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HLA-DR Mismatch and Black Race Are 
Associated With Recurrent Autoimmune 
Hepatitis After Liver Transplantation
Marshall McCabe IV, MD,1 Natalia Rush, MD,2 Craig Lammert, MD,1 Kavish R. Patidar, MD,1  
Lauren Nephew, MD,1 Romil Saxena, MD,2 Burcin Ekser, MD,3 James Salven, MS,4  
Chandrashekhar Kubal, MD, PhD,3 and Marwan Ghabril, MD1

INTRODUCTION

Autoimmune hepatitis (AIH) is estimated to recur in 
approximately 27% (10%–50%) of patients undergoing 
liver transplantation (LT) for AIH despite potent and sus-
tained immunosuppression.1-3 Despite heterogeneity in the 
definition of and described risk factors for recurrent auto-
immune hepatitis (R-AIH), patient and graft survival are 
not significantly impacted.3 However, predicting disease 
recurrence and tailoring immunosuppression to mitigate 
associated risk are important considerations in patients 
undergoing LT for AIH.

Reported risk factors for R-AIH include younger age, 
HLA-DR status of the recipient and donor and DR3 mis-
match, acute rejection, and re-LT for R-AIH.1-3 These risk fac-
tors have not been found consistently in all reported series, and 
the aggregated experience from multiple LT centers examin-
ing outcomes of LT for AIH and R-AIH has been invaluable.2,3 
Such heterogeneity may arise from differing approaches and 
institutional protocols for immunosuppression post-LT. The 
majority of published data on R-AIH relates to experiences 
with predominance of cyclosporine-based immunosuppres-
sion,2 with only a few recent series reflecting largely tacroli-
mus-based immunosuppression.4 Approach of our center to 
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Liver Transplantation

Background. The predictors of recurrent autoimmune hepatitis (R-AIH) after liver transplantation (LT) are heterogeneous 
with limited data to guide immunosuppression, with little data on impact of race. Aims. To describe the incidence, predic-
tors, and outcomes of R-AIH. Methods. We studied patients undergoing LT for AIH during 2000–2017 at our center. Liver 
biopsies were performed for clinical indications. R-AIH was defined using clinical and histologic criteria. Results. Among 
75 patients undergoing LT for AIH (mean age 45 ± 16, 65% female individuals, 19% Black), 71 (95%) received antithymocyte 
globulin induction with tacrolimus-based immunosuppression. R-AIH developed in 20 (27%) patients at a median interval of 
313 d (interquartile range, 155–1205). R-AIH was associated with level 2 HLA-DR mismatch (hazard ratio, 3.6; (95% confi-
dence interval, 1.3-9.9; P = 0.01) and Black race (hazard ratio, 4.5; 95% confidence interval, 1.8-11.8; P = 0.002)] in the mul-
tivariable analysis. R-AIH developed in 62% of patients with level 2 HLA-DR mismatch on single-agent immunosuppression 
but in <20% of patients with no or 1 HLA-DR mismatch regardless of maintenance immunosuppression. R-AIH developed 
in 8 (57%) of 14 Black patients (71% on single-agent and 43% on dual-agent maintenance immunosuppression). Patient 
and graft survival were not impacted by R-AIH over a median follow-up of 8.3 y (interquartile range, 3–12). Conclusions. 
High-level HLA-DR mismatch and Black recipient race are associated with an increased risk of R-AIH. Immunosuppression 
did not predict R-AIH, but higher rates of disease recurrence with single-agent maintenance immunosuppression with these 
risk factors were observed and may guide maintenance immunosuppression in LT for AIH.
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immunosuppression in LT includes induction with rabbit 
antithymocyte globulin (rATG) since 2001 and additionally 
rituximab since 2004, with initial tacrolimus-based immuno-
suppression.5 Our aim was to describe the rate of R-AIH and 
outcomes in our center and to describe the factors associated 
with R-AIH in the cohort of LT recipients with AIH at our 
center.

