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ABSTRACT �

Background. Bortezomib, a 26S proteasome inhibi-
tor, is a novel treatment for refractory acute rejection. 
The main mechanism proposed for its action is the 
induction of apoptosis of mature plasma cells leading 
to an interruption of donor-specific antibody produc-
tion, but other properties may also be involved.

Patients and Methods. Four patients presenting with 
antibody-mediated rejection were treated with borte-
zomib as rescue therapy. Renal function, proteinuria and 
anti-HLA antibodies were monitored for 1-3 years.

Results. In three cases, graft function recovery 
and decreased proteinuria occurred, despite the 
maintenance of donor-specific antibody levels. How-
ever, in one case graft function was lost. Side effects 
were mostly transient. There were no episodes of 
opportunistic infection.

Conclusion. Bortezomib may be effective in antibody-
mediated rejection by different mechanisms than 
simply through reducing donor-specific antibody levels. 
The timing of its introduction and the length of time 
that donor-specific antibodies have been present 
may be determinants of its efficacy.

Key-Words:
Bortezomib; donor-specific antibody; kidney trans-
plantation; refractory antibody-mediated rejection.

INTRODUCTION �

Antibody-mediated rejection (AMR) poses a great 
challenge in renal transplantation because conven-
tional therapies such as plasmapheresis, intravenous 
immune globulin (IV Ig), antithymocyte globulin 
(ATG) or rituximab have limited success in the rever-
sal of this condition1. Their lack of effects on mature 
plasma cells, and therefore an inability to deplete 
HLA antibodies known to affect graft survival2, is 
one of the possible reasons for such unsatisfactory 
results.

Everly et al. first reported the marked and pro-
longed reduction in donor-specific anti-human leuko-
cyte antigen antibodies (DSA) observed with the use 
of bortezomib in the treatment of refractory acute 
antibody-mediated rejection3. Since then, bortezomib 
has been tried in several situations in renal trans-
plantation: in AMR, not only as rescue therapy but 
also as first-line treatment; in chronic humoral rejec-
tion; and in desensitisation protocols (for highly 
sensitised patients)4. However, a variety of protocols 
and timings of drug introduction have been used 
and results have been very variable in different 
reports. Randomised controlled trials have not yet 
been performed so case reports are important to 
increase our understanding of the possible benefits 
of this drug and also to raise new questions about 
its use in renal transplantation. This article reports 
our single-centre experience of 4 patients in whom 
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bortezomib was used to treat refractory AMR and 
reviews other case reports in the literature.

CASE REPORTS �

Patient one  �

This was a 36-year-old Caucasian male with ESRD 
due to focal segmental glomerulosclerosis (FSGS) 
in a single kidney who had previously had a kidney 
transplant for one year before losing the graft 

because of recurrence of FSGS. He was then on 
haemodialysis (HD) for 12 years before receiving a 
second deceased donor kidney graft with 3 HLA-
antigen mismatches. On this occasion, immunosup-
pression included ATG induction (10 days), myco-
phenolate mofetil, sirolimus and prednisone. The 
nadir serum creatinine (Scr) was 1.2mg/dL. Fourteen 
months after transplantation (MAT) he developed 
biopsy-proven acute cellular rejection which was 
successfully treated with methylprednisolone pulses. 
An angiotensin convertor enzyme inhibitor and an 
angiotensin II receptor antagonist were initiated for 
proteinuria during the follow-up period. Fifty-seven 
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Figure 1

Patient 1 evolution and treatment timing. Serum creatinine, proteinuria, anti -HLA levels (highest level) and DSA expressed in mean fluorescence intensity (MFI), 

are shown. The time is presented with gaps represented as (...). ABR – angiotensin II blocker receptor; ACEI – angiotensin conversion enzyme inhibitor; ATG – 

anti -T -lymphocyte immunoglobulin; Pred – prednisolone; TG – transplant glomerulopathy; RB – renal biopsy.
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MAT there was an increase in Scr, with concomitant 
elevation in class I and II anti-HLA antibodies includ-
ing DSA B15. Renal allograft biopsy revealed active 
chronic humoral rejection with double contours 
and 50% C4d. He was given IV Ig 2g/kg over 48h 
and Sirolimus was replaced by Tacrolimus. At the 
59th MAT, proteinuria and anti-HLA antibodies 
remained elevated and another biopsy was per-
formed with similar results. Bortezomib was started: 
the first dose as 1.3mg/m2 was followed by three 
doses of 0.5mg/m2 because of peripheral neuro-
toxicity. Proteinuria was reduced and renal function 
improved. DSA fell slightly. Since then, two recent 
further episodes of elevated Scr and proteinuria 
have been treated with IV Ig 2g/kg over 48h and 
rituximab 375mg/m2, because of the neurotoxicity 
with bortezomib. Three years after therapy, the 
allograft continues to function with a Scr of 2.5 
mg/dL (Figure 1).

