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Abstract

Background and Aims: A 40% risk of disease recurrence post-liver transplantation (LT) for auto-
immune hepatitis (AIH) has been previously reported. Risk factors for recurrence and its impact on 
long-term patient outcome are poorly defined. We aimed to assess prevalence, time to disease recur-
rence, as well as patient and graft survival in patients with recurrent AIH (rAIH) versus those without 
recurrence.
Methods: Single-center retrospective study of adult recipients who underwent LT for AIH between 
January 2007 and December 2017. Patients with AIH overlap syndromes were excluded.
Results: A total of 1436 LTs were performed during the study period, of whom 46 (3%) for AIH. 
Eight patients had AIH overlap syndromes and were excluded. Patients were followed up for 4.4 ± 
3.4 years and mean age at LT was 46.8 years. Average transplant MELD (Model for End-Stage Liver 
Disease) score was 24.9. About 21% of patients (8 of 38) were transplanted for acute onset of AIH; 
66% of patients (n = 25) received a deceased donor liver graft, and 34% a living donor organ. rAIH 
occurred in 7.8% (n = 3/38) of recipients. Time to recurrence was 1.6, 12.2 and 60.7 months. Patient 
and graft survival in patients without recurrence was 88.6% and 82.8% in 5 years, whereas in those with 
rAIH, it was 66.7%, respectively.
Conclusion: Although AIH recurs post-LT, our data indicate a lower recurrence rate when compared 
to the literature and excellent patient and graft survival.

Keywords:  Autoimmune hepatitis; Liver transplantation; Recurrent autoimmune hepatitis

Introduction
Autoimmune hepatitis (AIH) accounts for approximately 4% 
to 6% of liver transplants in North America and 3% in Europe 
(1, 2). Clinical indications for liver transplantation (LT) in 
patients with AIH are similar to patients with other chronic liver 

diseases that end in acute or semi-acute liver failure, decompen-
sated cirrhosis or hepatocellular carcinoma (3, 4). LT for AIH 
is associated with good outcomes, reaching survival rates at 1 
and 5 years of approximately 90% and 80%, respectively (5, 6). 
However, AIH is reported to recur in 17% to 42% of transplanted 
recipients, and its prevalence increases with time following LT 
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(7, 8). Recurrence can be indolent and detected only by sur-
veillance laboratory testing and liver biopsy assessments (7). 
Diagnosis of recurrent AIH (rAIH) is challenging, as there are 
no validated histological criteria. It seems reasonable to suspect 
rAIH in patients with increased serum transaminases, elevated 
IgG, (re) appearance of typical autoantibodies and character-
istic histological findings such as lymphoplasmacytic infiltrate 
and interface hepatitis, if these occur in the absence of rejection 
or other transplant complications (6). rAIH can cause graft dys-
function and reduced graft and patient survival, and result in the 
need for re-transplantation. Risk factors for disease recurrence 
and its impact on long-term patient outcome are poorly de-
fined. It appears to correlate with severity and level of immune 
control of the disease (6). The ultimate goal of management is 
to maximize graft survival by tailoring immunosuppression to 
prevent graft dysfunction and recurrence of the original disease 
(5). In this study, we reviewed our experience using LT for the 
treatment of AIH. We assessed prevalence and time to recur-
rence of AIH, in addition to patient and graft survival in patients 
with or without rAIH.

Methods
Study Design
This was a retrospective single-center study that analyzed patients 
transplanted for AIH and their outcomes, mainly recurrence of 
AIH and graft and patient survival. Data included baseline dem-
ographics, and pre- and post-LT variables such as donor type, 
explant results, time to AIH recurrence and patient and graft sur-
vival. The study was approved by the Research and Ethics Board 
of University Health Network, University of Toronto.

Study Population
Data were collected retrospectively between January 2007 and 
December 2017 on a total of 1436 patients who underwent LT 
at our center.

All adult recipients who underwent LT for AIH were in-
cluded. Exclusion criteria included age <18 years, LT for other 
causes than AIH, AIH overlap syndromes and transplanta-
tion at another center. Patients that received their first trans-
plant as paediatric patients, then had transitioned to the adult’s 
clinic and were re-transplanted during the study period, were 
also included. Re-transplants at our center and multiorgan 
were included. The minimum follow-up period was defined as 
12 months post-transplantation.

