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CLINICAL STUDY
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Abstract

The adequate rituximab (RTX) dosage in ABO-incompatible transplantation (ABO-IKT) remains undetermined. We used
two kinds of RTX dosage groups [low RTX (100 mg/m2) and typical RTX (375 mg/m2) dosage groups] according to
immunologic risks and investigated the change of B-cell, anti-ABO antibodies, and the clinical outcome in ABO-IKT
according to the RTX dose. Fifteen patients with high immunologic risk [panel reactive antibody (PRA) > 50%, retrans-
plant, AB to O transplant] were assigned to typical RTX group and 17 patients without risk were assigned to low RTX
group. We compared the changes of B-cell, anti-ABO antibody titer, required number of plasmapheresis (PP), and the
clinical outcome after transplantation between the two groups. After infusion of RTX, peripheral blood B-cell counts were
successfully depleted to<1% in both groups. Before kidney transplantation (KT), theminimal number of PP to achieve the
target titer (1:16) (2.6� 2.7 vs. 2.2� 2.5; p¼ 0.66) and the titer reduction rate of anti-ABO antibodies did not differ between
the two groups (low RTX: 1.52 � 1.21 vs. typical RTX: 1.53 � 1.20, p ¼ 0.94). After KT, anti-ABO antibody titer was
suppressed less than 1:32 in both groups up to posttransplant 1 year. The allograft function and infectious complication
did not differ between the two groups as well. In ABO-IKT, low RTX is comparable with typical RTX dosing with respect to
B-cell depletion, antibody rebound suppression, the effect on clinical outcome in patients with low immunologic risk.
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INTRODUCTION

Recent advancements in immune suppression and
desensitization protocols have made ABO-incompatible
kidney transplantations (ABO-IKTs) feasible, and it pro-
vides a greater opportunity for end-stage renal disease
patients to undergo transplantation.1 In addition, pre-
vious studies have reported similar allograft and patient
outcomes between ABO-IKT and IKT.1,2

Most ABO-IKT desensitization protocols are based
on rituximab (RTX) and plasmapheresis/intravenous
immunoglobulin (PP/IVIG) therapy.2–5 The application
of RTX induction therapy in particular has made ABO-
IKT feasible without splenectomy with superior allograft
outcomes when compared with ABO-IKTwith splenect-
omy.6 However, several questions remain unanswered
regarding the use of RTX in ABO-IKT. Specific RTX

dosing regimens have not been established and therefore
most centers use a dose of 375 mg/m2 as this is the dose
used for B-cell lymphoma and autoimmune diseases.2,3

In our preliminary report, we compared the outcomes
of ABO-IKT according to the baseline anti-ABO anti-
body titer.7 In this report, we investigated the feasibility
of lowering RTX dosing by evaluating the change of B-
cell, anti-ABO antibody titer, and the required number
of PP/IVIG compared with those observed in the typical
RTX dosage regimens.

SUBJECTS AND METHODS

Patients and Methods
Forty-one cases underwent ABO-IKT at St. Mary’s
Hospital, Seoul, from April 2009 to February 2012. Of
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these patients, nine were excluded [eight patients with
high baseline anti-ABO antibody (equal or more than
1:512) and one patient who underwent a significantly
modified protocol due to the presence of strong donor-
specific anti-HLA antibody]. Thus, 32 patients were
enrolled in this study.

Our center’s recent protocol for ABO-IKT has been
described previously.7 Typically, we use RTX
(MabThera™, Genentech, Inc., San Francisco, CA,
USA) at 30 days before transplantation at a dose of 100
mg/m2. However, we use a dose of 375 mg/m2 in highly
sensitized patients [panel reactive antibody (PRA) >
50%], previous transplant history, and those who have
undergone an AB-to-O type transplantation. Finally, 17
patients were assigned to the lowRTXgroup (100mg/m2)
and 15 patients were assigned to the typical RTX group
(375 mg/m2).

PP/IVIG was performed according to the baseline titer
in reference to previously recommended guidelines using
a COBESpectra (Gambro BCT, Lakewood, CO, USA).8

The target titer at transplantation was 1:16, but 1:32 was
also acceptable when titer levels did not achieve 1:16.
Peripheral CD19 and CD20 cell counts were measured
by flow cytometry before RTX infusion and just prior to
PP/IVIG initiation. When the antibody titer did not
achieve the target titer (1:32), an additional PP/IVIG was
performed. Posttransplant PP/IVIG was performed only
when the titer increased to equal or more than 1:32 within
2 weeks posttransplant. We initiated immunosuppressant
treatment comprising tacrolimus, mycophenolate mofetil,
and steroids 7 days prior to transplantation. Induction
therapy using basiliximab (20 mg) was administered on
the day of the surgery and on postoperative day 4.

