with the noninvasive nature and
reduced cost, MRC has become the first choice for most
clinicians to evaluate abnormalities of the extra- and in-
trahepatic bile ducts after LTX.

Histopathological findings

The use of liver biopsies in diagnosing both PSC and
rPSC is usually regarded supplementary to cholangiog-
raphy. This is partly due to the relative lack of specificity
and the patchy involvement resulting in a certain degree
of sample variability™™”. Histopathologically, the changes
in rPSC (Figure 2) are identical to what is described in
the native liver with PSC and can be extremely difficult
to distinguish from biliary strictures of other causes in
allografts, including recurrent biliary infections, ischemia
due to arterial problems, chronic rejection, small-for-size
syndrome, blood group incompatibility or reperfusion
injury®'*. The early changes in rPSC are characterized
by mild, nonspecific (peri) cholangitis and loss of small
bile ducts. As the disease progresses, periductal lamellar
edema, increased neutrophil and eosinophil inflammation
in the portal tracts, periportal edema and an increased
ductular reaction are becoming apparent. Marked depos-
its of copper with Mallory’s hyaline in periportal hepa-
tocytes can often be seen™. In medium and small bile
ducts, the typical features of fibro-obliterative lesions are
observed at this stage together with focal loss of medium
and small bile ducts. Lobular changes in the early stages
of rPSC include mild nodular regenerative hyperplasia. In
the later stages, the characteristic changes of cholestasis,
biliary cirrhosis, foam cell clusters and marked deposition
of copper in the petiportal hepatocytes are observed”,
In the extrahepatic and large bile ducts of the hilum,
ulceration, bile sludge, periductal fibrosis and foam cell
accumulation are often seen"””

The distinction between chronic rejection and rPSC
is often challenging, as both conditions can cause loss
of bile ducts and a cholestatic pattern of liver enzyme
clevation!"”. The diagnosis of both rPSC and chronic
rejection should therefore be based on a combination
of histopathological, laboratory, radiological and clini-
cal findings. In both conditions, it is important to review
prior biopsies combined with the clinical course, and
hence for the pathologist to take the clinical history into
account. Often there is a history of failed compliance or
episodes of severe rejection with unsatisfactory response
to treatment in chronic rejection’"”,

TREATMENT OF rPSC

Pharmacological therapy
There is currently no proven medical therapy to halt or
slow the progression of PSC or rPSC. The major focus
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regarding pharmacological treatment in PSC has been a
possible effect of UDCA on the disease course. Some of
the first studies could document an improvement in both
hepatic, biochemical and histological parameters“m’m()],
but this effect did not significantly benefit transplant-free
survival. In the three largest studies!""""? using UDCA at
different doses, no beneficial effect was found on the risk
of liver transplantation or death. This conclusion is fur-
ther supported by a recent meta-analysis by Shi ez al,
In rPSC, no effect has been shown from any specific
treatment. Some centers recommend discontinuation of
corticosteroid therapym and several centers prescribe
UDCA. Patients with coexisting UC may benefit from
UDCA in reducing the risk of developing carcinoma in
the colon"". but regarding a possible effect on the pro-
gression of rPSC, documentation is so far lacking. The
choice of immunosuppression seems to have no influ-
ence on the incidence or progression to +PSC". This
is, however, a complicated research field and difficult to
review in retrospective studies, because detailed informa-
tion for each patient is needed, including any potential
changes in immunosuppressive medication and the dis-
ease stage where the change of medication took place. In
this study, OKT3 was found associated with a higher risk
of recurrence”, but it is difficult to determine if it is the
treatment or the reason for giving the treatment that had
a deleterious effect.

Interventional therapy

Three retrospective studies on the effect of endoscopic
treatment of dominant strictures in PSC patients have
all suggested improved 3- and 5-year survival rates" "7,
Whether endoscopic treatment influences the progres-
sion of rPSC is currently unknown. There have been no
published studies with this specific focus in patients with
recurrent disease, but based on the effect observed in
PSC patients before LTX, further studies of endoscopic
treatment modalities should be encouraged.

