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Despite the great potential of ABO-incompatible (ABOi) liver transplantation (LT) for ex-
panding the donor pool, serious concern about poor outcomes in the recipients has been
a major obstacle to its widespread. The use of ABQi living donors is an attractive solution
for expanding the liver donor pool, and various novel strategies for desensitization of ABO
incompatibility have yielded promising results. The 1st breakthrough was local graft infu-
sion therapy introduced by the Keio and Kyoto group; a second, epochal advance was the
advent of the anti-CD20 monoclonal antibody, rituximab. Since then, the risk of fulminant
hepatic necrosis caused by full-blown antibody-mediated rejection (AMR) has almost dis-
appeared, and survival outcomes of ABQi LT have increased markedly. In the Korean expe-
rience, ABOi LT accounts for 18% of all adult living donor liver transplantation, and 3-year
graft and patient survival rates are 86.5 and 87.6%, respectively. ABOi living donor LT is
thus having a major impact on the donor pool and the recent achievements permit us to
promote a nationwide ABQOi LT program. However, concern still remains about diffuse in-
trahepatic biliary stricture (DIHBS), which is an attenuated form of AMR. Ultimately, we
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INTRODUCTION

The annual number of liver transplantation (LT) in Korea has
continuously increased, mainly due to the explosive rise in the num-
ber of living donor liver transplants (LDLT) (Fig. 1A) [1]. However,
LT cannot keep pace with the increase in the size of the waiting list
in Korea despite the recent gradual boost in deceased donor num-
bers (Fig. 1B) [1]. Therefore, expanding the liver donor pool has al-
ways been a major challenge for Korean society. The potential for
expanding the deceased donor pool in our country seems to be
limited and expansion of the living donor pool is generally ham-
pered by insuperable ethical and donor safety issues. Hence, the
involvement of ABO-incompatible (ABO1) donors is an attractive
solution for the organ shortage because it does not add to donor
risk and is potentially very effective. However, widespread applica-
tion of ABOI LT has been limited by serious concerns about recipi-

ent outcomes due to disappointing early experience.
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ABOi organ transplantation has definitely undergone a para-
digm shift since the introduction of the anti-CD20 monoclonal
antibody, rituximab. Survival outcomes have become comparable
to those of ABO-compatible transplantation due to various novel
strategies for desensitization (DSZ). In this review, I present a brief
history of recent achievements in ABOi LT, focussing on current
trends in DSZ protocols, provide the clinical outcomes of the Ko-
rean experience in ABOi LDLT and suggest further steps for im-

proving clinical outcomes.

ABRIEFHISTORY OF ABO-INCOMPATIBLE LIVER
TRANSPLANTATION

After Starz], et al. breached the ABO blood group barrier in LT,
the liver was regarded as an immunologically privileged organ [2].
Hence, ABO-incompatibility was not considered a contraindica-

tion for LT in the initial period. However, clinical outcomes in real
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Fig. 1. Anuual number of liver transplants in Korea (A) and cumulative number on the waiting list for deceased donor liver transplantation to-
gether with the annual number of deceased donor liver transplants (B). LDLT, living donor liver transplants; KONOS, Korean Network for Organ

Sharing.

practice were very disappointing due to a high incidence of early
graft loss, which was associated with antibody-mediated rejection
(AMR) [3,4]. To avoid AMR, basic unselective DSZ protocols such
as whole-body irradiation, routine steroid pulse therapy or main-
tenance of extremely high trough levels of calcineurin inhibitor
were employed. However, these failed to have any positive impact,
and the majority of patient deaths in the earlier period of ABOi LT
were associated with AMR, or infection due to ineffective immu-
nosuppressionor harmful over-immunosuppression. Around that
time, the incidence of 1-month graft loss ranged from 40-60%,
and 3-year patient survival ranged from 20 to 40% [3,4]. Hence,
ABOIi LT became unpopular and has been reserved for urgent LT,
particularly for pediatric patients [5]. Despite this, many trials

have been undertaken in Asian countries aimed at improving the
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survival of recipients of ABOi adult living donor liver transplants
(ALDLT). For example, Tanabe et al. infused anti-inflammatory
agents directly into the graft via the portal vein (PV), which yield-
ed significantly improved outcomes [6]. At around the same peri-
od, the Kyoto group reported a modified and more successful meth-
od of infusion, via the hepatic artery (HA), [7]. Since the adoption
of rituximab in ABOi LT by Usuda et al. [8], the incidence of AMR
in ABOi ALDLT has been markedly reduced and recent outcomes
are comparable to those of ABO-compatible (ABOc) LT [9-12]. In
the era of rituximab prophylaxis, ABO incompatibility is no lon-
ger considered a contraindication for LT.