PATIENTS AND METHODS

This study was approved by the institutional review board 
at Indiana University School of Medicine. We examined all-
patients receiving their first LT for AIH during 2000–2017 at 
our center. We included patients with at least 6-mo follow-up 
post-LT and a history of pre-LT AIH based on elevated anti-
nuclear antibody (ANA) or smooth muscle antibody (ASMA) 
titers, increased IgG level >1.5 upper limit of normal, nega-
tive viral serologies, absence of alcohol abuse, and compatible 
histology on pre-LT or explant finding review. Patients with 
AIH and overlapping liver disease, such as primary biliary 
cholangitis or primary sclerosing cholangitis, or those under-
going multiorgan transplant were excluded. Demographic 
and clinical characteristics of LT recipients were reviewed, 
as well as any documented noncompliance with medications. 
The HLA-DR 3,4 and overall DR mismatch at LT were deter-
mined. Induction, initial and subsequent immunosuppression, 
was determined. Immunosuppression induction and mainte-
nance therapy of our center evolved during the study period 
and as previously described.5 rATG was not used in 2000. 
Between 2001 and 2005, induction consisted of rATG and 
after 2005, it consisted of rATG and a dose of rituximab. 
The initial maintenance immunosuppression agent used was 
tacrolimus.

Patients were followed from LT until last follow-up in 
2018 if alive, retransplant or death, irrespective of R-AIH. 
Post-LT liver biopsies were performed for clinical indications 
and not per protocol. Indications for liver biopsy were persis-
tent transaminitis in the absence of identified viral, biliary, or 
vascular disease. Acute (cell-mediated) and chronic rejection 
of the liver allograft were diagnosed according to consensus 
recommendations.6-8 Testing for antibody-mediated rejec-
tion with donor-specific antibodies and c4d staining of liver 
biopsies were not routinely performed in the cohort. Atypical, 
plasma-rich rejection could also not be differentiated from 
R-AIH; however, per the updated Banff Criteria, this entity 
can only be diagnosed in patients without underlying AIH.8

Definition of Recurrent Autoimmune Hepatitis
There are no universally accepted diagnostic criteria for 

R-AIH, but the most uniformly reported criteria include 
abnormal liver biochemistries, compatible histology and 
absence of viral hepatitis (A, B, C, cytomegalovirus), cell-
mediated rejection, or other competing forms of liver injury, 
noted in all methodologies reviewed here.4,9-19 Hepatitis E 
serologies were not tested in the cohort. Other criteria are less 
consistently used, including autoantibodies or elevated immu-
noglobulin (Ig)/globulins (41% of methodologies reviewed) 
and response to oral steroids or increased immunosuppres-
sion (18% of methodologies reviewed).4,9-19

In this cohort and analysis, R-AIH was clinically diag-
nosed based on (1) sustained elevation in liver enzymes, (2) 
histological features of portal or lobular lymphoplasmacytic 

hepatitis with or without interface hepatitis, and (3) absence 
of histological features of cell-mediated rejection (including 
central perivenulitis), biliary obstruction, viral hepatitis, gran-
ulomatous disease, alcohol use, or suspected drug-induced 
liver injury. These criteria reflect those used by multiple 
studies.9,10,13-17,20-22 While not uniformly used for the clinical 
diagnosis of R-AIH, here we examined elevations of ANA 
or ASMA titers and increased IgG or gamma-globulin levels 
when available and, additionally, the biochemical transami-
nase response to oral steroid (no patients received intravenous 
steroids [prednisone initial dose 40–60 mg daily with taper]) 
in patients with clinically diagnosed R-AIH. We also calcu-
lated the simplified criteria score for AIH in cases with evalu-
able data.23

Analysis
Baseline patient and transplant related factors were com-

pared in patients with and without R-AIH. Categorical vari-
ables were compared using the chi-square of Fisher exact test, 
and continuous variables with nonparametric methods using 
the Mann-Whitney test. Clinical outcomes were compared in 
patients with and without R-AIH, including histologic out-
comes (advanced fibrosis) and patient and graft survival. 
Immunosuppression induction and maintenance therapy at 
discharge from LT hospitalization and at the time of R-AIH 
(in cases of R-AIH) or last follow-up (in cases of no R-AIH) 
were compared, as were rates of acute and chronic rejection, 
biliary and vascular complications, and de novo malignancy. 
Cause of death was determined when possible for all deaths. 
We assessed the association of clinical factors with R-AIH 
using univariable Cox proportional hazard regression, and 
factors achieving a P value <0.1 were entered into a multi-
variable (1 step) model. Finally, for descriptive purposes, we 
explored any observed interplay of immunosuppression main-
tenance and incidence of R-AIH in patients with or without 
categorical risk factors identified by the multivariable mod-
eling. Analyses were performed using Stata SE 15 (College 
Station, TX). All comparisons were 2 sided, with significance 
at a P value <0.05.

