
Journal of

Personalized 

Medicine

Article

Clinical Relevance of Isoagglutinin Rebound in Adult
ABO-Incompatible Living Donor Liver Transplantation

Wei-Chen Lee 1,2,*, Chen-Fang Lee 1,2, Tsung-Han Wu 1 , Hao-Chien Hung 1 , Jin-Chiao Lee 1 , Yu-Chao Wang 1,
Chih-Hsien Cheng 1, Ting-Jung Wu 1,2, Hong-Shiue Chou 1,2 and Kun-Ming Chan 1,2

����������
�������

Citation: Lee, W.-C.; Lee, C.-F.; Wu,

T.-H.; Hung, H.-C.; Lee, J.-C.; Wang,

Y.-C.; Cheng, C.-H.; Wu, T.-J.; Chou,

H.-S.; Chan, K.-M. Clinical Relevance

of Isoagglutinin Rebound in Adult

ABO-Incompatible Living Donor

Liver Transplantation. J. Pers. Med.

2021, 11, 1300. https://doi.org/

10.3390/jpm11121300

Academic Editor: Lorenza Rimassa

Received: 21 October 2021

Accepted: 24 November 2021

Published: 5 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Division of Liver and Transplantation Surgery, Department of General Surgery, Chang-Gung Memorial
Hospital, Linkou 33357, Taiwan; lee5310@cgmh.org.tw (C.-F.L.); wutsunghan@gmail.com (T.-H.W.);
mp0616@cgmh.org.tw (H.-C.H.); b9302012@cgmh.org.tw (J.-C.L.); awuang726@gmail.com (Y.-C.W.);
chengcchj@cgmh.org.tw (C.-H.C.); wutj5056@cgmh.org.tw (T.-J.W.); chouhs@cgmh.org.tw (H.-S.C.);
chankunming@cgmh.org.tw (K.-M.C.)

2 Department of Surgery, College of Medicine, Chang-Gung University, Taoyuan 33303, Taiwan
* Correspondence: weichen@cgmh.org.tw; Tel.: +886-3-3281200 (ext. 3366); Fax: 886-3-3285818

Abstract: ABO-incompatible (ABO-I) living donor liver transplantation (LDLT) can be performed
successfully. However, anti-ABO isoagglutinin rebound may cause antibody-mediated rejection
(AMR) and graft loss. The risk threshold of isoagglutinin rebound is still not defined. 76 ABO-I LDLT
recipients were divided into group A (n = 56) with low isoagglutinin titers (<1:256), and group B
(n = 20) with high isoagglutinin titers (≥1:256), at initial assessment for liver transplantation. The last
12 patients in group B received a modified desensitization regimen by adding bortezomib to deplete
plasma cells. Six (10.7%) patients in group A and 10 (50.0%) patients in group B had postoperative
isoagglutinin rebound (p < 0.001). Three patients (5.54%) in group A and two patients (10%) in group
B developed clinical AMR (p = 0.602). The cutoff value of postoperative isoagglutinin rebound to
cause clinical AMR was ≥1:1024. Among the 12 patients in group B with bortezomib administration,
isoagglutinin rebounded up to 1:128 only, and no clinical AMR occurred. In conclusion, the patients
with high isoagglutinin titers had a higher rate of postoperative isoagglutinin rebound. Isoagglutinin
rebound ≥1:1024 is risky for developing clinical AMR. Adding bortezomib into the desensitization
regimen may mitigate isoagglutinin rebound, and avoid clinical AMR.
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1. Introduction

Liver transplantation is the only effective treatment for patients with acute liver
failure or end stage of liver diseases [1,2]. Liver transplantation is also indicated for
hepatocellular carcinoma (HCC) if the tumors meet certain criteria [3–5]. In the Barcelona
Clinic Liver Cancer (BCLC) staging and therapeutic strategies, liver transplantation is
suggested for early-stage HCC with portal hypertension to yield the best outcomes [6].
Clearly, indications of liver transplantation are expanded from benign diseases to liver
cancer. Hence, the demand of liver grafts for transplantation is increased and shortage of
liver grafts for transplantation may be worse than before.

Living donor liver transplantation (LDLT) is an option when deceased liver allografts
are not available. Currently, LDLT is an alternative operation in Asian countries where
deceased liver donation is always in short supply, and is also an emerging operation in
western countries [7]. Most countries regulate that living donors must be emotionally
intimate individuals; as such living organ donation is restricted to within fifth degree of
intimate relatives in Taiwan. Therefore, LDLT crossing the blood-type barrier becomes
an issue to overcome, since most families are small in size, and eligible members of
the family are limited. The liver is recognized as an immune privilege organ and ABO-
incompatible (ABO-I) liver transplantation has been performed for several decades [8].
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Although the outcome of ABO-I liver transplantation was not particularly good in the
1990s, the results of ABO-I liver transplantation were much improved after rituximab
was introduced to organ transplantation [9]. Currently, there are several methods to
decrease anti-A/B isoagglutinin titers in recipients due to undergo ABO-I LDLT, including
rituximab infusion, intravenous immunoglobulin, anti-A/B antibody immune-adsorption,
plasmapheresis, plasma exchange, etc. [10–13]. Under such preparation regimens, ABO-
I LDLT can be performed successfully, and leads to similar results of ABO-compatible
(ABO-c) LDLT [13–15].

However, clinical antibody-mediated rejection (AMR) may occur in ABO-I liver trans-
plantation and cause graft loss [9,16]. AMR is related to anti-A/B antibody rebound. Who
is likely to experience antibody rebound is still not clear. Inferentially, the recipients with
high titers of anti-A/B antibody may be at risk of experiencing antibody rebound and
AMR. Herein, we divided our patients according to low or high isoagglutinin titers prior
to liver transplantation in order to clarify the clinical relevance of isoagglutinin titers prior
to liver transplantation. In addition, we also wished to speculate the level of postoperative
antibody rebound on AMR in ABO-I LDLT.