Patient two  �

This was a 21-year-old Caucasian female with ESRD 
due to chronic pyelonephritis secondary to vesi-
coureteric reflux. She had previously had a kidney 
transplant for 9 months after which she had suffered 
irreversible acute cellular rejection. She received a 
second deceased-donor kidney transplant with 4 
HLA antigen-mismatches. Cold ischaemia time was 
22 hours and 33 minutes. She previously had panel-
reactive antibody (PRA) 0% and a negative AHA-CDC 
crossmatch (CXM), so immunosuppression consisted 
of basiliximab induction, mycophenolate mofetil, 
tacrolimus and prednisone. However, when the immu-
nologic results immediately prior to transplantation 
became available, it was discovered that she had 
high levels of anti-HLA antibodies class I (maximum 
17995 MFI) and class II (maximum 11890 MFI) includ-
ing 3 DSA (B27 11382 MFI, B8 7665 MFI, A11 5657 
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Figure 2

Patient 2 evolution and treatment timing. There are represented creatinine, proteinuria and DSA (highest level) expressed in mean fluorescence intensity (MFI). 

HD – haemodialysis; MP – methylprednisolone; PF – plasmapheresis; RB – renal biopsy.
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MFI), and a positive T Lymphocyte CXM by flow 
cytometry.

On the 5th day post-transplantation, she started 
IV Ig 2g/kg over 48h and rituximab 375mg/m2. Serum 
creatinine fell to a nadir of 1.24mg/dL but DSA con-
tinued to increase (14000 MFI). Four MAT, Scr 
increased from 1.3mg/dL to 1.9mg/dL, with no pro-
teinuria but with further elevation of DSA. Renal 
allograft biopsy showed acute humoral rejection. She 
again received IV Ig 2g/kg and rituximab 375mg/m2. 
This therapy was repeated on two more occasions 
(4th and 9th MAT). Scr fell to 1.5mg/dL, but DSA 
remained elevated. In the 10th MAT, de novo protei-
nuria (1.5g/day) developed. In the 12th MAT, protei-
nuria rose to 3.6g/day and Scr to 2.3mg/dL, so a 
second renal allograft biopsy was performed. It 
showed active chronic humoral rejection. A further 
course of IV Ig 2g/kg and rituximab 375mg/m2 was 
given but, as renal laboratory results did not improve 
and DSA increased (10000 MFI), we decided to give 

4 doses of bortezomib 1.3mg/m2 every four days. 
Scr fell to 1.6mg/dL, proteinuria to 1.4g/dL and DSA 
to 6000 MFI. She complained of lower limb pain that 
improved after the last bortezomib dose. In the 13th 
MAT, a new increase in SCr (4.6mg/dL) and protei-
nuria (4.6g/day) was observed. A third renal allograft 
biopsy confirmed active chronic humoral rejection 
and acute cellular rejection (Banff IA). By this time 
she required haemodialysis. A second cycle of borte-
zomib 4 doses every four days at reduced dosage 
(1mg/m2), was given after plasmapheresis (3 daily 
sessions followed by 3 sessions on alternate days) 
and 3 doses of methylprednisolone 500mg. Scr fell 
to 1.8mg/dL and proteinuria remained stable but DSA 
rose to 9000 MFI. She became independent of dialysis 
for a short period. Then, in the 14th MAT, a new rise 
in Scr and proteinuria prompted us to give a third 
cycle of bortezomib 0.5mg/m2 with rituximab 375mg/
m2. However, she remained dependent on haemo-
dialysis and a graft nephrectomy was performed 
(Figure 2).
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Figure 3

Patient 3 evolution and treatment timing. Creatinine, proteinuria, DSA and anti -HLA levels are expressed in MFI. The time is presented with gaps represented as 

(...). PF – plasmapheresis; RB – renal biopsy.
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Patient three  �

This was a 25-year-old Caucasian female on HD 
for ESRD due to lupus nephritis who received a 
kidney from her mother with whom she had 3 HLA-
antigen mismatches. Immunosuppression included 
basiliximab induction, mycophenolate mofetil, tac-
rolimus and prednisone. Forty-four MAT, her Scr 
increased from 0.9 to 1.5mg/dL and de novo protei-
nuria (1.6 g/day) was detected. High serum levels of 
class I and class II anti-HLA antibodies were detected 
(peak of 14579 MFI and 11831 MFI respectively), 
including a DSA of 2019 MFI. A T-lymphocyte CXM 
by flow cytometry was positive. A renal allograft 
biopsy demonstrated active chronic humoral rejection 
so IV Ig 2g/kg over 48h and rituximab 375 mg/m2 
were given. There was no improvement in her renal 
function so she received further IV Ig 2g/kg and 4 
sessions of plasmapheresis between 45th and 47th 
MAT. Her Scr was 1.3 mg/dL until the 69th MAT when 
it increased to 1.5 mg/dL. Once more, T lymphocyte 
CXM by flow cytometry was positive. IV Ig 2g/kg and 
rituximab 375mg/m2 were given again. In the 75th 
MAT her Scr increased to 2.1 mg/dL and anti-HLA 

antibodies to 13700 MFI. A further renal allograft 
biopsy showed active chronic humoral rejection with 
diffuse positive C4d. Bortezomib 1.3mg/m2, four 
doses every four days, was given along with rituximab 
375mg/m2. Scr fell to 1.9mg/dL after treatment and 
remained stable. Renal function has been maintained 
over the next 18 months, though another cycle of IV 
Ig 2g/kg and rituximab 375 mg/m2 has been given. 
(Figure 3).

Patient four  �

This was a 42-year-old Caucasian male with ESRD 
due to medullar cystic disease who had previously 
had a kidney transplant for 3 years before losing 
the graft because of chronic allograft nephropathy. 
He then remained on HD for 14 years, after which 
he received a second deceased-donor kidney graft 
with 4 HLA-antigen mismatches. Cold ischaemia time 
was 17 hours. He had serum anti-HLA antibodies 
class I and II (peak 5917 and 10901 MFI respectively) 
but no DSA. AHA-CDC CMX was negative. Immuno-
suppression included ATG (7 days), IV Ig 2g/kg over 
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Patient 4 evolution and treatment timing. Creatinine, proteinuria, DSA and anti -HLA levels are expressed in MFI. The time is presented with few gaps repre-

sented as (...). AMR – antibody mediated rejection; ATG – anti -T -lymphocyte immunoglobulin; TG – transplant glomerulopathy; RB – renal biopsy.
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48h and rituximab 375mg/m2 (2 days) induction, 
and maintenance with mycophenolate mofetil, tac-
rolimus and prednisone. At 13th MAT, SCr increased 
from 1.6mg/dL to 2.5mg/dL, so anti-HLA testing was 
repeated and a DSA was identified. A renal allograft 
biopsy showed acute humoral rejection grade II. He 
received IV Ig 2g/kg over 48h and rituximab 375 mg/
m2 and his Scr returned to 1.5mg/dL. Thirty-two MAT 
a new rise in Scr was observed (1.7 mg/dL), with 
proteinuria 0.5g/day. Anti-HLA antibodies increased 
to 10715 MFI, with a DSA of 8257 MFI. A second 
renal allograft biopsy confirmed acute humoral rejec-
tion and allograft glomerulopathy. Bortezomib 1.3mg/
m2, three doses every four days, was given. The 
patient complained of transient diarrhoea and symp-
toms of neuropathy (pain in lower limbs). Scr fell to 
1.5mg/dL and proteinuria to 460mg/day without any 
further treatment. He remains stable after 18 months 
of follow up (Figure 4).

DISCUSSION �

It has been difficult to evaluate and establish the 
role of bortezomib in the treatment of antibody medi-
ated rejection in renal transplantation because dif-
ferent regimens have been used in a limited number 
of case reports, with variable results.

We present one case of failed treatment with 
bortezomib and three cases where graft function 
recovered, with simultaneous reduction of proteinu-
ria. This improvement was not accompanied by DSA 
reduction. Although most reports have considered 
bortezomib’s action on plasma cells to reduce anti-
HLA production to be of most significance, several 
other mechanisms may be responsible for the good 
results that have been reported. Everly et al.3 high-
lighted the importance of reduction in DSA levels, 
but they also proposed other mechanisms including 
induction of apoptosis in activated T cells, T-cell 
depletion, NF-kB inhibition, reduced major histocom-
patibility complex class I expression, decreased Th1 
responses, dendritic cell function inhibition (reduced 
costimulatory molecule expression, reduced cytokine 
production and apoptosis) and inhibition of IL-6 
production by bone marrow stromal cells leading to 
apoptosis at various stages in B-cell maturation3. 
Perry et al.5 in their important contribution to the 
understanding of bortezomib's effects, proposed 

similar mechanisms to explain their results. Borte-
zomib's pleiotropic effects have also been highlighted 
in other studies6-9.

