
REVIEW

Complement inhibition as potential new therapy
for antibody-mediated rejection

Farsad Eskandary1, Markus Wahrmann1, Jakob M€uhlbacher2 & Georg A. B€ohmig1

1 Division of Nephrology and

Dialysis, Department of Medicine III,

Medical University Vienna, Vienna,

Austria

2 Department of Surgery, Medical

University Vienna, Vienna, Austria

Key words
antibody-mediated rejection,

complement inhibition, eculizumab,

kidney transplantation

Correspondence
Georg A. B€ohmig MD, Division of

Nephrology and Dialysis, Department

of Medicine III, Medical University

Vienna, W€ahringer G€urtel 18-20,

A-1090 Vienna, Austria.

Tel.: +43 140400 43630;

fax: +43 1 40400 39302;

e-mail: georg.boehmig@meduniwien.

ac.at

Conflicts of interest
The authors declare no conflicts of

interest.

Received: 1 July 2015

Revision requested: 7 September

2015

Accepted: 13 October 2015

Published online: 10 November 2015

SUMMARY

Antibody-mediated rejection (ABMR) is a leading cause of kidney allograft
failure. While the exact mechanisms contributing to donor-specific anti-
body (DSA)-triggered tissue injury are still incompletely understood, com-
plement activation via the classical pathway is believed to be one of the
key players. There is now growing interest in complement blockade as an
antirejection treatment. One attractive strategy may be inhibition of termi-
nal complex formation using anti-C5 antibody eculizumab. Anecdotal
reports, case series, and a unique cohort of flow crossmatch-positive live
donor kidney transplant recipients subjected to eculizumab-based desensiti-
zation have demonstrated successful prevention and reversal of acute clini-
cal ABMR. Nevertheless, maybe due to complement activation steps
proximal of C5 or even complement-independent mechanisms, subclinical
rejection processes that might culminate in chronic injury were found to
escape inhibition. Larger studies designed to clarify the actual clinical value
of terminal complement inhibition as an antirejection treatment are cur-
rently underway. In addition, alternative concepts, such as therapies that
target key component C1, are currently under development, and we will
see in the near future whether new strategies in the pipeline will have the
potential to beneficially impact clinical practice.

Transplant International 2016; 29: 392–402

General remarks

Antibody-mediated rejection (ABMR) is one of the cardi-

nal causes of kidney allograft loss [1–3]. Despite major

advances in the understanding of its pathophysiology and

diagnosis, the clinical management of this rejection form

has remained a big challenge [2,4,5]. A major achievement

has been the definition of clear-cut criteria for its diagno-

sis and classification [6,7], a critical step towards a sys-

tematic development of therapeutic strategies applied to

prevent or reverse rejection processes that otherwise

would culminate in chronic tissue injury leading to graft

dysfunction and loss.

Numerous anecdotal reports and uncontrolled series

have proposed therapeutic efficacy of a variety of differ-

ent strategies, which are commonly based on apheresis

(plasmapheresis or immunoadsorption) for extracorpo-

real antibody depletion and measures that interfere with

B-cell immunity, such as CD20 antibody rituximab,

high-dose intravenous immunoglobulin (IVIG) or pro-
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teasome inhibition [2,4,5,8]. A caveat is that published

protocols are heterogeneous, and, even though thera-

peutic success has been reported in many cases, formal

proof of efficiency is commonly lacking [9].

Many transplant centres worldwide have gathered

experience in handling presensitized patients on the wait

list, and several different desensitization strategies have

now been published, both in the context of live and

deceased donor transplantation [10–14]. Over the years,

however, it has turned out that, despite improved over-

all patient survival [12], many desensitized high-risk

recipients develop clinical and subclinical ABMR culmi-

nating in adverse average long-term allograft survival

[15,16].

Disappointing long-term results may reinforce a need

for further improvement of our currently available ther-

apeutic repertoire. A more detailed understanding of

the pathophysiology of ABMR may provide a clue for a

more targeted and effective treatment. One attractive

therapeutic target may be the complement system.