2. Materials and Methods

Patients. Seventy-six adult patients with ABO-I LDLT at Chang-Gung Memorial
Hospital were included. The patients were divided into group A patients, whose anti-
A/anti-B isoagglutinin titers were < 1:256, and group B patients, whose isoagglutinin titers
were ≥1:256. Group A was defined as the low-titer group, and group B was defined as the
high-titer group. All donors were within third-degree relation to the recipients. This study
conformed to the ethical guidelines of the 2000 Declaration of Helsinki, and was approved
by institutional review board of Chang-Gung Memorial Hospital (IRB No. 20171223BO).

Definition of high isoagglutinin titer. The definition of high isoagglutinin titer was
defined as anti-blood type isoagglutinin titer ≥1:256, which was referenced from blood
transfusion. In whole-blood transfusion, some group O donors had very high titers of
anti-A or anti-B isoagglutinin titers, which caused hemolysis. Donors with titers ≥1:256
were determined to be dangerous donors [17].

Determination of isoagglutinin titers. Anti-A/B isoagglutinin detection was determined
by MeDipro antibody screening cell kit, and the procedure was conducted according to
the manufacturer’s instructions (Formosa Biomedical Technology Corp., Taipei, Taiwan).
Briefly, 100 uL fresh serum was added into 50 uL of A cells or B cells of the kit, mixed, and
centrifuged at 3400 rpm for 15 min. Anti-A/B isoagglutinin was positive when cells were
aggregated or lysed. The titers of anti-A/B isoagglutinin were determined by subsequent
2-fold dilution of serum.

Desensitization regimen for ABO-I liver transplantation. The regimens reducing isoagglu-
tinin titers to undergo ABO-I LDLT were according to our previous study [14]. In brief, if
isoagglutinin titers were ≤1:64, liver transplantation was directly undergone, and B-cells
were depleted by rituximab (375 mg/m2) on postoperative day (POD) one. If anti-blood
type isoagglutinin titers were >1:64, desensitization was prepared by intravenously ritux-
imab (375 mg/m2) two to three weeks before liver transplantation, followed by plasma
exchange one week before transplantation to achieve anti-A or anti-B antibody titers ≤1:64.

Modified desensitization regimen for ABO-I liver transplantation. For the patients with
high isoagglutinin titers, the desensitization regimen was modified by adding bortezomib
(1.3 mg/m2) to deplete plasma cells (Figure 1). When the isoagglutinin titers were ≥1:256,
rituximab was administered two to three weeks before transplantation to deplete B-cells,
and bortezomib was administered one week before transplantation to deplete plasma cells,
followed by plasma exchanges to achieve isoagglutinin titers ≤1:64. The courses of plasma
exchange depended on achievement of isoagglutinin titers ≤1:64.
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Figure 1. Modified desensitization regimen for preparing ABO-I living donor liver transplantation. 
If isoagglutinin titers were ≥256, desensitization was prepared by intravenously rituximab (375 
mg/m2) two to three weeks before liver transplantation, bortezomib (1.3 mg/m2) to deplete plasma 
cells, and several courses of plasma exchange at one week before transplantation. 

Definition of isoagglutinin rebound. All of the patients’ isoagglutinin titers were ≤1:64 
prior to liver transplantation. After transplantation, an isoagglutinin titer >1:64 was de-
fined as isoagglutinin rebound. 

Postoperative following up and management. After transplantation, anti-blood type iso-
agglutinin titers were measured every other day in the first week, every week in the first 
month, and then every three months. The isoagglutinin titer would be measured if it was 
indeed necessary. While isoagglutinin titers rebounded to ≥1:256, plasma exchanges were 
prepared to perform for isoagglutinin titer reduction. 

Immunosuppressive regimen. The immunosuppressive regimen was consisted with 
steroid, tacrolimus, and mycophenolate mofetil. During operation, methylprednisolone, 
500 mg, was given intravenously. Postoperatively, methylprednisolone was tapered from 
200 mg/day to 40 mg/day over five days, and discontinued within three months after the 
operation. Mycophenolate mofetil (MMF; 1 g/day) was given orally from POD 1. The ad-
ministration of tacrolimus was delayed and started orally on POD 2 or 3 while renal func-
tion returned. The therapeutic trough levels (7–10 ng/mL) of tacrolimus were achieved 
within 7 days after transplantation. 

Following up of liver function. Aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), bilirubin, and prothrombin time were measured every 6 h in the first week, 
every 12 h in the second week and then every day/every other day in the following hos-
pitalized days. 

Imaging studies. After transplantation, blood flow of the liver was measured by Dop-
pler ultrasonography every other day in the first week. Computed tomography (CT) was 
performed at the end of the first month. Then, abdominal ultrasonography and CT were 
performed every three months. However, if abnormal liver function was found, liver Dop-
pler ultrasonography would be performed first to evaluate liver parenchyma, biliary 
tracts, and blood flow of the hepatic artery and portal vein. If abnormal liver blood flow 
or dilated bile ducts were found, abdominal CT was performed to confirm the findings of 
liver ultrasonography. 

Diagnosis of clinical T-cell mediated and antibody-mediated rejection (AMR). To prevent 
the complication of liver biopsy, acute rejection was diagnosed by clinical manifestations 
and biochemical abnormalities of hepatic enzymes. T-cell mediated cellular rejection was 
suspected when AST and ALT were increased more than 30 u/L over the previous day, as 
mentioned by Kasahara et al. [18]. Acute clinical AMR was suspected by surged serum 
levels of AST and ALT and markedly decreased flow of the portal vein [19]. The clinical 

Figure 1. Modified desensitization regimen for preparing ABO-I living donor liver transplanta-
tion. If isoagglutinin titers were ≥256, desensitization was prepared by intravenously rituximab
(375 mg/m2) two to three weeks before liver transplantation, bortezomib (1.3 mg/m2) to deplete
plasma cells, and several courses of plasma exchange at one week before transplantation.

Definition of isoagglutinin rebound. All of the patients’ isoagglutinin titers were ≤1:64
prior to liver transplantation. After transplantation, an isoagglutinin titer >1:64 was defined
as isoagglutinin rebound.