RESULTS

Of 2305 patients undergoing their first LT during the 
study period, 105 patients had a reported indication of AIH. 
However, 12 of the 105 patients were excluded for non-AIH 
diagnoses on review of clinical and or explant findings (fatty 
or cryptogenic liver disease 7, drug-induced liver injury 3, pri-
mary biliary cholangitis 1, and alpha-1-antitrypsin deficiency 
1). Additionally, we excluded 9 patients with overlapping or 
other liver diseases (primary biliary cholangitis 5, primary 
sclerosing cholangitis 3, hepatitis C infection 1), 7 for early 
mortality (within 6 mo without R-AIH), and 2 for multiorgan 
transplants.

The study cohort comprised 75 patients who underwent 
LT for AIH, mean age 45 ± 16 y (range, 16–69), and 45 (65%) 
female individuals. During a median follow-up period of 8.3 
y (interquartile range [IQR], 3.2–12.1), 20 patients (27%) 
developed graft dysfunction with R-AIH based on histologic 
features and exclusion of competing causes. The mean Ishak 
activity scores at the time of R-AIH was 9.3 ± 3.3 (score com-
ponents A-interface hepatitis 2.7 ± 1.3, B-confluent necrosis 
2 ± 1.9, C-focal necrosis/inflammation 2.4 ± 1, and D-portal 
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inflammation 2.3 ± 1.2). Titers for ANA or ASMA at the 
time of recurrence and IgG levels were obtained in 6 and 5 
patients, respectively, and were abnormal consistent with a 
clinical diagnosis of R-AIH. All patients with R-AIH also had 
a response to steroids and or additional immunosuppression, 
while none were treated with intravenous steroids. The mean 
evaluable simplified AIH score was 7 (range, 6–8), suggesting 
consistency with probable or definite AIH, though this scoring 
system is not validated in LT. The simplified AIH scores pre-
LT were 7.7 ± 0.5 in those with R-AIH and 7.4 ± 0.9 in those 
without R-AIH (P = 0.4).

In patients with R-AIH, disease recurred at a median inter-
val of 485 d (IQR, 169–1338), with an incidence of 14% by 
1 y, 21% by 3 y, 27% by 5 y, and 32% by 10 y. Baseline 
demographic, clinical, and transplant factors were compared 
in patients with and without R-AIH (Table 1). Patients with 
R-AIH were younger, more frequently Black, and with recip-
ient-donor level 2 HLA-DR mismatch (mismatch at 2 DR 
loci versus 1 locus or no locus mismatch). Of note, level 2 
HLA-DR mismatch was observed in similar proportions of 
White (46%) and Black (57%) patients (P = 0.5).

Immunosuppression
All but 4 patients received antithymocyte globulin induc-

tion, and all patients received tacrolimus-based immunosup-
pression initially. Immunosuppression at discharge from LT 
hospitalization, 1 and 5 y post-LT, and at the time of R-AIH 
(in cases of R-AIH) or last follow-up (in cases of no R-AIH) 
were compared (Table  2). Patients with R-AIH were more 
frequently receiving 3 immunosuppressive agents initially, 
but rates of early steroid use were low in both groups. There 
were no differences in the agents used, multiple agent therapy 
or steroid use at 4 mo, 1, or 5 y post-LT. However, when 
immunosuppression was examined in patients with R-AIH 
at the time of disease recurrence, they were more frequently 

on a single immunosuppressive agent compared with the last 
documented maintenance regimen in patients without R-AIH.

Liver Transplant Complications
Liver transplant complications were compared in 

patients with and without R-AIH (Table  3). Acute cellu-
lar rejection was more common in patients with R-AIH, 
particularly late acute cellular rejection (>1 y post-LT), as 
was chronic rejection. De novo malignancies were observed 
more frequently in patients without (25%) versus with 
(10%) R-AIH (P = 0.12), with a trend for more frequent 
malignancies excluding squamous and basal cell skin can-
cer in 20% versus 5%, respectively (P = 0.08). Patients 
without R-AIH and these latter malignancies included 4 
patients with posttransplant lymphoproliferative disorder, 
2 with colon cancer, 2 with melanoma, and 1 each with 
lung, bladder, prostate, and metastatic squamous cell can-
cer of the head and neck. One patient with R-AIH devel-
oped posttransplant lymphoproliferative disorder. All but 
2 patients with de novo malignancy were maintained on 
multiple immunosuppressive agents at the time of develop-
ing de novo malignancy.

