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Abstract
Interpretation of late allograft biopsies can be challenging because of overlapping clinicopathological features, regional difference of underlying liver diseases for liver transplantation, and continuous changing of preoperative treatment modalities of native liver diseases. In this review article, the potential causes and histopathological features of late allograft dysfunction are discussed. The causes include recurrence of native liver disease, late-onset acute rejection, chronic rejection, and posttransplant malignancy or hepatitis of unknown etiology. Differential diagnosis between recurrent or late-onset acute rejection and early-stage chronic rejection, either reversible or finally leading to late-stage chronic rejection, is practically difficult; however, clinically, it affects patient treatment. Diagnosis of recurrent hepatitis B virus/hepatitis C virus hepatitis should be made with consideration of both serological evaluation for deoxyribonucleic acid, ribo nucleic acid, or antibodies and histopathological features. Although differentiation of recurrent or de novo autoimmune hepatitis from acute rejection is difficult, patients with autoimmune hepatitis undergo similar treatment. In pediatric patients, evaluation of Epstein-Barr virus-associated changes, which vary from nonspecific hepatitis to post- transplant lymphoproliferative disorder with or without acute rejection, is practically important from the point of treatment. From our 16-year experience in Asan Medical Center, it has become clear that the histopathological diagnosis of late allograft biopsies must be made on the basis of consensus criteria for the common and problematic causes of late complications of liver transplantations proposed by the Banff Working Group, by integration of clinical features and results of key serological tests, and even by consideration of responses to previous treatment.
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Introduction
Surgical and medical advancements in the field of liver transplantation (LT) have achieved 1-and 5-year survivals of 90% and 75%, respectively, with a majority of LT patients leading full and near-normal lives over the last 20 years(1). Nonetheless, late allograft dysfunction leading to graft loss and patient death has remained constant(2), although late allograft dysfunction is variably defined as graft abnormalities from 3 months to 1 year after LT(1, 3). Thus, knowledge of the pathology of late complications of LT is essential for pathologists to make informed diagnoses and optimize treatment and long-term outcomes.
Allograft liver biopsies are performed to identify subclinical graft dysfunction in long-term LT survivors, to prompt a low threshold for autoantibody testing particularly in children, to identify patients in whom immunosuppression might be safely reduced or withdrawn, and to assess and monitor patients undergoing immunosuppression withdrawal in an attempt to induce operational tolerance(4). The histological assessment of late post-transplant biopsies is influenced by several factors, such as the nature of the original liver disease, type of liver biopsy (protocol or clinically indicated), duration of follow-up, type and amount of immunosuppression used, and diagnostic criteria(4). The spectrum of histological abnormalities in late allograft liver biopsy vary as follows: 1) rejection, either late acute rejection or chronic rejection; 2) recurrence of original liver disease, such as chronic viral hepatitis, autoimmune hepatitis (AIH), and idiopathic hepatitis; and 3) de novo liver disease, such as cholangiopathy and structural abnormalities. The histopathological features of late allograft dysfunction are discussed in this review.

Rejection
Several months after a LT, various types of rejection may occur, including classical acute cellular rejection, late acute cellular rejection, early chronic rejection, and late chronic rejection. Late acute cellular rejection, which may occur in association with a reduction or withdrawal of immunosuppressive medication, erratic absorption of immunosuppressive agents, or poor compliance, responds less well and progresses more frequently to chronic rejection(5). The pathological features of late acute cellular rejection are different from those of classical acute cellular rejection in that portal infiltrates predominantly consist of mononuclear cells, inflammation of bile ducts and portal venules is less severe, interface hepatitis and lobular hepatitis is more prominent and central perivenulitis is more frequent (Fig. 1)(3, 6).
[image: Figure F1 ]Fig. 1

  A representative case of severe late acute cellular rejection. (A) The liver allograft biopsy shows multifocal central perivenulitis and moderate portal inflammation (HE stain, ×12.5). (B) Portal inflammation and bile duct injury is mild (arrow), compared with central perivenulitis (HE stain, ×100). Abbreviations: P, portal tract; CV, central vein.