IMPACT OF rPSC ON GRAFT AND
PATIENT SURVIVAL

Earlier studies reported no difference in graft or patient
survival among recipients with or without PSC!, Long-
term data, howevet, indicate that recurrent disease has a
significant impact on graft survival, rate of retransplanta-
tions and perhaps also patient survival>". A study from
the United Network for Organ Sharing (UNOS) database
on LTX in more than 3000 PSC patients compared with
a similar number of patients with primary biliary cir-
rhosis (PBC), who have a very good outcome after liver
transplantation found the retransplantation rate to be
significantly higher in PSC patients than in PBC (12.4%
vs 8.5%). PSC patients had significantly lower graft and
patient survival than PBC patients after adjusting for other
risk factors and a diagnosis of PSC was an independent
predictor for retransplantation' ', The reduced survival did
not become evident until 7 years after the primary opera-
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tion. In a retrospective study performed by Rowe ez al™
analyzing graft loss due to recurrence in 1840 patients
undergoing primary LTX between 1982 and 2004, the
risk of graft loss from recurrent disease was significantly
higher in PSC patients than in PBC patients (hazard ra-
tio 6.0; 95% CI 2.5-14.2). Cholongitas ¢t a/"" reported in
2008 a recurrence rate of 13.5% after transplantation for
PSC, and 43% of the patients with recurrence required
retransplantation. In this study, no difference in survival
was seen, but the number was relatively small with a total
of 069 patients transplanted for PSC. In the largest series
reported to date!”!] tPSC developed in 61 grafts in 54
patients, of which, 23 grafts in 20 patients were lost and
13 retransplantations were carried out. After exclusion
of all patients surviving less than 6 mo and adjustment
for age, there was significantly better survival in patients
without rPSC. This is not surprising, considering that re-
transplantation usually is a much more complicated pro-
cedure than the primary operation. A range of reports
has shown that retransplantations, independent of the
underlying disease, have a significantly worse outcome
than the primary procedure! Y, In a review of the out-
come after retransplantations (for any underlying cause)
in 196 patients over a 25-year period at Queen Elisabeth
Hospital, the 5- and 10-year survival after retransplanta-
tion were 57% and 47%, respectively[m]. The five-year
survival after a second retransplantation was 40%. The
risk of perioperative death increases significantly from
less than 5% in the primary procedute to almost 20% in
retransplantations!”*'!,

EPIDEMIOLOGY OF REJECTION IN PSC
PATIENTS

There is little doubt that the incidence of rejection
after liver transplantation has been declining, yet still
20%-40% of the recipients will experience at least one
episode of ACR requiring additional immunosuppres-
sive treatment'”. PSC patients have been suggested to
have a higher risk of ACR compared with other liver

10,126,127 .
10126127 There are nevertheless relatively few

recipients
published studies with specific focus on the incidence
of rejection after LTX according to underlying disease,
and the reported incidence varies substantially in differ-
ent studies. In an attempt to clarify whether this patient
population really is at an increased risk of rejection, we
identified eleven publications containing specific data on
the incidence of acute rejection in patients transplanted
for PSC. These studies include a total of 656 patients
transplanted for PSC, of whom, 373 (57%) recipients
(range, 17%-100% in individual studies) had one or more
episodes of acute rejection (Table 3) In the largest study
including 150 consecutive transplantations for PSC, at
least one episode of acute rejection occurred in 103 (69%)
of the recipients, while the incidence in the control group
was 59% (261/440)". The reported incidence of ACR
after LTX shows a large discrepancy between different
centers and time periods. This is the case regarding ACR
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Ref. Yr No. of Median follow-up ACR Diagnostic criteria Immunosuppression
PSC patients (range) in months n (%) for rejection

Klintmalm et al™™! 1988 9 ND (ND) 4 (44) Biopsy CyA, CS and azathioprine

McEntee et al™® 1991 44 ND (ND) 44 (100) ND ND

Shaked et al™™ 1992 36 ND (ND) 6 (17) Biopsy CyA/Tac, CS and azathioprine

Miki et al® 1994 55 ND (ND) 37 (67) Biopsy CyA/Tac, CS and azathioprine

Narumi et al™ 1995 33 37.8 (6-73) 19(57) Biopsy ATG for 3-5 d, CS, azathioprine and

delayed CyA

Farges et al™ 1996 23 Minimal follow-up 18 mo 12 (52) Biopsy CyA/Tac, CS and azathioprine

Jeyarajah et al”” 1998 115 Minimal follow-up 12 mo 45 (39) Biopsy CyA/Tac, CS and azathioprine

Wiesner et al™ 1998 126 34 58 (46) Biopsy CyA/Tac, CS and azathioprine (1
group received induction with ATG)

Graziadei et al™” 1999 150 55 (10-138) 103 (69.7) Biopsy CyA/Tac, CS and azathioprine

Bathgate et al™* 2000 16 ND (ND) 10 (63) Biopsy ND

Brandsaeter et al””! 2005 49 77 (17-182) 35 (71) Biopsy CyA/Tac, CS and azathioprine/ MMF

PSC: Primary sclerosing cholangitis; ACR: Acute cellular rejection; ND: Not determined; MMF: Mycophenolate mofetil; ATG: Anti-T-lymphocyte Globulin;

CyA: Cyclosporine A; Tac: Tacrolimus; CS: Corticosteroid.