TABLE 1.

Baseline demographic and clinical characteristics and 
donor risk index in patients with and without recurrent 
autoimmune hepatitis

 R-AIH (n = 20) No R-AIH (n = 55) P

Age at transplant 35.3 ± 11.8 45 ± 15.3 0.001
Female gender 13 (65) 36 (65) 0.9
Body mass index (kg/m2) 27.2 ± 5.1 27.6 ± 6.3 0.9
Race    
  White 12 (60) 48 (87) 0.015
  Black 8 (40) 6 (11)  
  Other None 1 (2)  
Cirrhosis on explant 15 (75) 48 (87) 0.2
HLA-DR4a    
  Recipient 3 of 17 (18) 10 of 48 (21) 0.5
  Donor 3 of 20 (15) 17 of 55 (31) 0.13
  Mismatch 4 of 17 (23) 20 of 48 (42) 0.15
HLA-DR mismatch levela    
  None or 1 mismatch 6 of 17 (35) 27 of 48 (56) 0.1
  2 mismatches 11 of 17 (65) 21 of 48 (44)  

Data are shown as mean ± SD or number (percentage of patients with available data) unless 
specified as otherwise.
aHLA-DR loci of the recipient were missing in 10 patients (9 underwent transplant before 2003), 
and only 1 recipient and 1 donor had HLA-DR3 limiting any meaningful analysis.
IQR, interquartile range; R-AIH, recurrent autoimmune hepatitis.

TABLE 2. 

A comparison of immunosuppression, acute and chronic 
rejection, biliary complications, and de novo malignancy in 
patients with and without recurrent autoimmune hepatitis

 
R-AIH  

(n = 20)
No R-AIH  
(n = 55) P

Immunosuppression induction    
  No antithymocyte globulin 2 (10) 2 (4) 0.9
  Antithymocyte globulin 4 (20) 17 (31)  
  Antithymocyte globulin and rituximab 14 (70) 36 (65)  
Immunosuppression at discharge from liver transplant hospitalization
Main immunosuppressive agent used    
  Tacrolimus 17 (85) 52 (94) 0.2
  Cyclosporine 2 (10) 3 (7)  
  Sirolimus 1 (1) None  
Second agent used    
  Mycophenolate mofetil 9 (45) 21 (38) 0.4
  Azathioprine 1 (5) 4 (7) 0.6
Prednisone 5 (25) 15 (27) 0.5
Two or more agents used 11 (55) 33 (60) 0.4
Immunosuppression at autoimmune hepatitis recurrence or last follow-up if no 

disease recurrence
Main immunosuppressive agents used    
  Tacrolimus 16 (80) 44 (80) 1
  Cyclosporine 2 (10) 3 (5) 0.5
  Sirolimus 1 (5) 7 (13) 0.3
  Mycophenolate mofetil (alone) None 1 (2) 0.6
Second agent used    
  Mycophenolate mofetil 10 (50) 33 (60) 0.4
  Azathioprine 1 (5) 6 (11) 0.4
Prednisone None 4 (8) 0.17
Two or more agents used at R-AIH or last  

follow-upa

10 (50) 39 (70) 0.08

Data are shown as number (percentage).
aThree of 49 patients on multiple agents were on 3 agents; otherwise this reflects dual-agent 
regimens.
R-AIH, recurrent autoimmune hepatitis.
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Patient and Graft Survival
The median interval from LT to last available biopsy was 

2.6 y (IQR, 6 mo–7.8 y), which was not significantly different 
in patients with and without R-AIH. Patients with R-AIH had 
more frequent advanced fibrosis (F3 or F4) (26%) than those 
without R-AIH (4%) and less frequent absence of fibrosis 
(F0) (39%) than those without R-AIH (77%) (P = 0.02). Six 
patients with R-AIH progressed to ≥F3 fibrosis, with 1 re-LT 
and 1 liver-related death.

