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Antibody-mediated rejection (AMR) is a refractory rejec-
tion after donor-specific antibody (DSA)-positive or 

ABO blood-type incompatible (ABOi) organ transplanta-
tion. AMR can cause irreversible damage not only to hepatic 
parenchyma but also to intrahepatic bile ducts, thereby pre-
disposing to graft failure, unless appropriately treated.1 Drug 
repositioning of rituximab, an anti-cluster of differentiation 
(CD)-20 monoclonal antibody, has dramatically altered 
the treatment paradigm of preoperative desensitization 

and outcome of ABOi living-donor liver transplantation 
(LDLT).2 Once posttransplant AMR occurs, however, an 
effective treatment for this refractory rejection is yet to be 
established. Complete response is rarely achieved by conven-
tional treatments, including steroid-pulse, plasmapheresis, 
intravenous immunoglobulin (IVIG), or even by rituximab 
readministration.

Bortezomib is a proteasome inhibitor that was originally 
developed for multiple myeloma.3 Since the first report intro-
ducing bortezomib for AMR after kidney transplantation 
(KTx),4 several reports have currently described its efficacy for 
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Abstract. Antibody-mediated rejection (AMR) is a refractory rejection after donor-specific antibody-positive or ABO 
blood-type incompatible (ABOi) organ transplantation. Rituximab dramatically improved the outcome of ABOi living-donor 
liver transplantation (LDLT); however, an effective treatment for posttransplant AMR, once occurred, is yet to be estab-
lished. A 44-year-old woman with biliary cirrhosis underwent ABOi-LDLT from her sister (AB-to-A). Pretransplant rituximab 
diminished CD19/20-positive B lymphocytes to 0.6%/0.0%; however, AMR occurred on posttransplant day-6 with marked 
increase in both CD19/20 cells (17.1%/5.8%) and anti-B IgM/G-titers (1024/512). Despite rituximab readministration, ster-
oid-pulse, intravenous immunoglobulin, and plasmapheresis, AMR was uncontrollable, with further increasing CD19/20 
cells (23.0%/0.0%) and antibody-titers (2048/512). Bortezomib (1.0 mg/m2) was thus administered on posttransplant day-
9, immediately ameliorating CD19/20 cells (1.3%/0.0%) and antibody-titers (<256/128). Complete remission of refractory 
AMR was obtained by just 2 doses of bortezomib. Her liver function has been stable thereafter for over 3 years. This case 
highlighted the efficacy of bortezomib against refractory AMR after ABOi-LDLT. Unlike previous reports, the efficacy was very 
dramatic, presumably due to the administration timing near the peak of acute-phase AMR.
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AMR in other organ transplantation.5-7 However, the use for 
AMR after ABOi-liver transplantation (LTx) is not yet fully 
elucidated. Here, we report a refractory case of AMR after 
ABOi-LDLT that was successfully treated with bortezomib, 
and its dramatic effect in acute phase.

CASE DESCRIPTION

A 44-year-old Japanese woman with end-stage biliary cirrho-
sis was referred to our hospital for LTx. The patient under-
went surgical resection of a teratoma at the hepatoduodenal 
ligament and concomitant choledocho-choledochostomy 
at 9 months old. Thereafter, she had bile duct stricture and 
resultant repeated cholangitis, resulting in complete portal 
vein obstruction. Esophageal transection and splenectomy 
were performed in her childhood due to esophageal varices 
rupture. She also underwent cholecystectomy and choledo-
colithotomy at 19 years, and endoscopic sphincterotomy at 
32 years for recurrent choledocholithiasis; however, refrac-
tory cholangitis did not subside. Finally, she was referred to 
our hospital for LTx. Child-Pugh-Turcotte and Model for 
End-stage Liver Disease scores on admission were 11 and 
21, respectively (Table 1). Her sister volunteered as a living-
donor, though their blood-type combination was incompat-
ible (AB-to-A). Her left-lobe satisfied our donor criteria8 
with graft/recipient body weight ratio of 0.91%.