Endpoints
The primary endpoints were prevalence and time to recurrence 
of AIH. The secondary endpoints were graft and patient sur-
vival in patients with rAIH versus those without recurrence.

Time to recurrence of AIH was defined as time from LT to 
rAIH. Patients were censored if no rAIH at last follow-up.

Patient survival was defined as time from LT to the date 
of death from any cause. Patients were censored if alive in 
December 2017; and patients who were lost to follow-up, or 
moved to another transplant center for ongoing care, were 
censored at the time of their last clinic visit.

Graft survival was defined as time from LT to death from any 
cause or re-transplantation; when graft failure was caused by re-
currence of primary disease it was defined as recurrence-related 
graft failure.

Immunosuppressive Regimen
All patients received intravenous methylprednisolone followed 
by an oral course of prednisone and tacrolimus/cyclosporine 
immediately following LT. The oral prednisone dose followed a 
standard tapering regimen and terminated at 3 months after LT. 
Tacrolimus was considered the first-line calcineurin inhibitor 
(CNI) and was substituted with cyclosporine in case of intol-
erance or neurotoxicity.

Mycophenolate mofetil was added if CNI dose reduction 
was required. Sirolimus was considered in those who were 
intolerant to CNIs or had evidence of impaired renal func-
tion or who underwent transplantation for hepatocellular 
carcinoma. Sirolimus was not started in the first 6 weeks 
after LT. The immunosuppression protocol was the same for 
patients transplanted for decompensated AIH cirrhosis and 
fulminant AIH.

Definition of Autoimmune Hepatitis Recurrence
Diagnosis of recurrence of AIH was made according to the 
criteria summarized by Faisal et al. (9) and Duclos-Vallee et al. 
(10), which require: (i) confirmed diagnosis of AIH before LT; 
(ii) elevated transaminases, hypergammaglobulinemia (elevated 
IgG) and presence of autoantibodies (antinuclear antibody, 
anti-smooth muscle antibody and/or anti-liver kidney micro-
somal antibody); (iii) histological findings of interface hepatitis 
with portal inflammation and/or lymphoplasmacytic inflam-
matory infiltrates (Figure  1); (iv) response to corticosteroid 
and (v) exclusion of differential diagnostic considerations such 
as acute or late/atypical rejection.

All biopsies performed post-liver transplant were event-
driven. Routine screening for disease recurrence with protocol 
liver biopsy is not undertaken in the Toronto Liver Transplant 
Program. In our Transplant Centre, all patients are followed for 
life (>15 to 20 years).

Definition of Acute Cellular Rejection and Antibody-
Mediated Rejection
The differential diagnosis with acute cellular rejection (ACR) 
now referred as T-cell-mediated rejection (11) was made when 
portal-based mixed lymphocytic and eosinophilic inflamma-
tion, the former including different transformed intermediates 
(e.g., immunoblasts, centroblasts, etc.), and other cell types were 
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identified. Typically, the rejection nature of these infiltrates is 
highlighted by its target of bile duct epithelium and portal vein 
endothelium, causing phlebitis (Figure  2) (12). Ductopenic 
rejection is the commonest outcome of unrecognized, per-
sistent and/or inadequately treated ACR/T-cell-mediated re-
jection. In such cases, cholestasis predominate due to loss of 
more than 50% of small/terminal bile ducts and little inflam-
mation (Figure 3).

Antibody-mediated rejection was defined as portal inflam-
mation predominantly formed by neutrophils, as well as prom-
inence/distention of usually indistinct portal capillaries. The 
endothelial cells lining these capillaries usually appear plump 
and the luminal capillaries contain increased mononuclear cells 
(‘capillaritis’). Demonstration by immunohistochemistry of 
C4d deposition in the wall of these capillaries and/or sinus-
oidal endothelial lining completes the histopathological picture 
of antibody-mediated rejection (Figure 4).

Statistical Analysis
Continuous data are reported as mean or median values. Categorical 
data are reported as proportions/percentages. Kaplan–Meier anal-
ysis (log-rank test) was undertaken to evaluate patient and graft 
survival between patients with rAIH versus those without disease 
recurrence.