We compared B-cell counts and antibody titer changes
before and after the infusion of RTX between the low
RTX and typical RTX dosage groups. To compare anti-
body titer rebound, we investigated the minimal number
of PP/IVIG treatments required to achieve the target titer
(1:16) and calculated the titer reduction rate (TRR)
based on the following equation:

TRR ¼ ðIsoagglutinin titer step before initiation of PP

� last titer step before transplantationÞ=
Total number of PP=IVIG

In addition, we compared clinical outcomes such as
infectious complications and acute rejection. For clinical
outcome comparisons after kidney transplantation (KT),
one patient from the typical RTX dosage group, who
died 1 week after transplantation due to cardiac pro-
blems, was excluded. This study was approved by the
Institutional Review Board of St. Mary’s Hospital, Seoul
(KC11RCMI0716).

Statistical Analyses
Statistical analyses were performed using SPSS software
(version 15.0; SPSS Inc., Chicago, IL, USA). Data are

presented as mean � standard deviation (SD) or counts
and percentages, depending on data type. For continu-
ous variables, means were compared using the Student’s
t-test. For categorized variables, Pearson’s χ2 test and
Fisher’s exact test were used. All tests were two-tailed,
and the results were considered significant at p < 0.05.

RESULTS

Comparison of Clinical and Immunologic Characteristics
The comparison of baseline characteristics between the
low RTX and the typical RTX dosage groups is presented
in Table 1. The median titer of baseline anti-ABO anti-
bodies was 1:32 (range, 8–256) in both the low RTX and
the typical RTX dosage groups. No significant differences
were found in the clinical characteristics, such as age,
gender, donor type, follow-up duration, and primary
renal disease, in both groups. However, both the propor-
tion of retransplant [0 vs. 9/15 (60%)] and highly sensi-
tized patients [0 vs. 6/15 (40%)] were higher in the typical
RTX dosage group. In the typical RTX dosage group,
flow cytometric T-cell cross-matching indicated positive
results in two patients, and four patients underwent AB-
to-O type transplantations.

Table 1. Baseline characteristics of the patient populations.

Low RTX (n ¼ 17)
Typical RTX

(n ¼ 15) p

Age (year) 41.4 � 10.1 46.5 � 7.2 0.12
Male, n (%) 11 (64.7) 7 (46.7) 0.25
F/U period (month) 12.1 � 9.4 11.5 � 9.5 0.64
HLA mismatch 3.5 � 1.2 3.6 � 1.1 0.73
Donor
(LRD/LURD) 10/7 9/6 0.88
Second

transplantation
0 (0) 6 (40) <0.01

PRA >50 % 0 (0) 9 (60) <0.01
Positive CM

(FXCM/CDC)
0/0 2/0 (13.3/0) 0.21

Primary renal disease
Chronic GN 7 (41.2) 5 (33.3) 0.53
DM 2 (11.8) 5 (33.3)
HTN 3 (17.6) 2 (13.3)
ADPKD 0 0
Unknown 5 (29.4) 3 (20.0)

ABO type
A ! O 3 1
B ! A 5 3
B ! O 2 2
AB ! B 2 3 0.25
A ! B 3 2
AB ! O 0 4
AB ! A 2 0

Note: RTX, rituximab; F/U, follow up; LRD, living-related donor;
LURD, living-unrelated donor; PRA, panel reactive antibody;
CM, cross-match; FXCM, flow cytometry cross-match; CDC,
complement-dependent cytotoxicity; GN, glomerulonephritis;
DM, diabetes mellitus; HTN, hypertension; ADPKD, autosomal
dominant polycystic kidney disease.

© 2012 Informa Healthcare USA, Inc.
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Comparison of the Changes in Peripheral Blood B-Cell
Count and Antibody Titer after RTX Infusion
Before RTX infusion, peripheral blood B-cell (CD19þ
and CD20þ) counts did not differ significantly between
the two groups (CD19þ: low dose, 9.2% � 5.0%, and
typical dose, 8.2% � 7.5%, p ¼ 0.67; CD20þ: low dose,
9.3%� 5.2%, and typical dose, 8.1%� 7.4%, p¼ 0.62).
After RTX infusion, CD19þ and CD20þ cell counts
were successfully depleted to <0.1% in both groups.
After RTX infusion and before initiating PP/IVIG, anti-
body titer showed a decreasing pattern in both low RTX
and typical RTX dosage groups (p ¼ 0.04) (Figure 1).