Indeed, there are several lines of experimental and clini-

cal evidence suggesting a critical role of complement as

an important mediator of allograft injury [17,18].

Recent clinical experience with eculizumab, an inno-

vative therapeutic tool that selectively blocks terminal

complex formation, has added significantly to our

understanding of the pathophysiology of ABMR and

opened a new therapeutic perspective [17]. Eculizumab

is a monoclonal antibody targeting complement compo-

nent C5 that has already been approved for the treat-

ment of two different complement-mediated diseases,

paroxysmal nocturnal haemoglobinuria (PNH) and

atypical haemolytic uraemic syndrome (aHUS) [19,20].

It was only a question of time that this agent was tested

in the prevention or treatment of ABMR. This review

provides a detailed discussion of terminal complement

blockade as a new approach towards the treatment of

ABMR.

Complement as a trigger of ABMR

From a theoretical point of view, it is likely that the

manifold steps triggered upon activation of the comple-

ment cascade contribute significantly to the process of

rejection. The release of anaphylatoxins, surface-bound

cleavage products and the formation of the terminal

complex may, among others, attract inflammatory cells,

trigger the coagulation cascade, promote endothelial cell

activation and, in a multifaceted crosstalk with compo-

nents of specific immunity, enhance or modulate adap-

tive immunity [17,18,21]. There are several lines of

clinical evidence supporting a key role of complement

in the process of ABMR. For example, it has been rec-

ognized early that preformed complement-activating

antibodies against donor antigens can result in hypera-

cute rejection [22]. Moreover, in vivo complement acti-

vation as reflected by capillary deposition of

complement split-product C4d is well established to be

associated with acute or chronic microcirculation

inflammation and injury that may culminate in unfa-

vourable graft survival [23–26]. Recent studies have

shown that C4d may indicate a particularly severe form

of ABMR posing an additive and independent risk of

adverse allograft survival [27,28]. A relevance of DSA-

mediated complement activation is further emphasized

by recent studies suggesting that the in vitro detection

of human leukocyte antigen (HLA) antibody-triggered

complement deposition in modified solid-phase assays

associates with ABMR occurrence and adverse graft sur-

vival [29,30].

Of course, associative clinical studies should be inter-

preted with caution as they do not permit the conclu-

sion of a causative relationship. In addition, even

though several experimental models may support a role

of complement in rejection [18], one has to be aware

that animal models may not adequately mirror the

human situation. In this context, we want to highlight

an elegant mouse heart transplant model of ABMR trig-

gered by preformed DSA showing that a monoclonal

antibody blocking complement component C5 was

effective in preventing rejection [31]. Interestingly, in

this model, C5 blockade allowed for the establishment

of long-term stable graft function and maintenance of

normal graft histology despite the presence of antibody

and complement [31], a finding that could not be

reproduced in clinical transplantation [32].

Over the last years, it has turned out that the situation

is not as trivial as anticipated. For example, emerging evi-

dence has revealed that ABMR does not necessarily asso-

ciate with detectable capillary C4d deposits [33,34], and

more recently, a phenotype of C4d-negative ABMR,

which of course does not entirely exclude a causative role

of complement activation, has entered the Banff 2013

classification as a separate entity [7]. In addition, some

animal models were unable to definitely demonstrate a

causal relationship between antibody-mediated comple-

ment activation and graft damage [35–37]. Moreover,

clinicians are aware of an impressive phenomenon,

namely, that in ABO-blood group-incompatible trans-

plantation, isoagglutinins often trigger early steps of

complement activation as indicated by intense capillary

C4d deposition, but without any morphological and
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clinical correlate of tissue injury [38]. This has evoked

the hypothesis that early complement activation without

evidence of tissue damage might even indicate a state of

resistance to immunological injury [39].

On the basis of the afore-listed results of experimen-

tal and clinicopathological studies, an efficiency of tar-

geted complement blockade cannot be unconditionally

postulated. Even the more exciting are the results of the

first studies that have adoptively transferred this concept

into the context of ABMR.

