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Abbreviations

ADCC Antibody-dependent cellular cytotoxicity
AMR Antibody-mediated rejection
cAMR Chronic active antibody-mediated rejection
CDC Complement-dependent cytotoxicity
dnDSA De novo donor-specific antibody
DSA Donor-specific antibody
HLA Human leukocyte antigen
IVIg Intravenous immunoglobulin
Tfh T follicular helper

 Introduction

 Mechanisms of Allosensitization

Sensitization to alloantigen (human leukocyte antigen [HLA] class I or class II), 
molecules derived from the allograft, occurs through a process of antigen presenta-
tion to naïve T cells that mature to T follicular helper (Tfh) cells in the regional 
lymph nodes or spleen (germinal centers) of allograft recipients. In the germinal 
center, Tfh cell activation is critical for generation of de novo alloantibody 
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production and is driven primarily by the production of interleukin (IL)-6 and IL-21. 
Naïve B cells subsequently become activated by Tfh cells, and the persistence of 
IL-6 enhances development of memory B cells and plasmablasts.

IL-6 production in plasmablasts enhances germinal center formation and termi-
nal development of donor-specific antibody (DSA)-producing plasma cells [1, 2]. 
Alloantibody migrates to the graft and initiates complement-dependent cytotoxicity 
(CDC) and antibody-dependent cellular cytotoxicity (ADCC), with resultant 
antibody- mediated rejection (AMR). DSA production usually results from inade-
quate immunosuppression or activation of established memory responses to alloan-
tigens in sensitized individuals. Regardless, once established, alloimmmune 
responses persist for the life of the allograft and beyond, creating a highly HLA- 
sensitized individual. For a more comprehensive overview of the etiology of allo-
sensitization and approaches to management, several recent papers are 
recommended [2–4].

 Antibody-Mediated Rejection (AMR)

AMR is an increasingly recognized, severe form of allograft rejection, character-
ized by several pathologic variants resistant to treatment with standard immunosup-
pressive agents. Significant advances have occurred to identify patients at risk for 
AMR and the pathologic features associated with this diagnosis [2–4]. The immu-
nopathology of AMR suggests an important role for antibodies, B cells, and plasma 
cells. Here, intravenous immune globulin (IVIg), rituximab, and/or plasmapheresis 
are commonly used for the treatment of acute AMR [5–9].

Despite successes, post-transplant AMR, chronic active AMR (cAMR), and 
transplant glomerulopathy remain significant problems that are only modestly ame-
nable to these therapies. Data from the Deterioration in Kidney Allograft Function 
(DeKAF) study show that in the current era of immunosuppression, most graft 
losses have evidence of cAMR with C4d+ staining [10]. It is estimated that 5000 
allografts are lost each year in the USA, primarily from cAMR [11]. The current 
treatment paradigms rely on reduction of antibody levels to prevent AMR.

AMR is often seen in patients who are noncompliant or receiving inadequate 
immunosuppressive therapy and those who receive HLA-incompatible transplants. 
Additionally, transplant glomerulopathy usually results from persistent DSA- 
positivity which dissipates allograft function, resulting in graft failure and return to 
dialysis with devastating emotional consequences for patients and their families, 
and financial consequences for the healthcare system [12–16]. No current therapy is 
approved by the US Food and Drug Administration (FDA), and patients are often 
treated with combination therapies making analysis of efficacy difficult. Thus, the 
scope of antibody-induced injury in the transplant population is significant and 
increasing [10]. Here, there is a large unmet clinical need.

