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Abstract

Immunological issues related to liver transplantation continue to be a frequent event, 
mainly during the first six months and more frequently during the first three. To minimize 
immunosuppression therapy is a common practice due to patients frequently dying because 
of over-immunosuppression as a result of infection and disease recurrence. The incidence 
of late acute rejection, defined as rejection occurring between 90 and 180 days and beyond, 
has been established at between 7-23%. Noncompliant patients or those with low blood 
levels of immunosuppressive drugs have been the main cause of late acute rejection. 
Variables additionally identified with higher incidences of late acute rejection include: 
posttransplant lymphoproliferative disease, autoimmune cirrhosis, primary sclerosing 
cholangitis, primary biliary cirrhosis, female gender, and youth. The use of cyclosporine 
instead of tacrolimus, taking two drugs instead of three, and not including mycophenolate 
mofetil have been associated to late acute rejection as well. Pathological findings are quite 
similar to acute cellular rejection, with only slight differences: fewer blastic lymphocytes, 
greater interface activity, less venous subendothelial inflammation, and higher lobular 
activity. The practice of directly confronting patients with noncompliance or those who 
manipulate treatment may be helpful. The vast majority of them can be managed successfully 
with steroids and only a minority will need more aggressive immunosuppression. (Trends in 

Transplant. 2010;4:29-35)
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Introduction

The success of liver transplantation has 
traditionally been related to patient survival, 
which has been improving over time and can 
be considered as excellent. Survival rates in 
the USA, with only slight differences in Europe, 
reach numbers as high as 90 and 70% for one 
and five year follow-up, respectively. For some 
specific indications, such as cholestatic liver 
disease, survival is even better1,2. As long as 
the survival expectancy was not a matter of 
concern, most attention was paid to issues 
related to long-term follow-up. Recurrence of 
underlying disease, complications of immuno-
suppression and de novo diseases like meta-
bolic syndrome are frequent and impair both 
the duration and quality of life among survi-
vors. As a consequence, less emphasis is 
placed now on survival and more on issues 
dealing with medical management and reha-
bilitation after transplantation.

Immunological issues related to liver 
transplantation continue to be a frequent event3. 
The vast majority of acute rejection occurs 
during the first six months and more frequent-
ly during the first three. Patients frequently die 
due to over-immunosuppression as a result 
of infection and disease recurrence and this 
is the reason to minimize immunosuppression 
therapy. Consequently, some patients will be 
able to reach tolerance, but the greater per-
centage of them will be at continued risk of 
rejection, which means that immunosuppres-
sion therapy will be permanent. In spite of the 
fact that immunosuppressive therapy itself 
contributes to early mortality by increasing 
susceptibility to infection, rejection is one of 
the most common causes of graft loss after 
liver transplantation. This is a difficult balance 
that challenges both patients and clinicians. 

Acute cellular rejection (ACR) and par-
ticularly its late presentation has been associ-
ated with both resistance to immunosuppres-
sive therapy and higher rate of graft loss as a 

consequence of ductopenic rejection4,5. In 
this paper, we will review the significance of 
acute rejection in general, and then we will 
focus specifically on late acute rejection (LAR) 
by assessing long-term consequences and 
therapy strategy. 

Terms and definitions

The routine use of liver biopsy has pro-
vided much information regarding the frequen-
cy of rejection and the definition of histological 
features6. Acute cellular rejection occurs most 
often during the first few weeks once liver 
transplantation has been performed. It affects 
as many as 70% of patients7. The timetable of 
ACR appears to be important, not only in re-
gards to outcome but also the frequency. While 
the majority of ACR occurs during the first 
three months, a minority will appear after this 
period of time. The incidence of LAR has been 
established at 7-23%5,8,9. There is no consen-
sus about when ACR may be considered as 
a late acute cellular rejection, but most au-
thors define that as occurring between 90 and 
180 days and beyond9-11. The differences in 
the definition of late onset and the different 
surveillance practices (center effect) might be 
the reasons that account for significant differ-
ences between centers. 

Chronic rejection, as established by 
Banff Working Group, has been based more 
on morphologic features than on the time that 
it appears12-14. The overall incidence has been 
declining, with fewer than 2% of grafts failing 
as a result of chronic rejection15.

Etiology and risk factors 

Medical literature analyzing LAR is 
scarce and studies dealing with this issue are 
generally retrospective. Patient noncompli-
ance has been pointed out as the most impor-
tant cause of LAR. An early study assessing 
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noncompliance in liver, kidney, and heart pa-
tients indicated that this behavioral pattern is 
an important factor for late rejection and graft 
loss in all three groups16. Mor, et al. in a retro-
spective study of 375 consecutive liver trans-
plants, mainly in the cyclosporine (CsA) era, 
either found noncompliance or low CsA levels 
as the main causes for LAR10. Interestingly, 
they found that in four out of 31 patients, biliary 
strictures are a risk factor for developing LAR. 
They explained this factor for both low blood 
levels because of lack of absorption, which 
relies on normal enterohepatic absorption, 
and biliary obstruction, which has been as-
sociated with the increased expression of ma-
jor histocompatibility antigens on the biliary 
epithelium, which results in cytokine release 
from inflammatory cells in the portal tracts17. 