Postoperative following up and management. After transplantation, anti-blood type
isoagglutinin titers were measured every other day in the first week, every week in the first
month, and then every three months. The isoagglutinin titer would be measured if it was
indeed necessary. While isoagglutinin titers rebounded to ≥1:256, plasma exchanges were
prepared to perform for isoagglutinin titer reduction.

Immunosuppressive regimen. The immunosuppressive regimen was consisted with
steroid, tacrolimus, and mycophenolate mofetil. During operation, methylprednisolone,
500 mg, was given intravenously. Postoperatively, methylprednisolone was tapered from
200 mg/day to 40 mg/day over five days, and discontinued within three months after the
operation. Mycophenolate mofetil (MMF; 1 g/day) was given orally from POD 1. The
administration of tacrolimus was delayed and started orally on POD 2 or 3 while renal
function returned. The therapeutic trough levels (7–10 ng/mL) of tacrolimus were achieved
within 7 days after transplantation.

Following up of liver function. Aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), bilirubin, and prothrombin time were measured every 6 h in the first week,
every 12 h in the second week and then every day/every other day in the following
hospitalized days.

Imaging studies. After transplantation, blood flow of the liver was measured by
Doppler ultrasonography every other day in the first week. Computed tomography (CT)
was performed at the end of the first month. Then, abdominal ultrasonography and CT
were performed every three months. However, if abnormal liver function was found, liver
Doppler ultrasonography would be performed first to evaluate liver parenchyma, biliary
tracts, and blood flow of the hepatic artery and portal vein. If abnormal liver blood flow
or dilated bile ducts were found, abdominal CT was performed to confirm the findings of
liver ultrasonography.

Diagnosis of clinical T-cell mediated and antibody-mediated rejection (AMR). To prevent
the complication of liver biopsy, acute rejection was diagnosed by clinical manifestations
and biochemical abnormalities of hepatic enzymes. T-cell mediated cellular rejection was
suspected when AST and ALT were increased more than 30 u/L over the previous day, as
mentioned by Kasahara et al. [18]. Acute clinical AMR was suspected by surged serum
levels of AST and ALT and markedly decreased flow of the portal vein [19]. The clinical
manifestations of AMR included rapid increase of AST and ALT, hyperbilirubinemia
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coagulopathy, ischemic cholangiopathy, graft dysfunction, and liver failure, as described by
Egawa et al. [9,20] Liver biopsy was reserved for those patients whose persistent abnormal
liver function could not be differentiated by clinical manifestations, and whose coagulation
status was allowed for liver biopsy.

Treatment of biliary stricture. If biliary stricture was suspected, endoscopic retrograde
cholangiographic (ERC) papillotomy with stenting was the first choice of treatment. If
ERC stenting failed to dilate the biliary stricture, percutaneous transhepatic cholangiogra-
phy was performed to pass a catheter through the stricture site for dilating and stenting
biliary stricture.

Biostatistics. Unpaired Student’s t-tests were used to analyze continuous variables.
Categorical variables were analyzed by either Chi-squared test or Fisher’s exact test. All
pairwise multiple comparisons were done using the Holm–Sidak method. Meanwhile, the
survival rates were calculated using the Kaplan–Meier method, and compared between
groups using the log-rank test. The cutoff value of postoperative isoagglutinin titers to
cause AMR was assessed by receiver operating characteristic (ROC) curve. The statistical
analyses were all performed with SigmaPlot 14.0 software for Windows (Systat Softwave,
Inc., San Jose, CA, USA). p < 0.05 was considered statistically significant.

3. Results
3.1. Patients

A total of 76 undergoing ABO-I LDLT in our institute from 2006 to 2016 were included
in this study. The median (interquartile, IQ) isoagglutinin titer of all 76 patients was 1:128
(1:64 to 1:256), with a range from 1:8 to 1:2048. The patients were divided into group A
patients (n = 56) with isoagglutinin <1:256, and group B (n = 20) patients with isoagglutinin
titers ≥ 1:256. The patients in group B were above the 75th percentile of isoagglutinin titers.
Hepatitis B-related diseases (41/76, 53.9%) were the most common etiologies, followed by
hepatitis C (19.7%), and primary biliary cirrhosis (6.6%). Among the patients, 37 (48.7%)
patients had hepatocellular carcinoma. The median (IQ) ages for group A and B patients
were 56.0 (50.5–60.5) and 53.4 (48.3–57.8) years, respectively (p = 0.337). The median (IQ)
MELD scores were 13 (9–18) for group A patients, and 16.5 (10–19.5) for group B patients,
respectively (p = 0.281, Table 1).

Table 1. Clinical characteristics of group A and B patients.

Group A (n = 56) Group B (n = 20) p

Gender (M/F) 43/13 16–4 1
Age [median (IQ)] 56.0 (50.5–60.5) 53.4 (48.3–57.8) 0.337

MELD [median (IQ)] 13 (9–18) 16.5 (10–19.5) 0.281
Graft weight (gm) 620 ± 128 662 ± 125 0.209

GRWR [%, median(IQ)] 0.92 (0.80–1.16) 0.99 (0.81–1.16) 0.953
Diseases

HBV 34 7
HCV 9 6
PBC 5

HBV + HCV 1 6
Alcoholic 2

Biliary atresia 1
Autoimmune 1 1

idiopathic 3
HCC (+/−) 30/26 13–7 0.244

Isoagglutinin titer [median
(IQ)] 64 (32–128) 512 (256–1024) <0.001

IQ: interquartile; MELD: model of end stage liver disease; GRWR: graft-to-recipient weight ratio; HBV: Hepatitis B virus; HCV: Hepatitis C
virus; PBC: primary biliary cirrhosis; HCC: hepatocellular carcinoma.
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3.2. Pre-Operative Isoagglutinin Titers and Plasma Exchange

The acceptable isoagglutinin titer on performed adult ABO-I LDLT was ≤1:64 in this
study. Plasma exchange was performed for the patients whose isoagglutinin was >1:64. In
group A, only 11 of 56 (19.6%) patients needed plasma exchange to achieve isoagglutinin
titers ≤1:64. In group B, 17 of 20 (85%) patients needed plasma exchange to achieve isoag-
glutinin titers ≤1:64, excluding 3 patients with isoagglutinin titers ≤1:64 after rituximab
administration. The median (IQ) courses of plasma exchange for group A patients were 0
(0-0), compared with 3 (2.3–4.5) for group B patients (p < 0.001).

