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While antibody mediated hyper-acute vasculitic rejection is rare in liver transplant recipients, acute and chronic
rejection have clinical significance. The liver allograft behaves differently to other solid organ transplants as
acute rejection generally does not impair graft survival and chronic rejection (CR) is uncommon. The incidence
of acute and chronic rejection has declined in current era due to improved immunosuppressive regimens. Acute
rejection generally improves with steroid boluses and steroid resistant rejection is uncommon. CR may improve
with escalation of immunosuppression or may result in irreversible loss of graft function leading to retrans-
plantation or death. The current review discusses diagnosis and management of acute and chronic liver allograft
rejection. ( J CLIN EXP HEPATOL 2017;7:358–366)
he incidence of acute and chronic rejection has quite rare in liver transplantation9 and mainly acute and
Tdeclined with improvement of immunosuppres-
sion regimens in liver transplant recipients. Acute

cellular rejection (ACR) occurs in 15–25% of liver trans-
plant recipients on Tacrolimus based immunosuppres-
sion regimens and generally improves with steroids in
majority.1–4 ACR does not affect long term graft or patient
survival in most of cases.1 While acute rejection usually
responds well to treatment, chronic rejection (CR) repre-
sents a difficult situation and a significant proportion of
patients do not respond to increased immunosuppres-
sion.5–8 CR often leads to retransplantation or death.5,7

The current review discusses management of acute and
chronic rejection after liver transplantation.
IMMUNOLOGICAL BASIS AND
PATHOGENESIS OF ACUTE CELLULAR
REJECTION

The hyperacute antibody mediated (due to preformed
antibodies in recipient against donor's major histocom-
patibility complex, MHC) rejection although described, is
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chronic rejection are of clinical significance. The ACR
occurs due recipient T cells that recognize donor alloan-
tigens.10 Transplantation of MHC incompatible tissues
causes a T cell dependent cytopathic immune response to
donor tissues. Donor MHC molecules are processed after
internalized by donor and recipient (antigen presenting
cells) APCs. MHC peptide fragments are presented to T
cells after intracellular processing. APCs also provide
another second signal which may be stimulatory to T cell
or may cause anergy if inhibitory in nature, however this
anergy may be broken down by viral infections (e.g. CMV).
There are several pathways of allorecognition by T cells.
The recipient T cells can recognize allogeneic MHC mol-
ecules on the surface of donor APCs (direct pathway). The
recipient APCs process MHC peptides shed by donor cells
and present these to recipient T cells (indirect pathway).
The recipient APCs may acquire intact MHC molecules
from direct contact with donor APCs and present these to
T cells via T cell receptors (semi direct pathway).10–12 ACR
manifests as sudden deterioration of allograft function
and biopsy shows infiltration by T cells and other leuko-
cytes with evidence of ductular injury and endothelitis.13
PATHOGENESIS OF CHRONIC REJECTION

In contrast to ACR, pathogenesis of CR is not well char-
acterized. The pathogenesis of CR is multifactorial and
includes vascular occlusion, antibodies and cell mediated
pathways.5,14 Pathophysiology of CR is not entirely clear
but immune mechanisms are involved as changes of CR
does not appear in isografts and sometimes it is extension
and result of ACR. CR in solid organ transplantation is
characterized by obliterative arteriopathy (caused by arte-
rial inflammation), interstitial inflammation, damage and
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atrophy of parenchymal cells, interstitial fibrosis and dis-
ruption of lymphatics and organ associated lymphoid
tissues. CR is characterized by ductopenia in liver allograft
as arterial changes affect larger arteries and are difficult to
be seen in smaller arteries present in liver biopsy specimen.
In CR, various mechanisms lead to ductopenia of liver
allograft which include ischemia by obliterative arterio-
pathy and immune destruction of bile ductular cells.13–15
Li
ve

