
Page 1 of 10

© AME Medical Journal. All rights reserved. AME Med J 2018;3:11amj.amegroups.com

Introduction

In the 21st century, more than 20,000 orthotopic liver 
transplantations are performed around the world each year, and 
about 400 of them are performed in Canada annually (1). With 
the availability of various immunosuppression medications, 
major medical and surgical advances, the survival rates have 
improved to 85–95% at 1-year and 75% at 5-year from 
that of 23.7% at 1-year from Cambridge/King’s College 
Series of 93 Cases between 1968–1980 (2,3). In the first 
trials of orthotopic liver transplantation, patients died from 
haemorrhage, hepatic failure, pulmonary emboli and sepsis 
that took place in the first 23 days post-transplant (3). In the 
pre-cyclosporine era, main causes of deaths were attributed 

to liver failure and sepsis (3). In the cyclosporine era, causes 
of deaths were sepsis, operative, hepatic artery thrombosis, 
acute and chronic rejections occurring 1–20 months post-
transplant (3). With the introduction of effective direct 
acting antiviral agents against hepatitis C, the number of 
referrals for end-stage HCV have been decreasing but 
with an increasing proportion with non-alcoholic fatty 
liver disease (NAFLD) to maintain a tragic status quo. 
Between 2002 and 2014, the average age of adult transplant 
registrants changed from 51.2 to 55.7 years, corresponding 
to an increase by 22% in age ≥60 from 19% to 41% (4). 
With an increasing number of liver transplants, the fact 
that liver recipients are living longer post-transplant, 
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recipients are older at transplant and an increasing 
prevalence of NAFLD, there is a gradual evolution of 
post-transplant medical complications, which is becoming 
more conspicuous. The time division of the early versus 
late medical complications is rather arbitrary, however it is 
generally divided into the first 3–6 months, 6–12 months 
and after 1-year post-transplant. This paper reviews some 
of the common early complications in the first few months: 
acute graft rejection and acute kidney injuries, as well as the 
late complications such as chronic graft rejection, chronic 
kidney disease (CKD) and metabolic bone disease. De novo 
malignancy and new-onset diabetes can occur both early 
and late post-transplant. 

Post-transplant allograft rejection

Hepatic allograft rejection is an inflammatory pathologic 
condition elicited by a genetic disparity between the 
donor and recipient. Graft rejection can be from T-cell 
mediated or antibody-mediated processes (5). The process 
predominantly targets interlobular bile ducts and vascular 
endothelia, including portal veins and hepatic venules, and 
occasionally the hepatic artery and its branches (6). Most 
acute graft rejection happens in the first 3 months post-
transplant but can occur at any time (7). Late acute rejection 
(LAR) is sometimes defined as biopsy-proven acute rejection 
occurring more than 180 days post-transplant, although the 
temporal definition is arbitrary (7). Acute rejection can lead 
to chronic rejection and graft loss (8). 

Previously, acute rejection was reported to occur in 
45–75% patients in the cyclosporine era of transplantation 
(7,9,10). In the tacrolimus/mycophenolate mofetil era, 
the combination of tacrolimus, mycophenolate mofetil, 
tapering corticosteroids, with or without an IL2 receptor 
antagonist was associated with an incidence of acute 
rejection of 23–28% in a randomized clinical trial (11). 
Even more recently, biopsy-proven acute rejection was 
found to occur in 15–27% of a cohort of 45,432 liver 
recipients (12). LAR has an incidence of 7–24% among 
acute rejections (8,13). The incidence of acute and chronic 
antibody-mediated rejection (AMR) is difficult to capture 
accurately as the diagnosis is still challenging to confirm 
in liver transplantation (5). Risk factors leading to acute 
rejection are broad, ranging from allograft-specific, patient-
specific, immunosuppression-medication-specific factors, 
to transplantation for specific-disease-type factors. The 
reported allograft risk factors were donor/recipient HLA-
DR mismatch, cold-ischemic time greater than 15 hours 