3.3. Postoperative Isoagglutinin Rebound

It was a critical issue whether isoagglutinin would rebound after operation in ABO-I
liver transplantation. In this series, 16 of 76 patients (21.1%) had postoperative isoagglu-
tinin rebound, including 6 (10.7%) patients in group A, and 10 (50%) patients in group B
(p < 0.001). Among six patients in group A, isoagglutinin rebound was up to 1:128 in two
patients, 1:512 in one patient, 1:1024 in one patient, and 1:4096 in two patients (Figure 2a).
The isoagglutinin rebound began on POD 5 or 7. Among 10 patients in group B, isoagglu-
tinin rebound was up to 1:128 in seven patients, 1:256 in one patient, and 1:2048 in two
patients (Figure 2b).
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Figure 2. Isoagglutinin titers at pre-operation and post-operation within the first five weeks after liver transplantation.
(a) Six of 56 patients in group A had postoperative isoagglutinin rebound (titers ≥ 1:128). Among the six patients, the
rebound of isoagglutinin titers was up to 1:128 in two patients, 1:512 in one patient, 1:1024 in one patient, and 1:4096 in two
patients. (b) 10 of 20 patients in group B had isoagglutinin rebound. The rebound of isoagglutinin titers was up to 1:128 in
seven patients, 1:256 in one patient, and 1:2048 in two patients.

The three patients in group A with isoagglutinin titers ≥1:1024 suffered from clinical
AMR with ischemic biliary stricture, repeated biliary infections, and died of sepsis on POD
259, 285, and 306, respectively. For the two patients in group B with isoagglutinin titers
≥1:2048, one patient had hyperacute AMR with massive hepatocyte necrosis, and died of
graft failure on POD 14, and the other one had ischemic biliary stricture, repeated biliary
infections, and died on POD 409. In total, the complication of clinical AMR were three
(5.4%) patients in group A and two (10%) patients in group B (p = 0.602). By ROC curve,
the best cutoff value of postoperative isoagglutinin rebound to cause clinical AMR was
1:1024 (Figure 3a). All of the patients complicated with clinical AMR in this study had
isoagglutinin titer rebounded to ≥1:1024 (Figure 3b).
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Figure 3. The threshold of postoperative isoagglutinin titer to cause AMR. (a) ROC curve of isoagglutinin titer to cause
AMR. The best cutoff value of postoperative isoagglutinin rebound to cause clinical AMR was 1:1024 with 1.00 (95% CI:
0.48–1.00) of sensitivity and 1.00 (95% CI: 0.95–1.00) of specificity. (b) Dot histogram of isoagglutinin titer to cause AMR. In
total, 16 of 76 patients (21.1%) had postoperative isoagglutinin rebound (≥1:128). Five of them developed AMR, whose
isoagglutinin rebound was ≥1:1024.

3.4. Biliary Complications

Biliary complication included biliary stenosis at anastomosis sites and ischemic biliary
stricture at non-anastomosis sites. Ischemic biliary stricture was recognized as a clinical
manifestation of AMR (Figure 4a,b). A total of 23 (41.1%) patients in group A had biliary
complications. Of these, 20 of them were biliary stenosis at anastomosis sites, and three had
ischemic biliary stricture. A total of 8 patients (40%) in group B had biliary complications.
Of these, 7 had biliary stenosis at anastomosis sites, and one had ischemic biliary stricture.
The biliary complication rates between group A and B patients were not different (p = 0.856).
The ischemic biliary stricture rates were 5.4% in group A, compared with 5% in group B,
respectively (p = 1.000).
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3.5. Post-Transplantation Survival Rate

A total of nine patients in group A died in the first year, and the causes of death
included three AMR, three cases of pneumonia, one heart failure, one hepatocellular
carcinoma recurrence, and one hepatic injury during percutaneous transhepatic cholan-
giographic drainage. A total of four patients in group B died in the first year, and the
causes of death included one AMR, one infection with sepsis, one hepatocellular carcinoma
recurrence, and one atrial fibrillation with pulmonary emboli. No liver re-transplantation
was performed in this study. The 6-month, 1-, 3- and 5-year graft and patient survival were
91.1%, 83.8%, 77.1%, and 71.1% for group A patients, compared with 85.0%, 79.7%, 65.8%,
and 65.8% for group B patients, respectively (p = 0.282, Figure 5).
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Figure 5. Kaplan–Meier survival curves for the patients in group A and B. The 6-month, 1-, 3- and
5-year graft and patient survival were 91.1%, 83.8%, 77.1%, and 71.1% for group A patients, and
85.0%, 79.7%, 65.8%, and 65.8% for group B patients, respectively (p = 0.282).

3.6. Patients with Modified Desensitization Regimen

In the 20 consecutive patients of group B, the last 12 patients received bortezomib-
added modified regimen. Among the 12 patients, their median isoagglutinin titers was
1:512 with a range from 1:256 to 1:2048. A total of 7 of the 12 (58.3%) patients experienced
postoperative isoagglutinin rebound. However, the isoagglutinin rebound was up to 1:128
only, and no patients developed clinical AMR. Regarding the adverse effects of bortezomib,
white blood cell count, percentage of neutrophils, and percentage of lymphocytes before
and after bortezomib administration were compared. White blood cell count after borte-
zomib administration was 5092 ± 2951/mm3, compared with 4625 ± 2212/mm3 before
bortezomib administration (p = 0.602). The percentage of neutrophils after bortezomib
administration was 70.4 ± 8.7%, compared with 68.0 ± 11.3% before bortezomib adminis-
tration (p = 0.520). The percentage of lymphocytes after bortezomib administration was
15.7 ± 6.9%, compared with 19.5 ± 8.5% before bortezomib administration (p = 0.185)
(Figure 6). These results revealed that the adverse effects of bortezomib did not appear in
this study.
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4. Discussion