ABOI LT has experienced its ups and downs. Recently, it has be-
come the standard treatment option in countries with an extreme

shortage of deceased organs owing to the remarkable improvement
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insurvival outcomes. However, it seems too early to proclaim a se-
cure immunological victory because of the intractable morbidity
due to intrahepatic biliary stricture, which is an attenuated form of
AMR and occurs exclusively in ABOi LT. In addition, we need to
standardize the usage of rituximab. Therefore, attention in the com-

ing era should be focussed on finding a solution to these problems.

HISTOPATHOPHYSIOLOGY OF ANTIBODY-MEDIATED
REJECTION

Damage to ABOi liver grafts is initiated by preformed isoagglu-
tinin (IA) and is potentiated by the proliferation of B-cells, which
are activated by ABO antigens in the donor graft. The main tar-
gets are the endothelial cells that line the graft vasculature, and the
epithelial cells that line the bile duct. The resulting bile duct stric-
tures and vascular thromboses cause graft ischemia, severe cho-
lestasis and, eventually, graft loss. The histology of AMR is char-
acterized by hemorrhagic necrosis with diffuse intravascular co-
agulation (DIC) within the graft, exemplifying single organ DIC
[4]. Haga et al. [13] reported that periportal edema and necrosis
appeared to be histological indications of the early phase of severe
humoral rejection. In that report, all grafts displaying periportal
edema and necrosis developed massive parenchymal or biliary ne-

crosis. To potentiate the histologic diagnosis of AMR, immunohis-

Gi-Won Song ¢ ABO Incompatability in Liver Transplantation

tochemical staining with anti-C4d may be helpful. C4d binds co-
valently to tissues after activation of the complement system, and
immunostaining has been widely used to demonstrate humoral
immunoreactivity or AMR in other solid organ transplants [14-
16]. Although it is not a pathognomic feature of AMR, detection of
C4d has both diagnostic and prognostic value, and may be a hall-

mark of antibody-mediated rejection in liver biopsies [17].

DESENSITIZATION PROTOCOLS FORABO
INCOMPATIBILITY

There is no difference in immunosuppressive therapy between
ABOiand ABOc LDLT except DSZ protocol. In ABOi LDLT, how-
ever, several different DSZ protocols have been used to try to pre-
vent IA-mediated graft injury. These protocols have three main
aims: 1) pre-transplant reduction of IA titer, 2) attenuation of local
inflammation, 3) suppression of B-cell activity. The commonly
used DSZ protocol in ABOi ALDLT is depicted in Fig. 2.

1.Pre-transplantreduction ofisoagglutinin titer

Total plasma exchange (TPE), the simplest method for reducing
IA titer, is generally used in DSZ. It takes 3-4 hours per session and
uses fresh frozen blood type AB plasma. In one session of TPE one

can filter 1.5 plasma volumes. This approach is used for lowering
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Fig. 2. Pre-transplant desensitization and post-transplant immunosuppression protocols for ABO-incompatible liver transplantation. LDLT, living

