Bortezomib-based treatment of acute
antibody-mediated rejection: a case report
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ABSTRACT. Antibody-mediated rejection (AMR) is an important factor
affecting survival after renal transplantation. A highly selective proteasome
inhibitor, bortezomib, clears activated plasma cells from the body and
has important therapeutic effect on AMR. We investigated the effects of
bortezomib on AMR in a patient after a second renal transplant. Biopsy
confirmed the diagnosis of mixed cellular rejection and AMR. Bortezomib
was administered on day 1 (1.3 mg/m?), day 4 (1.0 mg/m?), and day 8 (1.0
mg/m?). On the same days, 250 mg methylprednisolone was administered
once, and cyclosporine dose (5 mg-kg'-day') was reduced by 50%. Oral
mycophenolate mofetil and steroid were withdrawn on day 1 of bortezomib
treatment. Intermittent double-filtration plasmapheresis was also
performed. We monitored parameters, including T lymphocyte subsets,
CD139 and CD19 expression, panel reactive antibody (PRA), and serum
creatinine concentration. At follow-up 6 months after bortezomib treatment,
we observed: 1) serum creatinine stabilized at 130 uM from a peak level
of 337 uM; 2) PRA decreased from a maximum of 66.7 to 0%; 3) blood
plasma cell percentage rebounded after significantly decreasing following
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the first dose of bortezomib; 4) in renal allograft biopsy, immunohistochemical
staining for C4d shifted from strongly positive to negative, and cellular rejection
shifted from type IIA to borderline; and 5) adverse effects such as platelet
suppression, hypotension, and grade 3 peripheral neuropathy emerged.
Bortezomib effectively treated antibody-mediated renal transplantation
rejection in this case study, but clinical trials with large sample sizes are still
needed to explore clinical safety and tolerability.
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INTRODUCTION

Antibody-mediated rejection (AMR) is a significant cause of kidney allograft dysfunction
and graft loss (Ruangkanchanasetr et al., 2014), and treatment of AMR after renal transplantation
greatly affects the short-term and long-term survival of the transplanted kidney (Everly et al.,
2009a). Currently, there are several therapies that may be used to prevent and treat AMR,
including plasmapheresis, immunoadsorption, polyclonal antibodies, anti-CD20 monoclonal
antibodies (Doxiadis and Claas, 2009; lordan et al., 2009), immune globulin, rituximab, rabbit anti-
thymocyte globulin (rATG), and eculizumab (Burton et al., 2015). However, since these methods
do not eliminate or decrease the function of plasma cells, their therapeutic efficacy on AMR is often
incomplete or short-lived (Perry et al., 2008, 2009; Stegall et al., 2009).

As a highly selective proteasome inhibitor, bortezomib is currently used to eliminate
malignant plasma cells in patients with multiple myeloma (Gomez et al., 2014). Recently, a number
of studies have shown that bortezomib can effectively remove anti-human leukocyte antigen (anti-
HLA) antibodies and treat AMR via depletion of plasma cells (Everly et al., 2008, 2009b; Stegall
and Gloor, 2010; Wahrmann et al., 2010), but data on the efficacy and safety of bortezomib for the
treatment of AMR are limited (Zinn et al., 2014). One study indicated that bortezomib could be an
alternative therapeutic option for desensitization and treatment of acute AMR that is unresponsive
to conventional therapies (Yang et al., 2014). Another study, which investigated bortezomib as a
novel therapy for late AMR of renal allografts, determined that the benefits of bortezomib-based
therapy needed to be weighed against the potential adverse effects, especially in older patients
and patients with large antibody loads or chronic allograft vasculopathy (Gupta et al., 2014). In this
case study, our center for the first time combined bortezomib and double filtration plasmapheresis
(DFPP) to treat one case of AMR after second renal transplantation. Clinical diagnosis and
treatment strategies for this case are summarized in this report to provide a clinical reference for
the application of bortezomib in renal transplant recipients in China.

MEDICAL HISTORY
Treatment process

The female patient was 49 years old and hepatitis C-positive. The first renal transplantation
was performed in October 1990, and postoperative immunosuppressive regimen was CsA (Jiangsu
Safe Pharmaceutical Co. Ltd., Wuxi, China) + Aza (Heumann Pharma, Nuremberg, Germany) +
Pred (NAPP Pharmaceuticals Ltd, Cambridge, UK). In 2000, the blood creatinine (Cr) level of the
patient became increasingly elevated (perhaps related to irregular intake of anti-rejection drugs),
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and dialysis was resumed beginning in March 2002. In June 2005, the transplant kidney was
removed because of high fever, and a second renal transplantation was performed in May 2010.
There was no mismatch at 4 HLA sites; there was mismatch at 2 other loci. Preoperative panel
reactive antibody (PRA) type Il was 46, and type | was 0%. Pre-sensitized specific antibodies
(DRw52, DR08, and DRO04) of the recipient were avoided. Rabbit antithymocyte globulin (rATG)
was used for immune induction at 50 mg/day for a total of five doses at 0, 1, 2, 3, and 4 days
post-transplantation. Immunosuppressive regimen was CsA (Jiangsu Safe Pharmaceutical Co.
Ltd., Wuxi, China) + MMF (Roche, Basel, Switzerland) + Pred (NAPP Pharmaceuticals Limited,
Cambridge, UK). This study was conducted in accordance with the declaration of Helsinki. This
study was conducted with approval from the Ethics Committee of the 309th Hospital of Chinese
PLA. Written informed consent was obtained from the participant.