One critical obstacle in the successful treatment of AMR is addressing the long- 
lived nature of plasma cells and persistent DSA, despite treatment strategies [17]. 
An “ideal” treatment option would eliminate circulating DSAs, inhibit CDC and 
ADCC, and rebound DSA generation.
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 Therapeutic Approaches to Treatment of AMR

 The Anti-CD20 Monoclonal Antibodies

 Rituximab
Rituximab is a chimeric monoclonal antibody (mAb) aimed at CD20, a cell surface 
antigen highly expressed on pre-B- and mature B-lymphocytes, but not differenti-
ated plasma cells. In a single center, double-blind, placebo-controlled study by van 
den Hoogen et al., patients were randomized to receive induction therapy with a 
single dose of rituximab or placebo, with standard immunotherapy. The primary 
endpoint was the incidence of biopsy-proven rejection 6  months post-transplant 
[18]. Induction with rituximab did not result in significant reductions in allograft 
rejection at 6 months versus placebo. However, in high-risk patients (retransplants, 
DSA+), a significant reduction in allograft rejection was seen with rituximab.

Our group has published a blinded, placebo-controlled study of IVIg + rituximab 
versus IVIg + placebo for desensitization which demonstrated an essential role of 
rituximab in prevention of DSA rebound, AMR/cAMR, transplant glomerulopathy, 
and improved post-transplant graft survival. The study was unblinded due to severe 
adverse events in the IVIg + placebo group, including AMR (n = 3) and graft loss 
(n = 2) (P = 0.06). Although no significant differences were seen in DSAs at trans-
plant, rapid DSA rebound associated with severe AMR occurred within 1 month 
post-transplant. DSAs trended downward in those who received IVIg + rituximab, 
and no cases of AMR were observed on for-cause and 6-month protocol biopsies. 
Additionally, the IVIg + rituximab group showed significant benefits in renal func-
tion at 6 and 12 months (P = 0.04) [19].

Zachary et  al. so elegantly demonstrated the ability of rituximab to prevent 
anamnestic responses to alloantigens post-transplant. In 24 patients sensitized to 
HLA antigens, who did not have HLA antibody before transplantation, no post- 
transplant antibody to HLA antigens was detected in 10 rituximab-treated patients. 
However, HLA antibody was detected in 13 of 16 cases without rituximab treatment 
(P = 0.00006). Thus, elimination of peripheral HLA-specific B cells in patients who 
are sensitized to HLA antigens, but lacking detectable antibody abrogates an anam-
nestic response and risk for AMR [20].

Kohei et al. showed the administration of rituximab in ABO-incompatible trans-
plant recipients (n = 57) resulted in long-term prevention of dnDSAs and low inci-
dence of AMR versus a cohort of ABO-compatible living donor transplants not 
receiving rituximab (n = 83). The 5-year graft survival rates were 98.1% with ritux-
imab versus 90.3% in the ABO-compatible group. At 2 years post-transplant, the 
incidence of AMR in the rituximab group was 3.5% versus 22.9% in the ABO- 
compatible patients [21].

Recent data from a randomized, placebo-controlled clinical trial showed that anti-
CD20mAb did not add benefit to treatment of AMR with plasmapheresis +  IVIg 
[22]. However, there were many troubling issues in this trial that likely limit the 
validity of the results. First, rituximab was given on the same day as IVIg. This likely 
limits the efficacy and half-life of rituximab due to IVIg blocking of the Fc neonatal 
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receptors (FcRn) on endothelium that are responsible for recycling IgG molecules 
and extending their half-life. The investigators also performed plasma exchange 
<24 hours after IVIg + rituximab, removing the majority of the drug [23, 24].

Another randomized, placebo-controlled study assessed the efficacy of ritux-
imab for treatment of AMR. This multicenter trial aimed to enroll 25 patients per 
arm but (due to cost) enrolled 25 in total (12 rituximab, 13 placebo). The authors 
found no difference in outcomes at 1 year. Despite good intentions, this study was 
not powered to formulate the conclusions put forward.

From our work in desensitization and that of others, rituximab shows benefits in 
removing memory B cells and limiting antibody rebound after other treatments (i.e., 
IVIg, plasmapheresis, IdeS) [19, 20].