and donor age older than 50 years which independently 
associated with time to rejection (9). In contrast, recipient 
age inversely correlated with the likelihood of rejection 
(9,12). Patient noncompliance leads to an overall lower 
degree of immunosuppression, and is one of the leading 
causes of allograft rejection (8). Similarly, low trough 
cyclosporine levels and withdrawal of maintenance steroids 
predispose to the risk of LAR (13). Types of immune-
suppressants also play a pivotal role in the occurrence of 
rejections. It has been reported that cyclosporine use and 
not tacrolimus, and combined immunosuppression drugs 
that do not including mycophenolate mofetil, are associated 
with LAR episodes (7). Transplantations for specific liver 
disease also seem to negatively impact allograft outcome. 
Primary biliary cholangitis (PBC) and HCV were associated 
with higher incidence of acute rejection observed in a 
cohort from 2003–2014 (12); statistics seen in HCV may 
change with the availability of direct-acting anti-viral agents 
for post-transplant untreated HCV patients in many parts 
of the world. Autoimmune hepatitis (AIH), non-metabolic 
and non-retransplanted patients also have more LAR 
episodes (7). The likelihood of chronic rejection increases 
with the occurrence of LAR. 

To diagnose allograft rejections, the gold standard is core 
needle liver biopsy. In acute rejection, core needle biopsy 
demonstrates 2 or more features of: (I) mononuclear portal 
inflammation, frequently eosinophils, as well as activated 
lymphocytes and neutrophils; (II) bile duct inflammation 
and damage; (III) sub-endothelial inflammation of portal 
veins or terminal hepatic venules (i.e., endotheliitis) (6). 
The pathology of LAR is quite similar to that of the acute 
rejection as opposed to chronic rejection. The differences 
are fewer blastic lymphocytes, greater interface activity, less 
venous sub-endothelial inflammation, and higher lobular 
activity (6). Chronic rejection, also known as ductopenic 
rejection, on histology is characterized by focal ongoing 
lymphocytic bile duct damage, bile duct senescence, 
atrophy, and eventual bile duct loss (14). Nevertheless, 
the biopsy changes of acute and chronic rejection can 
sometimes be difficult to distinguish from non-rejection-
related causes; thus other etiological mimickers should be 
screened and ruled out, such as biliary strictures, hepatic 
artery surgical complications, adverse drug reactions, 
cytomegalovirus (CMV), HBV, HCV, recurrent PBC and 
post-transplant AIH (14). 

The clinical findings of early mild acute rejection 
are often lacking or too subtle to be reliable. In late or 
severe cases, one may find presentations of fever, allograft 
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tenderness, swelling, cyanosis and sometimes ascites (14). 
Laboratory tests are neither sensitive nor specific, however 
typically showcase liver enzyme de-arrangements in 
cholestatic or mixed patterns, with elevations of -glutamyl 
transpeptidase and alkaline phosphatase (1,5). Liver enzyme 
profile of chronic rejection is that of cholestasis, often 
indistinguishable from laboratory abnormalities produced 
from biliary tract obstruction/strictures, HBV, HCV, or 
recurrent AIH (14). Grading of acute allograft rejection is 
useful to determine the severity of rejection, and in turn can 
prognosticate graft outcomes (9,15). International grading 
system of severity of acute rejection uses Rejection Activity 
Index (RAI) in accordance to the Banff Schema (6). Three 
specific features, portal inflammation, bile duct damage/
inflammation and venular inflammation are individually 
evaluated and assigned a score between 0 to 3 (mild, 
moderate and severe). The three components are added to 
arrive the final RAI (6). 

In the last few years, acute and chronic AMR has gained 
more attention in liver transplantation (16). Mediated by 
ABO-incompatibility, donor-specific antibodies against 
ABO antigens or HLA class 1 and 2 antigens expressed 
on endothelial cells, the process instigates attraction 
and margination of leukocytes, formation of fibrin 
microthrombi, and fibrosis leading to shunting of blood 
flow, hypoxia and impaired function (5). The diagnosis is 
supported by liver biopsy features, serum DSA testing, C4d 
tissue staining, and exclusion of other causes (5).