donor liver transplants.
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elevated IA titers during the post-transplant period, as well as pre-
transplant [18]. The disadvantages of TPE are hypersensitivity, ci-
trate toxicity, hemodynamic stress and relatively low efficiency
and selectivity. To overcome the drawbacks of TPE, a Japanese
group has developed double-filtration plasmapheresis [19], which
permits selective removal of the plasma fraction containing the
immunoglobulins. It consists of two systems, plasma separator
and fractionator. Removal of coagulation factors can be avoided
and only small amounts of replacement fluid are needed. Howev-
er, outside Japan the use of double-filtration plasmapheresis is very
limited. More recently, a selective approach using antigen-specific
immunoadsorption with immunoadsorbentcolumns (GlycoSorb-
ABO; Glycorex Transplantation AB, Lund, Sweden) has been in-
troduced [20]. It employs a conventional plasmapheresis device
supporting selective GlycoSorb ABO immunoadsorbent columns
selectively depleting anti-A and anti-B isoagglutinins. It was devel-
oped in order to minimize the side-effects and morbidity related
to TPE. It has been widely used in ABOi kidney transplantation,

but only in a few reported liver transplant recipients [21].

2.Attenuation of local inflammation

Based on an understanding of the pathophysiologic mechanism
of AMR, i.e., local DIC, direct infusion of anti-inflammatory drugs
such as prostaglandin E1, methylprednisolone, and gabexateme-
sylate through a portal vein (PV) or hepatic artery (HA) catheter,
was an innovative method of improving survival outcomes in ABOi
ALDLT in Japan. It was once regarded as an essential component of
the DSZ protocol. However, the increasing use of rituximab to pre-
vent AMR has led some to question the role of local graft infusion
therapy (LGIT). This is because LGIT does not prevent AMR. In
fact, the technique often causes complications such as bleeding
and vascular thrombosis. Egawa et al. [10] reported LGIT-related
complications in 16-37% of patients. The majority of LGIT-related
complications in cases of PV infusion are due to PV thrombosis.
Also, catheter dislocation often causes intra-abdominal bleeding.
The complication rate associated with HA infusion is slightly low-
er; however, the complications associated with HA catheters, such
as HA injury, thrombosis, and catheter dislocation, are potentially
lethal. Although there is still some controversy about the clinical
usefulness of LGIT, recent clinical studies have obtained success
with DSZ protocols without LGIT [22,23].

Hanyang Med Rev 2014;34:202-210
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3.Suppression of B-cell activity

To prevent a post-transplant rebound rise of IA, one needs to
suppress B-cell activity by surgical or pharmacological interven-
tion. For that reason, splenectomy (SPL) was once considered an
essential component of successful DSZ. However, the impact of
SPL upon B-cell suppression is not consistent and SPL is always
accompanied by the danger of bleeding, portal vein thrombosis or
pancreatic fistula, etc. In addition, it has been reported that ritux-
imab can completely replace the role of SPL; the Kyoto group have
reported that splenectomy does not provide any immunological
benefitin ABOi LDLT [24].

Rituximab, a chimeric murine/human monoclonal antibody,
reacts with the CD20 antigen. Its exact mechanism of action is still
under a veil. Three different mechanisms have been proposed for
how it eliminates B cells: complement dependent killing, antibody-
dependent cellular killing and stimulation of apoptosis [25]. Ritux-
imab can suppress all stages of B lymphocyte differentiation ex-
cept stem cells and long-lived plasma cells. The majority of phar-
macokinetic and pharmacodynamic studies have been performed
in patients with B-cell lymphoma. In 9 patients given 375 mg/m’
rituximab as an intravenous infusion in four doses, mean serum
half-life was 59.8 hours after the first infusion and 174 hours after
the fourth infusion [26]. However, no pharmacokinetic or phar-
macodynamics data on rituximab are available in subjects with
end-stage liver disease. Therefore, we do not know how much, how
often or when rituximab should be administered for DSZ in ABOi
LT. Most programs have adopted the original dosage used in ma-
lignant lymphoma: 375 mg/body surface area (BSA). Administra-
tion was started 1 to 3 weeks prior to transplantation, and the fre-
quency of dosing was titrated from multiple to single dosing after
there was found to be significantly higher rates of infectious com-
plications and profound long-standing leukopenia with multiple
dosing. Several clinical studies of the effectiveness of lower dosage
have been performed in ABOi KT [27]. One Korean center has re-
ported success with a lower rituximab dose in ABOi KT [28].