 Obinutuzumab
Obinutuzumab is a humanized, type II, immunoglobulin-G1 anti-CD20mAb, FDA- 
approved for chronic lymphocytic leukemia. Obinutuzumab, unlike rituximab is a 
more powerful depleter of B cells, operating through ADCC and direct apoptosis, 
with little effect through CDC. This is important since the concomitant use of com-
plement inhibitors (i.e., eculizumab) with rituximab likely diminishes efficacy of 
rituximab, as its primary mode of B-cell depletion is through CDC.

In vitro obinutuzumab was twofold more efficient in reducing B-cell cytotoxic-
ity. Specifically, obinutuzumab exhibited a more potent activation of natural killer 
(NK) cells and neutrophils, and a more effective Fcγ receptor interaction [25–27].

A Phase Ib, open-label study of single and repeat doses of obinutuzumab to 
assess pharmacokinetics, pharmacodynamics, and safety in highly HLA-sensitized 
end-stage renal disease patients awaiting kidney transplantation did not show ben-
efit in reducing calculated panel-reactive antibody (cPRA) values, although ~50% 
of patients ultimately underwent transplantation [28]. Thus, obinutuzumab, a novel 
type 2 anti-CD20mAb with superior B-cell depletional activity and efficacy against 
plasmablasts, could be of benefit in prevention and treatment of AMR.

 Costimulation Blockade

 CTLA4Ig (Belatacept): An Inhibitor of T and B Cells

Recent studies have highlighted the importance of costimulatory blockade in con-
trolling B-cell-directed immune responses to allografts [29]. Post-transplant gener-
ation of dnDSA is recognized as a major cause for allograft failure. To date, the 
immunosuppressive regimen associated with low dnDSA development is a failure 
to maintain therapeutic levels of tacrolimus [30]. Recent clinical trials using the 
novel costimulatory-blocking IgG Fc fusion protein containing CTLA4 (CTLA4-Ig) 
show that kidney transplant recipients treated with belatacept have better graft sur-
vival, graft function, and a lower proportion of dnDSAs versus cyclosporine [31]. 
Chen et al. showed that CTLA4-Ig treatment of allosensitized mice resulted in sig-
nificant suppression of B memory cell responses [32].
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Our group conducted dosing experiments in a mouse model of allogeneic sensi-
tization to evaluate the efficacy of CTLA4-Ig treatment in DSA suppression. We 
found that CTLA4-Ig significantly inhibited dnDSA IgM and IgG production in 
mice sensitized to HLA-A2+ skin grafts. In longitudinal experiments, we found that 
CTLA4-Ig administered during T-cell priming 90  days after primary skin graft 
exposure had a long-lasting effect in reducing DSA IgG memory responses to HLA- 
A2+ skin grafts. The inhibitory effect of CTLA4-Ig in suppressing DSA memory 
responses was significantly enhanced by the addition of an anti-IL-6R antibody. We 
also demonstrated that dnDSA suppression by CTLA4-Ig is due to inhibition of 
T-dependent B-cell activation secondary to Tfh cell inhibition. In in vitro experi-
ments with alloreactive plasma cells, we found that CTLA4-Ig inhibited plasma cell 
proliferation and Ig production. This suggests that plasma cells may depend on 
costimulation through CD28/B7 as a mechanism of activation [33].

Leibler et  al. recently investigated the mechanisms involved in the control of 
humoral responses by analyzing the effect of belatacept on different steps of the B-cell-
mediated response in humans. In vitro belatacept reduced plasmablast differentiation, 
Ig production, and the expression of the major transcription factor involved in plasma 
cell function, Blimp-1, in a T-cell-independent manner. Belatacept reduced the expres-
sion of CD86 on antigen-presenting cells (APCs). Additionally, belatacept blocked 
CD28-mediated activation of Tfh in an autologous Tfh-memory B-cell model.

