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Experiences and problems pre-operative
anti-CD20 monoclonal antibody infusion
therapy with splenectomy and plasma
exchange for ABO-incompatible
living-donor liver transplantation

Usui M, Isaji S, Mizuno S, Sakurai H, Uemoto S. Experiences and
problems pre-operative anti-CD20 monoclonal antibody infusion therapy
with splenectomy and plasma exchange for ABO-incompatible living-donor
liver transplantation.

Clin Transplant 2007: 21: 24-31. © Blackwell Munksgaard, 2006

Abstract: Background: ABO-incompatible living-donor liver transplanta-
tion (LDLT) requires a reduction of the anti-ABO antibody titer to <16
before transplantation, which is usually achieved by pre-operative plasma
exchange (PE) or double-filtration plasmapheresis. ABO-incompatible
transplantations have been performed after a splenectomy with heavy drug
immunosupression plus B-cell-specific drugs. Here, we evaluated a pre-
transplantation infusion protocol with an anti-CD20 monoclonal antibody
(rituximab) for ABO-incompatible LDLT.
Methods: Between March 2002 and December 2005, 73 adult patients
underwent LDLT without retransplantation in our institution. Among these
cases, 57 were ABQ-identical, 11 were ABO-compatible and five were ABO-
incompatible. The rituximab infusion protocol consisted of a weekly infusion
of rituximab (375 mg/m?) for three wk, which was administered to three of the
five ABO-incompatible LDLT patients. All three patients underwent a pre-
operative PE, as well as a splenectomy during the operation. A triple immuno-
- suppression protocol of tacrolimus, low-dose steroids and mycophenolate
mofetil (1500 mg/d) was administered post-operatively. In addition, the
patients received a continuous intra-arterial infusion of prostaglandin E; and
methylprednisolone, and a continuous intra-portal infusion of a protease
inhibitor for three and two wk after transplantation, respectively.
Results: After the first rituximab infusion, the peripheral blood CD19*
B cell count rapidly decreased to <1%. All three patients treated with
rituximab subsequently received an ABO-incompatible LDLT, with donor/
recipient blood groups of B/O, A;/B and A4/O. In two cases, the ABO-
antibody level transiently increased post-operatively, then decreased and
remained low. Rituximab infusion therapy did not develop any direct side
effect except for mild allergic reaction to the first infusion, but post-oper-
atively all three patients suffered a cytomegalovirus and were successfully
treated with ganciclovir, and one patient had a MRSA-positive intra-
abdominal abscess. Two patients are currently alive at 20 and 18 months
respectively, and show normal graft-liver function. But one patient died of
sepsis because of intra-abdominal abscess.
Conclusions: Although the protocol of rituximab administration is a
conventional and safe regimen with no major side effects, the development
of a new protocol is needed for prevention of the infection with bone
suppression.
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ABO-blood-group-incompatible (ABO-incompat-
ible) living-donor liver transplantation (LDLT)
has long been considered a high-risk procedure
because of humoral rejection induced by anti-
blood-type antibodies. However, recent reports
have demonstrated that the results of ABO-incom-
patible LDLT in children can be improved by
administration of FK3506, low-dose steroids and
prophylactic OKT3 (1-2). Moreover, intra-portal
or intra-arterial prostaglandin infusion therapy for
ABO-incompatible LDLT was recently reported by
Tanabe et al. (3), and the rates of mortality and
graft loss have been reduced in Japan as a result.
As cadaveric liver transplantation has not pro-
gressed in Japan, there have been no alternatives to
reliance on living-donor liver transplantation.
ABO-incompatible LDLT requires a reduction of
the anti-ABO antibody titer to <16, which is
usually achieved by performing pre-operative
plasma exchange (PE) or double-filtration plasma-
pheresis (DFPP) three to four times. Nevertheless,
there are still cases in which the anti-ABO antibody
titer fails to decrease, even immediately before
surgery, in which a sudden acute increase of
antibody occurs immediately post-operatively,
which leads to death from graft-liver failure. Faced
with this situation, expansion of the donor indica-
tions by improving the results of ABO-incompa-
tible LDLT has become an urgent task and is
considered to be of great significance. Previous
reports have suggested that administration of an
anti-CD20 monoclonal antibody (rituximab),
which was originally developed for highly selective
elimination of B cells, is effective and safe for use in
ABO-incompatible renal transplantation (4-5) and
cardiac transplantation (6). Recently, Usuda et al.
(7) reported successful use of rituximab after ABO-
incompatible LDLT. However, there are hardly
any reports of pre-operative rituximab administra-
tion as a protocol for preventing anti-ABO titer
elevation after LDLT. Here, we performed weekly
administrations of rituximab to three patients for
three wk prior to surgery, and found that this
protocol suppressed B lymphocytes and was
capable of suppressing post-operative anti-ABO
antibody titers.