Chronic rejection occurs later in less than 4% of patients who undergo LT(7), presenting a more insidious and indolent course. Chronic rejection is associated with treatment with immune-activating drugs, refractory acute rejection, or chronic rejection in a previous failed allograft(3, 8). Early chronic rejection is characterized by perivenular hepatocyte dropout, potentially reversible central perivenulitis, and mild portal inflammation with atrophy of bile ducts (Fig. 2). Late chronic rejection shows either biliary patterns of chronic cholestasis including a ductular reaction and periportal fibrosis or classical patterns of ductopenia with variable perivenular fibrosis that occasionally progresses to venocentric cirrhosis (Fig. 3)(4). When chronic rejection should be differentiated from chronic biliary diseases associated with ductopenia, such as recurrent primary biliary cirrhosis, recurrent primary sclerosing cholangitis, and ischemic cholangiopathy, chronic rejection is favored when bile duct inflammation, senescence-related changes of bile ducts, presence of central perivenulitis, venocentric fibrosis, and cirrhosis are observed(4). In addition, imaging features of biliary trees, clinical information, and preceding biopsies aid diagnosis of chronic rejection.
[image: Figure F2 ]Fig. 2

  A representative case of early chronic rejection. (A) The liver allograft biopsy shows minimal portal inflammation with senescence of bile duct epithelium (arrow) (HE stain, ×200) and (B) aggregation of foamy histiocytes obstructing the sinusoids (HE stain, ×400).



[image: Figure F3 ]Fig. 3

  A representative case of late chronic rejection. The liver allograft biopsy shows diffuse loss of interlobular bile ducts by CK7 immunostaining (A, ×12.5) and advanced fibrosis by Masson's trichrome staining (B, ×12.5).




Recurrence of Original Liver Diseases
1) Infections
(1) Hepatitis B
Recurrence of hepatitis B virus (HBV) infection universally occurs if HBV DNA is positive before transplantation(9). The risk of HBV recurrence is higher in cases of anti-HBc-positive donors, inadequate anti-HBV treatment, and in patients with HBV mutants(10). Recent application of effective treatment with anti-HBV agents prevents recurrent disease and histopathological liver damage(11). Modified histopathological findings in late allograft biopsies complicate differential diagnosis between recurrent HBV hepatitis and other types of chronic hepatitis, as well as acute rejection.

(2) Hepatitis C
Recurrent hepatitis C virus (HCV) hepatitis is nearly universal in recipients with HCV replication before LT, and usually starts with an elevation of liver function tests 6~8 weeks after LT with features of cholestatic hepatitis. The severity of the liver damage is closely associated with several risk factors, including treated acute rejection, cytomegalovirus infection, and the use of OKT3 therapy. One model identifies at least five predictive risk factors for progression to severe recurrent disease within 2 years: increased donor age (>50 years old), HCV genotype 1b, use of OKT3, induction with mycophenolate mofetil, and short prednisone and azathioprine use(12-14). The progression of recurrent HCV hepatitis to the chronic phase is associated with a significant decrease in liver HCV RNA(14).
Histopathological findings of HCV hepatitis in liver allografts are similar to those of classical HCV hepatitis in most cases, showing portal-based mononuclear inflammation that includes lymphoid aggregates, usually mild interface hepatitis and lobular inflammation, and mild steatosis. However, atypical problematic cases of HCV hepatitis in the liver allograft can be classified into three major types(4). The first type includes more aggressive recurrent hepatitis C, which shows more severe inflammatory activity including confluent and bridging necrosis and more rapid progression to fibrosis and cirrhosis. The main causes of lobular necro-inflammation are late rejection and de novo AIH(3). The second type involves atypical recurrent hepatitis C including fibrosing cholestatic hepatitis(15, 16) and hepatitis C with autoimmune features(17). The third group involves recurrent hepatitis that interacts with other complications such as rejection(12). Fibrosing cholestatic hepatitis is characterized by various degenerative changes in hepatocytes with marked cholestasis, prominent ductular reaction with relatively mild mixed portal inflammation, and variable fibrosis. There are two clinical settings of HCV with autoimmune features, as a complication of anti-viral therapy with interferon(17, 18) or HCV that is unrelated to anti-viral therapy(19). Histopathologically, plasma cell-rich portal and/or lobular inflammatory infiltrates (plasma cell hepatitis) and central perivenulitis are observed(20). Clinically, autoantibodies and/or IgG levels may increase and are sometimes associated with suboptimal immunosuppression, suggesting superimposed rejection(4, 12).