Results
Of the total 1436 liver transplants performed during the study 
period, 46 (3%) of transplants were performed for AIH; of these, 
8 patients had AIH overlap syndromes and were excluded.

Patient Demographics
Of 38 AIH transplanted patients, 71% were female, with 
a mean age at transplant of 46.8  years. The average trans-
plant MELD (Model for End-Stage Liver Disease) score 
was 24.9. Median follow-up period was 45.4  months (in-
terquartile range 0.1 to 130.7  months). About 64% of 
patients received a deceased donor liver graft, and 36% a 
living donor organ. The proportion of patients on steroids 
alone, steroids in combination with azathioprine and triple 
therapy (steroid, azathioprine, mycophenolate) was sim-
ilar between patients with and without recurrence disease 
(Table 1).

Recurrence of Autoimmune Hepatitis
Disease recurrence occurred in 3 of 38 patients (7.8%) of AIH 
recipients and time to recurrence was 1.6, 12.2 and 60.7 months, 
respectively. There was no specific cut-off of liver tests for per-
forming a liver biopsy; however, all patients who had liver 

Figure 1. Hematoxylin and eosin stain showing plasma cell-rich rejection. There is the portal vein (PV) marking inflamed portal tract and with inflam-
mation involving the interface (arrow) as well as perivenular accentuation of inflammation around hepatic vein (HV). Inflammation is rich in plasma cells 
admixed with other cells (magnification: upper panel ×10; lower panels ×20).
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biopsy had alanine aminotransferase >150, except one who had 
alanine aminotransferase 113 and jaundice.

The main pre- and post-LT clinical features of the patients 
who developed rAIH (n = 3) are described on Table 2. Given 

the low incidence of rAIH, the statistical power was too low to 
assess the association of potential risk factors for the develop-
ment of rAIH.

Pre-transplant Features of the Recurrent Autoimmune 
Hepatitis Patients
All patients with recurrent disease were Caucasian and had 
type 1 AIH. Two out of three were female. Two patients had 
concomitant autoimmune diseases (one of them had scle-
roderma and lupus, the other had hypothyroidism and ul-
cerative colitis). Antinuclear antibody (ANA) was positive 
in two patients and smooth-muscle antibody (SMA) in all 
patients. All patients received prednisone and azathioprine 
pre-transplant for their AIH treatment. Liver transplant 
indications included decompensated liver disease and in-
complete response to treatment leading to liver failure and 
hepatocarcinoma. The decompensated patient had bleeding 
esophageal varices, ascites and hepatic encephalopathy pre-
transplant. The patient with incomplete response to treat-
ment had a history of non-compliance to therapy.

Post-transplant Features of the Recurrent Autoimmune 
Hepatitis Patients
All patients with rAIH received a living donor organ and all 
had Roux-en-Y anastomosis. MELD at transplant ranged from 
15 to 18. All explants showed cirrhosis (fibrosis grade 4) and 
no or mild necroinflammatory activity. The explant of the pa-
tient transplanted due to AIH and hepatocellular carcinoma 
showed also cholangiocarcinoma, but no features of primary 
sclerosing cholangitis overlap. Magnetic resonance imaging was 
performed for that patient and showed no features of primary 
sclerosing cholangitis either.

The immunological panel post-transplant was similar to 
pre-transplant (all three patients remained with SMA posi-
tive, and two with ANA positive). Serum IgG was normal in 

Figure 3. Hematoxylin and eosin stain showing ductopenic rejection in a patient with poor compliance. There is little inflammation in portal tracts (PT) 
but the bile duct is missing with an unaccompanied small artery (black arrow) marking its expected location. Earlier in ductopenic rejection senescent bile 
ducts (blue arrow) could be seen prior to lost of the bile duct (magnification: ×20).

Figure 2. Hematoxylin and eosin stain showing moderate-to-severe acute cel-
lular rejection/T-cell-mediated rejection. There is dense portal tract (PT) in-
flammation comprising of mixed cell types, associated with bile duct necrosis 
(arrow) and endothelial cell injury causing phlebitis of portal vein (PV) and 
hepatic vein (HV) (magnification: upper panel ×10; lower panels ×20).
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two patients post-transplant and slightly elevated (17.6) in 
the other. All rAIH patients received the same immunosup-
pression post-transplant: tacrolimus, mycophenolate and 
prednisone.