Acute rejection occurred 20 days after transplantation, and biopsy confirmed mixed cellular
rejection and AMR. Bortezomib (Ben Venue Laboratories Inc., Ohio, USA) was administered on
day 1 (1.3 mg/m?), day 4 (1.0 mg/m?), and day 8 (1.0 mg/m?). On days 1, 4, and 8 of bortezomib
administration, the patient was administered 250 mg methylprednisolone (Pfizer Manufacturing,
New York, USA), the dose of cyclosporine was reduced by 50%, and oral mycophenolate mofetil
and steroid were withdrawn. In addition, intermittent DFPP was administrated.

TREATMENT OUTCOME
Change in blood Cr

After renal transplantation, blood Cr level of the recipient, as determined by enzymatic
method, recovered to 84.6 uM and gradually increased to a maximum of 337 uM. Through

comprehensive treatment, including plasmapheresis and bortezomib, blood Cr was stabilized at
around 130 uM six months after transplantation (Figure 1A).
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Figure 1. Changes in blood Cr after renal transplantation (A), in PRA (HLA II) (B), and in CD138+CD19- cells (C)
before and after bortezomib treatment AMR antibody-mediated rejection. Days 0, 1, 2 and 3 after bortezomib treatment.
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Pathological changes

Graft kidney biopsy was performed to perform immunohistochemical staining of the
sample, which was evaluated according to the Banff 97 standard classification (2005 update)
(Solez et al., 2007). C4d immunohistochemical staining was performed in biopsies from before
and after treatment and all evaluations were conducted by the same pathologist (L.A.). The results
confirmed the diagnosis of mixed cellular rejection and AMR: C4d staining was strongly positive
for AMR, and PRA was positive for acute cellular rejection. After plasmapheresis and bortezomib
treatment, repeated transplant biopsy confirmed critical cellular rejection and AMR. As shown in
Figure 2, before treatment, surrounding vasculature and interstitium were infiltrated by a large
number of lymphocytes, which were significantly reduced after treatment. In addition, both C4d
and peritubular capillary (PTC) were positive before treatment and were negative after treatment.
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Figure 2. Pathological changes in biopsy before and after renal transplantation.

Changes in PRA

PRAs were detected by enzyme-linked immunosorbent assay (ELISA). Before
transplantation, PRA type Il was 46% and type | was 0%. Specific pre-sensitized antibodies of the
recipient (DRw52, DR08 and DR04) were avoided. PRA type Il began to increase 2 weeks after the
operation to a maximum of 66.7%, while PRA type | remained at 0%. Follow-up after bortezomib
treatment (6 months after operation) showed reduction of PRA type Il to 0%, with PRA type | also
at 0% (Figure 1B).

Changes in plasma cell expression

The expression of CD138 and CD19 and plasma cells (CD138+CD19-) before and
after bortezomib treatment were detected by flow cytometry, as shown in Figure 1C. There were
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0.94% CD138+CD19- cells before treatment, which was reduced to 0.29% after the first dose of
bortezomib. However, the percentage of CD138+CD19- cells rebounded to 1.88% after the second
dose and to 1.89% after the third dose of bortezomib.

Clinical side effects

In this case study, the following side effects were positively correlated with bortezomib dose:
fatigue, dizziness, low blood pressure, stomach discomfort, frequent nausea with no vomiting, and
occasional transient headache. Anuria occurred four hours after treatment, which required dialysis
to be performed once and subsided after two days. Symptoms of grade 3 peripheral neuropathy,
such as perioral and limb numbness and soreness, indicated impaired nerve function and affected
normal daily life. Thrombocytopenia also appeared after treatment but subsided after the drug
was withdrawn. Bortezomib also seems to increase the effective concentration of cyclosporine by
~100 mg bid; the peak levels of CsA (C 2) 80 uM was used before bortezomib application, which
was increased to 1430 uM after bortezomib application. Since the patient could not tolerate the
significant side effects, the fourth dose of bortezomib was not administered.

LITERATURE REVIEW AND DISCUSSION

With increasingly successful rates of renal transplantation and the emergence of new
efficient immunosuppressants, indications for renal transplantation are also expanding, and more
high-risk patients are receiving renal transplantation (Salzedas-Netto et al., 2014). So-called “highly
sensitized patients” refer to recipients with factors most likely endangering their lives or short-
term/long-term graft survival, such as second transplantation, multiple transfusions, long-term
hemodialysis, and pregnancy, which sensitize the recipient and induce production of a wide range
of polyvalent anti-antibodies (Nishio-Lucar et al., 2013). As a result, these recipients are prone to
hyperacute transplantation rejections, leading to severe graft failure and even endangerment of
their lives (Everly et al., 2009a).

