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A B S T R A C T

Antibody mediated transplant rejection (AMR) is a major cause of long-term allograft failure, and currently
available treatments are of limited efficacy for treating the disease. AMR is caused by donor specific antibodies
(DSA) that bind to antigens within the transplanted organ. DSA usually activate the classical pathway of com-
plement within the allograft, and complement activation is believed to be an important cause of tissue injury in
AMR. Several new clinical assays may improve our ability to identify patients at risk of AMR. Complement
inhibitory drugs have also been tested in selected patients and in small series. Better understanding of the role of
complement activation in the pathogenesis of AMR will likely improve our ability to diagnose the disease and to
develop novel treatments.

1. Introduction

Solid organ transplantation is used to treat irreversible failure of the
kidneys, heart, liver, and lungs. A primary obstacle to organ trans-
plantation is immunologic rejection of the allograft – i.e. destruction of
the organ by the recipient’s immune system. Transplant rejection can be
considered to be either acute or chronic, and it is also frequently de-
fined as T cell-mediated rejection (TCMR) or AMR. Specific criteria for
diagnosing and distinguishing these various types of rejection have
been developed, although there is some overlap in their mechanisms
and histologic features. For example, DSA reactive against the trans-
planted organ are a hallmark of AMR, but are also sometimes present in
patients with TCMR (Randhawa, 2015). Tissue infiltrating T cells, on
the other hand, are a principal finding in TCMR, but they can also be
detected within some organs with AMR. Nevertheless, TCMR and AMR
are distinct entities, as evidenced by their different prognoses and re-
sponses to treatment.

AMR is caused by donor DSA reactive against polymorphic proteins
that are antigenically different between the donor and recipient. DSA
are usually reactive against type 1 or type 2 human leukocyte antigens
(HLA) and ABO blood group antigens, but other target antigens have
been identified, including major-histocompatibility-complex (MHC)
class I-related chain A (MICA), angiotensin II type 1 receptor (AT1R),

vimentin, and perlecan (Zhang and Reed, 2016; Zou et al., 2007). Once
bound to target antigens in the allograft, DSA cause organ damage
through several mechanisms, including complement activation, Fc re-
ceptor ligation, NK cell activation, and antigen cross-linking (Hidalgo
et al., 2012). Complement activation by DSA bound to endothelial cell
antigens in the allograft are associated with fixation of C4 to the tissue.
Tissue-bound C4d provides an important biomarker of AMR, and
transplant biopsies are now routinely stained for C4d.

AMR remains a significant cause of allograft failure. It accounts for
up to 50% of acute rejection and more than 50% of chronic rejection
episodes (Baldwin et al., 2015; Lefaucheur et al., 2013). As many as
30% of transplant patients develop AMR at some point (Chehade and
Pascual, 2016). Furthermore, even though short-term transplant out-
comes have improved, allograft loss after the first year has remained
largely unchanged over the past 25 years (Lamb et al., 2011), and it is
believed that DSA causes much of the chronic injury. The im-
munosuppressive drugs that are routinely used to prevent transplant
rejection include corticosteroids, mycophenolate mofetil, and calci-
neurin inhibitors. These drugs have a strong effect on T cell function,
but they are less effective at blocking humoral immunity. Once AMR is
diagnosed, therefore, additional treatments are usually employed with
the goal of directly removing pathogenic antibodies. This typically in-
volves plasma exchange and IVIg. Drugs that deplete B cells (rituximab)
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and plasma cells (bortezomib) have also been tested, although these
have not shown a clear-cut benefit in patients with acute AMR.

Given the important role that AMR likely plays in long-term allo-
graft failure, new strategies are needed for preventing humoral im-
munity against the transplant, reducing the production of DSA, or di-
rectly blocking the pathogenic effects of DSA. Complement inhibitors
can block some of the inflammatory effects of DSA within the allograft.
Complement inhibition may also indirectly affect humoral immunity.
Complement activation within the allograft increases HLA expression,
for example, and deposited C3 fragments can lower the threshold for B
cell signaling. Inhibition of this process, therefore, may suppress the
inflammatory effects of existing DSA and also potentially reduce sti-
mulation of B cells and plasma cells to produce additional DSA. There
are published case reports and small case series in which therapeutic
complement inhibitors were used for treatment AMR. Nevertheless, the
role of the role for this class of drugs in the treatment of AMR remains
uncertain, and several studies are ongoing to test whether this approach
is effective.