r
Tr
a
ns

p
la
nt
a
ti
o
n

CLINICAL FEATURES AND DIAGNOSIS OF
ACUTE CELLULAR REJECTION

ACR is generally suspected after elevation of hepatic
enzymes (serum aminotransferases, alkaline phosphatase,
gamma-glutamyl transpeptidase) and/or bilirubin. How-
ever, these liver enzymes or bilirubin abnormalities are not
sensitive or specific enough to differentiate ACR from
other causes of graft dysfunction.16,17 A liver biopsy is
needed for a definite diagnosis of ACR or CR. Several
cytokines have also been studied to diagnose ACR after
LT, however it is difficult to differentiate between infec-
tions and ACR by use of cytokines.18–23 The differential
diagnosis of ACR and CR include other causes of graft
dysfunction like infections (viral, bacterial, fungal), ische-
mic reperfusion injury, vascular (arterial or venous), biliary
strictures, recurrent or de novo diseases after liver trans-
plantation as shown in Table 1. The ACR generally occurs
between 5 and 30 days after liver transplantation,
although it can occur later also.24 The incidence of
ACR and CR has decreased after improvementsin immu-
nosuppression regimens, and in particular after introduc-
tion of Tacrolimus. Incidence of ACR varies widely among
studies and was reported up to as high as 80% (ACR) with
earlier immunosuppression protocols. A systemic review
of studies comparing various immunosuppressive regi-
mens from January 2007 to September 2015 showed wide
variability of reported ACR incidence in 34 RCTs, it
ranged from 5% (Tacrolimus, Mycophenolate, anti IL2
and steroids) to 66% (Antithymocyte globulin + weaning
Tacrolimus). However most of studies have shown a
Table 1 Differential Diagnosis of Acute and Chronic Rejection.

Category Etiology 

Surgical issues Hepatic artery thrombosis
Biliary issues

Infections Cytomegalovirus, atypical viral infections 

Rejection Acute cellular rejection
Chronic rejection (CR)
Antibody mediated
Plasma cell rich rejection

Recurrence of
primary disease

Hepatitis B, hepatitis C, non-alcoholic steatohep
autoimmune hepatitis, primary biliary cirrhosis,
primary sclerosing cholangitis, autoimmune hepa
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incidence of 10–30% in liver transplantation recipients.1,3

Most episodes of ACR occur within one month post-
transplantation.24 The diagnosis of ACR and CR is based
on Banff schema.15,24 ACR changes are divided in to three
pathological findings; mixed (predominantly mononu-
clear activated lymphocytes, neutrophils, and eosinophils)
portal inflammation, bile duct inflammation/damage and
sub endothelial inflammation of portal veins or terminal
hepatic venules.24 Each of these parameters is scored as 1
to 3 and sum is called rejection activity index (Table 2),
thus a maximum score of 9 is possible. The various possi-
ble rejection grades are as follows: a score of 0–2 is no
rejection, 3 borderline (consistent with), 4–5 is mild, 6–7 is
moderate and 8–9 as severe ACR. However, higher rejec-
tion activity index does not translate into less response to
steroids.25 Antibody mediated rejection (AMR) is different
and generally occurs in setting of ABO incompatible liver
transplantation. AMR behaves clinically like ACR and may
overlap with ACR. The proposed features of AMR include
donor-specific HLA antibodies in serum, microvascular
endothelial cell injury in liver biopsy and linear C4d
positivity in liver sinusoids, in the absence of other causes
of graft injury.26,27
CLINICAL FEATURES AND DIAGNOSIS OF
CHRONIC REJECTION

Although CR is chronic by definition and occurs months
to years after liver transplantation, no time limit is
intended in definition and it may occur even after few
months and may lead to graft failure in first year of liver
transplantation.14,15,28 CR generally presents with pro-
gressive cholestatic graft dysfunction and may results
graft loss.14 CR occurs in 3–17% liver transplant recipi-
ents. The incidence of CR is lower in Tacrolimus based
studies as compared to earlier Cyclosporin based stud-
ies.14,15 CR is characterized by obliterative arteriopathy
and ductopenia, the diagnostic criteria of CR are given
in Table 3.
Time after liver transplantation

More common in early period
Any time
Higher chances in early months

Any time after liver transplantation, majority of ACR
occur early (initial 3 months)
CR occur late (months to years)
Evolving literature on antibody mediated rejection
Plasma cell rich rejection occurs after months to years

atitis,

titis

Generally >1 year after liver transplantation,
viral can manifest any time
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Table 2 Rejection Activity Index for Diagnosis of ACR (from Refs. 15,24).