In kidney transplant recipients treated with belatacept, investigators demonstrated 
that patients treated with belatacept had reduced effector B cells and activated Tfh 
cells compared with calcineurin inhibitor-treated patients. They concluded that belata-
cept modulates B-cell function directly at the level of B cell–Tfh interaction and these 
interactions are likely responsible for the modulation of humoral immunity seen in 
belatacept-treated patients [34]. This paper is of great interest since belatacept may 
emerge as an important agent for prevention and treatment of AMR.

 Anti-plasma Cell Therapies

 Daratumumab

Daratumumab is an anti-CD38mAb which induces potent CDC and ADCC against 
CD38+ cells in patients with multiple myeloma. Daratumumab is the first anti- 
CD38mAb, and received FDA breakthrough status in 2015 [35]. CD38 is a type II trans-
membrane glycoprotein heavily involved in intracellular signaling via cell adhesion, 
calcium-dependent signal cascade, activation of NK cells, and IgG1 production from 
B- and T-cell signal transmission [36]. CD38 is more highly expressed on malignant 
cells and is present on the surface of short- and long-lived plasma cells. In a dose escala-
tion study for multiple myeloma, daratumumab significantly reduced bone marrow 
plasma cells. CD38+ T regulatory cells (Tregs) and CD38+ B regulatory cells (Bregs) 
were decreased by daratumumab administration. This mechanism may provide a poten-
tial treatment of plasma cell-induced AMR. Overall, the safety profile of daratumumab 
is acceptable [37]. However, the impact on depletion of Tregs/Bregs by daratumumab 
may be a concern for induction of cell- mediated rejection in HLA-sensitized patients.
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 Proteasome Inhibitors

 Bortezomib
Targeting antibody-producing plasma cells was felt to be a superior strategy to use 
of anti-CD20mAb in treating AMR. Several centers promoted the use of bortezo-
mib, a proteasome inhibitor approved for the treatment of multiple myeloma. Data 
supporting the use of bortezomib were limited to single centers, and evidence on 
efficacy and safety from a larger cohort of patients with AMR was lacking. However, 
two recent papers have addressed this issue.

First, Eskandary et  al. reported results of the first prospective, randomized, 
placebo- controlled trial of bortezomib in patients with late active AMR 
(BORTEJECT Trial) [38]. Of 744 patients, 44 met study criteria and were random-
ized to two cycles of bortezomib (n = 21) or placebo (n = 23). In direct contradiction 
to previous reports, these investigators found that bortezomib had no effect on out-
comes over 2 years of follow-up (GFR slope −4.7 versus −5.2 ml/min per 1.73 m2 
per year). Proteinuria, DSA and AMR histology, and molecular microscopic analy-
sis did not differ between the two groups. Bortezomib therapy was associated with 
more drug-related side effects [38].

Moreno Gonzales et al. recently reported that 32 doses of bortezomib for desen-
sitization were not well tolerated and had only a modest impact on anti-HLA anti-
bodies [39]. Thus, the role of bortezomib as a future therapeutic agent in treatment 
and prevention of AMR is questionable, and may be more effective when combined 
with other therapies.

 Carfilzomib
Ensor et al. reported on carfilzomib-based therapy for treatment of AMR in lung 
transplant recipients. Carfilzomib is a second-generation proteasome inhibitor that 
irreversibly binds the 26s proteasome and permanently inhibits activity. These 
investigators found that treatment with carfilzomib resulted in significant reductions 
in DSAs and improvement in lung allograft function during the treatment period in 
10 of 14 patients. However, seven deaths occurred in carfilzomib responders due to 
allograft failure. The authors suggest that severe AMR may not be amenable to 
intermittent carfilzomib therapy [40]. It is also likely that rebound DSA responses 
after cessation of carfilzomib accelerated the decline in allograft function. 
Carfilzomib + CTLA4-Ig may offer an excellent therapeutic approach for preven-
tion and treatment of AMR [41].