The three rAIH patients had episodes of sepsis post-transplant 
(liver abscess; urinary tract infection and cholangitis; abdom-
inal abscess, respectively).

ACR was diagnosed in two of three patients with rAIH, one 
of the patients 12.1  months before the rAIH diagnosis, the 
other patient, however, had two episodes of ACR after the di-
agnosis of rAIH.

One of the rAIH patients lost his graft 3.5 months after the 
diagnosis of recurrence due to liver failure secondary to sepsis 
and died.

The treatment of rAIH patients was as follows: increase of the 
prednisone dose to 20 mg in two patients, one of those also had 
azathioprine dose increased and tacrolimus dose adjusted, the 

other patient had mycophenolate dose increased in addition to 
prednisone increase and tacrolimus adjusted; the third and last 
patient was put on prednisone 50 mg, had the mycophenolate 
dose decreased, and adjusted the tacrolimus dose.

Graft and Patient Survival
Patient survival was 88.6% in 1 and 5 years in patients without 
recurrent disease and 66.7% in 1 and 5 years in those with rAIH 
(P  =  0.35) (Figure  5). Graft survival in patients without and 
with rAIH was 85.7% versus 100% in 1 year, and 82.8% versus 
66.7% in 5 years, respectively (Figure 6). Overall patient mor-
tality was 15.7% (6 of 38 patients) and graft loss 21% (8 of 38 
patients) at the end of study period. The mortality and graft 
loss among the three patients with rAIH was 33% (one of three 
patients) at the end of the follow-up period. The cause of graft 
loss and death in the rAIH patient was liver failure. There was no 
re-transplantation in patients with rAIH.

Figure 4. Hematoxylin and eosin stain (left panel) showing mild (in this case but not always, eosinophil-prominent) inflammation within portal tract 
(PT), as well as dilated portal capillaries with plump endothelial cells, filled with mononuclear cells (black arrow). Evidence of complement fixation is seen 
with positive C4d immunostaining of capillary walls (blue arrow) (magnification: ×20).

Table 1. Pre-liver transplantation features in patients with and without AIH recurrence (n = 38)

Clinical features AIH recurrence, n = 3 AIH no recurrence, n = 35 Total, n = 38

Age at diagnosis, median (min–max) 30 (13–50) 37 (6–71) 33.5 (6–71)
Age at transplant, mean 42.3 47.1 46.8 
Female sex, n (%) 2 (83%) 25 (71%) 27 (71%)
Caucasian: non-Caucasian ratio 3:0 28:7 31:7
Concomitant autoimmune conditionsa 2 (83%) 7 (21%) 9 (24%)
Associated IBD 1 (33%)  3 (9%) 4 (10%)
Listing MELD, mean 15.3 24.2 19.7
Transplant MELD, mean 16 25.7 24.9
Interval from diagnosis to transplant (years), mean (SD) 11.3 (±3.9) 9.7 (±10.4) 9.8 (±10.1)
Time on waiting list (days), mean (SD) 126 (±35.5) 137.2 (±263) 136.3 (±253)

AIH, Autoimmune hepatitis; IBD, Inflammatory Bowel Disease; MELD, Model for End-Stage Liver Disease score.
aType 1 diabetes, celiac disease and rheumatoid arthritis.
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Non-recurrent Autoimmune Hepatitis Patients
The main features of the non-rAIH patients are described in 
Table 3.

Discussion
In this single-centre study, we found that over the 10-year 
study period, only 3% of all the liver transplants was for 
AIH, a rate that is similar to other cohorts in Europe and the 
United States (3% to 6%) (1, 2, 13). However, in contrast to 
other reports, we only had a 7.8% rate of recurrence of AIH 
on the graft post-LT which is 3-fold lower than the 22% rate 

of recurrence reported in the literature. Finally, long-term 
graft and patient survival of AIH recipients was overall ex-
cellent with a graft and patient survival rate at the end of the 
follow-up period of 79% and 84%, respectively.