As a preoperative desensitization, 300 mg/body (200 mg/
m2) of rituximab was administered 3 weeks before the elec-
tive LDLT, and CD19/20-positive (CD19+/20+, respectively) 
B lymphocytes decreased to 0.6% (7.8 cells/μL) and 0.0%, 
respectively. In addition, oral mycophenolate-mofetil (0.5 g/
day) for 14 days, and tacrolimus (trough, 5 ng/mL) for 7 days 
were given before LDLT. Postoperatively, tacrolimus trough 
ranged from 10 to 15 ng/mL, and mycophenolate-mofetil was 
raised from 0.5 to 1.5 g/day. Methylprednisolone (10 mg/kg 
body weight) was intraoperatively administered before reper-
fusion, and gradually tapered postoperatively.9

The operation was difficult because of severe adhesions from 
4 previous laparotomies, frequent cholangitis, and complete 
portal vein obstruction. Although re-laparotomy was necessary 
for postoperative hemorrhage on posttransplant day (PTD)-
1, the patient’s condition stabilized thereafter. She started oral 
intake and walking on PTD-3. On PTD-6, however, serum 
aspartate aminotransferase and alanine aminotransferase sud-
denly increased from 68/67 on PTD-5 to 229/169 U/L, and 
total bilirubin rose from 8.8 to 19.3 mg/dL. Anti-B IgM/G titers 
markedly increased from 256/64 (PTD-5) to 1024/512 (PTD-
6), with significant increase of CD19+, CD20+, and CD19+/20− 
B lymphocytes from preoperative 0.6%, 0.0%, and 0.6% 
(7.8, 0.0, and 7.8 cells/μL, respectively) to 17.1%, 5.8%, and 
11.3% (126.3, 42.8, and 83.4 cells/μL, respectively) on PTD-6 
(Figure  1 and Table  1). She was clinically and serologically 
diagnosed as acute and severe AMR. Rituximab (300 mg/m2) 
was readministered on PTD-6, followed by IVIG, steroid-pulse, 
and repeated plasma exchange. Despite such intensive cares, 
AMR was uncontrollable, accompanied by systemic inflam-
matory response syndrome (SIRS) with high fever, tachycar-
dia, and diminished bile and urine (Figure 1). Though CD20+ 
cells were depleted by rituximab readministration, CD19+/20− 
cells remained highly activated (23.0% [81.5 cells/μL]), and 
anti-B IgM/G titers further increased up to 2048/512, rep-
resenting emerging CD20-negative B cells with plasmacytic 

differentiation.10 Thus, bortezomib (1.0 mg/m2) was adminis-
tered on PTD-9 with no other therapeutic options. CD19+/20− 
cells and anti-B IgM/G titers both dramatically decreased to 
1.3% (3.5 cells/μL) and <256/128, respectively, and bile and 
urine volume rapidly recovered within half a day (Figure 1). 
Though refractory AMR became completely quiescent by just 
1 dose of bortezomib, an additional dose (1.0 mg/m2) was given 
on PTD-12 as a consolidative treatment.3 Complete remission 
was thus obtained with just 2 doses of bortezomib (Figure 1), 
and she was discharged on PTD-70 (Table 1). Her liver func-
tion has been stable thereafter for >3 years, without any intra-
hepatic biliary lesions.

DISCUSSION

Generally, AMR is comprehensively diagnosed based on 
clinical, serological, and histological findings.11,12 In this case, 
AMR was clinically and serologically diagnosed without liver 
biopsy because of moderate ascites on liver surface, severe 
thrombocytopenia (1.4 × 104/μL), and insufficient recovery of 
coagulability, all of which were potential risks for bleeding 
complication. However, drastic increase in both anti-B anti-
body-titers and CD19+, CD20+, and CD19+/20− cells definitely 
manifested acute/severe AMR. The sudden deterioration 
of liver function with tachycardia, high fever, and hypou-
resis indicated concomitant SIRS from acute/severe AMR. 
Conventionally, AMR is treated with steroid-pulse, plasma-
pheresis, IVIG, or rituximab; however, these approaches can-
not deplete antibody-producing cells, that is, activated plasma 
cells and antibody-secreting B cells.13 Since the patient became 
rapidly exacerbated despite all such treatments, bortezomib 
was administered with no other promising options.

In the first report introducing bortezomib against AMR 
after KTx,4 6 patients were treated with bortezomib, rituxi-
mab, IVIG, and plasmapheresis, showing >50% reduction 
of DSA levels. In contrast, posttransplant desensitization 
with bortezomib failed to decrease DSA in chronic AMR.14 
Another report described that bortezomib with steroids, plas-
mapheresis, and IVIG was effective in 20 AMR cases after 
KTx, but the recovery rate of renal function was just 25%.15 
More recently, a randomized, placebo-controlled trial using 
bortezomib against late AMR (2–14 after KTx) reported that 
bortezomib neither exhibited any protective effects to renal 
allografts nor reduced DSA, despite significant toxicities.16