Egawa et al. [29] have carried out a very important study of the
impact of rituximab DSZ on ABOi LDLT. By December 2011, the
Japanese registry contained clinical and laboratory data on 663
patients who had undergone ABOi LDLT in 37 institutions. Of
these patients, 381 were adults. The incidence of AMR decreased
from 23.5% to 6.2% after the use of rituximab. According to that
study, the timing, number of doses and total dose did not affect

patient survival or the incidence of AMR. Moreover additional
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modification of the DSZ regimen to suppress B-cell activity or in-
flammatory responses failed to have a positive impact; multiple
doses of rituximab and additions to the DSZ regimen such as SPL
or LGIT increased the incidence of fungal and CMV infection,
and the usual rituximab dose of 375 mg/BSA had an adverse im-
pact on the incidence of infection in comparison with a smaller
dose. There is a need to develop a consensus on rituximab dosage,

frequency and timing in ABOi LT based on large cohort studies.

SURVIVALOUTCOMES OF ABO-INCOMPATIBLE LIVER
TRANSPLANTATION

The survival outcomes of ABOi LT largely depend on the pre-
transplant patients’ condition and age. A Japanese multicenter ret-
rospective study reported that pre-transplant intensive care unit
stay and high MELD score were the most significant risk factors
for patient survival [10]. The most common cause of death was not
AMR but infectious complications, which were attributed to po-
tent immunosuppression with high-dose steroid, calcineurin in-
hibitor or a combination of cell-depleting agents, etc. Therefore,
prudent patient selection as well as prevention of AMR are crucial
factors for successful outcomes in ABOi LT.

Age is also a powerful indicator of survival outcomes [30]. The
immune system is usually immature in children, especially in infants.
In thelatter, the titer of IA is very low or zero, and B-cell responses to
antigenic stimuli are very weak. Therefore, the incidence of AMR in
infants was very low even before the era of rituximab. Survival after
ABOi LDLT was comparable with after ABOc, without any special

measures to prevent AMR. However clinical outcomes deteriorate
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with increasing patient age, generally starting at age 8.

Pretransplant and post-transplant peak IA titers may be signifi-
cant risk factors for AMR. In that connection, recipient blood type
O has been considered a risk factor for AMR because IA titers are
intrinsically higher in type O than in other blood types [10]. How-
ever, a high pre-transplant IA titer can be lowered by repetitive TPE
and high dose intravenous immunoglobulin, and the post-trans-
plant rebound rise of IA can be efficiently suppressed by rituximab
prophylaxis and post-transplant TPE. Thus, the impact of IA titer
upon AMR has been diminished, and no relationship with patient
survival has been found in recent studies, nor is the recipient’s blood
type or mismatch pattern related to AMR or patient survival.

The epoch-making event in ABOi LT was the introduction of
rituximab for DSZ, so that the history of ABOi LT can be divided
into before, and after, rituximab. A Japanese nationwide survey
revealed that 3-year survival increased from 30% to 80% after the
introduction of rituximab [31] and a recent Japanese multicenter
study revealed that the only relevant risk factor for AMR was a DSZ
protocol without rituximab [30]. In the most recent large single
center cohort including 142 adult patients undergoing ABOi AL-
DLT, Song et al. [32] obtained 3-year graft and patient survival
rates of 90.9% and 96.3%, respectively. In the comparative analysis
of survival outcome from the single center experience including
235 ABOiand 1,301 ABOc LDLD recipients from November 2008
to December 2013, the results were comparable. The 1, 3, and 5-year
graft survival rate of ABOi group was 93.3, 89.2, and 89.2%, respec-
tively and the 1, 3, and 5-year patient survival rate for ABOcwas
96.5,92.3, and 92.3%, respectively. There was no significant differ-

ence in the graft and patient survival rate between the two groups
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Fig. 3. Comparison of graft (A) and patient (B) survival in 235 ABO-incompatible and 1,301 ABO-compatible adult living donor liver transplant

recipients.
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(Fig. 3). These survival outcomes represented a significant impro-
vement on previous studies. In this study, all the patients received
pretransplant rituximab prophylaxis, the mean MELD score was
12.7 and no patients with pre-transplant ICU stay were included.
From those findings, we can conclude that patient selection and
effective DSZ by rituximab are the most important factors contri-
buting to successful outcomes in ABOi LT.