Remembering that patients who died within 6 mo of LT 
were excluded, there were no differences in 1-, 5-, and 10-y 
patient survival in patients with R-AIH (100%, 82%, and 
82%) and patients without R-AIH (96%, 90%, and 82%), 
respectively (P = 0.2). There were also no differences in 1-, 
5-, and 10-y graft survival in patients with R-AIH (100%, 
82%, and 82%) and patients without R-AIH (94%, 91%, and 
83%), respectively (P = 0.13).

Despite similar patient and graft survival the causes of 
death differed between patients with and without R-AIH. In 
all, 5 (62%) of 8 deaths in patients with R-AIH were due to 
immune injury-related graft loss (2 attributed to R-AIH and 
3 attributed to rejection) compared with none of the deaths 
in patients without R-AIH. In contrast, 6 (55%) of 11 deaths 
in patients without R-AIH were due to de novo malignancy, 
compared with none of the deaths in patients with R-AIH. 
Deaths due to infection and other causes were similar in 
patients with and without R-AIH (Table S1, SDC, http://links.
lww.com/TXD/A327).

Factors Associated With Recurrent AIH
The factors associated with R-AIH were analyzed by uni-

variable and multivariable Cox proportional hazard regres-
sion analyses (Table 4). Younger age, Black recipient race, and 
level 2 HLA-DR mismatch were independently associated 
with R-AIH (Figure 1A and B). The results were similar in a 
post hoc model adjusting for factors not known at baseline, 
including the use of multiple versus single immunosuppres-
sive agents at the time of R-AIH or last follow-up in patients 
without R-AIH. Additional sensitivity analyses were per-
formed to examine the predictors of R-AIH while excluding 

the 4 patients who did receive rATG induction. The findings 
were similar (Black race: HR, 4.9; 95% confidence interval 
[CI], 1.7-13.6; P = 0.003; level 2 HLA-DR mismatch: HR, 3.4; 
95% CI, 1.2-10.3; P = 0.03; age: HR, 0.96; 95% CI, 0.9-1; 
P = 0.05). Further excluding patients not receiving rituximab 
induction, the results were similar although P values were 
larger with the smaller subgroup analyzed (Black race: HR, 
4.7; 95% CI, 1.5-14.5; P = 0.008; level 2 HLA-DR mismatch: 
HR, 3.1; 95% CI, 1-9.7; P = 0.05; age: HR, 0.99; 95% CI, 0.9 
3-1; P = 0.1).

For descriptive purposes, we explored any observed inter-
play of immunosuppression maintenance (single versus multi-
ple agents) and incidence of R-AIH in patients with or without 
the binary risk factors identified by the multivariable mod-
eling (Black recipient race versus White and level 2 HLA-DR 
mismatch versus none or level 1). The highest rates of R-AIH 
were observed with single-agent immunosuppression in Black 
recipients (71%) and in level 2 HLA-DR mismatch (61%) 
(Table 5). There was a trend for lower R-AIH (0.6-fold reduc-
tion) with multiple versus single-agent immunosuppression in 
level 2 DR mismatch and a smaller and nonsignificant reduc-
tion (0.39-fold) in Black recipients. Finally, rates of R-AIH 
were not increased and were numerically similar (range, 
17%–26%) with single or multiple agent immunosuppression 
in White recipients or those with no or level 1 DR mismatch.

With the lack of clear definition of R-AIH in the field and 
among studies, at our center, we examined the impact of study 
definition of R-AIH on the analysis of predictors of disease 
recurrence. Autoantibodies were available and elevated in 
11 of 20 patients with R-AIH. IgG levels were available and 
elevated in 5, and both autoantibodies and IgG levels in only 
3 of the patients with R-AIH. We examined the frequency of 

TABLE 4.

The baseline clinical factors associated with recurrent 
autoimmune hepatitis after liver transplantation on univar-
iable and multivariable Cox proportional hazard analyses

 
Univariable  

analysis
Multivariable  

analysis

 HR 95% CI P HR 95% CI P

Age 0.95 0.92-0.98 0.002 0.96 0.92-0.99 0.02
Black race (reference White) 4.3 1.7-10.6 0.002 4.4 1.6-11.9 0.004
Level 2 HLA-DR mismatch (ref-

erence none or 1 mismatch)
2.5 0.92-6.8 0.07 3.3 1.2-9.4 0.02

Female gender 1 0.4-2.6 0.9    
Fulminant disease at transplant 

(reference cirrhosis)
1.9 0.7-5.3 0.2    

Immunosuppression induction 
(reference no thymoglobulin)