Patients and methods
Patients

Between March 2002 and December 2005, 73 adult
patients underwent LDLT in our institution. The
patients ranged in age from 20 to 70 yr (median:
53), and the ratio of males to females was 43:30.
The reasons for LDLT were: hepatitis C virus-
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related cirrhosis in 32 cases (21 of which were
complicated by hepatocellular carcinoma); hepati-
tis B virus-related cirrhosis in 11 cases (eight of
which were complicated by hepatocellular carci-
noma); alcoholic cirrhosis in four cases; primary
biliary cirrhosis in eight cases; acute liver failure in
six cases; primary sclerosing cholangitis in two
cases; and cryptogenic liver cirrhosis in seven cases.
Liver cirrhosis after biliary atresia in one case and
secondary liver cirrhosis in one case. Among the
cases, 57 were ABO-identical, 11 were ABO-
compatible and five were ABO-incompatible. The
rituximab protocol was administered to three of
the five ABO-incompatible LDLT patients, and the
backgrounds and clinical data of these three
patients are provided in detail in Table 1 and the
Clinical section of this article.

Pre-operative anti-CD monoclonal antibody (rituximab)
protocol

In order to prevent increases in the anti-ABO
antibody titer both prior to and immediately after
surgery, we established a protocol for pre-operative
administration of an anti-CD20 monoclonal anti-
body (rituximab) according to the previous reports
(7) (Fig. 1). Briefly, a weekly infusion of rituximab
(375 mg/m?) was administered for three wk before
the LDLT. The study protocol was approved by
the Medical Ethics Committee of Mie University,
and the study was performed in accordance with

Table 1. ABO-incompatible recipient characteristics, numbers of plasma
exchanges and changes in the anti-A or anti-B IgM and IgG antibody fiters
before and after transplantation

Case 1 2 3
Agelsex 60/M 25M 58/M
Blood groups B/O A/B ALJO
donor/recipient
Primary disease LC (HCV) LC (BA) LC HCC
(HBV)
Pre-operative condition
T-Bil 0.8 1.1 0.4
Child Pugh B A A
Gastrointestinal bleeding () (+) (=)
Plasama exchange (times)
Before operation 3 1 3
After operation 0 0 0
Antibody titer (IgM/IgG)
Initial 64/2048 16/8 3211024
Operation day 2/128 22 4/64
Post-operatively 8/256 (day 3)  4/2 {day 14) 8/128 (day 7)
{maximum)
Graft type Right with MRV Right Left
GRWR (%) 1.03 1.19 0.79
25
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Intra-arterial
infusion

Fig. 1. Protocol for pre-operative administration of rituximab, plasma exchanges and post-operative immunosuppression.

the ethical standards established in the 1964
Declaration of Helsinki.

Removal of ischemagglutinin

A PE using fresh frozen plasma (FFP; AB blood
type) was performed three d before the LDLT to
decrease the anti-A or anti-B antibody titer. PE
was repeated several times if necessary when the
isohemagglutinin titer was above 64:1. The num-
bers of PEs performed and the isohemagglutinin
titers are shown in Table 1.