 IL-6 and IL-6R Inhibitors

IL-6 was first described as a multifunctional cytokine that directed the development 
and maturation of B cells to plasma cells and sustained antibody production [1, 
42–44]. In this regard, the role of IL-6 in induction of Tfh cells is critical for initia-
tion of adaptive immune responses, progression of naive B cells to plasma cells, and 
production of high-affinity antibodies [1, 44, 45]. Additionally, persistence of IL-6/
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IL-6R (IL-6 receptor) signaling inhibits Treg cell development, thus enhancing Tfh 
and Th17 pathogenic antibody and inflammatory functions. Importantly, anti-IL-6/
IL-6R therapies are known to have effects in reducing Th17 and Tfh cells, which 
block autoimmunity and reduce pathogenic antibody production. The ability of 
anti-IL-6/IL-6R therapy to inhibit Tfh activity and reduce alloreactive B cells, plas-
mablasts, and DSA production is a significant consideration in the prevention and 
treatment of alloantibody-induced injury.

IL-6 is a growth factor critical for B cells and plasma cells and is produced by 
plasmablasts, resulting in new germinal center formation. IL-6 inhibition signifi-
cantly reduces Th17 and Tfh cells, plasmablasts, and upregulates Treg cells. Clinical 
trials of anti-IL-6/IL-6R therapies have been completed or are now underway in 
kidney transplantation for the treatment and prevention of AMR [46–50]. Data on 
the two most important IL-6 inhibitors are below.

 Tocilizumab

Tocilizumab is a first-in-class mAb directed at the IL-6R. Tocilizumab was FDA- 
approved for treatment of rheumatoid arthritis and juvenile idiopathic arthritis in 
2011. Tocilizumab resulted in reductions in peripheral pre- and postswitch memory 
B cells, IgG+ and IgA+ B cells, and significantly reduced B-cell hyper-reactivity.

Our group conducted a single-center phase I/II open-label study in HLA- 
sensitized patients with end-stage renal disease who had failed desensitization with 
IVIg + rituximab ± plasmapheresis. All patients received IVIg 10% 2 g/kg on days 
1 and 30, and tocilizumab 8 mg/kg on day 15, then monthly for 6 months. Of the ten 
patients, five received transplants (two were withdrawn due to noncompliance with 
protocol pretransplant). Mean time to transplant from first desensitization decreased 
from 25  ±  10.5 to 8  ±  5.4  months with tocilizumab treatment. Reductions in 
immunodominant DSAs were seen in all transplanted patients at transplant 
(p = 0.024) and most significantly at 12 months (p = 0.0003). All patients received 
six tocilizumab doses post-transplant and 6-month protocol biopsies showed no evi-
dence of rejection. The estimated glomerular filtration rate (eGFR) at 12 months in 
transplanted patients was 60 ± 25 ml/min [51].

In another single center, open-label study conducted by our group, highly sensi-
tized patients with DSA+ cAMR, who failed IVIg +  rituximab ± plasmapheresis 
therapy, received tocilizumab 8  mg/kg monthly for 6–25 months. A total of 36 
patients were assessed (between 2011 and 2016) for allograft loss, patient survival, 
DSA reduction, and improvement in biopsy results. They were compared with a 
historical cohort treated with standard-of-care therapy (IVIG ± rituximab ± plasma-
pheresis) (n = 39). The median follow-up was 3.26 years (maximum 7 years). Four 
of 36 tocilizumab-treated patients had graft failure (11.1%). Repeat biopsies in 
tocilizumab-treated patients showed significant reductions in glomerulitis + peritu-
bular capillaritis and C4d+ scores. This contrasted to 21 of 39 graft losses (54%) in 
patients treated with standard-of-care therapy. At 6 years post-cAMR diagnosis, the 
tocilizumab-treated patients had a graft and patient survival probability of 80% and 
91%, respectively [52].
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 Clazakizumab

Clazakizumab is an immunoglobulin G1 (IgG1) mAb aimed at the IL-6 ligand. 
Clazakizumab has been evaluated extensively in patients with rheumatoid arthritis, 
but is not FDA-approved for any condition [53]. Our center has recently initiated 
two phase I/II, open-label, single-arm exploratory studies.