Another issue that must be emphasised is the 
importance of associated therapies. Some studies 
have shown that bortezomib alone may not decrease 
DSA levels4. Plasmapheresis has been proposed to 
be critical in this setting. Walsh et al.8 supported 
the use of plasmapheresis, not only for its action in 
removing previously secreted antibodies, but also 
because removal of circulating antibody results in 
increased antibody production or metabolic demands 
on B cells, memory B cells and plasma cells, thereby 
potentially enhancing sensitivity to proteasome inhi-
bition8. When Leyva et al.10 presented their experi-
ence, they also concluded that bortezomib should 
be given in association with plasmapheresis because 
of poor results in patients who had not received this 
adjuvant therapy.

Other reports suggest other adjuvant therapies. 
Walsh et al. propose the use of rituximab on the 
assumption that early acute AMR involves active gen-
eration of new plasma cells and plasmablasts from 
existing memory B-cell populations. In this context, 
rituximab should potentiate bortezomib's effects by 
reducing plasma cell generation from the memory 
B-cell population8. Other series have also shown bet-
ter results with concomitant use of Rituximab8, 11,12. 
Finally, some studies have emphasised the importance 
of concomitant steroids because of synergistic pro-
apoptotic effect in normal plasma cells13,14.

The anti-HLA itself may be a determinant of the 
results of treatment. Sberro-Soussan et al., who 
reported several unsuccessfully-treated cases13,15, 
proposed lack of activity against DSA because of a 
long period of DSA stability before the use of borte-
zomib. The activity of bortezomib probably correlates 
with the speed of proliferation of memory B-cell and 
plasma cell populations11: the faster that plasma 
cells are proliferating (reflected by a higher level of 
anti-HLA), the more susceptible they are likely to be 
to therapy. The number of specificities and timing 
of DSA formation may be important11. Type and pat-
tern of DSA formation appear to influence resistance 
to bortezomib13 since evidence has been published 
that DR52 is refractory to treatment with plasma-
pheresis and IV Ig16 and may also be resistant to 
bortezomib therapy.
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The timing of antibody rejection may be important: 
it has been proposed that results are better in early 
versus late AMR17 and several authors have reported 
good results in early AMR8,12,18,19, in contrast to 
suboptimal results in late AMR17,20,21. This could 
explain why bortezomib seems to be less effective 
in desensitisation protocols4.

The late timing of use of bortezomib may be 
expressed clinically by prolonged elevation of Scr 
and histologically by transplant glomerulopathy22. 
Fletcher et al.23 proposed that treatment is likely to 
be more effective before the onset of significant 
renal dysfunction (Scr<3mg/dL) or proteinuria (<1g/
day)14, and a similar observation has been made by 
Sberro et al.13 and other authors18,24. Few studies 
have investigated the long-term histological impact 
of bortezomib therapy25.

Our unsuccessful case corroborates the observa-
tions that established histological damage caused 
by multiple events, and expressed clinically by ele-
vated serum creatinine and proteinuria, are irrevers-
ible even with bortezomib use; for this patient, we 
started bortezomib only after almost 10 months and 
several cycles of preceding conventional therapy. It 
may also be representative of the finding that anti-
HLA reduction seems to be greater in de novo DSA 
than in pre-formed ones4,24,26. In spite of these 
considerations, our first and third patients seemed 
to respond to therapy. Indeed, although bortezomib 
was introduced at a late stage (glomerulopathy 
lesions were already present) their renal function 
improved. This occurred even with the persistence 
of high anti-HLA levels.

A number of questions about the use of botezomib 
in the treatment of kidney transplant rejection still 
remain to be answered. When exactly is bortezomib 
indicated? What is the best regimen: one or more 
cycles, with or without adjunctive therapy? How long 
should we wait for DSA reduction? Does bortezomib 
prevent progression to chronicity? What are the long-
term benefits? How can we predict response to 
therapy? And what about adverse outcomes? While 
we wait for definitive conclusions that will only be 
possible with a randomised controlled trial, we 
believe that our series may be useful to other physi-
cians who deal with AMR.

Conflict of interest. None declared.
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