Immunosuppression

The immunosuppression protocol consisted of
tacrolimus and low-dose steroids. The target whole
blood trough levels for tacrolimus were 10-15 ng/
mL during the first two wk, approximately 10 ng/
mL during the subsequent two wk and 5-10 ng/mL
thereafter. Methylprednisolone (10 mg/kg body
weight) was administered intravenously immedi-
ately before perfusion of the graft portal vein.
Methylprednisolone was given intravepously at
1 mg/kg/d on post-operative days (PODs) 1-3, and
then at 0.5 mg/kg/d on PODs 4-6. The steroid was
then switched to oral prednisolone at 0.5 mg/kg/d
on POD 7, and this dose was reduced to 0.1 mg/kg/
d at one month. Mycophenolate mofetil (MMF;
1500 mg/d) administered from post-operative 0 d.

Intra-arterial infusion therapy

In addition to the systemic antirejection therapy
described above, the ABO-incompatible LDLT
cases received local administration of prostaglan-
din (PG) E; and a steroid according to a previously
reported Keio University protocol (3). We per-
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formed a splenectomy and inserted an intra-arterial
catheter during the transplantation and the pa-
tients subsequently received continuous intra-arter-
ial infusion of PGE, (0.01 pg/kg/min on POD 21),
methylprednisolone (2 mg/kg/d on PODs 1-7,
followed by 1 mg/kg/d on PODs 8-14) and heparin
(5000 U/d on PODs 0-21). At three wk after the
LDLT, the intra-arterial catheter was removed
under laparotomy (8). We also performed a splen-
ectomy during the transplantation.

Measurement of anti-blood-type antibody titers

The anti-A and anti-B immunoglobulin (Ig) M
titers were measured using the saline agglutination
technique (SAT), and the anti-A and anti-B 1gG
titers were measured by the indirect Coomb’s test
(CT). For the SAT, 0.2 mL of type A or type B
erythrocytes (RBCs) were dispersed in saline (final
concentrations: 5%) and mixed with 0.4 mL of the
patient’s serum. The patient’s RBCs were used as a
control. The mixtures were centrifuged at
1000 rpm for one min, and the anti-A or anti-B
titers were evaluated. For the CT, 0.6 mL of 20%
polyethylene glycol was added to a mixture of type
A or B RBCs and the patient’s serum, incubated at
37°C for 15 min and then centrifuged at 1000 rpm
for one min. The pellets were washed three times
with phosphate-buffered saline (PBS), and 0.4 mL
of an anti-globulin serum was added. After cen-
trifugation at 1000 rpm for one min, the anti-A or
anti-B titers were evaluated. The antibody titers are
reported as SAT-to-CT ratios.

Flow cytometry

Fluorescein
anti-CD19,

isothiocyanate
-CD3, -CD4,

(FITC)-conjugated
-CD8, -CD14 and



-CD56 monoclonal antibodies were purchased
from Becton-Dickinson (Mountain View, CA,
USA), and directly added to 200 pL of heparinized
peripheral blood. After incubation for 60 min, the
RBCs were lysed with ammonium chloride buffer,
washed twice with PBS and analyzed using a
FACscan (Becton-Dickinson, Franklin Lakes, NJ,
USA).

Histology

Liver biopsy specimens were fixed in 10% formalin
and stained with hematoxylin—eosin (H&E). Im-
munohistochemistry was performed using the
anti-human CD20 antibody, an anti-CD138 mono-
clonal antibody (DAKO, Carpinteria, CA, USA)
and an anti-human C4d antibody (Quidel, San
Diego, CA, USA) and developed using the ABC
technique.

Diagnosis of acute rejection

Rejection was diagnosed by biochemical abnorm-
alities, histologic abnormalities and follow-up to
exclude other causes of graft dysfunction.

Results
Clinical course of three patients

Case 1 was a 60-year-old man (blood type O) with
refractory ascites and impaired renal function
secondary to liver cirrhosis caused by HCV
infection. The pre-operative anti-A antibody titer
was 2048, and rituximab (375 mg/m?) was admin-
istered from pre-operative week 3. The pre-opera-
tive B-lymphocyte level decreased below 1%.
Antibody titer was reduced to 32 on the day before
surgery by PEs. He underwent an LDLT with the
right lobe plus the middle hepatic vein from his
wife (blood type A;). However, the anti-A anti-
body titer increased from POD 3 to reach a peak of
256, then gradually decreased from POD 10 and
reached a value of 16 by post-operative week 3
(Fig. 2A). Post-operative liver function was favo-
rable without rejection, and was discharged. He is
currently doing well with normal liver function
(AST 28, ALT 31, AP 453, yGTP 16, T-Bil 0.8) at
18 months after the transplantation.