First, an AMR study (n = 10) will examine the safety and tolerability of clazaki-
zumab 25 mg subcutaneously every 4 weeks in DSA+ patients with cAMR transplant 
glomerulopathy on biopsy [NCT03380377] [48]. Second, a desensitization study 
will assess 10 highly sensitized patients with cPRA >50% awaiting either a living 
donor or deceased donor kidney transplant. Eligible patients will receive plasma-
pheresis + IVIg followed by 6 months of clazakizumab 25 mg subcutaneously until 
transplantation. If transplanted, patients will receive six additional doses 
[NCT03444103] [47]. An additional placebo-controlled study assessing the utility of 
clazakizumab for treatment of cABMR is being conducted in Vienna and Berlin [46]. 
A large blinded, placebo-controlled multicenter study in cAMR is set to start in 2019.

 IgG-Degrading Enzyme of Streptococcus pyogenes 
(IdeS, imlifidase)

Imlifidase is a novel drug that is being developed for desensitization and treatment 
of AMR in kidney transplant patients. Imlifidase is an immunomodulating enzyme 
that cleaves all four IgG antibody subclasses into F(ab’)2 and Fc fragments at the 
lower hinge region with high specificity. Other immunoglobulins, including IgA, 
IgM, IgE, and IgD, are not affected by the administration of imlifidase [54]. A criti-
cal observation in early assessments of IdeS in vitro is the inability of F(ab)’2 frag-
ments to mediate CDC and ADCC [55].

In 2015, a single-arm, single-center, Phase II dose-finding study was completed 
in Sweden using Imlifidase in HLA-sensitized patients awaiting kidney transplanta-
tion to evaluate safety, tolerability, pharmacokinetics, and efficacy of imlifidase. 
The results demonstrated that imlifidase treatment eliminated all HLA antibodies 
detected by Luminex single antigen bead assays 6 hours after infusion and, more 
importantly, eliminated all complement-activating (C1q+) HLA antibodies 1 hour 
postinfusion [56].

We have also shown that IdeS is a potent inhibitor of ADCC [limiting NK-cell 
γ-IFN (interferon) release induced by anti-HLA antibodies binding to target endo-
thelial cells] [57]. These initial observations led to the development of an open- 
label, Phase I/II study of imlifidase for desensitization in 25 highly sensitized 
patients with DSAs undergoing living and deceased donor kidney transplantation in 
Sweden and USA. All patients received imlifidase infusion prior to transplantation. 
The objective of the study was to assess the ability of imlifidase to eliminate DSAs 
in patients who were DSA+, with a positive crossmatch at time of transplantation. 
The patient group at Cedars-Sinai received desensitization therapy with IVIg 2 g/
kg + rituximab, while the patients in Uppsala did not receive desensitization.
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Of the 25 patients who received IdeS, 24 were successfully transplanted. AMR 
occurred at a mean of 2 weeks post-transplant in three patients in the Swedish arm 
due to rebound DSA, with C4d-positivity on for-cause biopsies. At Cedars-Sinai, 
AMR occurred in two patients at 2 and 5 months post-transplant, which correlated 
with an increase in DSA intensity and resolved with treatment. The differences in 
rebound times likely reflect the post-transplant use of IVIg + rituximab in the US 
patients. Long-term outcomes for these patients have been good [58]. A trial of 
imlifidase for treating AMR is now underway. In summary, imlifidase may represent 
an important breakthrough in prevention and treatment of AMR.