The success of adult ABO-I LDLT is a great progress in liver transplantation, as it
overcomes the barrier of blood types [9]. However, adult ABO-I LDLT is still a high risk
operation, since the post-operative immune-reactions are more complicated than ABO-
compatible liver transplantation. Not only do T-cells mediate acute cellular rejection,
but also B-cells contribute to AMR. Therefore, desensitization and immunosuppression
procedures were carried to the recipients before transplantation or immediately after
transplantation to achieve adult ABO-I liver transplantation [14,21]. Although different
preparation regimens for adult ABO-I LDLT are adopted by different centers, rituximab
and plasma exchange/plasmapheresis are almost the backbone in all the regimens. Under
this desensitization procedure with rituximab and plasma exchange/plasmapheresis, the
outcomes of ABO-I LDLT were similar to ABO-compatible liver transplantation [22,23].
However, AMR does occur, and is still an important issue in ABO-I LDLT.

The relevance of isoagglutinin titer to AMR is the most concerning issue in ABO-I
liver transplantation. The role of isoagglutinin titers prior to liver transplantation is not
determined. In the literature, the patients with initial isoagglutinin titer <1:16 did not
develop AMR, although only a simple desensitization protocol was adopted as rituximab
only or rituximab with postoperative low dose of intravenous immunoglobulin [24,25].
In this study, the patients with low and high initial isoagglutinin titers were all included,
the target titer of isoagglutinin at transplantation was ≤1:64, and the incidence of clinical
AMR was 6.6%. The target isoagglutinin titers at transplantation were various among
different centers. In a Japanese multicenter study, the results revealed that the incidence of
AMR in rituximab era was around 6%, and isoagglutinin titers ≥1:16 at transplantation
had a 2.67-fold risk of developing AMR compared to isoagglutinin titers <1:16 in univari-
ate analysis, but did not influence overall survival [21]. In this study, rituximab-based
desensitization regimen with isoagglutinin titer ≤1:64 at transplantation could yield the
similar results to the Japanese study. Taken together, no AMR occurred in the patients with
initial isoagglutinin titer <1:16, even only simple rituximab was given. The outcomes of
adult ABO-I LDLT with rituximab desensitization was similar to that of ABO-compatible
transplantation [14]; however, the 6% of AMR was not diminished when the patients had
initial isoagglutinin titer ≥1:16.

To diminish AMR, post-operative rebound of isoagglutinin should be seriously noted,
since postoperative high isoagglutinin titers might cause AMR and result in graft loss.
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However, determining who will experience isoagglutinin rebound after transplantation is
not mentioned often in the literature. In this study, the result showed that the patients with
initial high isoagglutinin titers had a higher incidence of isoagglutinin rebound than the
patients with low titers. There was no postoperative isoagglutinin rebound if the initial
isoagglutinin titer was <1:16, reported by Lee et al. [25]. As only few patients’ isoagglu-
tinin titers are <1:16 at initial assessment, almost all the patients have the possibilities
of isoagglutinin rebound. Hence, all the patients with isoagglutinin titers ≥1:16 require
desensitization, which is not only for reducing isoagglutinin titers to undergo liver trans-
plantation, but also for preventing postoperative isoagglutinin rebound. Nevertheless, the
intensity of isoagglutinin rebound which will trigger clinical AMR is not really known.

Although there is no clear clinical evidence of what titers of postoperative isoagglu-
tinin will cause clinical AMR in ABO-I liver transplantation, it is believed that clinical
AMR might be related to the intensity of isoagglutinin rebound. In a Japanese multiple
centers’ study, the results showed that peak postoperative IgG isoagglutinin titer ≥1:256
increased 2.5-fold risk of developing clinical AMR, but there was no clear isoagglutinin
cutoff level of developing AMR [9]. In fact, the incidence of AMR may be higher than
those diagnosed. Haga et al. analyzed C4d immunostaining pattern from 34 ABO-I liver
transplant patients with suspected acute rejection, and they found that 17 patients were
positive for C4d staining. Their median postoperative isoagglutinin titers was 1:256, and
five of them had AMR [16]. AMR would develop sub-clinically, and the risk of clinical
AMR was increased when isoagglutinin titer rebound was ≥1:256. In this study, only
the five patients with isoagglutinin rebound ≥1:1024 had clinical figures of AMR. By the
ROC curve, the specificity of cut-off value of 1:1024 was 1.0. This meant clinical AMR was
likely to occur when isoagglutinin rebound was ≥1:1024. Hence, the highest tolerable
isoagglutinin titer rebound was 1:512. Clinically, isoagglutinin rebounds suddenly, and the
rebound intensity is not predictable. It is better to keep close monitoring on isoagglutinin
rebound, and prepare treatment when isoagglutinin titer reaches >1:256.

As we know, antibodies are mainly produced by activated B-cells, memory B-cells
and plasma cells, and depletion of both B-cells and plasma cells before transplantation
may mitigate isoagglutinin rebound after transplantation. Since B-cells are already de-
pleted by rituximab in current desensitization regimen, bortezomib may be added in the
desensitization regimen to deplete plasma cells, particularly in those patients with high
isoagglutinin titers. Bortezomib is a proteasome inhibitor, and can induce plasma cell
apoptosis [26,27]. We applied bortezomib to deplete plasma cells in our last 12 patients
with initial high agglutinin titers. Although 7 of 12 patients experienced isoagglutinin
rebound, isoagglutinin titers never rebounded to pre-operative levels to cause clinical
AMR. In contrast to these 12 patients, three of the other eight patients in group B had
isoagglutinin rebound to high levels, and two (25%) of them developed clinical AMR.
Even in the group A patients with low isoagglutinin titers before transplantation, three of
them had isoagglutinin rebound beyond 1:512 and developed clinical AMR. Bortezomib
is already applied to treat AMR [28–30]. In a murine study, bortezomib could eliminate
alloantibody-secreting plasma cells and reduce alloantibodies [31]. It was also proposed
as a possible agent in a desensitization protocol for highly sensitized patients in kidney
transplantation [32,33]. According to the results in this study, bortezomib could prevent
isoagglutinin over-rebound after transplantation, and might be considered for addition in
the desensitization regimen for ABO-I living donor liver transplantation.