LT is the treatment of choice in patients with AIH and acute 
liver failure with poor response to treatment, decompensated 

Figure 5. Patient survival in patients with and without recurrent autoim-
mune hepatitis (rAIH), no, grey line; yes, black line.

Figure 6. Graft survival in patients with and without recurrent autoim-
mune hepatitis (rAIH). 

Table 3. Post liver-transplantation features in patients without 
AIH recurrence

Clinical features AIH no  
recurrence, n = 35

Living donor: deceased donor ratio 10:25
Bile duct anastomosis (%)
 Roux-en-Y  4 (12%)
 Duct-to-duct  31 (88%)
CMV status, n (%)
 D+/R− 4
 D+/R+ 7
 D-/R+ 9
 D−/R− 14
 Unavailable 1
Immunosuppression (n)
 Tacrolimus 35
 Cyclosporine 1a

 Sirolimus 1b

 MMF 28
 Azathioprine 5
Acute cellular rejection, n (%)  6 (17%)
Sepsis, n (%) 6 (17%)

AIH, Autoimmune hepatitis; CMV, cytomegalovirus; D, donor; 
MMF, mycophenolate mofetil; R, recipient.

aOne patient switched from tacrolimus to cyclosporine.
bOne patient switched from tacrolimus to sirolimus.

Table 2. Post-liver transplantation features of the three patients 
who developed recurrent AIH

Clinical features AIH recurrence, n = 3

Living donor: deceased donor ratio 3:0
Bile duct anastomosis (%)
 Roux-en-Y  3 (100%)
 Duct-to-duct 0 (0%)
CMV status
 D+/R− 1
 D+/R+ 1
 D−/R+ 1
 D−/R− 0
Immunosuppression (n)
 Tacrolimus 3
 Cyclosporine 0
 Sirolimus 0
 MMF 3 
 Azathioprine 0
Acute cellular rejection, n (%) 2 (83%)
Sepsis, n (%) 3 (100%)

AIH, Autoimmune hepatitis; CMV, cytomegalovirus; D, donor; 
MMF, mycophenolate mofetil; R, recipient.
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liver disease at time of diagnosis or following prolonged im-
munosuppression therapy (14). In our study, most of our AIH 
transplanted patients had AIH cirrhosis, only 16% (6 of 38) had 
acute AIH leading to LT. The diagnosis of rAIH is complex and 
establishing an accurate frequency of recurrence has been chal-
lenging. Autoantibodies, such as ANA, SMA and liver-kidney 
microsomal antibody can be present in up to 64% of patients 
transplanted for non-autoimmune liver diseases and are therefore 
not specific to rAIH (6). In addition, the diagnostic International 
Auto-immune Hepatitis Group (IAHG) scoring systems for AIH 
have not been tested nor validated in the post-transplant setting. 
Thus, different groups have employed variable diagnostic criteria 
and histological analyses with protocol versus clinically indicated 
liver biopsies (8, 15, 16). Of note, our patients underwent liver 
biopsies only when clinically indicated. All these factors together 
with variable immunosuppression regimens could explain the 
variability in the recurrence frequency. Hence, is not surprising 
that a recent systematic review reported a frequency of rAIH 
ranging from 10% to 68% (15).

We found an incidence of rAIH of 7.8% among patients 
transplanted due to AIH. This rate is lower to the rate reported 
by a previous meta-analysis (22%), which pooled all available 
studies up to 2006 with a total sample size of 414 patients, 
after median of 43.8  months post-transplantation (17). This 
higher incidence found on this meta-analysis might be related 
to the fact that most of the included studies did routine pro-
tocol biopsies. Also their sample had a higher percentage of 
women (84%) at a younger age at transplant (35.8 years) when 
compared to our cohort. Their histological criteria for recur-
rence included piece-meal necrosis and bridging necrosis which 
ours did not include.

Timing of recurrence is also variable. The time to recurrence 
in our study was 1.6, 12.2 and 60.7 months. Two out of three 
rAIH patients had a shorter time to recurrence when compared 
to the time reported in the literature which is 4.6 years (4–6).

Various factors have been reported to be of increased fre-
quency in patients with rAIH compared to those without rAIH 
and hence are thought to confer predisposition for recurrence 
(6).