      

  Thymoglobulin 0.4 0.1-2.2 0.3    
  Thymoglobulin and rituximab 0.8 0.2-3.7 0.8    
Dual agents at initial 

immunosuppression 
(reference single agent)

0.97 0.4-2.3 0.9    

Prednisone use in initial 
immunosuppression

0.4 0.15-1.3 0.13    

Recipient HLA-DR 4 status 
(reference negative)

0.8 0.2- 2.7 0.7    

Donor HLA-DR4 status 
(reference negative)

0.4 0.12-1.4 0.14    

CI, confidence interval; HR, hazard ratio.

TABLE 3. 

A comparison of liver transplant complications including 
acute and chronic rejection and biliary and vascular 
complications in patients with and without recurrent 
autoimmune hepatitis

 R-AIH (n = 20) No R-AIH (n = 55) P

Acute cellular rejection    
  At any interval post-LT 11 (55) 15 (73) 0.03
  Occurring >1 y post-LT 5 of the 11 (45) 2 of the 15 (14) 0.06
  Chronic rejection 5 (25) 2 (4) 0.01
  Biliary complicationsa 14 (70) 30 (55) 0.2
Vascular complicationsb    
  Hepatic artery 4 (20) 2 (4) 0.11
  Hepatic vein 1 (5) 2 (4)  
  Portal vein 2 (10) 2 (4)  

Data are shown as number (percentage).
aBiliary strictures responding to stenting, with 3 patients undergoing surgical revision of the biliary 
anastomosis.
bVascular complications include thrombosis or stenosis of the respective vessels.
LT, liver transplantation; R-AIH, recurrent autoimmune hepatitis.
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valid autoantibody titers in the identified high- and low-risk 
groups. They were available in similar proportions of Black 
(4 of 8) versus White (5 of 12) patients or evaluable patients 
with level 2 HLA-DR mismatch (5 of 11) versus 1 or none 
(3 of 6) with R-AIH. The number of patients with available 
Ig levels was too small to allow for a sensitivity analysis. 
However, we performed a post hoc multivariable Cox propor-
tional hazard model while excluding patients with R-AIH, but 
missing autoantibody titers at disease recurrence and results 
were unchanged. The hazard ratios (HRs) were 0.96 for age 
(95% CI, 0.9-1.00; P = 0.08), 5.4 for Black race (95% CI, 1.3-
22.6; P = 0.02), and 4.8 for level 2 HLA-DR mismatch (95% 
CI, 1.1-21.4; P = 0.04).

DISCUSSION

This is a relatively large cohort of patients with AIH under-
going LT with predominantly rATG and tacrolimus-based 

immunosuppression, with low rates of steroid use. Despite 
this, we observed a similar rate of R-AIH (27%) compared 
with other studies (28%), albeit at a shorter median time to 
recurrence of 16 mo contrasting with 30 mo (range, 12–60) 
in other studies.4,13,16-18,21,24-28 While this suggests that strong 
immunosuppression induction with rATG did not apparently 
prevent or delay risk of disease recurrence, the numbers of 
patients not receiving rATG was very small and no conclu-
sions can be drawn on the impact of rATG induction on risk 
of R-AIH.

Important findings included the independent associa-
tions of Black race (relative to White) and level 2 HLA-DR 
mismatch (relative to no or 1 locus mismatch) with R-AIH. 
The observation of more aggressive behavior of AIH post-
LT in Black patients may not be surprising. AIH is known 
to be more aggressive among Black patients, despite medi-
cal therapy.29,30 However, to our knowledge, there have been 

FIGURE 1.  The risk-adjusted cumulative incidence of recurrent autoimmune hepatitis per recipient race (A) and HLA-DR mismatch (B).
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little to no data describing increased risk of disease recur-
rence in Black patients undergoing LT for AIH. We observed 
that Black recipients had twice the rate of R-AIH compared 
with Whites regardless of stratification by single or multi-
ple agent immunosuppression. Three of 7 Black patients on 
multiple agent immunosuppression still developed R-AIH, 
highlighting the need for closer monitoring and potentially 
more potent immunosuppression in Black patients with AIH 
undergoing LT.