Acute rejection can progress rapidly without treatment 
however is usually reversed by treatment. Up to 70% of 
acute rejections are considered mild (RAI ≤4) on histology 
and are not of clinical significance (15). Mild rejections 
may not need additional immunosuppressive treatment 
and may not lead to allograft impairment (6). Earlier 
studies examining outcomes found no significant increase 
in patient mortality from acute rejections, apart from higher 
healthcare costs secondary to longer hospital stays (10).  
Graft failure was considered a rarity, affecting 1% of 
patients in a study conducted in 2002 (15). About 17% of 
acute rejections are graded moderate to severe on biopsy 
in the tacrolimus era (15). Moderate-severe rejection was 
associated with a likelihood of perivenular fibrosis (15), with 
severe rejection predicting shorter time to re-transplantation 
and death (9). These findings stood in contrast to the Adult-
to-Adult Living Donor Liver Transplantation Cohort Study 
published in 2017. Analysis of a large cohort (2003 to 2014) 
found liver related mortality from primary graft failure was 
uniformly 4–8 times higher in those diagnosed with at least 

one episode of acute rejection, irrespective of the severity of 
rejection (12). In the past, many centers followed protocols 
to treat moderate-to-severe acute rejections (RAI ≥5) with 
additional immunosuppressive therapy to avoid negative 
consequences. No specific therapeutic recommendation can 
be made in mild acute rejection, although after optimization 
of existent immunosuppression regimen, some centers 
recommend performing a follow-up liver biopsy to confirm 
its resolution whereas others will give additional treatment. 
The reported outcome from acute rejection is likely to shift 
in light of the newer cumulative data from recent years.

The majority of acute rejections, including the moderate-
to-severe, are treated with and responsive to single or 
multiple courses of high-dose steroids (7), while 5–10% 
will be steroid resistant (17). Variations in the duration 
of initial steroid treatment are often dictated by center-
specific preference. A small-randomized trial comparing 
1-day intravenous steroid followed by 6-day oral taper 
with that of 3-day intravenous steroid regimen reported 
better effectiveness and side-effect profile of the former, a 
generalization that may require further validation (17). In 
the case of steroid resistance, the therapeutic options are 
OKT3, anti-thymocyte globulin (ATG) and sometimes 
anti-IL2 receptor antibodies (basiliximab or daclizumab) 
(13,18,19). The reported success rate of rabbit ATG in 
steroid resistant acute rejection (SRAR) is 77–100% (18). 
The use of OKT3 is associated with complete reversal 
of hepatic rejection in 45% of patients with SRAR, and 
partial reversal in 38% (18). LAR can lead to increased 
graft loss and morbidity. Persistent acute rejection can 
result in allograft failure from chronic rejection. Chronic 
rejection usually responds poorly to rescue therapy (19) 
and re-transplantation is the only viable solution. In AMR, 
prevention is key. There are currently no prospective studies 
in the treatment of liver transplant patients diagnosed 
with moderate-to severe acute AMR. The small number of 
published case reports documented variable success rates 
using plasmapheresis, IVIG, rituximab, and proteasome 
inhibitors (16).

Post-transplant renal dysfunction

Renal dysfunction can be acute or chronic post-transplant. 
The creatinine-based GFR estimation in patients with 
cirrhosis and post-transplant is adopted from non-liver 
related literatures; its applicability and accuracy in the 
post-transplant setting have been questioned. A proposal 
by a group of international hepatologists outlined 
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necessary revisions to the definitions of AKI and CKD 
in patients with cirrhosis (20). Similarly, currently there 
is no consensus definition of AKI or CKD specific to 
the liver-transplant settings (21). Of the papers reviewed 
hitherto, CKD is defined, by the authors, as an onset 
of GFR <29 mL/minute/1.73 m2 or the development of 
end-stage renal disease (ESRD) (22). 

One, 3- and 5-year accumulative incidence of post-
transplant CKD is reportedly 8%, 14% and 18%, 
higher than that of heart and lung transplant and second 
only to intestine transplant (22). Using variable AKI 
definitions, post-transplant AKI incidence ranges from 
17% to 94% (23-25). 

In post-transplant renal dysfunction, the leading culprits 
are found at time of transplant and post-transplant. At 
time of transplant are ATN, residual pre-transplant renal 
dysfunction and calcineurin inhibitor-related acute renal 
dysfunction (i.e., nephrotoxicity from cyclosporine or 
tacrolimus) (21). In the post-transplant period, post-
transplant DM, hypertension, CNI-related acute or chronic 
renal dysfunction and ATN are known contributors to 
declining GFR (21). Specific patient demographics were 
identified as risk factors in CKD post-transplant: older 
age, female gender, African American background, while 
important past medical history of pre-transplantation HCV, 
hypertension, BMI ≥35, DM were additional factors (22,26). 
Postoperative acute kidney failure is associated with CKD, 
with a relative risk of 2.13, as well as an association with 
mortality, suggesting the degree of AKI may determine 
long-term outcome (22,24,25). Transplantation for 
cholestatic liver disease, low sodium <134 mEq/L, and 
status-1 listing were negative predictors of post-transplant 
ESRD (26). 