Eculizumab for terminal complement blockade

Properties and mechanism of action

Eculizumab is a high-affinity monoclonal, humanized

antibody directed against human complement compo-

nent C5 [17,40]. The complementarity-determining

regions in the variable chain of the Fab region are of mur-

ine origin and were cloned and grafted into human germ-

line coded, heavy- and light-chain frameworks. To avoid

unwanted proinflammatory effector functions, mediated

by Fc receptor binding or complement activation, the

constant heavy chains and hinge region of the human IgG

subclasses two and four were fused together [17,40]. Ecu-

lizumab blocks the cleavage of C5 by C5 convertases

(C4bC2aC3b for the classical pathway and C3bBbC3b for

the alternative pathway) into the enzymatic split products

C5a, a potent anaphylatoxin, and C5b. C5b successively

binds the terminal pathway components C6, C7, C8, and

C9 to nonenzymatically assemble the membrane attack

complex (MAC) [17,40]. Essential steps of DSA-triggered

complement activation and potential sites of intervention

are illustrated in Fig. 1.

Monitoring of eculizumab therapy

One simple strategy to monitor C5 inhibition may be

the use of a standard 50% haemolytic complement

(CH50) assay using sensitized sheep erythrocytes. In a

recent large pharmacodynamics study, 22 patients under

long-term eculizumab therapy for treatment of PNH

were carefully monitored for circulating free eculizumab

levels and complement inhibition evaluated by CH50

assay [41]. A remarkable finding was a marked variabil-

ity in the half-life and free eculizumab levels prior to

re-injection, despite a uniform infusion schedule

(900 mg every 2 weeks). Most importantly, the authors

of this study reported the frequent finding of CH50

levels above a 10% threshold (49% of evaluated pre-

DSA

C1 complex
(C1q, 2C1r, 2C1s, Ca2+)

HLA

Endothelial cells

C3 convertase

C4d

C3

C3a

C5 convertase

C5a

C5b
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(C5b-9)

C5
C1

C4b2a3bC4b2a
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Membrane filtration
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Figure 1 Schematic illustration of classical complement activation and therapeutic strategies targeting complement. In a first step of the classi-

cal cascade, antibodies bound to HLA expressed on donor endothelial cells interact with C1q and stabilize the formation of the C1 complex

(Ca2+ dependent). Active C1 subunit C1s cleaves factor C4 into C4a and C4b, the latter providing a binding site for C2 facilitating its cleavage

by C1s into C2a and C2b. Under the control of complement-regulatory proteins and Factor I, surface-bound C4b is degraded to C4d. Capillary

C4d staining has proven to be a useful diagnostic marker. If strong activation overwhelms these control mechanisms, surface-bound C4b2a

becomes a stable, active C3 convertase that cleaves C3 into the anaphylatoxin C3a and C3b which again covalently binds to the surface. The

combination of C4b2a with C3b forms the active C5 convertase (C4b2a3b) that can now cleave C5 into the anaphylatoxin C5a and C5b. C5b

is responsible for the assembly of the membrane attack complex (MAC) which is inserted in the cell membrane. By stably binding to C5 in a

0.5:1 molar ratio of antibody to C5, eculizumab hinders its cleavage.
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infusion samples), which were associated with low eculi-

zumab levels, biochemical signs of haemolysis, and a

more frequent need of transfusions. Interestingly, in

some cases, residual C5 activity despite an excess of free

eculizumab levels was detected, a finding which was not

related to previously reported genetic variants of C5

that associate with a poor response to the antibody

[42]. Such data suggest a need for a careful monitoring

of underdosing to avoid a breakthrough of complement

activation, which may be associated with disease activity

[41]. In a study of sensitized kidney transplant recipi-

ents subjected to eculizumab-based desensitization, ecu-

lizumab pharmacokinetics were assessed by monitoring

of free and C5-bound eculizumab and in parallel detec-

tion of complement activity using a haemolytic assay

based on chicken erythrocytes. Interestingly, maybe as a

result of a higher maintenance dosage (1200 mg every

2 weeks), the authors of this study reported on gener-

ally sufficient eculizumab levels and an efficient block-

ade of complement in most of their patients [32,43,44].