Category Criteria Score

Portal inflammation Mostly lymphocytic inflammation involving, but not noticeably expanding, a minority of the triads 1
Expansion of most of all of the triads, by a mixed infiltrate containing lymphocytes with
occasional blasts, neutrophils and eosinophils. If eosinophils are conspicuous and accompanied
by edema and microvascular endothelial cell hypertrophy is prominent, acute antibody mediated
rejection should be considereda

2

Marked expansion of most or all of the triads by a mixed infiltrate containing numerous blasts
and eosinophils with inflammatory spillover into the periportal parenchyma

3

Bile duct inflammation
damage

A minority of the ducts are cuffed and infiltrated by inflammatory cells andshow only mild
reactive changes such as increased nuclear: cytoplasmic ratio of the epithelial cells

1

Most or all of the ducts infiltrated by inflammatory cells. More than an occasional ductshows
degenerative changes such as nuclear pleomorphism, disordered polarity and cytoplasmic
vacuolization of the epithelium

2

As above for 2, with most or all of the ducts showing degenerative changes or foacal luminal
disruption

3

Venous endothelial
inflammation

Subendothelial lymphocytic infiltration involving some, but not a majority of the portal and/or
hepatic venules

1

Subendothelial infiltration involving most or all of the portal and/or hepatic venules with or
without confluent hepatocyte necrosis/dropout involving a minority of perivenular regions

2

As above for 2, with moderate or severe perivenular inflammation that extends into the
perivenular parenchyma and is associated with perivenular hepatocyte necrosis involving a
majority of perivenular regions

3

aAdded later in 2015 modification.

Table 3 Early Versus Late CR (from Ref. 15).

Parameter Early CR (at least 2 findings should be present) Late CR (at least 2 findings should be present)

Small bile ducts (<60 mm) Senescence-related changes involving a
majority of ducts; bile duct loss

Degenerative changes in remaining bile ducts,
loss in �50% of portal tracts

Terminal hepatic venules
and zone 3 hepatocytes

Perivenular mononuclear inflammation
Lytic zone 3 necrosis and inflammation
Mild perivenular fibrosis

Focal obliteration
Variable inflammation
Moderate to severe (bridging) fibrosis

Portal tract hepatic
arterioles

Occasional loss involving <25% of portal tracts Loss involving >25% of portal tracts

Large perihilar hepatic
artery branches

Intimal inflammation, focal foam cell deposition
without lumenal compromise

Lumenal narrowing by subintimal foam cells
Fibrointimal proliferation

Large perihilar bile ducts Inflammation damage and focal foam cell
deposition

Mural fibrosis

Other So-called “transition” hepatitis with spotty
necrosis of hepatocytes

Sinusoidal foam cell accumulation; marked
cholestasis
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RISK FACTORS FOR ACUTE CELLULAR
REJECTION AND CHRONIC REJECTION

As ACR and CR are immune related, predisposing factors
are largely common. These include autoimmune etiology
of underlying liver disease before liver transplantation
(primary biliary sclerosis, primary sclerosing cholangitis
and autoimmune hepatitis), cytomegalovirus infection,
low levels or noncompliance to immunosuppression,
positive lymphocyte cross-match, higher lower recipient
age, donor-recipient ethnic origin, male donor into
female recipient, higher donor age, higher cold ischemia
360 
time and living versus deceased donor liver translanta-
tion.4,14,29,39 A review of 18 studies (1437 transplant
recipients) showed that ACR developed in 24–80% (mean
49%) of recipients among various studies.31 It is pre-
sumed that as donors in living donor liver transplanta-
tion are generally genetically related, ACR may have less
incidence in living donor liver transplantation (LDLT)
as compared to deceased donor liver transplantation
(DDLT), however it is not an universal finding.3,32,33