In late-onset AKI, the risk factors are bacterial infection 
and the need for reoperation (21). The etiologies of CKD 
are different from those of AKI. In CKD, the major factors 
are calcineurin inhibitor induced nephrotoxicity (48%), 
hypertensive vascular changes (44%), membranoproliferative 
glomerulonephritis (17%), IgA nephropathy (9%), diabetic 
nephropathy and ATN (27). Calcineurin inhibitors are 
causes of acute dose-dependent nephrotoxicity as well 
as chronic non-dose dependent nephrotoxicity (28). 
Calcineurin inhibitors cause vasoconstrictions of afferent 
and efferent arterioles by mechanisms of increased release 
of endothelin-1, decreased production of nitric acid and 
increased expression of TGF-beta (28,29). 

The risk of renal dysfunction can be minimized with 
careful titration of the tacrolimus dose to the tacrolimus 

trough level. This is especially important in the immediate 
post-transplant period and the use of a low dose delayed 
tacrolimus regimen with mycophenolate mofetil and an IL2 
receptor antagonist, has clearly been showed to be associated 
with an improved GFR during this early time period (11). 
Similar kidney-sparing strategy using calcineurin free 
regimen was utilized by another randomization study (30). 
Sirolimus was used as a reasonable alternative in 14 patients 
developing tacrolimus nephrotoxicity in the immediate 
post-transplant stage and measures of acute rejection 
were equivalent at 90 days (31). CNI dose-reduction has 
been thought futile once CKD develops. In a randomized 
study comprising 27 patients with CKD, introduction of 
mycophenolate mofetil and 50% CNI dose reduction at 
minimal created significant improvement in measures of 
creatinine clearance at one year with comparable graft 
outcomes. This was in comparison with another 29 patients 
from the same study, where CNI dose reduction at 25% 
had negligible effect on GFR (32). CKD post-transplant 
significantly increases the risk of death with a relative risk 
of 4.55 (22). Patients who eventually develop end stage 
renal disease (ESRD) do better with a renal transplant 
than those on dialysis only. Treatment of ESRD by renal 
transplantation is associated with reduced 5-year risks of 
death than with dialysis (22).

Post-transplant de novo diabetes mellitus 

Diabetes mellitus is often a lead-in diagnosis for liver 
transplantation especially in NAFLD, and those without a 
history can develop de novo post-transplant diabetes mellitus 
(PTDM). Specific diagnostic criteria of DM are outlined in 
the American Diabetes Association and the World Health 
Organization (33).

The prevalence of de novo PTDM was reportedly 
27%, 9% and 7% at 1, 2 and 3 years post-transplant, 
respectively (34). The decrease in prevalence over time is 
likely related to reducing steroid use, which is a major risk 
factor in de novo PTDM. A Canadian retrospective review 
of 177 liver-transplant patients documented 17% de novo 
PTDM and 24.3% PTDM (35). Variations in the incidence 
and prevalence of de novo PTDM and PTDM may be 
explained in part by different diagnostic criteria used in post 
liver-transplant literatures.

Aside from the effects of antirejection drugs, notable 
patient-specific risk factors for developing de novo PTDM and 
PTDM are older age, male gender, obesity, African American 
background, family history of diabetes, transplantations 
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for HCV or alcohol cirrhosis (35,36). In a cohort of 17,000 
HCV patients, the prevalence of de novo PTDM was 35.2% 
versus 18.9% in HBV comparator arm, and HCV was an 
independent predictor of de novo PTDM with adjusted 
hazard ratio (HR) 1.55 (37). The pathogenesis of HCV-
associated DM is conjectural. Possible physiological 
mechanisms are decreased insulin secretion, HCV-directed 
damage on pancreatic beta-islet cells, insulin resistance 
from NAFLD, and increased iron stores (38). Oral and IV 
corticosteroid are well-known iatrogenic causes of DM in 
general and the risk is duration dependent, although not 
strictly dose-dependent (39). Similarly, CNI is associated 
with the development of de novo PTDM. Tacrolimus 
is associated with greater risk than cyclosporine with a 
relative risk of 1.38 reported by a systematic review of 16 
randomized trials; 33% of the tacrolimus cohort developed 
PTDM while it occurred in 19% of the cyclosporine cohort 
at 6 months post liver transplant (40,41).