Despite the recent remarkable improvement in survival outcomes
in ABOI LT, there still exist serious concerns about intractable bili-
ary complications. In general, graft failure in connection with ABO
incompatibility can take two clinical forms: (1) ‘hepatic necrosis’
occurring within one or two weeks and leading to massive graft

necrosis within a month, (2) DIHBS occurring several months af-
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ter LT, with development of diffuse and multiple strictures of the
intrahepatic bile duct. Since the introduction of rituximab, how-
ever, the fulminant type of hepatic necrosis occurring soon after
ABOi ALDLT has nearly disappeared and DIHBS has become the
main risk factor for graft failure. The prognosis of DIHBS is very
poor because refractory cholangitis leads to sepsis and graft fail-
ure, although mortality is not 100% as in fulminant hepatic necro-
sis. DIHBS is an unpleasant and dangerous complication because
it cannot usually be resolved by conventional biliary interventions.
The only proven treatment is re-transplantation. Furthermore, the
occurrence of DIHBS significantly affects patient’s quality of life
because of repeated cholangitis, biliary intervention and re-admis-

sions. According to several studies, high pre-LT and post-LT levels
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Fig. 4. Number of ABO-incompatible adult living donor liver transplantation programs (A) and annual number of ABO-incompatible adult living

donor liver transplants (B) in Korea.
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of ADA are closely related to the occurrence of AMR [10,14,30,31,33]
In the study by Song et al., DIHBS occurred exclusively in patients
(12 patients; 8.5%) receiving ABOi ALDLT. Three deaths and 4
cases of re-transplantation were related to DIHBS, and graft and
patient survival rates were significantly reduced in the ABOi AL-
DLT recipients with DIHBS. However, these workers failed to iden-
tify any significant risk factors for DIHBS. Thus, the next step in
further improving survival outcomes in ABOIi LT is to elucidate
the risk factors for DIHBS and identify preventive or therapeutic

measures.

THEKOREAN EXPERIENCE IN ABO-INCOMPATIBLE
LIVER TRANSPLANTATION

In Korea, the first ABOi LT was perfomed in Februrary 1996.

Gi-Won Song ¢ ABO Incompatability in Liver Transplantation

The patient was a 6-year-old girl, who is still alive. The application
ABOI LT in the adult population of Korea was delayed until 2007

because of concern about the poor recipient survival outcomes in

—n26,8.5%)
J
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DIHBS:

N=2 (0.6%) N=19 (6.5%)
‘ ‘ | Alive: N=9
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Fig. 5. The fates of the 26 patients experiencing antibody-mediated
rejection among 307 cases of ABO-incompatible adult living donor
liver transplants in 8 Korean centers. AMR, antibody-mediated rejec-
tion; DIHBS, diffuse intrahepatic biliary stricture.

Table 1. Clinical information on the 26 patients experiencing AMR among 307 cases of ABO-incompatible adult living donor liver transplanta-

tion in Korea (from March 2007 to December 2013)

ifal  PredT oS Hepatic In-hospi- Patient " cnent  Graft

Gender ~ Age  MELD  LGIT SPL IVIG W titer 1A fiter : necrosis DIHBS C4d(+) tal mor- Re-LT final SUV SuV
IA titer tality (month)  (month)