Humoral AMR is one of the major reasons for graft loss in highly sensitized renal
transplant patients (Everly et al., 2009). Currently, there are a variety of regimens for the treatment
of AMR, such as intravenous immunoglobulin (1VIg), plasmapheresis, rATG, and rituximab.
However, efficacy of these treatments has not been confirmed, and the following limitations exist
(Perry et al., 2008, 2009; Stegall et al., 2009; Gomez et al., 2014): 1) slow reversal of AMR; 2)
cost-ineffectiveness; 3) rejection-reversal rates of less than 80%; 4) chronic rejection; and 5)
persistence of donor-specific anti-HLA antibody after treatment. The above limitations may be
due to lack of direct effect on mature plasma cells. As a highly selective proteasome inhibitor,
bortezomib can remove mature plasma cells from the body and effectively treat AMR (Doxiadis
and Claas, 2009; Perry et al., 2009).

The mechanism of action of bortezomib in the treatment of AMR may be as follows
(Vanderlugt et al., 2000; Hideshima et al., 2001; Luo et al., 2001; Adams et al., 2004; Sun et al.,
2004; Chauhan et al., 2005; Chromik et al., 2006; Nencioni et al., 2006a,b): 1) to inhibit proteasomes
and decrease protein degradation, thereby inhibiting nuclear factor kappa B (NF-«B; transcription
factor) and partially deregulating the protein synthesis process, leading to accumulation of a large
amount of defective ribosome in the endoplasmic reticulum and eventually causing plasma cell
apoptosis; 2) to inhibit production of interleukin (IL)-6 by bone marrow stromal cells, resulting in
apoptosis of B cells at various differentiation stages (Hideshima et al., 2001); 3) to induce apoptosis
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of activated T cells (leading to T cell depletion), inhibit NF-xB, and reduce the expression of class
I major histocompatibility complexes and the Th1 response (Vanderlugt et al., 2000; Luo et al.,
2001; Adams et al., 2004; Sun et al., 2004; Chauhan et al., 2005; Nencioni et al., 2006a); and 4)
to affect dendritic cell function through proteasome inhibition, thereby reducing the expression of
costimulatory molecules, decreasing cytokine production, and promoting apoptosis (Chromik et al.,
2006; Nencioni et al., 2006a,b).

Some overseas studies (ldical et al., 2008; Perry et al., 2009; Gomez et al., 2014)
suggested that one course of bortezomib treatment should include administration of 1.3 mg/
m? bortezomib on days 1, 4, 8, and 11. Generally, use of two or more courses is more effective
to clear antibodies. Combination therapy with plasmapheresis, high-dose steroid, or CD20
monoclonal antibody (rituximab) can significantly increase the clinical efficacy of bortezomib
(Hosoba et al., 2015).

In this study, we administered bortezomib at doses of 1.3 mg/m? at day 1, 1.0 mg/m?
at day 4, and 1.0 mg/m? at day 8, in combination with methylprednisolone and DFPP adjuvant
therapies. Our clinical efficacy was confirmed through clinical and pathological observations,
including follow-up at six months post-transplantation. However, due to significant side effects, we
were not able to administer bortezomib at the regimen reported in studies conducted overseas.
The optimal treatment course of bortezomib for AMR in Chinese patients can only be determined
through clinical trials and observations conducted in China.

We observed significant clinical pathological changes after bortezomib treatment, i.e.,
lymphocyte infiltration, inflammatory changes of capillaries, C4d deposition, and other changes,
which have been confirmed by another study (Nowosiad-Magda et al., 2014). The PRA decreased
slowly, suggesting that the efficacy of AMR treatment is not only related to the variety of the
antibodies in the body but also, more pertinently, to the strength of these antibodies. Overseas
studies showed that bortezomib is more effective for AMR when the mean fluorescence intensity
(MFI) of the antibody is >10000, while an MFI < 10000 is associated with only partial remission or
poor outcome (Gomez et al., 2014).

Overseas studies have also reported common side effects of bortezomib, including
inhibition of normal plasma cells, gastrointestinal reactions, thrombocytopenia, and paresthesia
(Pai et al., 2014). Our study showed that Chinese patients had poor tolerability for this drug
and side effects are obvious, limiting the clinical application of bortezomib in China. Therefore,
the dose and frequency of bortezomib treatment in China still needs to be investigated in more
clinical trials.

In summary, plasma cell-targeted bortezomib therapy can significantly clear anti-HLA
antibodies from the body and potentially address refractory rejection after renal transplantation.
Bortezomib is a promising treatment for AMR of renal transplants, but its long-term clinical efficacy
and complications need to be explored further.

CONCLUSIONS

Bortezomib can effectively treat AMR after renal transplantation. However, because of its
relatively significant side effects, clinical trials need to be performed on drug safety and tolerability.
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