Screening of de novo PTDM should be conducted in 
all post-transplant patients regardless of the presence of 
specific risk factors mentioned above and/or symptoms 
of hyperglycemia. Fasting plasma glucose monitoring at 
regular intervals in all recipients post-transplant as well as 
pre-lunch, dinner and evening glucometer checks while in 
the early post-operative period are mandatory. In PTDM, 
glycosylated haemoglobin level at 3-monthly interval is 
recommended and levels above 6.5% should be medically 
intervened (42). All PTDM patients should be assessed 
annually for diabetic complications. Management of PTDM 
should consist of assessment by an endocrinologist, dietary 
modifications, minimization of steroid exposure when 
possible,, single and combination oral anti-hyperglycemic 
agents, and insulin use (42).

De novo PTDM and PTDM likely has more profound 
effect on long-term than short-term transplant outcomes. 
A Canadian study found no difference in mortality or graft 
survival between groups with or without PTDM following 
the first one year post-transplant (35). In contrast, another 
study reported worse prognosis associated with PTDM 
compared to those without, in measures of rejection 
episodes at 1 year and mortality at 2 years (34). A U.S. study 
reported worse long-term outcomes over 8–10 years in rates 
of infection, graft failure from chronic rejection and late 
hepatic artery thrombosis, significant in individuals with 
persistent PTDM (duration >6 months), a trend not seen in 
transitory PTDM (duration 1–6 months) (43). Supported 
by another study there were higher long-term rates of 
infection and mortality in PTDM group (44).

Post-transplant metabolic bone disease

The spectrum of metabolic bone disease, osteopenia, 
osteoporosis and bone fractures, is common in post liver-
transplant recipients. The diagnosis of osteopenia and 
osteoporosis requires a bone mineral density (BMD) test 
such as dual-energy X-ray absorptiometry (DEXA). About 
38% patients develop vertebral collapse post-transplant (45) 
as a result of osteopenia which peaks in the 2 years post-
transplant (46). In another study, vertebral and non-
vertebral fractures were diagnosed in 14% and 7% at 1 year 
respectively and 21% vertebral fractures occurred within 
the first 2 years post-transplant (46). The greatest incidence 
was seen in patients transplanted for cholestatic liver 
diseases. About 43% and 30% liver recipients for PBC and 
PSC sustained fractures in the first year, respectively (47,48).

Patient-specific risk factors of post-transplant metabolic 
bone diseases are female gender, older age, post menopause 
and a pre-transplant history of vertebral fracture (46,49). 
Pre-transplant BMD t score when above −2.5 standard 
deviation (SD) did not reliably predict post-transplant 
fractures however t score below −2.5 SD predicted vertebral 
fracture risk (46). Transplantation for cholestatic liver 
disease (PBC, PSC), post-transplant cholestasis, prolonged 
bed-rest and immobility are other predisposing factors of 
metabolic bone disease (45,47,48). 

Causes for metabolic bone disease in post liver transplant 
population are multifactorial. Osteopenia and osteoporosis 
are prevalent in 10–40% of patients with end-stage liver 
diseases pre-transplant, and these conditions likely persist in 
the post-transplant period (48). Hypogonadism is also likely 
to persist post-transplant. Additionally, there was increased 
bone turnover rate at 3 months post-transplant as measured 
by histomorphometric analysis of bone remodelling in 21 
patients, a process that can weaken bone strength (50). In a 
study involving women transplanted for PBC, lumbar BMD 
was significantly decreased at 3 months post-transplant, 
however by 12 months BMD returned to pre-transplant level 
and by 24 months was 5% above it (51). Corticosteroid use 
in the post-transplant period is a major culprit to trabecular 
bone loss, by a myriad of mechanisms, notably accelerated 
bone resorption and osteoclast activity (52). No dose-
dependent relationship was found between cyclosporine 
or tacrolimus with risk of fractures (46). They may be less 
likely culprits for post-transplant bone disease, although 
cyclosporine and tacrolimus cause high-turnover osteopenia 
in animal studies (53).