Liu et al. showed 16/50 (32%) ACR in LDLT patients
versus 36/49 (73%) ACR in deceased-donor recipients
and this difference was attributed to sibling related
ã 2017 INASL.
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donors as ACR rates were not different in non-sibling
related living donors and deceased donors.32 Shaked
et al. analyzed A2ALL data of 380 LDLT versus 213
DDLT and could not find less ACR in LDLT group.33

In addition to above mentioned factors, CR is more
common in patients with higher number and severity
of acute rejection episodes, retransplantation for CR,
male donor into female recipient, higher donor age,
higher cold ischemia time and genetically unrelated
donors when compared to genetically related donors
in LDLT.7,13,28,34,35
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LATE ONSET ACUTE CELLULAR REJECTION

While different studies have used different definitions late
onset ACR generally occurs 3–6 months after
transplantation.36–40 The late onset acute cellular rejec-
tion (LAR) generally occurs at the time of cessation of
initial higher immunosuppression. In a systemic review of
late ACR including 9 studies, the incidence of late ACR
ranged from 7% to 40% however, only one study reported
>25% incidence. Late acute rejection causes graft loss,
decreased patient survival, CR and worse prognosis.40

Thurairajah et al. analyzed 970 adult liver transplants;
LAR developed in 11% of recipients and it was significantly
more common in seronegative hepatitis, primary biliary
cirrhosis and primary sclerosing cholangitis. The younger
recipient age, primary biliary cirrhosis, and previous graft
loss were independent predictors in logistic regression
analysis. Low mean trough Tacrolimus levels preceded
LAR. LAR was associated with poor survival and poor
response to treatment, it also lead to development of
ductopenic rejection and half of these patients with CR
died.36 Umera et al. analyzed data of 1604 adult trans-
plants from 1985 to 2003. A total of 19.0% developed LAR,
which was more common in autoimmune etiology before
liver transplant. The LAR was more common in females
and younger recipients. Both patient and graft survival
was lower in LAR group and PTLD was associated with
LAR.37

Ramji et al. showed that LAR occurred in 23% of
recipients and 5% were steroid-resistant. Patients with
viral etiologies had significantly less LAR (hazard ratio,
0.52). The patients with LAR had higher incidence of
CR.38 The LAR was more common with Cyclosporine as
compared with Tacrolimus group and MMF decreases
risk of LAR.41 One of the differential diagnosis of LAR is
plasma cell rich rejection (de novo autoimmune hepatitis
or DAIH). The recurrence of autoimmune hepatitis after
liver transplantation is well known; autoimmune hepa-
titis like disease may in patients without autoimmune
hepatitis before liver transplantation (called plasma
cell rich rejection or DAIH). The diagnostic criteria of
DAIH are described recently.15 The diagnostic criteria
include 2 mandatory criteria and one desirable, but not
Journal of Clinical and Experimental Hepatology | December 2017 | Vol. 7
absolutely required criteria. The mandatory criteria
include presence of portal and/or perivenular plasma
cell rich (>30%) infiltrates with periportal/interface
and/or perivenular necroinflammatory activity and orig-
inal disease other than autoimmune hepatitis. The desir-
able feature is presence of lymphocytic cholangitis.15

The patents with plasma cell rich rejection have signifi-
cant RAI score due to perivenular and portal inflam-
mation.15 Representative histopathological images of
ACR, CR and plasma cell rich rejection are shown in
Figures 1–3.