2. Antibody-mediated complement activation

The complement cascade mediates many of the downstream effects
of antibodies. Multiple different variables affect classical pathway ac-
tivation, including antigen density and configuration, antibody abun-
dance, antibody titer and isotype, and complement regulation by the
target tissue. Classical pathway activation is initiated when IgG or IgM
immunoglobulin binds to its cognate ligand and exposes the C1q
binding site(s) within the Fc domain. C1q is a circulating protein that
has six globular heads, each of which can bind to specific sites on im-
munoglobulin heavy chains – the Cγ2 region of IgG or the Cμ3 region of
IgM (Kojouharova et al., 2010). The avidity of C1q is greatest when all
six of its globular heads are engaged with immunoglobulin. Thus, C1q
binds well to pentameric or hexameric IgM molecules that are com-
plexed with target antigen, or with six IgG molecules that have bound
to antigen and clustered on a target surface such that all of the Fc re-
gions can be engaged by a single C1q (Diebolder et al., 2014). Conse-
quently, the density of the antibody and the target antigens affects the
affinity with which C1q binds to immunoglobulin and the efficiency
with which the classical pathway is activated (Fig. 1). Once C1q binds
to IgG or IgM containing immune-complexes, the C1r and C1s serine
proteases are transactivated, acquiring the ability to cleave C4 into C4a
and C4b fragments. C4b becomes covalently bound to target surfaces
and is subsequently cleaved to form C4d. Tissue-bound C4d is a durable
marker of classical pathway activation at that location.

IgM is the best activator of the classical pathway due to its ability to
engage all of the binding sites on a C1q molecule. The subclass of IgG is
also important for classical pathway activation. Among the IgG

subclasses, IgG3 is the strongest activator, followed by IgG1 and IgG2.
IgG4, on the other hand, does not activate the classical complement
pathway (Koneczny, 2018). In transplant patients the total level of DSA
in serum is often measured using clinical assays (discussed below). The
mean fluorescence intensity (MFI) of the antibodies detected by DSA
assays reflect antibody titer, and a higher MFI is associated with in-
creased risk of AMR (Eskandary et al., 2017). This readout does not
incorporate information about the isotype or tissue antigen density,
however, and it does not always correlate with the presence of AMR.
Additional antibody characteristics, such as isotype or complement
binding, have been examined in the research setting, although these
antibody characteristics are not usually evaluated in the clinical setting.

Another important variable that affects complement activation
within tissues is the expression of complement regulatory proteins
(Fig. 1). Experiments have shown that in some settings antibody can
activate the classical pathway and cause C4 deposition on targets, but
that activation is controlled so effectively that little C3 is deposited at
those sites (Goetz et al., 2018; Riley-Vargas et al., 2005). This indicates
that generation of complement activation fragments downstream of the
classical pathway is probably dependent upon local complement reg-
ulation. Classical pathway activation is limited by CD46 and CD55
expression on target surfaces. C1q esterase inhibitor (C1-INH) and C4
binding proteins (C4bp) are soluble proteins that help control classical
pathway activation (Zipfel and Skerka, 2009). Factor H plays an im-
portant role in limiting amplification through the alternative pathway
in some immune-complex diseases (Alexander et al., 2005), although a
specific role for factor H in controlling AMR has not been described.

Studies in xenografts (organs transplanted between different spe-
cies) have revealed that under some conditions allografts can survive
for long periods of time in spite of high DSA levels, a condition referred
to as “accommodation” (Dorling, 2012). Accomodation is believed to be
the result of resistance of endothelial cells to antibody-mediated injury
(in part through upregulation of complement regulatory proteins), al-
tered antigen expression by the allograft, or due to changes in the re-
cipient immune response and antibodies. It is not known how important
accommodation is for protecting allografts. It is very likely that gen-
eration of DSA is only one of the factors necessary to cause AMR,
however, and that other responses within the allograft or other aspects
of systemic immunity are important for the development of or re-
sistance to AMR.