(3) Epstein-Barr virus hepatitis
Epstein-Barr virus (EBV) infection and post-transplant lymphoproliferative disorder are more prevalent in pediatric recipients than adult recipients. Frequent EBV load monitoring in pediatric recipients leads to early detection of EBV infection(21). Adjustment of the immunosuppression level is important for controlling clinicopathological abnormalities connected to acute rejection and EBV infection. In our experience, 25 allograft liver biopsies from 18 pediatric recipients under one of the following circumstances were evaluated for specific histopathological features of EBV infection in allograft liver: (1) positive EBV viral capsid antigen (VCA) IgM in serum; (2) seroconversion of EBV VCA IgG from negative to positive; (3) detection of EBV nucleic acid in peripheral blood by EBV-polymerase chain reaction (PCR); (4) positive in situ hybridization for EBV early RNA (EBER-ISH) in the liver or other organs; and (5) positive EBV-PCR in the liver or other organs. Histopathological features highly suggestive of EBV hepatitis include diffuse lobular activity, sinusoidal lymphocytosis, and the presence of plasma cells and atypical lymphocytes (Fig. 4)(22).
[image: Figure F4 ]Fig. 4

  A representative case of EBV infection in a pediatric liver transplantation patient. (A) The liver allograft biopsy shows diffuse sinusoidal lymphocytosis (HE stain, ×200) and (B) mild lobular activity (HE stain, ×200).
  Abbreviation: EBV, Epstein-Barr virus.







2) Dysregulated immunity
AIH (20~30%), primary biliary cirrhosis (20~50%), and primary sclerosing cholangitis (20~30%) may recur in about 20% of LT patients due to dysregulation of immunity(4).

3) Others
Recurrent alcoholic liver disease occurs in 10~30% of LTs(23). Nonalcoholic steatohepatitis may recur when the underlying etiology has not been eradicated(24).


De novo Liver Diseases
1) Chronic hepatitis
(1) De novo autoimmune hepatitis
De novo AIH occurs in 5~10% of children and 1~2% of adults, mainly >1 year post-LT, and shows a good response to increased immunosuppression(25-27). It is associated with immunosuppressive drugs interfering with normal T cell maturation in the immature immune system. Patients with de novo AIH have autoantibodies to potential target antigens expressed by hepatocytes, including GSTT1, CK8/18, and Bile Salt Export Pump (BSEP) protein(4). For the diagnosis of AIH in allograft biopsy, a scoring system proposed by the International Autoimmune Hepatitis Group for de novo AIH(28) is usually used, with the exception of the criterion pertaining to significant titers of more than 1:160 of autoantibodies(29). Pathologic features of AIH in recipient liver are largely similar to those of nontransplant patients, showing diverse findings that include plasma cell-rich mononuclear portal inflammation, varying degrees of interface hepatitis, more prominent lobular inflammation and necrosis, lymphocytic cholangitis in a minority of bile ducts, and confluent necrosis involving zone 3 resulting from central venulitis (Fig. 5)(30). However, the presence of autoantibodies in acute rejection, previous acute rejection episodes, and features of de novo AIH in the setting of under-immunosuppression of interferon treatment make the differential diagnosis difficult.
[image: Figure F5 ]Fig. 5

  A representative case of de novo autoimmune hepatitis in a pediatric liver transplantation patient. (A) The liver allogfraft biopsy shows moderate mononuclear cell infiltration in the portal tract (HE stain, ×100) and (B) bile duct damage by CK7 immunostaining (×400).




(2) Idiopathic post-transplant hepatitis
Idiopathic post-transplant hepatitis is defined as chronic hepatitis that cannot be ascribed to a particular cause, and shows portal/parenchymal mononuclear, portal lymphocytic, and nonspecific graft inflammation (hepatitis). It occurs in 10~50% of cases of protocol biopsy >1 year post-transplant, in about 60% of pediatric LT patients at 10 years of age, and in 20~30% of adults during the first 3 years post-LT(31). It is frequently associated with adverse outcomes such as progression of fibrosis, retransplantation, and relapse(32). Pathological findings overlap with those of other hepatitis forms and the portal inflammatory infiltrate predominantly consists of mononuclear cells showing variable interface hepatitis. Lobular inflammatory changes resembling central perivenulitis are frequent, resulting in bridging fibrosis or cirrhosis(33).