Comparison of the Number of PP/IVIG and the Change in
Antibody Titer
We compared the number of performed PP/IVIG treat-
ments as well as the minimal number of PP/IVIG treat-
ments required to achieve the target titer between the two
groups. The performed number of PP/IVIG treatments
showed a significant correlation with the baseline anti-
body titer (r2 ¼ 0.73, p < 0.01) and did not differ sig-
nificantly between the low RTX and the typical RTX
dosage groups (5.3 � 1.9 vs. 5.6 � 1.7, respectively,
p ¼ 0.66). Minimal number of PP/IVIG treatments
showed a significant correlation with baseline antibody
titer (r2 ¼ 0.78, p < 0.01), but did not differ between the
two groups (low RTX: 2.6 � 2.7 vs. typical RTX: 2.2 �

2.5, p ¼ 0.66) (Figure 2A and B). In both groups, the
minimal number of PP/IVG treatments was significantly
lower than the performed number of PP/IVIG treatments
(p < 0.01). TRR showed a negative relationship with
baseline antibody titer (r2 ¼ �0.23, p < 0.01), but TRR
in the low RTX and the typical RTX dosage groups did
not differ (1.52 � 1.21 vs. 1.53 � 1.20, respectively, p ¼
0.94) (Figure 2C and D). One patient from each group
required posttransplant PP/IVIG treatment.

Comparison of Changes in Antibody Titer after
Transplantation
The titer at transplantation was 1:6 (range, 0–16) in the
low RTX group and 1:6 (range, 0–32) in the typical RTX
dosage group. One patient in the typical RTX dosage
group, whose baseline titer was 1:128, received the trans-
plantation at a titer of 1:32 (Figure 3A andB). In both the
low RTX and the typical RTX dosage groups, the anti-
body titer remained suppressed within a titer level of 1:32
up to 1 year after transplantation (Figure 3C). Only one
patient in the low RTX group showed antibody rebound
equal or more than 1:64; however, this value decreased
immediately without additional therapy.

Comparison of Protocol Biopsy Findings and Clinical
Outcome after Transplantation
Allograft function did not differ between the low RTX
and the typical RTX dosage groups up to 1 year fromKT
(Figure 4). Protocol biopsy was done in 10 patients at 3
months fromKT (six cases from the low RTX group and
four cases from the usual RTX group) who showed stable
allograft function after KT and agreed with this proce-
dure. In all cases, morphologic changes that suggest
acute rejection were not detected. C4d stain was diffusely
positive in three cases (50%) in the low titer group, and
three out of four cases (75%) from the usual RTX group.
A total of five cases of biopsy-proven acute rejection were
diagnosed in four patients, which did not differ between
the two groups. In addition, the development of infec-
tious complications and postoperative bleeding did not
differ significantly between the two groups (p ¼ 0.53)
(Table 2).

DISCUSSIONS

In this study, we investigated the effect of RTX dose on
the depletion of peripheral blood B-cells and changes in
antibody titer before and after KT. Our results show that
both low-dose RTX and the typical RTX dosage groups
were capable of suppressing B-cell and antibody titer
rebound. Therefore, the treatment dose did not affect
the number of PP/IVIG treatments required to achieve
the target titer.

First, we determined the dose of RTX in the low RTX
group.We chose 100 mg/m2 for low-dose RTX based on
previous reports that a dose of 200 mg/body is effective
for the prevention of rejection and antibody suppression,
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Figure 1. (A) Change of CD19, (B) CD20 positive cell counts, and
(C) antibody titer before and after RTX infusion. In low RTX
group (left) and typical RTX group (right), CD19þ/CD20þ cell
counts were successfully depleted to <1%. Antibody titer showed
decreasing pattern after the infusion of RTX. RTX, rituximab.
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and RTX dose as low as 50 mg/m2 completely depletes
splenic and peripheral blood B-cells.9–11 Therefore, we
thought that RTX dose (100 mg/m2) is effective in pre-
venting acute rejection in patients with immunologically
low-risk group.

Second, we evaluated the effect of RTX on peripheral
blood B-cell counts, which is known to be rapid—
eliminating the cells within a few days—and long
term.12 In this study, peripheral B-cell counts were suc-
cessfully depleted to <1% in all patients, irrespective of
RTX dosage. In addition, antibody titer showed a sig-
nificant decreasing pattern after RTX infusion within a
few days before PP/IVIG initiation. This suggests that B-
cell depletion by RTX directly affects the antibody pro-
ducing potential within a few days, and this effect did not
differ between the two groups.