All reversible factors for bone loss should be assessed and 
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treated in a timely fashion. This includes baseline evaluation 
of serum calcium, vitamin D, parathyroid hormone level, 
and gonadal function at 4–6 months post-transplant. 
Steroids use should be minimized when possible. Persistent 
hypogonadism should be considered for hormonal 
replacement therapy. Bone density generally improves 
after 4–6 months post liver transplant from the process of 
increased bone formation. A study found ongoing bone 
recovery happened in some patients up to 4 years post-
transplant and some required 85 months to return to pre-
transplant baseline (54). 

Post-transplant de novo malignancy

Sk in ,  haemato log ica l ,  o ropharyngea l ,  lung  and 
colon cancers are more frequently encountered in 
the post-transplant population (55). Post-transplant 
lymphoproliferative disorder (56) is a spectrum of lymphoid 
or plasmacytic proliferations associated with solid organ 
transplant or allogeneic hematopoietic cell transplant with 
the use of potent immunosuppressive drugs after solid-
organ transplantation (56). 

The overall incidence of de novo cancer post-transplant 
is about 2.5 times of the general population according to 
a Canadian study of 2,034 patients, and the risk is most 
pronounced in the first year post-transplant (57). The 
combined incidence in post-transplant population can be 
as high as 21.4% from long-term follow-up data (58), with 
variable reports of lower range about 2–15% depending 
on the length of follow-up (59). The reported 1, 5, 10 and  
20 years accumulative incidence rates were 3%, 5%, 13% and 
16%, respectively (60). Looking at a composition of de novo 
malignancy, 54.2% were skin-cancer related, 10.7% were 
haematological, and 35% were from solid organs (58). Similar 
composition was seen in a Finnish cohort of 540 patients, 
where the most common cancers arose from non-melanoma 
and non-Hodgkin lymphoma (60). PTLD occurs in  
2.3–3.3% of post liver transplant recipients at a median time 
of 6–10 months, with a reported incidence of 2.44 per 1,000 
person-years (61-64). Incidence of PTLD is 3 times higher 
and median onset shorter in children (65). The incidences 
of breast, ovarian and prostate cancers were reported to be 
not increased in the post-transplant population compared to 
the general population (57). 

Pertaining to patient demographics, male gender, 
younger age (below versus above 40 years) is associated with 
an overall higher standard incidence ratio (SIR) of de novo 
malignancy while other studies found cancer risk steadily 

increasing with age (57,60). Age has variable impact on 
the types of malignancy. Non-Hodgkin lymphoma is more 
likely to affect the young while skin and colon cancer is 
more common in older ages (55,60). A systematic review 
of a large cohort of patients identified specific risk factors 
associating with various types of de novo malignancy (66). 
Age >40 years, male, red hair, brown eyes, sun exposure, 
transplantation for alcohol liver disease, cyclosporine use 
are risk factors in the development of skin cancer. It has 
been reported that specific liver diseases at transplantation 
predispose to solid malignancy post-transplant, amongst 
them, PSC and alcoholic liver disease were identified, 
with HRs 2.5 and 2.1, respectively (58). Transplantation 
for alcohol liver disease was associated with increased 
oropharyngeal and lung cancer at 5 years compared to 
their non-alcohol counterpart (67). In addition, history of 
pre-transplant smoking was associated with oropharyngeal 
cancer post-transplant (68). Transplantation for PSC 
and history of inflammatory bowel disease are associated 
with de novo colorectal cancer (55,66,69). Non-Hodgkin’s 
lymphoma in post-transplant population is associated 
with younger age, male gender and the immediate post-
transplant period (70). 