Low levels of CsA or tacrolimus as a 
cause of LAR has been confirmed in further 
studies dealing with rejection11. More recently, 
Akamatsu, et al. found that the use of cy-
closporine instead of tacrolimus is related to 
developing LAR8. The importance of immuno-
suppression has been highlighted by an ex-
tensive study performed by Wiesner, et al. on 
9,646 patients from the Scientific Registry of 
Transplant Recipients data base18. They de-
fined LAR as a rejection appearing beyond six 
months after liver transplantation. In this study, 
patients with viral (HCV and HBV) and nonviral 
causes for liver transplantation were included. 
Four years after liver transplantation, a Kaplan 
Meier analysis showed that lower LAR rates 
were seen in patients who had been taking 
three versus two drugs. The addition of myco-
phenolate mofetil (MMF) to the immunosup-
pressive regimen was protective for all groups. 
Similarly, acute rejection during the first six 
months after transplantation was the greatest 
risk factor for development of LAR, reaching a 
hazard ratio of 3.8 and 3.3, depending on the 
study group (viral and nonviral patients). In ad-
dition, African Americans as compared to Cau-
casians had an increase risk. In this study, they 
were not able to detect any effect of tapering, 

continuation, or noncompliance with steroids on 
the part of the patient. In a case-control study 
performed during the cyclosporine era in 1996, 
it was reported that the majority of LAR epi-
sodes (83%) occurred in patients receiving 
less than 5 mg of prednisone, while patients 
receiving more than 5 mg represented only a 
minority (8%)19. Ten years later, Akamatsu, et 
al. showed a significant difference in LAR-free 
survival between patients on CsA-based immu-
nosuppression protocols versus tacrolimus. Mul-
tivariate analysis revealed that the CsA-based 
regimen was the only independent predictor. 
Interestingly, while the human leukocyte anti-
gen donor/recipient (HLA-DR) mismatching and 
positive T-lymphocytotoxic crossmatch had 
been proved to be an independent significant 
factor to predict early acute rejection, neither 
HLA nor lymphocytotoxic crossmatch were as-
sociated with LAR8.

In a more recent study focused on clin-
ical records of 1,604 patients, they identified 
that 305 (19%) developed LAR20. The occur-
rence of posttransplant lymphoproliferative dis-
ease (PTLD) was the only significant predictor 
for the development of LAR. The authors hy-
pothesized that LAR may be caused by de-
creased immunosuppression, which is an im-
portant feature of the treatment of PTLD. In 
addition, variables related to higher incidences 
of LAR include: autoimmune cirrhosis, primary 
sclerosing cholangitis, primary biliary cirrhosis, 
female gender, and youth (Table 1). As previ-
ous studies have shown, sepsis, biliary duct 
problems, and chronic rejection can be poten-
tial indicators of future LAR development. As 
discussed above, infection of the liver and the 
biliary system is well known to enhance the ex-
pression of major histocompatibility complex 
(MHC) antigen on hepatocytes and biliary epi-
thelium17. Interestingly, in this study almost all 
cytomegalovirus (CMV) infections were followed 
by LAR and most chronic rejections occurred 
after LAR. O’Grady, et al. reported a relationship 
between CMV infection and LAR and also with 
chronic rejection21. Cytomegalovirus infection 
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has been associated with three factors: the 
persistence of the virus in the bile duct epithelium 
in patients with chronic rejection, an indirect im-
mune effect associated with enhanced expres-
sion of HLA antigens and, consequently, ad-
hesion molecules on biliary endothelial cells22. 

Pathologic findings

Differences in MHC antigens trigger a 
specific inflammatory response soon after 

liver transplantation14. Tissue damage at the 
beginning of the liver transplant releases 
cryptic antigens that activate endogenous 
danger signals. During this process non-MHC 
antigens take over autoantibody production. 
These antigens are shared by the donor and 
recipient, while some are donor specific12. 
Obtaining protocol liver biopsies is controver-
sial. Biopsy interpretation from the Banff work-
ing group suggested “it should include an 
assessment of six portal tracts and the find-
ings should then be correlated with the original 

Table 1. Most important studies dealing with late acute rejection in liver transplantation

Author/center Incidence
transplants/
episodes

LAR 
definition

Risk factors Progression 
to chronic 
rejection

Comments

Mor E, et al.10

Baylor Univ. (1992)
375/31
(8.2%)