Clinical AMR may be presented as massive hepatocyte necrosis or intrahepatic is-
chemic cholangitis, which was well described by Tanabe et al. [34]. Both types of AMR
are severe complications which lead to graft loss eventually. Re-transplantation is the
only way to rescue patients. Re-transplantation is almost impossible in the areas of organ
shortage, and prevention of AMR will be the best policy. Depletion of both B-cells and
plasma cells may be the ideal way to mitigate postoperative isoagglutinin rebound and
avoid clinical AMR. In this study, 12 high-titer patients with additional bortezomib had
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limited isoagglutinin rebound, and no patients developed clinical AMR. Bortezomib might
contribute to mitigate isoagglutinin rebound and avoid clinical AMR.

This study was retrospective to examine the effects of modified desensitized regimen.
Although the number of patients receiving modified desensitization regimen were limited,
we believe that the data in this study are important to show how to manage the patients
with high isoagglutinin titers in ABO-I organ transplantation. AMR is an immune reaction
in ABO-I liver transplantation, and some immune complexes may deposit in the liver
pathologically. In this study, we only focused on and found the threshold of isoagglutinin
rebound to develop clinical AMR. The true incidence of AMR in ABO-I liver transplantation
needs further study or to be proven by protocol biopsies.

5. Conclusions

Clinical AMR is a high-risk complication in adult ABO-I LDLT. The threshold of
isoagglutinin rebound to cause clinical AMR was 1:1024. Rituximab with additional
bortezomib into the desensitization regimen could mitigate isoagglutinin rebound and
avoid clinical AMR.

Author Contributions: Conceptualization, W.-C.L.; formal analysis, C.-F.L. and T.-H.W.; investiga-
tion, C.-H.C., T.-J.W., H.-S.C. and K.-M.C.; data curation, H.-C.H., J.-C.L. and Y.-C.W.; writing—W.-C.L.
All authors have read and agreed to the published version of the manuscript.

Funding: The authors declare no funding was received for this study.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Chang-Gung Memorial
Hospital (protocol code 20171223BO, 23 December 2017).

Informed Consent Statement: Patient consent was waived due to this was a retrospective study.

Data Availability Statement: All data analyzed during this study were included in this published article.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

HCC: hepatocellular carcinoma; BCLC: Barcelona clinic liver cancer; ABO-I: ABO-
incompatibility; LDLT: living donor liver transplantation; POD: postoperative day; AST:
aspartate aminotransferase; ALT: alanine aminotransferase; CT: computed tomography;
ABMR: antibody-mediated rejection.

References
1. Martin, P.; DiMartini, A.; Feng, S.; Brown, R., Jr.; Fallon, M. Evaluation for liver transplantation in adults: 2013 practice guideline

by the American Association for the Study of Liver Diseases and the American Society of Transplantation. Hepatology 2013, 59,
1144–1165. [CrossRef]

2. Lee, W.-C.; Chou, H.-S.; Wu, T.-J.; Lee, C.-S.; Chan, K.-M. Indicators and outcome of liver transplantation in acute liver
decompensation after flares of hepatitis B. J. Viral Hepat. 2011, 18, 193–199. [CrossRef]

3. Mazzaferro, V.M.; Regalia, E.; Doci, R.; Andreola, S.; Pulvirenti, A.; Bozzetti, F.; Montalto, F.; Ammatuna, M.; Morabito, A.;
Gennari, L. Liver Transplantation for the Treatment of Small Hepatocellular Carcinomas in Patients with Cirrhosis. N. Engl. J.
Med. 1996, 334, 693–700. [CrossRef]

4. Yao, F.Y.; Ferrell, L.; Bass, N.M.; Watson, J.J.; Bacchetti, P.; Venook, A.; Ascher, N.L.; Roberts, J.P. Liver transplantation for
hepatocellular carcinoma: Expansion of the tumor size limits does not adversely impact survival. Gastroenterology 2001, 33,
1394–1403. [CrossRef]

5. Mazzaferro, V.; Llovet, J.M.; Miceli, R.; Bhoori, S.; Schiavo, M.; Mariani, L.; Camerini, T.; Roayaie, S.; Schwartz, M.E.; Grazi,
G.L.; et al. Predicting survival after liver transplantation in patients with hepatocellular carcinoma beyond the Milan criteria: A
retrospective, exploratory analysis. Lancet Oncol. 2009, 10, 35–43. [CrossRef]

6. Forner, A.; Reig, M.; Rodriguez-Lope, C.; Bruix, J. Current Strategy for Staging and Treatment: The BCLC Update and Future
Prospects. Semin. Liver Dis. 2010, 30, 61–74. [CrossRef] [PubMed]

7. Burra, P.; Freeman, R. Trends in liver transplantation 2011. J. Hepatol. 2012, 56, S101–S111. [CrossRef]

http://doi.org/10.1002/hep.26972
http://doi.org/10.1111/j.1365-2893.2010.01295.x
http://doi.org/10.1056/NEJM199603143341104
http://doi.org/10.1053/jhep.2001.24563
http://doi.org/10.1016/S1470-2045(08)70284-5
http://doi.org/10.1055/s-0030-1247133
http://www.ncbi.nlm.nih.gov/pubmed/20175034
http://doi.org/10.1016/S0168-8278(12)60011-7


J. Pers. Med. 2021, 11, 1300 11 of 12

8. Sanchez-Urdazpal, L.; Bafts, K.P.; Gores, G.J.; Moore, S.B.; Sterioff, S.; Wiesner, R.H.; Krom, R.A. Increased Bile Duct Complications
in Liver Transplantation Across the ABO Barrier. Ann. Surg. 1993, 218, 152–158. [CrossRef]