TREATMENT OF ACUTE CELLULAR
REJECTION

Most of acute rejection episodes improve with steroid
boluses or with escalation of immunosuppression, and
generally it does not have adverse impact on graft or
patient survival in long term.42,43 It is important to dif-
ferentiate ACR from post transplantation hepatitis C
recurrence as sometimes it is very difficult on histology.44

In HCV steroid boluses tend to cause severe histological
recurrence, higher progression of fibrosis and lower sur-
vival in treated patients and it was difficult to treat in
Peginterferon era due to poor response.45,46 However,
hepatitis C treatment is completely revolutionized with
availability of direct acting antivirals in current era and
HCV recurrence is less of a concern in the current era.47

Sometimes, ACR may occur in absence of biochemical
derangement and improves on its own without escalation
of immunosuppression.48 In a review of 15 studies includ-
ing 1566 patients with protocol biopsies in early post-
transplant period, 67% had histological evidence of ACR.
Thirty two percent of these patients had no associated
biochemical dysfunction, only 14% of these developed
biochemical graft dysfunction requiring adjuvant immu-
nosuppression in follow up. Steroid-resistant rejection
and CR had aprevalence of 4% in untreated histological
ACR and no biochemical graft dysfunction. The authors
concluded that withholding adjuvant immunosuppres-
sion from patients with histological ACR and no biochem-
ical graft dysfunction seems to be safe, as long as graft
function is carefully monitored. The rationale for per-
forming protocol biopsies in the absence of biochemical
graft dysfunction is questionable.48 High dose corticoste-
roids are standard of care for ACR and doses vary at
different centers. Usually 500–1000 mg pulse of methyl-
prednisolone is given for 1–3 days followed by taper.42

Volpin et al49 compared three 1 gm pulses of methylpred-
nisolone with a lower tapering dose of steroids in a con-
trolled clinical trial. Patients with grade II or III ACR
were randomized to methylprednisolone 1000 mg for
first day followed by 200 mg on second day and then
tapered by 40 mg every day for five days and 20 mg base-
line dose at 7th day (group A, n = 18). The group B
 | No. 4 | 358–366 361



Figure 1 Acute cellular rejection: (A) low power view showing portal inflammation with normal parenchyma, (B) high power view of ‘A’ showing
eosiniphils (red colored cells) and ductulitis (circles), (C) ductulitis (red circles) and endothelitis (yellow circles), many plasma cells are visible between 2
yellow circles, (D) Endothelitis.

Figure 2 Chronic rejection: (A) low power view shows atretic portal tracts (red circles) and an area of foamy degeneration, (B) immunohistochemistry
(CK 19) image showing CK 19 staining in only 1 (upper) out of 3 portal tracts (marked by red circles), (C) focal CK19 staining (degenerating duct), (D) no
CK19 staining is visible in this portal tract (within red circle).
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consisted of 20 patients who received methylprednisolone
1000 mg/day intravenously for three days followed by
baseline dose of 20 mg on 4th day. The response was
significantly more in group A (83% versus 50%, P = 0.03)
with advantage of significantly less infections (55% versus
90%, P = 0.01).
362 
TREATMENT OF STEROID RESISTANT
ACUTE CELLULAR REJECTION

While majority of ACR episodes improve with steroid
therapy or repeat steroid therapy (infrequently needed);
steroid resistant ACR may happen in approximately 10%
ã 2017 INASL.



Figure 3 Plasma cell rich rejection: (A and B) interface hepatitis, (C) many plasma cells (white arrows), (D) a cluster of plasma cells (within red circle).
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of ACRs.50,51 Various treatments used for steroid resistant

rejection include conversion to Tacrolimus, Sirolimus,
Mycophenolate, anti thymocyte globulin, anti-CD3 mono-
clonal antibody (OKT3) and anti interleukin 2 agents.51–59
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CHRONIC REJECTION

CR is a major cause of graft dysfunction/loss in long term
in various solid organ transplantrecipients.4 The out-
comes of liver transplantation have significantly improved
as compared to earlier days due to improvement in immu-
nosuppression regimens. While CR was common in Cyclo-
sporine era, it has become uncommon after Tacrolimus-
based immunosuppression.7 CR occurs more commonly
in other solid organ transplantation as compared to liver
transplantation. Incidence of CR in liver transplants is
reported as between 3% and 17% as compared to 25–60% in
heart transplants, 20–40% in pancreatic and kidney trans-
plantation, 30–70% in pancreatic transplantation and 28–
45% in lung transplantation.4 The incidence of CR has
declined in Tacrolimus era as compared to Cyclosporine
era, and Tacrolimus has been shown to reverse CR in some
of patients on Cyclosporine-based immunosuppression.5