Third, we compared antibody titer rebound between
the two groups by investigating the minimal number of
PP/IVIG treatments required to achieve the target titer
and TRR; the minimal number of PP/IVIG was signifi-
cantly associated with the baseline antibody titer, but not
with RTX dose. The calculated TRR showed a significant
decreasing tendency with an increase in baseline antibody
titer, which—consistent with a previous study—suggests a

higher antibody rebound titer after PP/IVIG in those
patients.13 However, TRR did not increase in the low
RTX group compared with the typical RTX dosage
group. The above findings suggest a similar suppressive
effect on antibody production between the low RTX and
the typical RTX dosage groups.

The effect of B-cell depletion by RTX treatment was
sustained for almost 1 year.9 Hence, usually antibody
titers should be suppressed until B-cell recovery. When
antibody titer rebounded up to a titer equal or more than
1:64, it was associated with AMR development.14 In this
study, antibody titer was suppressed within 1:32 until the
last follow-up in most patients from both groups. Only
one patient in the low RTX dosage group showed anti-
body rebound to a titer of 1:64 at 6 months after KT, but
the antibody titer decreased immediately, and AMR did
not occur. This suggests a similar long-lasting RTX
effect in both groups.

Stronger immune suppression can increase the risk for
infectious complications. Previous reports showed
increased viral infection in ABO-IKT with RTX and PP
treatments.15–17 In both groups of this study, the per-
formed number of pretransplant PP/IVIG treatments and
immune suppressant regimens did not differ, but the RTX
dose was different. In contrast to our expectation, low
RTX dosage did not decrease opportunistic infections
compared with the typical RTX dose. However, long-
term RTX complications remain unknown. The compar-
ison of long-term adverse effects, such as late-onset oppor-
tunistic infection, requires further investigation.

After transplantation, all patients showed immediate
recovery of graft function and the allograft function dur-
ing posttransplant 1 year were favorable in both groups.
The rate of acute rejection was around 10% in both
groups and it is comparable with ABO-compatible KT
in our center.18 In protocol biopsies, no subclinical rejec-
tion was detected in either group. Diffused C4d staining
that was proposed as a marker for accommodation and
less severe immune reaction in ABO-IKT did not differ
between two groups as well.19–21

A limitation of this study includes the fact that we did
not use low-dose RTX in patients with immunologic risk
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Figure 4. Comparison of the change of Scr and antibody titer
between the low RTX and typical RTX groups. (A) No significant
difference was found between the two groups up to 1 year after KT
in Scr level. Scr, serum creatinine; KT, kidney transplantation,
RTX, rituximab.

Table 2. Comparison of acute rejection and infectious complication.

Low RTX (n ¼ 17) Typical RTX (n ¼ 14) p

Acute rejection 2 (11.8) 2a (14.3) 0.62
ATCMR 2 (11.8) 2 (15.4) 0.59
AMR 0 (0.0) 1 (7.7) 0.43

Infectious complication 4 (23.5) 4b (28.6) 0.53
CMV viremia 1 (5.9) 2 (14.3) 0.45
BKV viremia 1 (5.9) 1 (7.1) 0.70
Bacterial infection 1 (5.9) 1 (7.1) 0.70
Fungal infection 1 (5.9) 0 (0.0) 0.53
Others 0 (0.0) 2 (14.3) 0.21

Postoperative bleeding 2 (11.8) 2 (14.3) 0.56

Notes: aIn one patient, both ATCMR and AMR were developed. bIn two patients, two types of infection developed. In one patient, CMV
viremia and bacterial infection developed, and in another patient, CMV viremia and BKV viremia developed.
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factors, such as high PRA or retransplantation.
Therefore, it is unclear whether the similarly favorable
outcome in both groups can be attributed to the higher
RTX dose in typical RTX group in spite of the additional
immunologic risk.

Nevertheless, this is the first report to prove similar PP/
IVIG requirements in low-dose RTX protocols com-
pared with typical RTX dosing protocols in ABO-IKT.
The required number of PP/IVIG with typical RTX dos-
ing has previously been reported.8,22 In another study
that investigated the minimum required number of PP/
IVIG treatments, two RTX doses and alemtuzumab for
induction therapy were used in some patients, which
differs from the widely used ABO-IKT protocol.13 A
Japanese group proved the effectiveness of low-dose
RTX in ABO-IKT; however, they could not investigate
its effect on the required number of PP/IVIG treatments
because they performed a fixed number of double-
filtration PP treatments.11

In summary, low-dose RTX can successfully deplete
B-cells and suppress anti-ABO antibodies, hence did not
increase the required number of PP/IVIG compared with
typical RTX dose. After KT, anti-ABO antibody
remained suppressed up to 1 year from KT, and clinical
outcome was favorable in the low-dose RTX group. The
results of this study suggest that the low-dose RTX regi-
men could be used safely in the cases of ABO-IKT with-
out immunologically high risk.
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