In our study, we could not estimate the pre-transplant 
parameters predictive of disease recurrence due to the reduced 
number of rAIH patients.

A previous retrospective study of our group (18) with 
263 patients transplanted from 2000 to 2015 for au-
toimmune diseases found no difference in recurrence 
rate of AIH according to type of graft (living-donor or 
deceased-donor LT).

Another retrospective study was published by Montano-
Loza et  al. (8), which described 46 patients transplanted for 
AIH with a focus on determining the risk factors for recur-
rence of AIH. They concluded that patients with concomitant 
autoimmune disease, high aspartate aminotransferase, alanine 

aminotransferase and IgG before the transplant, or moderate-
to-severe inflammatory activity or plasma cell infiltration 
in the liver explant have a higher risk of recurrent disease. 
Additionally, they found that there was no difference in the 
risk of recurrence of AIH in patients who had and were treated 
for episodes of acute rejection. This association of occurrence 
of acute rejection and rAIH is very controversial with some 
studies demonstrating a higher incidence of rAIH in patients 
with acute rejection (19), whereas others (like our study) dem-
onstrate a similar incidence and severity of episodes of acute re-
jection in patients with and without rAIH (20–22).

Furthermore, our three rAIH patients had no major 
differences in the frequency of pre-transplant admin-
istration of prednisone either alone or in combina-
tion with azathioprine, and their immunosuppressive 
regimens were similar. Many previous studies have 
shown that steroids’ withdrawal plays an important 
role in recurrence of AIH (23, 24) but direct evidence 
for this assumption is lacking (6). Krishnamoorthy 
et  al. (25) reported 73 patients transplanted for AIH 
who were kept on long-term, low-dose corticosteroid 
therapy and only 5 (7%) of these patients developed 
recurrence of AIH. The 1-, 5-, and 10-year patient 
sur vivals were 92%, 86% and 73%. However, there is 
a compelling body of evidence that the patients who 
are withdrawn from corticosteroids benefit from 
a reduction in serum cholesterol levels, decreased 
use of antihypertensive medications, reduced use of 
medications for glucose control and reduced rate of 
infections (26). Some authors advocate that the use of 
long-term low-dose steroids does not seem to increase 
these risks, and it even may reduce the risk of disease 
recurrence and rejection although the evidence to sup-
port this approach is still not robust (27). Others af-
firm that continuation of steroids after LT does not 
eliminate rAIH, with the literature supporting steroid 
withdrawal in LT recipients with underlying AIH (28).

In our center, 50% of patients were on triple immunosuppres-
sion therapy at 1  year post-transplant but at 5  years majority 
were only on dual agents without prednisone.

The presence of lymphocytic or lymphoplasmacytic infiltra-
tion with moderate-to-severe inflammatory activity in the ex-
plant has also been linked with rAIH (Grade B, level 2b) (3, 8, 
19). Most of our patients transplanted with AIH had no or mild 
inflammatory activity in the explant and there was no difference 
between the group with rAIH and no rAIH. Other previous 
studies (29, 30) also reported no difference in graft survival be-
tween rAIH and non-rAIH.

In adults, graft failure has been reported in 13% to 50% with 
rAIH (20) and rAIH has been associated with a higher risk 
of graft loss and an increased risk of death from liver failure 
compared to other liver diseases 1 year post-LT (31).
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Our study has important limitations. Although it is a rela-
tively large cohort of patients transplanted for AIH, it remains 
somewhat underpowered, due to its size and short follow-up 
period, to evaluate predictors of disease recurrence and long-
term outcomes post-LT. Additionally, routine protocol liver 
biopsies were not performed, potentially limiting the early di-
agnosis of disease recurrence in asymptomatic patients with 
normal or near normal liver enzymes. Perhaps these limitations 
could explain the low recurrence rate in our cohort. Another 
limitation is that we do not routinely test HLA DR3.

Currently, there is no standard approach to reduce the risk 
of rAIH. Future studies should focus on identification of high-
risk recipients using genetic and translational studies. Research 
into understanding the factors driving late allograft dysfunction 
could potentially open up new therapeutic options, leading to 
continued improvement in long-term patient and graft survival 
and quality of life (7).
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