Case 2 was a 25-year-old man (blood type B)
with jaundice, fever and melena. He was born with
biliary atresia and had undergone Kasai operation.
The pre-operative antibody titers were IgM 4 and
IgG 8, and rituximab (375 mg/m?) was adminis-
tered from pre-operative week 3. The pre-operative
B-lymphocyte level decreased to 0%. He under-
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went a LDLT with the right lobe from his elder
brother (blood type A;). The post-operative anti-
body titers were <2 and remained stable (Fig. 2B).
Liver function showed evidence of acute rejection
once, but was successfully treated by steroid pulse
therapy. An MRSA-positive intra-abdominal ab-
scess developed as a complication, but was suc-
cessfully treated by intra-abdominal drainage and
the patient was discharged. He is currently doing
well with almost normal liver function (AST 30,
ALT 37, AP 504, yGTP 123, T-Bil 0.4) at one yr
after the transplantation.

Case 3 was a 58-year-old man (blood type O)
with liver cirrhosis and hepatocellular carcinoma
who underwent LDLT with the left lobe from his
wife (blood type A;). The pre-operative antibody
titers were IgM 64 and IgG 1024, and rituximab
(375 mg/m?) was administered from pre-operative
week 3. The pre-operative B-lymphocyte level
decreased to 0%. The post-operative antibody titer
increased to 128 at POD 6 and gradually decreased
to <32 (Fig. 2C). Two episodes of ACR were
successfully treated by steroid pulse therapy. At
post-operative week 3, he suffered severe pneu-
monia caused by a cytomegalovirus (CMV) and
Prneumocystis carinii infection and improved after
ganciclovir and sulfamethoxazole—-trimethoprim
administration. But he suffered from bone sup-
pression as a complication. Finally, he died of
sepsis because of intra-abdominal abscess at two
months after transplantation.

Hematological and immunological analysis

All three patients treated with the rituximab
protocol showed a rapid decrease in the peripheral
blood CD19™ B cell count to <1% after the first
administration of rituximab. In two cases, the
ABO-antibody titers transiently increased post-
operatively, then decreased and remained at low
levels. Rituximab infusion therapy did not develop
any direct side effect except for mild allergic
veaction to the first infusion. In two cases, pre-
operative PEs were performed three times, while
the third case only required a single PE because of
low initial antibody titers. None of the three cases
required a post-operative PE. In two of the three
cases, acute cellular rejection was diagnosed and
successfully treated with steroid pulse therapy. The
biochemical analyses are shown in Table 2. At
POD 1 and during rejection, transamylase and T-
Bil were elevated and then decreased. No arterial
or biliary problems were observed in any of three
cases, post-operatively. No biliary trouble of all
three recipients was checked by cholangiography
two wk after LDLT. Although all three recipients
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Fig. 2. Clinical courses of case 1 (A), case 2 (B) and case 3 (C). The anti-blood-type antibody titers are shown as follows: IgM (solid

circles and solid lines); IeG (solid squares and dashed lines).

had CMV infections, they were ail successfully Although two patients are

currently alive at 20

treated with ganciclovir, and one patient had and 18 months, respectively, with normal graft-
an MRSA-positive intra-abdominal abscess. liver function, one patient died of sepsis because of
28
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Table 2. Post-operative courses and outcomes

Case 1 2 3
Rejection HR/ACR 0/0 0/1 0/1
Maximum AST 172(1) 145 (19) 615 (1)
post-OP (d)
Maximum T-Bil 56 (1) 3.2(h 3.1 (7
post-OP (d)
Hepatic necrosis (=) -) -
Biliary lesion (=) (=) (=)
Infectious complications CMV CMV CMV
MRSA abcess Pneumocystis carinii
pneumonia
Outcome Alive Alive Dead
(20 months) (22 months) {2 months)

intra-abdominal abscess at two months after
transplantation. The B lymphocyte level was also
suppressed to <1% in all three cases and it took
six or nine months to recovered in alive two cases.
The y-globulin levels gradually decreased below
400 mg/dL two wk after LDLT. y-globulin was
administrated when the recipients had evidence of
sepsis and vy-globulin levels were documented
below 400 mg/dL. It has continued for three
months after LDLT.