 Important Considerations When Administering Biologic 
Agents for AMR

 IdeS (imlifidase)

Imlifidase cleaves human and rabbit IgG at the hinge region creating F(ab)’2 and Fc 
fragments of all IgG molecules in the body in 4–6 hours after administration. The 
half-life of IdeS is approximately 8–12 hours, but IgG cleaving capacity may last 
for up to 4 days. This poses a problem for induction therapy post-transplant. Prior 
to performing the first clinical desensitization trials, we found that alemtuzumab 
was rapidly cleaved by imlifidase-treated sera up to 4 days post-transplant [58]. We 
altered our induction protocol to use high-dose steroids on days 1–4 and alemtu-
zumab on day 4. This gave similar T-cell depletion as seen in non-imlifidase-treated 
patients. Since thymoglobulin is also cleaved by IdeS, one should use a similar 
approach or consider horse anti-thymocyte globulin. Additionally, the post- 
transplant administration of IVIg + rituximab should be delayed for 4–5 days after 
IdeS administration.

 Neonatal Fc Receptors and Half-Life of IgG

A common characteristic of IgG molecules is their long serum half-life of 3–4 weeks. 
This is related to IgG’s interaction with the FcRn. The function of FcRn is twofold. 
First, FcRn binds to serum IgG that has been endocytosed into lysosomes by endo-
thelial cells or myeloid cells under low pH conditions. Here, the IgG is recycled 
back to the cell surface and, under neutral pH conditions, released back into the 
serum. Second, FcRn are expressed on the villi of placentas that are exposed to 
maternal blood and, after the 28th week of gestation, are responsible for endocytos-
ing and transporting IgG molecules at a high rate from mother to neonate [23, 24]. 
In animal models of FcRn-knockouts, there is a dramatic reduction in IgG half-life 
from weeks to a few days.

It is also known that IVIg can occupy FcRn and thus accelerate the turnover of 
pathogenic antibodies. This may explain why large amounts of IVIg are needed for 
therapeutic activity in autoimmune and alloimmune disorders. Here, the antibodies 
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in IVIg preparations compete with pathological autoantibodies and alloantibodies 
for FcRn binding. This explanation is supported by the observations that IVIg 
resulted in a reduction of approximately 50% in autoantibody half-life in a rat model 
of immune thrombocytopenic purpura (ITP) and in a neonatal mouse model of bul-
lous pemphigoid [24].

Although FcRn saturation by IVIg is likely important in accelerating the clear-
ance of pathogenic antibodies, it could also result in the rapid clearance of therapeu-
tic antibodies. Little information is available, although there is one report of 
accelerated clearance of eculizumab when given with high-dose IVIg for treatment 
of multiple sclerosis [59]. In this regard, it is critical to avoid dosing therapeutic 
mAbs in temporal proximity to high-dose IVIg. This is likely to rapidly diminish the 
therapeutic efficacy of the monoclonal antibodies. This is important since reports 
assessing the efficacy of rituximab in the treatment of AMR in a placebo-controlled 
trial concluded that rituximab added no benefit to IVIg and plasmapheresis. Here, 
rituximab was given immediately after IVIg, which likely diminished the half-life 
and efficacy of rituximab [25]. In our practice, we wait ~7 days after high-dose IVIg 
administration to proceed with any chimeric or humanized mAbs. We have recently 
completed a trial to more thoroughly assess the impact of concomitant IVIg treat-
ment on half-life of humanized mAb (anti-C5) therapy [NCT02878616] [60].

 Summary

Modification of alloimmunity and alloantibodies will have relevance to all solid 
organ allotransplantation and to xenotransplantation, where xenoantibodies present 
a formidable obstacle. The ease of administration of biologic agents will likely 
change our views of immunosuppression to one of immune modulation that will 
ultimately result in better, more effective, and less toxic allograft-sustaining thera-
pies, and also increase patient compliance. It is critical to advance transplant thera-
peutics to the next level where biologic agents are likely to play important roles in 
addressing the persisting barriers to successful transplantation created by 
alloimmunity.
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