Risk factors in developing PTLD are Epstein-Barr 
virus (EBV) infection, age >50, transplantation for HCV 
or alcohol cirrhosis, use of anti-lymphocyte antibody, and 
rejection therapy with high-dose steroids (61,66). The 
main risk factor of PTLD is infection or reactivation with 
EBV, particularly in EBV sero-negative recipient with 
EBV sero-positive donor (61). About 70% of adult PTLD 
tumors are EBV positive, while in children 98% (65). The 
transformation of B-cell associated lymphoproliferative 
disorder in EBV-positive immunosuppressed patients 
is mediated by EBV latent membrane protein 1 signal 
transduction to intracellular growth factors (71). EBV 
LMP1 is expressed in post-transplant lymphoproliferative 
tumors, and through cytoplasmic TNF receptor-associated 
factors (TRAFs) it promotes B cell growth (71). HCV 
has been shown to enhance B cell proliferation in non-
transplant patients and in liver transplant population, 
can synergistically trigger EBV oncogenicity (61). A 
causative role of HCV is established in mixed type II 
cryoglobulinemia, which is now considered a type of B-cell 
lymphoproliferative disorder. EBV negative PTLD may 
be a distinct entity and is becoming more recognized (56). 
While some studies find younger age, male gender to be 
risk factors in PTLD, the common denominator is likely 
the overall degree of immunosuppression (60,63).
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The presentation of PTLD may be non-specific or 
involvement of single or multiple sites. Lymph node 
involvement occurs in 35% cases, followed by gastrointestinal 
involvement in 25%, liver and spleen in 16% cases, as well 
as pulmonary (11%) and CNS (4%) (65). A tissue diagnosis 
and computer tomography to assess disease extent are 
highly recommended (72). WHO classification subdivides 
PTLD into (I) early lesions, (II) polymorphic PTLD, (III) 
monomorphic PTLD (which includes B and T cell NHLs), 
and 4) Classical Hodgkin lymphoma (73).

Stepwise approach to PTLD treatment should 
begin with the reduction or complete withdrawal of 
immunosuppression, followed by various chemotherapies, 
radiation therapy or surgery (65,74,75). Reduction of 
immunosuppression alone results in tumor regression in 
up to 50% cases in retrospective studies (63). However 
regression rate from a prospective study is significantly 
lower, with partial remission rates as low as 12.5% 
and no complete remission with immunosuppression 
reduction alone (74). Antiviral therapy with acyclovir or 
valganciclovir is controversial with various degrees of 
success (64). In CD20-positive B-cell PTLD, rituximab 
adjunct therapy was tried with 44.2% response rate at one 
year in a prospective phase 2 study (76). Rituximab and 
CHOP (cyclophosphamide, doxorubicin, vincristine, and 
prednisolone) sequential therapy instead of R-CHOP 
concomitant may minimize the cytotoxic effect of 
CHOP (56). Finally, re-transplantation, although tried 
successfully in children, remains a controversial option for 
adults who have lost graft function due to having to reduce 
immunosuppression as a consequence of PTLD (63).

De novo malignancy is one of the leading causes of 
deaths in liver-transplant recipients. After diagnosis 
of haematological or solid malignancy, risks of death 
were 44% and 38% at 1 year, 57.6% and 53.1% at 5 years 
respectively (58). In oropharyngeal cancer, 5-year survival 
rate was 41.5% (68). Patients with de novo cancer have 
significantly lower 10-year survival than those without at 39% 
versus 75% (77). PTLD is associated with 15-year survival 
of 39–45% (61,65). Tacrolimus versus cyclosporine use, 
single versus multi-site PTLD are associated with better 
survival at 12 years (65). De novo malignancy raises needs 
for more medical attention in this population, particular 
in PTLD prevention, detection and treatment. The roles 
of antiviral prophylaxis, monitoring of EBV viral load and 
preemptive antiviral therapy should be further studied 
and clarified. One may see reduction of PTLD risk by 
implementing changes in immunosuppressive therapy, such 

as caution with ATG in patients transplanted for HCV-
related cirrhosis has been recommended (61). 

In summary this review outlines the various aspects 
of post liver transplant medical complications that occur 
early and late. Early diagnosis, treatment and surveillance 
for these complications are essential to improve patient 
care and survival, as well as to maintain allograft longevity. 
Calcineurin-related renal dysfunction remains a problem 
in post liver transplant recipients, however various 
renal-sparing strategies yielded improved outcomes. A 
standardized approach to diagnosis, surveillance and 
management of PTDM and PTLD are likely beneficial.
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