A meta-analysis comparing Cyclosporine and Tacrolimus
showed that Tacrolimus based therapy was associated
with less CR and better long-term outcomes.60 The later
studies with Tacrolimus based immunosuppression
showed a 2–9% incidence of CR in liver transplantation
as shown in Table 4.7,8,28,34,61–63 In the largest series
published in the Tacrolimus era, CR was present in only
3.1% (32/1048).7
Journal of Clinical and Experimental Hepatology | December 2017 | Vol. 7
TREATMENT OF CHRONIC REJECTION

Liver graft differs from other solid organ transplants in
that CR may be reversible in some patients.5–8,28,61–63

Nonresponder often need retransplantation and has poor
outcome in absence of retransplantation.3,7,28,63 Treat-
ment of CR is either escalation of immunosuppression
or retransplantation in absence of response. As pathogen-
esis of CR is complex and multifactorial, it is not always
reversible with escalation of immunosuppression. Some
studies have tried mTOR inhibitors (Sirolimus or Ever-
olimus) as an additional agent to immunosuppressive
regimen, these agents provide additional site of action
in the immunity cascade63 and thus provide additional
immunosuppression without increasing some of CNI tox-
icities. Addition of mTOR inhibitors has been shown to
reverse CR in approximately half of patients.64–66 Nishita
et al. used mTOR inhibitors in 16 patients and found
response in 8 patients,65 in another study from Neff, 61%
(13/21) responded to Sirolimus. The authors also did a
biopsy after 6 months of Sirolimus treatment and found
significant increase in bile duct artery ratio.66 Various
studies have shown following factors as predictors of
non-recovery among patients with CR; donor age, total
serum bilirubin, more extensive bile duct loss, small arte-
rial loss, presence of foam cell clusters and higher total
bilirubin and aspartate aminotransferase values.14,28 In
our experience published as an abstract, a total of 23/
1200 patients (20 male and 3 female) were diagnosed to
have CR (1.9%) at a mean interval of 24.5 � 19.5 months
post liver transplantation. A history of biopsy proven ACR
was present in 9 patients. Donor specific antibodies were
 | No. 4 | 358–366 363



Table 4 Incidence of Chronic Rejection in Various Studies and Response to Treatment.

Author Year n CR incidence Comments, response

Freese60 1991 110 10 (9.1%), All 10 patients were children, 3 improved

Blakolmer28 1999 916 23 (2.5%) 10 recovered, patients with bile duct loss in more than 50% of the portal
tracts (P < 0.01), severe (bridging) perivenular fibrosis (P = 0.05), and
the presence of foam cell clusters (P = 0.06) were more likely to require
retransplantation

Jain7 2001 1048 32 (3%) Mean FU of 6 years, 40% responded

Yilmaz8 2006 132 3 (2%) 2 children responded, one re-transplant

Ma61 2010 516 12 (2.3%) Early CR was reversible

Ali34 2017 308 29 (9.4%) All LDLT, CR 7% in genetically related donor versus 14.7% in the
unrelated group, P = 0.03

Kumar62 2016 1200 23 (1.9%) LDLT population, 13 responded to increased immunosuppression
(Everolimus was added in majority)
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not tested. The graft dysfunction improved in 11/17
(64.7%) patients after rescue with mTOR inhibitors (Siro-
limus in 4, Everolimus in 13) and in 2/6 (33%) with
escalation of baseline immunosuppression with CNI.62
CONCLUSION

ACR and CR present as graft dysfunction and a liver
biopsy is needed for definitive diagnosis. While early
ACR does not affect graft survival, late ACR is associated
with inferior graft survival as compared to early ACR and
may evolve into CR. CR responds to increased immuno-
suppression in approximately half of cases. Non-respond-
ing CR is associated with high mortality in absence of
retransplantation.
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