The immunohistochemical staining analyses
revealed that B-cells were not detected by the
anti-CD20 monoclonal antibody (Fig. 3A) while
plasma cells were detected by the anti-CD138
monoclonal antibody (Fig. 3B) in the spleen of all
three cases.

Discussion

According to a report from the Japanese Liver
Transplantation Society (9), approximately 2667
patients in Japan had received an LDLT up to
2003. The number of transplants with ABO-
incompatible grafts was 215, and there has been a
desire to improve the results of ABO-incompatible
LDLT, since cadaveric transplantation has not
progressed in Japan. ABO-incompatible LDLT
requires a reduction in the anti-ABO antibody titer
to <16 by pre-operative PE or DFPP, and 3-4 PEs
or DFPPs are usually required to reach the target
titer. However, there are cases in which the anti-
ABO antibody titer fails to decrease, even im-
mediately before the operation and there is no
choice but to postpone the surgery. There are also
cases in which graft-liver failure develops along
with an acute increase in the antibody titer
immediately post-operatively. These cases are the
reason why we suppressed B lymphocyte antibody
production by starting the administration of
rituximab (375 mg/m?) at three wk prior to surgery
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and made it a goal to prevent increases in the
antibody titer both before and immediately after
surgery.

Rituximab is a chimeric anti-CD20 monoclonal
antibody preparation developed by the IDEC
Pharmaceuticals Corporation in the United States.
It has a complement-dependent cytotoxic effect, an
antibody-dependent cytotoxic effect mediated by
effector cells, such as macrophages, and an apop-
tosis-inducing effect via direct signal transmission,
and has been approved as a revolutionary thera-
peutic agent for malignant lymphoma (10-11).
Rituximab has recently been used for several organ
transplantations in ABO-incompatible cases, and
favorable results have been reported (7, 12-14).
However, there are hardly any reports of its pre-
operative use as a protocol for LDLT and
post-operative course of hematological and immu-
nological monitoring in the long-term.

In the current study, we used rituximab in three
patients and suppressed post-operative increases in
the antibody titer. The B lymphocyte levels were
also suppressed to <1% in all three cases. No side
effects were observed, except for fever as a reaction
to the initial infusion in the early period. Because B
lymphocytes have been suppressed to <1% for
three months after transplantation, vy-globulin
shows the levels below 400 mg/dL two wk after
LDLT, which continued for three months. This
phenomenon may contribute to the development of
bacterial and/or viral infections. The cause of
severe sepsis may be because of heavy immunosu-
pression by steroid and MMF administered after
LDLT. In this study, we first demonstrated that
immunosuppressive status occurred two wk after
LDLT, which continued for a long time including
low vy-globulinemia because of B lymphocyte
suppression. Therefore, the following problems
remain to be resolved when rituximab is used
pre-operatively in the future. In terms of the dose
and timing of the administration, pre-operative
administration is recommended rather than imme-
diate post-operative administration from the
standpoint of prompt effect for B lymphocyte
suppression as well as adverse reactions, although
whether it is better to begin administration several
weeks before surgery it is still a matter of trial and
error. Moreover, the 375 mg/m* dose currently
administered in all institutions is the therapeutic
dose for malignant lymphomas, but represents a
large dose intended to kill abnormal lymphocytes.
Therefore, it may be better to use a smaller dose
when suppressing normal lymphocytes. However,
the dose has only been evaluated in a small number
of cases, and no consensus has yet been reached. In
case 3, severe immunosuppressive status of low
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