9. Egawa, H.; Teramukai, S.; Haga, H.; Tanabe, M.; Fukushima, M.; Shimazu, M. Present status of ABO-incompatible living donor
liver transplantation in Japan. Hepatology 2007, 47, 143–152. [CrossRef] [PubMed]

10. Wilde, B.; Pietruck, F.; Kribben, A.; Witzke, O. Isoagglutinin titre adsorption: Breaking the barrier in major AB0-incompatible
organ transplantation. Transfus. Apher. Sci. 2009, 41, 45–48. [CrossRef]

11. Troisi, R.; Noens, L.; Montalti, R.; Ricciardi, S.; Philippé, J.; Praet, M.; Conoscitore, P.; Centra, M.; de Hemptinne, B. ABO-mismatch
adult living donor liver transplantation using antigen-specific immunoadsorption and quadruple immunosuppression without
splenectomy. Liver Transpl. 2006, 12, 1412–1417. [CrossRef]

12. Mendes, M.; Ferreira, A.; Remédio, F.; Aires, I.; Cordeiro, A.; Mascarenhas, A.; Martins, A.; Pereira, P.; Gloria, H.; Perdigoto, R.;
et al. ABO-Incompatible Liver Transplantation in Acute Liver Failure: A Single Portuguese Center Study. Transplant. Proc. 2013,
45, 1110–1115. [CrossRef]

13. Kim, J.M.; Kwon, C.D.; Joh, J.-W.; Kang, E.-S.; Park, J.B.; Lee, J.H.; Kim, S.J.; Paik, S.W.; Lee, S.-K.; Kim, D.W. ABO-incompatible
living donor liver transplantation is suitable in patients without ABO-matched donor. J. Hepatol. 2013, 59, 1215–1222. [CrossRef]
[PubMed]

14. Lee, C.F.; Cheng, C.H.; Wang, Y.C.; Soong, R.S.; Wu, T.H.; Chou, H.S.; Wu, T.J.; Chan, K.M.; Lee, C.S.; Lee, W.C.; et al. Adult
Living Donor Liver Transplantation Across ABO-Incompatibility. Medicine 2015, 94, e1796. [CrossRef] [PubMed]

15. Yadav, D.K.; Hua, Y.F.; Bai, X.; Lou, J.; Que, R.; Gao, S.; Zhang, Y.; Wang, J.; Xie, Q.; Edoo, M.I.A.; et al. ABO-Incompatible Adult
Living Donor Liver Transplantation in the Era of Rituximab: A Systematic Review and Meta-Analysis. Gastroenterol. Res. Pract.
2019, 2019, 8589402. [CrossRef] [PubMed]

16. Haga, H.; Egawa, H.; Fujimoto, Y.; Ueda, M.; Miyagawa-Hayashino, A.; Sakurai, T.; Okuno, T.; Koyanagi, I.; Takada, Y.; Manabe,
T. Acute humoral rejection and C4d immunostaining in ABO blood type-incompatible liver transplantation. Liver Transplant.
2006, 12, 457–464. [CrossRef]

17. Josephson, C.D.; Castillejo, M.I.; Grima, K.; Hillyer, C.D. ABO-mismatched platelet transfusions: Strategies to mitigate patient
exposure to naturally occurring hemolytic antibodies. Transfus. Apher. Sci. 2010, 42, 83–88. [CrossRef]

18. Kasahara, M.; Kiuchi, T.; Takakura, K.; Uryuhara, K.; Egawa, H.; Asonuma, K.; Uemoto, S.; Inomata, Y.; Ohwada, S.; Morishita, Y.;
et al. Postoperative flow cytometry crossmatch in living donor liver transplantation: Clinical Significance of Humoral Immunity
in Acute Rejection1. Transplantation 1999, 67, 568–575. [CrossRef]

19. Chan, K.M.; Lee, C.S.; Wu, T.J.; Lee, C.F.; Chen, T.C.; Lee, W.C. Clinical perspective of acute humoral rejection after blood
type-compatible liver transplantation. Transplantation 2011, 91, e29–e30. [CrossRef]

20. Egawa, H.; Oike, F.; Buhler, L.; Shapiro, A.M.J.; Minamiguchi, S.; Haga, H.; Uryuhara, K.; Kiuchi, T.; Kaihara, S.; Tanaka, K.
Impact of recipient age on outcome of ABO-incompatible living-donor liver transplantation. Transplantation 2004, 77, 403–411.
[CrossRef] [PubMed]

21. Egawa, H.; Teramukai, S.; Haga, H.; Tanabe, M.; Mori, A.; Ikegami, T.; Kawagishi, N.; Ohdan, H.; Kasahara, M.; Umeshita,
K. Impact of Rituximab Desensitization on Blood-Type-Incompatible Adult Living Donor Liver Transplantation: A Japanese
Multicenter Study. Arab. Archaeol. Epigr. 2013, 14, 102–114. [CrossRef] [PubMed]

22. Song, G.; Lee, S.; Hwang, S.; Kim, K.; Ahn, C.; Moon, D.; Ha, T.; Jung, D.; Park, G.; Kim, W.; et al. ABO-Incompatible Adult
Living Donor Liver Transplantation under the Desensitization Protocol with Rituximab. Arab. Archaeol. Epigr. 2015, 16, 157–170.
[CrossRef]

23. Ikegami, T.; Yoshizumi, T.; Soejima, Y.; Uchiyama, H.; Shirabe, K.; Maehara, Y. Feasible usage of ABO incompatible grafts in
living donor liver transplantation. HepatoBiliary Surg. Nutr. 2016, 5, 91–97. [PubMed]

24. Kim, S.H.; Lee, E.C.; Shim, J.R.; Park, S.J. A simplified protocol using rituximab and immunoglobulin for ABO-incompatible
low-titre living donor liver transplantation. Liver Int. 2017, 38, 932–939. [CrossRef] [PubMed]

25. Lee, E.C.; Kim, S.H.; Shim, J.R.; Park, S.-J. A comparison of desensitization methods: Rituximab with/without plasmapheresis in
ABO-incompatible living donor liver transplantation. Hepatobiliary Pancreat. Dis. Int. 2018, 17, 119–125. [CrossRef]