after LTX for PSC, as well as for other underlying dis-
eases. Evolving immunosuppressive strategy clearly has a
significant influence. No data regarding immunosuppres-
sion trends are currently available from Europe, but based
on individual series and data from the UNOS registry, the
majority of centers use triple drug therapy, including calci-
neurin inhibitors (CNIs), corticosteroids and antimetabo-
lite drugs. However, the immunosuppressive regimens
vary among centers and the use of induction therapy is
inconsistent. Another important factor influencing the
reported number of ACR is the use of protocol biopsies
or not. An additional confounder is the fact that diagnos-
tic criteria for rejection vary largely in eatlier reports. This
situation improved considerably with the introduction of
the Banff classification in 1997"*. Based on the current
data, and the general difficulties in reporting rejection
rates as discussed above, it is hard to state with certainty
that transplanted PSC patients carry a higher risk of ACR
than other patient groups. There are for instance several
publications that show an equally high or even higher
incidence of acute rejection in patients transplanted for
PBC**"# U and autoimmune hepatitis (ATH)!"*""Y,
What seems to be clear though is that there is a tendency
that patients with an underlying “autoimmune” condition
have an increased risk of ACR after UTX. Whether this is
due to a generally more “active” immune system in these
patients is unclear. Another interesting and relatively con-
sistent finding in many reports supporting this hypothesis,
is that patients treated for non-immunological conditions,
like alcoholic liver disease or fulminant hepatic failure
from paracetamol intoxication, seem to be at an especially

. . . 127,130-133
low risk for acute re)ectlon[ ’ ],

PATHOGENESIS AND RISK FACTORS
FOR ACR IN PSC PATIENTS

In general, rejection of an allograft can be defined as “an
immunologic reaction to the presence of a foreign tissue

(49

_gu;ﬁfm,@ WJG | www.wjgnet.com

or organ that has the potential to result in graft dysfunc-
tion and failure”™. Since the start of experimental solid
organ transplantation, it has been obvious that the liver
has an immunological advantage over other organs. In
several animal transplant models, spontaneous toler-
ance was achieved after LTX, while skin, heart or kidney
transplants were aggressively rejected in the same mod-
els""*). Tolerance following liver transplantation is rare
in humans, however ACR is usually easily reversed.

Findings in studies on factors that increase the risk of
acute rejection after LTX include: use of living donor™*",
lack of induction treatment with anti-IL-2 receptor anti-
body““’ml, severe preservation injury“m, younger age of
the recipient[m], lack of renal failure™, fewer HLA-DR
matches”""™ cold ischemia time greater than 15 K"
and being transplanted for PSC'"*"* PBC" autoim-
mune hepatitis“zﬂ ot HCV infection””. In addition, a
meta-analysis of cytokine gene polymorphisms and acute
liver graft rejection suggests a role for genetic variation at
the II.-70 locus"*.

For PSC, both disease recurrence and the presumed
increased incidence of ACR have been speculated to be
caused by a continuum of ongoing immunological attack
against the bile ducts and the liver”. Whether different
immune mechanisms are involved in the rejection process
in PSC patients zs patients with other underlying disease
is not known. To date, no study has focused on character-
1zing histopathological differences in the inflammatory in-
filtrates of ACR according to the underlying disease. The
typical histological features described in ACR in the liver
allograft (Figure 3) are similar to that in other organs, the
dominant cell types being CD4+ and CD8+ T cells and
macrophages' > %, B-cells, neutrophils and eosinophils
have been observed in varying proportions, and scattered
cells positive for the natural killer (NK) marker CD56+
have been described*". NK cells have emerged as a par-
ticular focus of interest in the transplant setting because
of their ability to recognize allogenic major histo-compat-
ibility complex (MHC) antigens and their potent cytolytic
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Figure 3 Histological changes seen in a biopsy with acute cellular rejec-
tion in a patient with primary sclerosing cholangitis. Portal tract with mixed
inflammatory infiltrate containing blastic lymphocytes and eosinophils. Sub-
endothelial localization of the inflammatory cells in a portal vein branch (small
arrow). Inflammation of small bile duct (large arrow). (Original magnification, x
400).

activitymsj. They possess a variety of inhibitory and acti-
vating receptors, such as killer immunoglobulin-like recep-
tors (KIRs), which recognize MHC class I molecules, and
based on the “missing self” hypothesis, kill target cells
that display reduced levels of MHC class I antigens. Inter-
estingly, it has been shown that particular combinations of
KIRs and HLA class I ligands that reduce NK cell inhibi-
tion increase the susceptibility to autoimmune diseases",
and that certain genetic variants of ligands for NK cell
receptors might contribute to the risk of PSC™*U An
increase in NK cells in the liver has been observed in PSC
as compared with other liver diseases™*". The effect of
NK epitope mismatching on acute rejection after liver
transplantation is uncertain. The few studies conducted
so far have given conflicting results"” ™" A recent paper
by Hanvesakul ez al™ on 416 liver transplant recipients
showed a striking influence of donor HLA-C genotype
on graft survival and chronic rejection, but no effect on
ACR. To what extent such phenomena may be restricted
to patients with PSC has not been determined.