As for level 2 HLA-DR mismatch, a biologic explana-
tion is less clear. However, level 2 mismatch was noted in 
approximately half of the study cohort and may impact a 
large proportion of patients undergoing LT. We observed a 
3-fold higher risk of R-AIH in patients with high risk (level 2) 
mismatch on single compared with multiple agents, but rela-
tively low and numerically similar rates of R-AIH in single 
and multiple agents in patients with no or level 1 mismatch. 
Without intending to overstate these observations, they 
appear to lend plausibility of high-level DR mismatch as a risk 
factor for R-AIH, as are findings of increased R-AIH with DR 
mismatch in a study from the National Institute of Diabetes 
and Digestive and Kidney Diseases Liver Transplantation 
Database.31 Interestingly, 5 of 7 patients developing R-AIH in 
another series also had level 2 HLA-DR mismatch (examina-
tion of tables).12 Ultimately, heterogeneity in risk factors for 
R-AIH among reporting centers is well recognized, and one 
cannot exclude associations of other risk factors not identified 
in the analysis due to sample characteristics and size limita-
tions. The increased risk of R-AIH with younger patient age 
that we observed has been previously described and adds vali-
dation to the cohort.

Although we noted a trend for R-AIH developing more fre-
quently in patients on a single rather than 2 or more immu-
nosuppressive agents, this was not associated with R-AIH in 
the post hoc risk-adjusted analysis. Admittedly this subanaly-
sis was limited by sample size, particularly when examining 
Black recipients. Yet exceptionally high rates of R-AIH were 
observed in high-risk patients (Black and level 2 HLA-DR 
mismatch) on single-agent immunosuppression. In other 
words, single-agent immunosuppression may be insufficient 

and deleterious for risk of R-AIH in recipients with those 
risk factors.

In contrast, we observed higher rates of de novo malig-
nancy in patients without R-AIH most of whom were on 
multiple agents. De novo malignancy is a recognized risk of 
immunosuppression, particularly in older patients and with 
multiple agents.32 This observation may suggest a potential of 
overimmunosuppression in those patients developing malig-
nancies. Our data suggest that older recipients are at lower 
risk for AIH; furthermore, there was no observed benefit of 
multiple-agent immunosuppression for lower R-AIH in White 
recipients or in those with no or level 1 DR mismatch.

These contrasting considerations are most starkly dem-
onstrated in the causes of death among patients with and 
without R-AIH. Although R-AIH was not associated with dif-
ferences in patient or graft survival, patients with R-AIH had 
more immune-mediated causes of death and graft loss includ-
ing R-AIH and rejection, while those without R-AIH had 
more de novo malignancy-related deaths. These observations 
underscore the need for a personalized approach to achieving 
the optimal balance of risk and benefit with immunosuppres-
sion in patients undergoing LT for AIH.

These data lead us to speculate that the benefits of mul-
tiple-agent immunosuppression in preventing R-AIH may be 
important in Black recipient and or cases of level 2 HLA-DR 
mismatch. Conversely, single-agent regimens may be adequate 
to minimize the risk of R-AIH and potentially mitigate the 
risk of overimmunosuppression in White LT recipients with 
low-risk HLA-DR mismatch. Of note, the majority of mul-
tiple agent immunosuppression in this cohort reflected dual-
agent regimens, and the comparisons reported largely reflect 
single- versus dual-agent therapies. Ultimately, more data are 
needed to corroborate these associations and examine the 
impact of differing immunosuppression regimens and proto-
cols on R-AIH and complications such as de novo malignancy.

The diagnosis of R-AIH differs between studies, and there 
are no sanctioned diagnostic criteria, particularly in the con-
text of retrospective observational studies. This warrants 
discussion, and we were careful in our methods to collate 
the diagnostic criteria reported in the literature. The clinical 

TABLE 5. 