2) Cholangiopathy
Cholangiopathy can occur in diverse situations, including chronic rejection, biliary stricture, hepatic artery pathology, adverse drug reactions, and cytomegalovirus infection. Biliary stricture is favorable to cholangiopathy in late allograft dysfunction when neutrophilic or eosinophilic portal inflammation is observed late after LT and ductopenia with ductular reaction is focal. Cholangiography and/or angiography aids differentiation of allograft cholangiopathy from recurrent primary biliary cirrhosis, primary sclerosing cholangitis, ischemic cholangitis due to injury from prolonged preservation of non-heart-bearing donors, imperfect biliary anastomoses, inadequate arterial flow, and antibody-mediated rejection.

3) Structural abnormalities
Structural abnormalities, such as nodular regenerative hyperplasia, liver cell plate disarray, perisinusoidal fibrosis, hepatocellular atrophy, and sinusoidal dilatation with congestion are observed in 20~30% of biopsies more than 5 years after LT(34). These abnormalities are associated with vascular problems (portal venous insufficiency), drug toxicity (azathioprine), and immune-mediated damage to endothelial cells. Nonspecific allograft fibrosis is variable in degree and location. Centrilobular fibrosis is seen in 10~20% of late post-transplant biopsies in children, portal fibrosis is found in 69% of LT children biopsied by 10 years, and bridging fibrosis or cirrhosis is detected in more than 50% of LT children with portal fibrosis(35). Other findings, such as fatty change, siderosis, and fibrosis, are observed in late allograft liver biopsies.


Conclusion
In conclusion, late allograft liver biopsy shows a broad spectrum of histopathological features that can be correlated with the probable pathological diagnosis (Fig. 6). A liver allograft biopsy is helpful for identifying the main cause of graft damage in cases with more than one possible etiological factor because histological abnormalities are common in late post-transplant biopsies. Diagnostically difficult cases of late rejection with hepatitic features, de novo AIH, and idiopathic post-transplant hepatitis may all be part of an overlapping spectrum of immune-mediated injury in long-term liver allografts that may need additional immunosuppression. In addition, drug-associated liver damage and non-specific de novo changes in allograft liver are difficult to differentiate from other allograft specific diseases.
[image: Figure F6 ]Fig. 6

  Summary of histopathological features of late liver allograft dysfunction and the most probable pathological diagnoses. Abbreviations: PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; PTLD, posttransplant lymphoproliferative disorder.
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[image: Figure F1 ]Figure 1


  A representative case of severe late acute cellular rejection. (A) The liver allograft biopsy shows multifocal central perivenulitis and moderate portal inflammation (HE stain, ×12.5). (B) Portal inflammation and bile duct injury is mild (arrow), compared with central perivenulitis (HE stain, ×100). Abbreviations: P, portal tract; CV, central vein.
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  A representative case of early chronic rejection. (A) The liver allograft biopsy shows minimal portal inflammation with senescence of bile duct epithelium (arrow) (HE stain, ×200) and (B) aggregation of foamy histiocytes obstructing the sinusoids (HE stain, ×400).
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  A representative case of late chronic rejection. The liver allograft biopsy shows diffuse loss of interlobular bile ducts by CK7 immunostaining (A, ×12.5) and advanced fibrosis by Masson's trichrome staining (B, ×12.5).
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  A representative case of EBV infection in a pediatric liver transplantation patient. (A) The liver allograft biopsy shows diffuse sinusoidal lymphocytosis (HE stain, ×200) and (B) mild lobular activity (HE stain, ×200).
  Abbreviation: EBV, Epstein-Barr virus.
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  A representative case of de novo autoimmune hepatitis in a pediatric liver transplantation patient. (A) The liver allogfraft biopsy shows moderate mononuclear cell infiltration in the portal tract (HE stain, ×100) and (B) bile duct damage by CK7 immunostaining (×400).
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  Summary of histopathological features of late liver allograft dysfunction and the most probable pathological diagnoses. Abbreviations: PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; PTLD, posttransplant lymphoproliferative disorder.
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