Infection prophylaxis

Late complement pathway deficiencies may predispose to

infections, including meningococcal meningitis [45].

Accordingly, guidelines for the use of terminal comple-

ment blockade include vaccination to prevent infection

with Neisseria meningitidis. Vaccination, however, may

not always be successfully, also due to the fact that cur-

rently available vaccines do not cover the whole spec-

trum of pathogenic Neisseria serovars [46]. For example,

in a study of long-term eculizumab treatment (79

patients with PNH), two cases of meningococcal infec-

tion were recorded, and additional antibiotic prophylaxis

was recommended [47]. In a series of aHUS patients,

which included ciprofloxacin prophylaxis in patients vac-

cinated shortly before treatment initiation, no such infec-

tions were reported [48]. Using eculizumab in transplant

patients, one has also to take into account an insufficient

response to meningococcal vaccines due to immunosup-

pressive therapy. For example, in a recent report, a case

of meningococcal sepsis was described following eculizu-

mab treatment for recurrent aHUS, obviously as a result

of inadequate immunization [49]. Such observations

strongly suggest that vaccination should be performed

before initiation of immunosuppression and reinforce

the use of chemoprophylaxis in immunosuppressed

patients [49]. Importantly, in a study of eculizumab for

the prevention of ABMR in sensitized recipients, who

were already immunized 1 month before transplantation,

no major infectious complications were reported [43].

Approved clinical indications

Eculizumab has proven to be highly effective in the treat-

ment of two different complement-mediated diseases,

namely PNH [19,50,51] and aHUS [20,48]. PNH is

caused by somatic mutations in the phosphatidylinositol

N-acetylglucosaminyltransferase subunit A (PIGA) gene,

which lead to a reduced or absent expression of distinct

membrane lipid bilayer-anchored proteins including

complement-regulatory proteins CD55 and CD59, on

the surface of hematopoietic cells. Altered complement

regulation may pave the way to uncontrolled activation

of the alternative complement pathway and subsequent

red cell lysis [19]. Terminal complement blockade by

eculizumab was shown to markedly reduce the need for

red blood cell transfusions and to relief many of the

symptoms and complications in patients suffering from

PNH [19,50,51]. aHUS is caused by a dysregulation of

the alternative pathway of the complement system, for

example due to mutations in complement regulators

(e.g., Factor H, Factor I, or membrane cofactor protein)

which may result in uncontrolled complement activation

and subsequent thrombotic microangiopathy in the kid-

neys and other organs [52]. In a large multicentre study,

terminal complement inhibition was demonstrated to

effectively reverse symptoms caused by thrombotic

microcirculation damage and restore renal function [48],

and such treatment was shown to be effective also in the

treatment and prevention of recurrent aHUS [53].

Eculizumab for prevention of ABMR in patients
at risk

Much has been learned from a unique uncontrolled trial

investigating the use of eculizumab as a strategy for the

prevention of ABMR in presensitized crossmatch-posi-

tive live donor kidney transplant recipients [32,43,44].

This seminal trial, which was performed at the Mayo

Clinic, has now included a total of 30 sensitized patients

exhibiting a positive B-cell flow-cytometric crossmatch

(FCXM) within a defined range of channel shifts (<450
and ≥200). Patients showing initial channel shifts ≥300
were subjected to additional pretransplant plasmaphere-

sis treatment to reduce the antibody burden. In the

initial phase of the study, a few patients received post-

transplant plasmapheresis in addition. All patients

received antithymocyte globulin (ATG) induction

therapy and tacrolimus-based baseline immunosuppres-

sion. The first intravenous dose of eculizumab

(1200 mg) was administered shortly before transfer to

the surgical ward and was followed by serial infusions
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(600 mg) in the post-transplant period. The duration of