> 180 days Low CsA levels
Biliary strictures
Malabsorption

1/31 chronic 
rejection

Retrospective
6% graft loss

Anand A, et al.11

Birmingham (1995)
717/71
(9.9%)

> 30 days Either low or 
subtherapeutic CsA levels 
in half of sample

16 (27%) Retrospective
27% graft loss 
2% re-transplanted

Yoshida E, et al.19

Vancouver (1996)
21/5
(24%)

> 365 days Either low CsA levels or 
prednisone 

1 (8%) 8% graft loss

Ramji A, et al.9

Vancouver (2002)
415/97
(23%)

> 180 days Non viral etiology†

CsA vs. Tacrolimus*
Use of Steroids in EAR*

9 (9%) (6%) re-transplanted 

Florman S, et al.5

New Orleans 
(2004)

531/43 > 365 days Noncompliance
Previous ACR
PSC as etiology

7 (16%) 4 deaths 

Wiesner RH, et al.18

SRTR (2006)
9646
(2.5-5% per 
year)

> 180 days Two drugs not including 
MMF
Nonviral cause as etiology
African American
Previous acute rejection
Younger age
Year of transplant < 1995

NA LAR patients had a 
HR of 1.98 for death

Akatmasu N, et al.8

Tokio (2006)
204/15  
(living donors)
7%

> 180 days CsA instead of tacrolimus 0%

Uemura T, et al.20

Baylor Univ. (2008)
1604/305
(19%)

> 180 days Autoimmune hepatitis*
PBC*
PSC*
Non-metabolic and non 
re-transplanted patients*
Younger age*
PTLD†

9 (3%) Poorer graft and 
survival in patients 
with LAR 
More sepsis (HR: 2.9)
Chronic rejection 
(HR: 2.3) and PTLD 
(HR: 3.5) 

LAR: late acute rejection; CsA: cyclosporin A; HR: hazard ratio; EAR: early acute rejection; ACR: acute cellular rejection; PB: primary biliary cirrhosis;  
PSC: primary sclerosing cholangitis; PTLD: posttransplant lymphoproliferative disease; SRTR: Scientific Registry of Transplant Recipients. 
*Significant in univariate analysis; 
†Significant in multivariate analysis.
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disease, immunosuppression, liver test, viral 
serology, and immunology as well as radiol-
ogy findings”.

Late acute rejection may show differ-
ent features of typical acute rejection. Four 
features have been identified: fewer blastic 
lymphocytes, greater interface activity, less 
venous subendothelial inflammation, and 
higher lobular activity13. These features re-
semble a chronic hepatitis pattern. Late 
acute rejection can also present as isolated 
perivenular inflammation and hepatocyte 
dropout. This phenomenon, the so-called 
“central perivenulitis”, was recently as-
sessed in 100 adult allograft liver recipients 
who had long-term follow-up and routine 
protocol liver biopsies23. This fact was 
identified in 28 and 27% of adult and pedi-
atric liver transplant patients, respectively, at 
658 days of mean follow-up24. It usually oc-
curred in conjunction with portal ACR, where 
it represents a significant risk for the devel-
opment of zone 3 fibrosis and a tendency 
toward the development of ductopenic 
chronic rejection. This is the main reason to 
consider central perivenulitis as an injury 
with a poor prognosis25. With the exception 
of these cases evolving to chronic rejection 
with ductopenia, subendothelial inflammation of 
portal or central veins is not a required con-
dition for LAR diagnosis. According to the 
Banff protocol, late acute rejection is charac-
terized by: 

inflammation containing lymphocytes, neu- –
trophils, and eosinophils,

venous subendothelial inflammation of por- –
tal or central veins or perivenular inflamma-
tion, and 

inflammatory bile duct damage. –

The Banff working group recommended 
that the grading should be done according to 
the following features (with the exception of 

those cases where LAR presents isolated 
central venulitis):

Minimal: perivenular inflammation involving  –
a minority of central veins with patchy peri-
venular hepatocyte loss without confluent 
necrosis. 

Mild: the above process involves a major- –
ity of central veins.

Moderate: a focal confluent perivenular he- –
patocyte dropout and mild/moderate inflam-
mation without bridging necrosis.

Severe: confluent perivenular hepatocyte  –
dropout and inflammation involving a ma-
jority of hepatic venules with central to cen-
tral bridging necrosis13. 

While mild and minimal cases may re-
solve spontaneously, more severe cases war-
rant aggressive treatment. 