Rates of recurrent autoimmune hepatitis post–liver transplantation dichotomized by the identified risk factors of 
Black recipient race (vs White) and level 2 (vs no or level 1) HLA-DR mismatch, with single-agent vs multiple-agent 
immunosuppression

Immunosuppression High risk factor Low risk factor  

 
R-AIH in Black  

recipients (n = 14)
R-AIH in White  

recipients (n = 60)
P comparing Black vs White recipients with 
single or multiple agent immunosuppression

Single agent 5 of 7 (71%) 5 of 19 (26%) 0.04
Multiple agents 3 of 7 (43%) 7 of 41 (17%) 0.12
P comparing singe vs multiple agents 

within same race recipients
0.3 0.3  

 R-AIH in level 2 HLA-DR  
mismatch (n = 32)

R-AIH in no or level 1  
HLA-DR mismatch (n = 33)

P comparing HLA-DR mismatch category with 
single or multiple agent immunosuppression

Single agent 5 of 8 (62%) 2 of 12 (17%) 0.03
Multiple agents 6 of 24 (25%) 4 of 21 (19%) 0.6
P comparing single vs multiple agents 

within HLA-DR mismatch category
0.05 0.9  

Data are shown as number (%).
R-AIH, recurrent autoimmune hepatitis.



© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.	 McCabe et al	 7

criteria that were most common among studies included histol-
ogy findings, transaminitis, and absence of competing causes 
of liver injury including rejection.4,9-19 In clinical experience 
of our center, R-AIH was diagnosed based on those salient 
features as well. We also included the response to oral steroid 
(no intravenous steroids) therapy to lend support for the clini-
cal diagnosis made in the course of clinical care. Autoimmune 
serologies and IgG levels were also diagnostic when available. 
These data lend support for the validity of describing risk fac-
tors and outcomes in those patients with missing IgG levels 
or ANA/ASMA titers as having R-AIH when they met the 
salient clinical and treatment response features. The sensitiv-
ity analysis excluding patients without autoantibody titers at 
the time of R-AIH did not alter the factors associated with 
disease recurrence. More broadly, a definition of R-AIH that 
demands the availability of elevated autoantibodies and IgG 
levels would negate or exclude multiple studies9,10,13-17,20-22 our 
study included. Enforcing such a limitation would limit much 
of our ability to understand the risk of recurrent disease in 
an area that already suffers from limited patient numbers. 
However, one must acknowledge the challenge posed by the 
absence of diagnostic criteria for R-AIH. This highlights the 
need for explicit description, transparency, and consideration 
of the diagnostic criteria used for R-AIH when contributing or 
inclusively interpreting the literature.

The study has a number of limitations including the ret-
rospective nature and small sample size inherent to this area 
of research. That said, this report represents one of the larg-
est cohorts of LT for AIH and points to viable and preva-
lent risk factors for disease recurrence. Despite this, the study 
may have missed important factors that are associated with 
R-AIH due to limited sample size. The lack of a clear defi-
nition of R-AIH in the field is also notable, but we broadly 
collated multiple methodologies and used the key clinical cri-
teria common to all examined studies, including biochemical 
and histologic disease with exclusion of competing causes. We 
demonstrated validity of these criteria with steroid treatment 
response and with the simplified diagnostic criteria when anti-
body or Ig data were available. Liver biopsies were performed 
for clinical indications and not per protocol, and biochemi-
cally silent R-AIH may have been missed, although there was 
a long follow-up in the cohort (median >8 y) and causes of 
death or graft failure were examined closely. Also, testing 
for antibody-mediated rejection with donor-specific antibod-
ies and c4d staining of liver biopsies were not performed in 
the cohort with the majority of biopsies diagnosing R-AIH 
predating the guidelines to establish that diagnosis.8 Atypical, 
plasma rich rejection could also not be differentiated from 
R-AIH; however, per the updated Banff Criteria, this entity 
can only be diagnosed in patients without underlying AIH.8 
Hepatitis E serologies were not routinely tested in the cohort 
of patients with R-AIH. Finally, the findings from this single-
center study may lack wider applicability without validation 
with strict definitions of R-AIH.

In summary, R-AIH in our cohort occurred in 27% of 
patients, and early recurrence was not apparently mitigated 
by potent immunosuppression induction with rATG. Patient 
or graft survival was not impacted by R-AIH, but the con-
trasting causes of death in patients with and without R-AIH 
suggest a potential need for a personalized approach to immu-
nosuppression in this population. Younger age, Black race 
(an expected but novel description post-LT), and high-level 

HLA-DR mismatch were independently associated with risk 
of R-AIH and may serve as useful considerations to guide sin-
gle- versus multiple-agent maintenance immunosuppression. 
Additional data are needed to corroborate these and other 
reported risk factors in the ongoing effort to optimize out-
comes for this unique population of LT recipients.
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