therapy with eculizumab was based on the course of

crossmatch intensity after transplantation. After

4 weeks, treatment was discontinued if B-cell FCXM

channel shifts below 200 were recorded. If this was not

the case, two-weekly eculizumab infusions (1200 mg)

were continued. For comparative analysis of outcome

results, the authors evaluated a historical cohort of

patients (n = 48) desensitized according to centre stan-

dard of care using pre- and post-transplant plasma-

pheresis together with IVIG.

In 2011, Stegall et al. [43] reported short-term results

obtained in the first 26 recipients. Transplant outcomes

in the first 12 months were impressive and, even though

there was no randomized controlled design, the main

finding was that the frequency of clinically significant

ABMR was markedly reduced: only two patients (7%),

as compared to 22 of 48 patients (44%) in the historical

cohort (P < 0.01), developed acute ABMR, and rejec-

tion episodes in these recipients promptly responded to

plasmapheresis. A remarkable finding was that under

continued complement blockade, many patients main-

tained high levels of DSA but did not show any mor-

phologic signs of ABMR in protocol biopsies despite the

frequent finding of C4d deposition as a sign of early

complement activation. Because of potentially deleteri-

ous DSA persistence, two patients were maintained on

therapy with eculizumab over a period of 12 months.

In this first report, the authors documented only one

case of chronic rejection and one patient death after

>2 years due to Burkitt lymphoma [43].

Incomplete prevention of acute ABMR

In the Mayo Clinic study, three of the patients devel-

oped early clinical (n = 2) or subclinical (n = 1)

ABMR despite eculizumab treatment [44]. A detailed

serologic analysis including IgG subclass and IgM

detection using single-bead arrays revealed the develop-

ment of IgM-type DSA in all three rejecting patients,

while this was the case in only one of the nonrejecting

patients. It was hypothesized that IgM DSA could have

effectively triggered C3 activation and the formation of

proinflammatory C3 activation products, which was

not prevented by terminal complement blockade [44].

Incomplete prevention of chronic ABMR

In a very recent analysis of the cohort, Cornell et al. [32]

evaluated transplant outcomes and the evolution of

morphological changes beyond 1 year of follow-up. This

important analysis has contributed significantly to our

understanding of the actual role of complement, in partic-

ular C5, in the apparently multifactorial process of human

allograft rejection. A major finding was that allograft sur-

vival over 3 years was not different between eculizumab-

treated patients and a historical control group of recipi-

ents subjected to plasmapheresis and IVIG. Remarkably,

despite prolonged eculizumab treatment, the most fre-

quent histologic abnormality prior to graft loss (six cases)

was transplant glomerulopathy. While none of the

patients who lost their transplant had clinical ABMR, all

of them were positive for HLA class II DSA and showed

peritubular capillaritis and advanced transplant glomeru-

lopathy in prior biopsies. Maybe the most important

observation was that in case of persistently high antibody

levels, eculizumab failed to prevent the development of

subclinical inflammation and chronic injury in the micro-

circulation (transplant glomerulopathy), despite pro-

longed application and effective prevention of early

clinical rejection. Indeed, transplant glomerulopathy was

found in as many as 50% of the patients with high B-cell

FCXM channel shifts and anti-HLA class II DSA. These

data were somewhat discouraging, especially given the

high costs associated with long-term eculizumab treat-

ment. At the same time, however, it became also evident

that outcomes were favourable if post-transplant antibody

levels were low. Interpreting these data, one may argue

towards a dominant role of complement-independent

mechanisms of antibody-mediated injury, which may cul-

minate in the development of chronic injury. Of course,

one has also to keep in mind that blocking terminal com-

plex formation does not prevent earlier steps of comple-

ment activation, such as the release of C3a. Finally, it

cannot be excluded that despite continuous eculizumab

exposure, low levels of C5 activation have contributed to

injury. However, using the read-out of a haemolytic assay

based on chicken erythrocytes, complement was found

effectively blocked in most of the studied patients [32]. Of

course, it remains possible that this blood assay may not

necessarily reflect the situation in the microenvironment

of the transplanted tissue.