Prognosis and therapeutic 
approaches

Acute cellular rejection continues to be 
an important cause of morbidity, but no longer 
represents the main cause of graft loss26,27. In 
an early study by Dousset, et al.4, they re-
ported that 51% of their patients had experi-
enced a single episode of ACR. The rate of 
steroid-resistant ACR was quite high (23%) 
and chronic rejection was quite low (4%). In 
this study, there was no significant difference 
between patients with a single episode of ACR 
and non-rejecting patients for liver biochemis-
try, dye clearances, and histological features. 
In contrast, patients with multiple episodes of 
ACR experienced significant impairment in 
liver biochemistry and increased histological 
damage. The authors highlighted that the de-
terioration of bromsulphthalein clearance was 
higher in these patients. This suggests that 
the biliary lesions represent the main feature 
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of the residual damage due to the rejection 
process. The rate of chronic rejection was sim-
ilar between patients with a single episode and 
patients having recurrent ACR, which means 
that the liver injury may be present in the 
absence of chronic rejection. As the single 
episode of acute rejection was not followed 
by liver injury in long-term follow-up, it sug-
gests the possibility of lighter immunosup-
pression. Nevertheless, regarding liver dete-
rioration after recurrent ACR, this factor could 
indicate the need for heavier immunosuppres-
sion treatment. 

Late acute rejection is associated with 
very well known risk factors. Mor, et al. identi-
fied that 35% of their patients were noncom-
pliant and this behavior was more often seen 
in younger patients or in those of a lower so-
cioeconomic group. The practice of directly 
confronting patients with noncompliance is-
sues may help to identify those patients who 
are the least compliant, in other words, those 
that manipulate dosage to minimize side ef-
fects10. In contrast to kidney patients, the vast 
majority of them respond to steroid therapy 
without graft loss29. They pointed out that pa-
tients resistant to steroids may benefit from 
more aggressive therapy. Anand, et al.11 re-
ported that 51% of their LAR episodes had 
complete response to steroid therapy, 30% 
had partial response, and 20% had no re-
sponse (Table 2). The most important finding 
was that 27% of their patients (16/59) devel-
oped chronic rejection and graft loss. Delayed 
response to therapy during an earlier episode 
of ACR and centrilobular necrosis or bile duct 
loss at the time of LAR were associated with 
a high risk of progression to graft failure28. 
Akatmasu, et al. found that to reduce predni-
sone below a critical although low dose one 
year after liver transplant increases the risk of 
LAR. All of their patients, with the exception 
of one, presented a complete response to 
methylprednisolone8. Ramji, et al. in his Cana-
dian group9 reported a weak tendency to find 
less LAR in transplanted patients due to viral 

cirrhosis and taking tacrolimus, although the 
multivariate analysis did not find a robust as-
sociation. Wiesner, et al. found that lower LAR 
rates were present in patients treated with MMF, 
tacrolimus, and steroids in all pretransplanta-
tion diagnostic groups studied (viral versus 
nonviral patients ) as compared with those pa-
tients treated with tacrolimus plus steroids. They 
highlighted the risk factors for developing LAR. 
The importance of their findings may help cli-
nicians identify and avoid unnecessary hospi-
talizations and also prevent specific groups, 
such as HCV patients, from receiving steroid 
boluses, which have been associated with 
more aggressive recurrence18. 

In other conditions, such as liver trans-
plantation from living donors8, 15 patients who 
developed LAR were successfully treated with 
steroid recycle therapy. Only two of them had 
to receive MMF and T-cell monoclonal anti-
body administration. None of them developed 
chronic rejection. More recently, Uemura, et al. 
reported more disappointing results related 
to prognosis and treatment20. As has been 
pointed out earlier in this article, this group 
found an association between PTLD and de-
veloping LAR. They found patient and graft 
survival to be lower in the LAR group. They 
highlighted the importance of being aware of 

Table 2. Late acute rejection outcome after treatment

Author/center Response

Mor E, et al.10

Baylor Univ. (1992)
94% complete response 
either steroids/OKT3
6% (1 Chronic rejection and 
graft loss 1 sepsis and death

Anand A, et al.11

Birmingham (1995)
51% complete response
29% partial response
20% nonresponse

Yoshida E, et al.19

Vancouver (1996)
92% complete resolution with 
methylprednisolone/OKT3

Florman S, et al.5

New Orleans (2004)
65% complete resolution with 
methylprednisolone/OKT3

Akatmasu N, et al.8 

Tokyo (2006)
100% complete response to 
steroid therapy
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immunosuppression in these specific groups 
of patients. 

Conclusions

The incidence of LAR is quite variable 
and depends on the definition and early de-
tection. It appears to be associated with a 
nonviral etiology and with either noncompliant 
patients or patients with subtherapeutic im-
munosuppressive drug levels. To take three 
drugs, including MMF, instead of two drugs 
prevents patients from developing LAR. The 
vast majority of them can be managed suc-
cessfully with steroids and only a minority will 
need more aggressive immunosuppression. 
Likewise, only a few patients will later develop 
chronic rejection and graft loss. 
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