M 55 27 Yes No Yes 32 8 2 Yes Yes Yes No Yes Alive 822 12
M 63 9 No No No 16 2 4 No No Yes No No Alive 8.4 84
M 54 22 Yes No Yes 64 16 64 Yes No Yes Yes No Dead 1.7 1.7
F 52 25 Yes Yes Yes 16 8 8 No Yes No No No Dead 15.1 15.1
M 57 9 No No No 256 8 8 No Yes No No Yes Alive 271 5.1
M 54 14 Yes No No 64 4 64 No Yes No No No Dead 41 41
M 58 25 No No No 128 4 64 No Yes No No No Dead 6.3 6.3
M 61 14 No No No 128 4 64 No Yes Yes No No Alive 433 433
M 53 7 No No No 64 8 2,048 No Yes No No No Alive 426 426
M 56 18 No No No 512 4 32 No Yes No No Yes Alive 285 34
F 57 10 No No No 512 8 128 No Yes No No No Alive 215 215
M 44 7 No No No 256 4 32 No Yes No No Yes Alive 194 6.3
F 57 7 No Yes No 64 2 8 No Yes No No No Alive 17.6 17.6
F 57 13 No Yes No 512 4 32 No Yes No No Yes Dead 135 12.8
M 48 7 No Yes No 128 4 4 No Yes No No No Alive 17.0 17.0
F 58 " No Yes No 256 4 8 No Yes No No No Alive 15.0 15.0
M 57 10 No Yes No 256 4 16 No Yes No No Yes Alive 15.0 6.5
M 64 8 No Yes No 64 4 1,024 No Yes No No No Alive 14.8 14.8
M 60 7 No Yes No 512 16 32 No Yes No No Yes Alive 131 53
F 41 8 No Yes No 128 4 64 No Yes No No No Alive 125 125
M 49 8 No No No 512 8 32 No Yes No No Yes Alive 29 2.1
M 58 13 No Yes Yes 128 64 512 No Yes VYes No No Alive 14.3 143
M 47 12 No Yes Yes 512 32 64 No No Yes No No Alive 133 133
M 47 14 No No Yes 1,024 64 128 No No Yes No No Alive 12.7 12.7
M 50 9 No Yes Yes 32 32 128 No No Yes No No Alive 45 45
M 50 31 No No No 128 8 256 No No Yes No No Alive 33 33

MELD, model for end-stage liver disease; LGIT, local graft infusion therapy; SPL, splenectomy; IVIG, intravenous immunoglobulin; A, isoagglutinin; DIHBS, diffuse intrahepatic

biliary stricture; LT, liver transplantation; SUV, survival period.
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Fig. 6. Comparison of graft (A) and patient (B) survival rates in ABO-incompatible adult living donor liver transplant recipient with and without

diffuse intrahepatic biliary stricture.

the early Japanese experience. Unfortunately, the initial experi-
ence in Korea was also not promising [34]. However, the modifica-
tions of the DSZ protocol and careful patient selection since 2008
have yielded encouraging results [32,35,36]. By 2013, the number
of ABOi ALDLT programs in Korea had increased to 11 (Fig. 4A).
A total of 399 ABOi ALDLT were performed in Korea between
2007 and 2013, accounting for 7.5% of all ALDLT; this percentage
had increased to 18% by last year (Fig. 4B), which demonstrates
that ABOi donors have had a real impact on the donor pool. In the
Korean experienceall the patients received rituximab prophylaxis.
The 3-year graft and patient survival rates were 86.5 and 87.6%,
respectively, over a mean of 20.8 months of follow-up. In the full
data set of 307 cases in 8 Korean centers, 26 (8.5%) of the patients
experienced AMR. Of these, only 2 suffered hepatic necrosis due
to full-blown AMR. Detailed clinical information on the 26 pa-
tients with AMR is given in Table 1 and the outcomes are depicted
in Fig. 5. Graft and patient survival rates were greatly affected by
concomitant AMR (Fig. 6). In a univariate analysis of the Korean
experience, antecedent acute cellular rejection, high initial IA titer
(= 512) and high post-transplant peak IA (= 512) were significant
risk factors. However, we failed to identify any meaningful risk

factors in multivariate analysis.

CONCLUSIONS

The use of ABOi living liver donors is a very effective and safe
method for expanding the donor pool in LDLT. In the Korean ex-
perience, ABOi living liver donors have had a great impact on the

liver donor pool, and the outcomes of ABOi ALDLT are now en-

Hanyang Med Rev 2014;34:202-210

couraging. Therefore, transplant surgeon should consider the ap-
plicability of ABOi LDLT in the case of no available ABOc living
donor, although there has not been concrete guideline for the rec-
ommendation. However, there still remains concern about DIH-
BS, an attenuated form of AMR. Ultimately, we need to identify
definite risk factor for DIHBS and preventive measures against it
by further studies focusing on B and T-lymphocyte activities and

adaptation mechanism in ABOi LT.
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