Treatment of refractory ABMR

For the treatment of refractory ABMR, which in some

cases associated with thrombotic microangiopathy and/

or a genetic background of altered complement regula-

tion, a variety of anecdotal reports have been published

in recent years [54–63]. As detailed in Table 1, eculizu-

mab was given either alone, or as a bridging to initiation

of B-cell depletion, proteasome inhibition, or in
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combination with other therapeutic measures such as

plasmapheresis and/or IVIG. In many published anecdo-

tal reports, eculizumab was shown to effectively reverse

rejection (Table 1). This preliminary clinical experience

with terminal complement blockade as an antirejection

treatment also extends to other types of organ trans-

plants, and there are several promising case reports of its

use in severe rejection in lung [64], intestinal [65] and

even full-face transplantation [66].

However, also failure of eculizumab as a salvage ther-

apy has been reported, as, for example, in a report of

two cases of C4d-negative ABMR, where complement-

independent mechanisms of antibody-triggered injury

may have been dominant [62]. Moreover, a recent study

has revealed that eculizumab was of limited efficacy in

severe oliguric cases of early ABMR [67]. In combina-

tion with splenectomy, however, terminal complement

blockade was effective in reversing rejection and pre-

vented irreversible microvascular damage in the long

term. In this study of 267 sensitized recipients subjected

to desensitization with PP, IVIG and IL-2 receptor anti-

body or ATG induction, 24 were reported to experience

strong DSA rebound and early severe rejection after a

median of 6 days. These patients were, in addition to

plasmapheresis, either treated with splenectomy or ecu-

lizumab alone or a combination of both. While a con-

siderable number of patients subjected to splenectomy

or eculizumab as the sole treatment lost their allografts

and/or developed chronic injury, all five recipients sub-

jected to combined therapy had a favourable outcome

and only one of them showed mild transplant glomeru-

lopathy after 1 year. For the combined group, a 100%

1-year death-censored graft survival was reported, as

compared to 78% (splenectomy only) and only 30%

(eculizumab only) in the other groups [67]. Of course,

as suggested by a high rate of noninfectious and infec-

tious complications in this study, such intense treatment

including heavy immunosuppression and major re-

operation can be expected to take its toll and should

thus not be intensely promoted before well-substan-

tiated prospective data are available.

Outlook

The Mayo Clinic study has added significantly to our cur-

rent understanding of the pathophysiology of ABMR and

provided a first impression of the effects of complement

blockage in this specific context [32,43,44]. However,

interpreting study results, it has to be pointed out that this

trial was primarily designed to evaluate clinical acute

rejection as an early endpoint, and its nonrandomized

methodology and a small sample size may preclude defini-

tive conclusions. Nevertheless, reported data have high-

lighted a high potential of complement blocking strategies

in transplant rejection and may provide a solid basis for

future studies. Several trials planned or ongoing have now

been registered in the public accessible database of the US

National Institutes of Health. Five studies designed to

investigate the use of eculizumab in organ transplantation,

one of them terminated because of a low rate of patient

recruitment, are described in Table 2. Recently, prelimi-

nary results of a randomized, open-label, multicentre

phase 2 study to determine the safety and efficacy of eculi-

zumab in the prevention of ABMR (ClinicalTrials.gov

Identifier: NCT01399593; study initiation in 2011, esti-

mated completion date: April 2016) were reported by

Alexion Pharmaceuticals, Inc. (http://alexionpharma.com/

). This trial included 102 sensitized live donor kidney

transplant recipients at risk of ABMR. Patients were ran-

domized to eculizumab or standard-of-care treatment (51

recipients in each group). Preliminary results were disap-

pointing, as there were no significant differences in the

primary composite endpoint evaluated at week 9 (biopsy-

proven ABMR, graft loss, patient death, or loss to follow-

up: 9.8% vs. 15.7%, P = 0.554). A remarkable finding was

the considerably low rate of this endpoint also in the con-

trol arm, which may have perhaps been a result of less

permissive criteria for DSA acceptance.