By contrast, just one dosing of bortezomib dramatically 
diminished severely increased CD19+/20− cells, followed by 
significant reduction of anti-B IgM/G titers and very quick 
recovery from SIRS in this case. Thus far, there are a few 
reports describing the efficacy of bortezomib against AMR 
after DSA-positive deceased-donor LTx17 and ABOi-LDLT;18 
however, no such dramatic effect, observed in this case, was 
reported. To our knowledge, there is little evidence demon-
strating different efficacies of bortezomib by administration 
timing or the phase of AMR. Bortezomib selectively inhibits 
26S proteasome that is necessary for plasmacytic prolifera-
tion/differentiation. Proteasome inhibition results in protein 
overload and subsequent endoplasmic-reticulum stress, finally 
leading to myeloma cell death.19 Therefore, efficacy of bort-
ezomib is likely enhanced by proliferating phase of plasma 
cells. Theoretically, whole B cell lineage including plasma cells 
should be diminished as soon as possible to control AMR 
before sufficient sensitization by donor antigens. Therefore, 
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combined administration of rituximab and bortezomib imme-
diately after AMR diagnosis may be recommended to sup-
press refractory AMR at present. Daratumumab, anti-CD38 
antibody, may also be a promising candidate to diminish acti-
vated plasma cells and to minimize AMR instantly.20

The standard regimen of bortezomib for multiple myeloma, 
consisting of four 1.3 mg/m2 doses on Day 1, 4, 7, and 11 in the 
first 2 weeks, followed by 1-week interval, is usually repeated 
until remission or severe adverse events.3 However, single 
cycle of the same regimen is often administered for AMR.4,14-

16 In this case, we reduced the dose from 1.3 to 1.0 mg/m2, and 
from 4 to 2 doses, because (1) all serological/clinical param-
eters improved just after one dosing, and the patient condition 
recovered quickly; and (2) the patient already received other 
intensive immunosuppression. Such dose control enabled no 
adverse effects of bortezomib in this case, for example, viral 
infections, thrombocytopenia, or peripheral neuropathy.14,17 

Although combined use of rituximab and bortezomib has a 
potential risk of persistent B cell depletion and hypogamma-
globulinemia, she was not affected by any of those (Table 1).

In conclusion, this case highlighted the significant poten-
tial of bortezomib against refractory, acute-phase AMR after 
ABOi-LDLT. The effect was substantial, perhaps due at least 
partially to the administration timing on highly proliferated 
phase of plasma cells near the peak of acute AMR. Further 
studies are required to confirm the efficacy and safety of bort-
ezomib for AMR, and to evaluate the phase-dependent differ-
ence of its efficacy in both acute and late/chronic rejections.
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FIGURE 1.  Postoperative course. On PTD-6, the patient’s liver function tests suddenly worsened, with marked increase of CD19+/20+ cell 
counts and anti-B IgM/G titers. Despite intensive cares including rituximab readministration (300 mg/m2), IVIG, steroid-pulse (10 mg/kg of MP for 
3 days, and tapered thereafter by half every 2 days), and repeated PEX, AMR was uncontrollable with remaining CD19+/CD20− cells. Although 
PEX provided transient reduction in the antibody-titers just after PEX; however, the titers rapidly rebounded up to the pre-PEX level or higher by 
the next morning. Just one dosing of bortezomib on Day 9, however, remarkably suppressed the rebound of both anti-B IgM and IgG antibody-
titers. Moreover, the patient developed systemic inflammatory response syndrome with high fever, tachycardia, and diminished bile, and urine. 
Bortezomib was thus administered on PTD-9 with no other promising options. Bile and urine volume rapidly recovered within half a day, and 
both CD19+/CD20− cell counts and anti-B IgM/G titers dramatically decreased. Note that CD19+/CD20− cells were rapidly diminished after the 
bortezomib administration on PTD-9, which correspond to CD20-negative antibody-secreting B cells, such as short-lived plasma cells and/or 
plasmablasts10 by flow cytometry (FACSCalibur HG; BD Biosciences, San Jose, CA) using phycoerythrin (PE)-conjugated anti-CD19 antibody 
(clone SJ25C1, BD Biosciences) and fluorescein isothiocyanate (FITC)-conjugated anti-CD20 antibody (clone L27, BD Biosciences). The absolute 
cell numbers were calculated from the percentage of the cells in total lymphocytes. AMR, antibody-mediated rejection; BTZ, bortezomib; CD19+, 
CD19-positive B lymphocytes; CD19+/CD20−, CD19-positive and CD20-negative cells; CD20+, CD20-positive B lymphocytes; IVIG, intravenous 
immunoglobulin; MP, methylprednisolone; PEX, plasma exchange; PTD, posttrasnplant day; Ritux, rituximab; T-Bil, total bilirubin.
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