As previously addressed, there is conflicting data about
whether the presence of IBD has an adverse impact on
the risk of recurrence of PSC after the transplantation.
Some reports also suggest that PSC patients with concom-
itant IBD may be at increased risk of ACR. In a study by
Narumi ¢/ o/, the incidence of moderate or severe rejec-
tion in patients with IBD was 70% »s 36% in PSC patients
without IBD, and 37 % in a matched control group. This
was further supported by a study by Miki ez al” in which
87% of the patients with IBD developed ACR while only
41% of the patients without IBD developed ACR. Con-
sistent with these studies, Gradziadei ¢/ @/ also reported
a significantly increased risk of ACR in patients with IBD
in their large cohort of 150 transplanted PSC patients. On
the other hand, in the study by Jeyarajah ef al, including
118 transplantations for PSC, no association between con-
comitant IBD and ACR was found.
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IMPORTANCE OF ACR AFTER LIVER
TRANSPLANTATION FOR PSC

[157-159

As opposed to kidney transplantation ) there is no
convincing data indicating that ACR in the carly phase
after liver transplantation (for any underlying condition)
affects long-term graft or patient survival. After the intro-
duction of more potent and specific immunosuppression,
it is easier to prevent episodes of ACR and a major chal-
lenge in LTX today is the morbidity and mortality related
to side effects of long- term use of immunosuppressive
medication”"". In animal models with spontaneous tol-
erance, the liver allograft undergoes an initial and transient
acute rejection-like reaction""™] that could indicate that
the histopathological diagnosis of ACR does not neces-
sarily always require treatment, but as some argue that it
might be a first step on the way to a degree of spontane-
ous tolerance.

Data regarding the incidence and significance of late
acute rejection (LAR) are scarce, but an interpretation
might indicate a risk of more serious consequences than
with eatly ACR. LAR has been variably defined in differ-
ent reports ranging from one, three, six or twelve months
after the transplantation. The incidence of LAR after
liver transplantation in general varies from 7% to 23% in
the published reports**'*'®. In a study of more than
1600 LTX patients, where LAR was defined as ACR oc-
curring later than six months after LTX, the incidence
was 19%"*, Interestingly, the study also showed that
patients with a primary diagnosis of autoimmune hepati-
tis, PBC and PSC had the highest incidence of LAR and
that patient and graft survival was significantly lower in
the LAR group. Another study also reported an increased
risk of LAR in PSC patients but did not find any negative
effect on patient survival'®,

ACR represents an immunological insult towards the
graft and could influence the risk of developing tPSC
since more reactive lymphocytes are likely to be present.
As previously mentioned, ACR or steroid resistant ACR
were found to have a significant effect on the risk of
developing recurrent disease!” 1n contrast, most
studies evaluating risk factors for tPSC have not found
an association with ACR. There is little data supporting
the conclusion that mild or moderate ACR, affecting ap-
proximately 50% of the transplanted PSC patients, has
any effect on the risk of recurrent disease. The question
is if severe rejection is associated with recurrence or not.
As of today, there is not enough data to answer this ques-
tion with certainty.

CONCLUSION

Rejection and recurrence of the primary disease in the
liver allograft remain as two major challenges in the clini-
cal care of post-transplant PSC patients. Even as there
are huge discrepancies in the reported incidence of
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tPSC, it is at least present in approximately 1/5 of the
transplanted patients. The pathogenesis of rPSC remains
enigmatic and is believed to have similar features as the
primary disease. There is so far an underutilized potential
in studying the pathogenesis of the primary disease in
parallel with recurrent disease, an approach that poten-
tially can uncover shared mechanisms relevant to both
conditions. Several studies have identified one or more
risk factors for rPSC, but few have been confirmed from
one study to another. The most convincing data seem to
be the link with concurrent IBD and a protective effect
on the development of rPSC of colectomy before or at
133271 There is, importantly,
no reason to advocate colectomy prior to liver transplan-
tation for PSC on this basis. There seems also to be an
increased incidence of acute rejection in PSC patients

the time of transplantation

with a potential relevance to the development of recur-
rence. Rejection and recurrence might therefore represent
a continuum of immunological affection of the graft in
transplanted PSC patients.
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