Interference with classical complement at the level of
C1

A potential caveat of terminal complement blockade

may be that despite efficient blockade of C5, critical

complement activation steps preceding MAC formation,

such as the delivery of early pro-inflammatory chemoat-

tractant complement split products (e.g., C3a), could

maintain microcirculation inflammation and injury. A

promising approach, which may have the potential to

handle refractory early ABMR, but could also counter-

act the transition to chronic ABMR, is the inhibition of

classical complement at the level of C1.

Strategies targeting this key component are just mov-

ing to human trials. In a recently published small ran-

domized controlled trial (phase I/II), Vo et al. [68]

investigated the impact of C1 inhibitor (C1-INH) in

highly sensitized kidney transplant recipients subjected

to desensitization with IVIG plus rituximab with or

without plasma exchange. In this placebo-controlled

pilot trial (20 included patients), no differences with

respect to adverse events were reported. However, there

were also no differences between groups regarding
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ABMR occurrence (two versus three cases in the control

arm). However, for this endpoint, the study was not

adequately powered. An interesting finding was a some-

what lower rate of delayed graft function (one versus

four cases in the control group), suggesting a beneficial

effect on ischaemia–reperfusion injury [68].

Another promising innovation may be interference

with C1s using an inhibitory anti-C1s antibody. In a

recent in vitro study, a monoclonal anti-C1s antibody

was demonstrated to effectively block HLA antibody-

triggered complement activation [69]. Currently, a

phase 1 trial evaluating the safety and activity of a

humanized variant of this antibody (TNT009) in

healthy volunteers is underway (ClinicalTrials.gov Iden-

tifier: NCT02502903).

Finally, a recent study demonstrated efficient C1

removal by modified extracorporeal treatment. In this

randomized controlled cross-over trial, we evaluated the

effect of a new apheresis concept by combining semiselec-

tive immunoadsorption with membrane filtration. We

found a markedly enhanced elimination of C1q, on aver-

age by more than 80% upon a single apheresis session

[70]. However, using this strategy, one has to consider

the risk of altered plasma coagulation due to the con-

comitant removal of fibrinogen and other macromolecu-

lar coagulation factors [71]. An uncontrolled pilot study

to evaluate this strategy in ABO-incompatible live donor

kidney transplantation is currently recruiting patients

(ClinicalTrials.gov Identifier: NCT02120482).

Future studies will clarify whether complement block-

ade upstream of C3 can efficiently counteract comple-

ment-dependent injury in the context of ABMR.

However, one has to take into account that the patho-

genesis of rejection is a complex process involving a

variety of different pathogenetic mechanisms, which

may necessitate targeted interference at various levels to

efficiently treat or prevent irreversible injury to the

graft. Accordingly, at the same time, other new strate-

gies that could help control ongoing chronic rejection

processes, such as proteasome inhibition to interfere

with components of specific immunity including anti-

body-secreting cells [72], will have to be tested in sys-

tematic prospective trials.

Conclusion

Therapeutics targeting key steps of complement activa-

tion show great promise for use in ABMR prevention

and treatment. Preliminary results have highlighted an

efficacy of terminal complement blockade in preventing

and reversing acute clinical ABMR. Nevertheless, theT
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results of a recent study suggest that prevention of

chronic rejection processes may be incomplete, possibly

a result of an activation of initial steps in the cascade or

even complement-independent effects of alloantibodies.

Considering a dominant role of chronic rejection as a

cause of graft failure in the long term, there is urgent

need for new strategies to better control chronic injury,

which, in addition to a more selective interference with

B-cell immunity, may include innovative therapies tar-

geting proximal complement activation steps.
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