26. Perry, D.K.; Burns, J.M.; Pollinger, H.S.; Amiot, B.P.; Gloor, J.M.; Gores, G.J.; Stegall, M.D. Proteasome Inhibition Causes Apoptosis
of Normal Human Plasma Cells Preventing Alloantibody Production. Arab. Archaeol. Epigr. 2008, 9, 201–209. [CrossRef]
[PubMed]

27. Neubert, K.; Meister, S.; Moser, K.; Weisel, F.; Maseda, D.; Amann, K.; Wiethe, C.; Winkler, T.H.; Kalden, J.R.; Manz, R.A.; et al.
The proteasome inhibitor bortezomib depletes plasma cells and protects mice with lupus-like disease from nephritis. Nat. Med.
2008, 14, 748–755. [CrossRef]

28. Everly, M.J.; Everly, J.J.; Susskind, B.; Brailey, P.; Arend, L.J.; Alloway, R.R.; Roy-Chaudhury, P.; Govil, A.; Mogilishetty, G.; Rike,
A.H.; et al. Bortezomib Provides Effective Therapy for Antibody- and Cell-Mediated Acute Rejection. Transplantation 2008, 86,
1754–1761. [CrossRef]

29. Flechner, S.M.; Fatica, R.; Askar, M.; Stephany, B.R.; Poggio, E.; Koo, A.; Banning, S.; Chiesa-Vottero, A.; Srinivas, T. The role of
proteasome inhibition with bortezomib in the treatment of antibody-mediated rejection after kidney-only or kidney-combined
organ transplantation. Transplantation 2010, 90, 1486–1492. [CrossRef]

30. Lee, C.-F.; Eldeen, F.; Chan, K.-M.; Wu, T.-H.; Soong, R.-S.; Chou, H.-S.; Lee, W.-C. Bortezomib Is Effective to Treat Acute Humoral
Rejection After Liver Transplantation. Transplant. Proc. 2012, 44, 529–531. [CrossRef]

http://doi.org/10.1097/00000658-199308000-00006
http://doi.org/10.1002/hep.21928
http://www.ncbi.nlm.nih.gov/pubmed/17929298
http://doi.org/10.1016/j.transci.2009.05.012
http://doi.org/10.1002/lt.20727
http://doi.org/10.1016/j.transproceed.2013.02.012
http://doi.org/10.1016/j.jhep.2013.07.035
http://www.ncbi.nlm.nih.gov/pubmed/23928408
http://doi.org/10.1097/MD.0000000000001796
http://www.ncbi.nlm.nih.gov/pubmed/26496313
http://doi.org/10.1155/2019/8589402
http://www.ncbi.nlm.nih.gov/pubmed/31285743
http://doi.org/10.1002/lt.20652
http://doi.org/10.1016/j.transci.2009.10.013
http://doi.org/10.1097/00007890-199902270-00014
http://doi.org/10.1097/TP.0b013e318208138c
http://doi.org/10.1097/01.TP.0000110295.88926.5C
http://www.ncbi.nlm.nih.gov/pubmed/14966415
http://doi.org/10.1111/ajt.12520
http://www.ncbi.nlm.nih.gov/pubmed/24279828
http://doi.org/10.1111/ajt.13444
http://www.ncbi.nlm.nih.gov/pubmed/27115002
http://doi.org/10.1111/liv.13614
http://www.ncbi.nlm.nih.gov/pubmed/29053910
http://doi.org/10.1016/j.hbpd.2018.02.005
http://doi.org/10.1111/j.1600-6143.2008.02461.x
http://www.ncbi.nlm.nih.gov/pubmed/18976291
http://doi.org/10.1038/nm1763
http://doi.org/10.1097/TP.0b013e318190af83
http://doi.org/10.1097/TP.0b013e3181fdd9b0
http://doi.org/10.1016/j.transproceed.2012.01.051


J. Pers. Med. 2021, 11, 1300 12 of 12

31. Redfield, R.; Lou, Y.; Rodriguez, E.; Rostami, S.; Parsons, R.; Noorchashm, H.; Naji, A.; Abt, P. Sustained reduction of alloantibody
secreting plasma cells and donor specific antibody with proteasome inhibition in mice. Transpl. Immunol. 2013, 29, 11–16.
[CrossRef] [PubMed]

32. Claas, F.H.; Doxiadis, I.I. Management of the highly sensitized patient. Curr. Opin. Immunol. 2009, 21, 569–572. [CrossRef]
[PubMed]

33. Bakr, M.A.; Nagib, A.M.; Donia, A.F. Induction immunosuppressive therapy in kidney transplantation. Exp. Clin. Transplant.
2014, 12, 60–69. [CrossRef] [PubMed]

34. Tanabe, M.; Kawachi, S.; Obara, H.; Shinoda, M.; Hibi, T.; Kitagawa, Y.; Wakabayashi, G.; Shimazu, M.; Kitajima, M. Current
progress in ABO-incompatible liver transplantation. Eur. J. Clin. Investig. 2010, 40, 943–949. [CrossRef] [PubMed]

http://doi.org/10.1016/j.trim.2013.09.010
http://www.ncbi.nlm.nih.gov/pubmed/24103731
http://doi.org/10.1016/j.coi.2009.07.010
http://www.ncbi.nlm.nih.gov/pubmed/19682882
http://doi.org/10.6002/ect.25Liver.L58
http://www.ncbi.nlm.nih.gov/pubmed/24635795
http://doi.org/10.1111/j.1365-2362.2010.02339.x
http://www.ncbi.nlm.nih.gov/pubmed/20636381

	Introduction 
	Materials and Methods 
	Results 
	Patients 
	Pre-Operative Isoagglutinin Titers and Plasma Exchange 
	Postoperative Isoagglutinin Rebound 
	Biliary Complications 
	Post-Transplantation Survival Rate 
	Patients with Modified Desensitization Regimen 

	Discussion 
	Conclusions 
	References