3. Risk factors for AMR

The primary risk factors for developing AMR are ABO and HLA
incompatibility between donor and recipient. ABO incompatibility is
such a strong risk factor for hyper-acute rejection that it was previously
regarded as a contraindication to transplantation. However, a growing

Fig. 1. Antibody mediated complement ac-
tivation. Multiple different elements influence
complement activation on a target surface. 1)
Antigen density will affect the clustering of
bound IgG and IgM. Mobility of the antigen on
the target surface may also affect clustering of
the bound immunoglobulin. 2) IgG and IgM
can activate the classical pathway. Some sub-
classes of IgG are better activators than others.
In general IgG3> IgG1> IgG2 > > IgG4.
C1q binds efficiently to six clustered IgG mo-
lecules or to a single IgM that is complexed to
antigen. 3) Complement regulatory proteins on
the target surface and in plasma control com-
plement pathway activation by the immune
complexes. Alternative pathway regulators,
such as factor H, decrease amplification
through the alternative pathway.
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number of centers now perform transplants across blood groups after
“desensitizing” the recipient – i.e. treating the patients to lower DSA
levels. The results using this approach are very good with one-year graft
survival of 96% reported in a recent meta-analysis of published studies,
although ABO incompatible patients did have a higher rate of AMR
compared to control patients (de Weerd and Betjes, 2018).

Pre-transplant DSA is also a risk factor for acute AMR, and high DSA
levels are associated with worse overall outcomes (Montgomery et al.,
2018; Orandi et al., 2015). Patients can have DSA prior to transplan-
tation as a result of prior transplants, blood transfusions, mechanical
assist devices, and pregnancies. Patients are tested for DSA prior to
transplantation in order to identify recipients who have high levels of
antibody against specific donor HLA. Organs are generally not trans-
planted into patients who have high levels of DSA reactive to the donor
HLA type. Desensitization protocols can lower DSA levels, thereby al-
lowing patients to receive mismatched organs. Even with these inter-
ventions, however, DSA-positivity is associated with AMR and with
shorter allograft survival (Schwaiger et al., 2016). DSA can also develop
post-transplantation in patients who previously had absent or only low
levels of DSA. The development of de novo DSA after transplantation
can be precipitated by TCMR episodes, infections, and medication non-
compliance. De novo DSA are also associated with worse transplant
outcomes, consistent with a pathogenic role for the antibodies.

DSA are evaluated using several laboratory assays, described below.

3.1. Cross-matching

Cross-matching involves in vitro testing to test whether recipient
serum contains antibodies that bind to donor HLA. The original test
used donor lymphocytes and recipient serum. Complement dependent
cytotoxicity of the lymphocytes identified lysis of target cells by anti-
HLA antibodies (Patel and Terasaki, 1969). Flow cytometric cross-
matching, a currently used form of this test (Schinstock et al., 2016),
detects immunoglobulin bound to HLA 1 and 2 on donor T cells and B
cells.

3.2. Single antigen bead assays for DSA measurement

Single antigen bead (SAB) assays utilize microbeads upon which
HLA proteins are immobilized. Each bead is coated with a single HLA
antigen that can be identified by a distinct combination of two fluor-
ophores (Lachmann et al., 2013). The beads are incubated with patient
serum, and immunoglobulin bound to the HLA on each bead is then
detected by flow cytometry using a secondary antibody. The beads can
be designed to measure reactivity to various panels of HLA class 1 and/
or class 2 antigens.

3.3. Assays that measure antibody subclass

The SAB assay described above can also be modified to identify the
subclass of antibody bound to the HLA antigen displayed on each bead.
DSA of the IgG3 subclass seems to be associated with a greater risk of
AMR and worse transplant outcomes, consistent with its ability to po-
tently activate the classical pathway (Everly et al., 2014; Kaneku et al.,
2012; Lefaucheur et al., 2016). Although DSA subclass is probably an
important determinant of its pathogenicity, the subclass and the spe-
cific target antigen of a DSA may change over time. Identification of
subclass is not usually tested in the clinical setting.

3.4. Complement-binding DSA assays

The single bead assay described above has been further modified so
that it not only identifies DSA against specific HLA types, but also tests
whether the reactive antibodies bind to complement. Assays that
measure binding of DSA to C1q (A. Loupy et al., 2013) and C3d (Sicard
et al., 2015) have been developed. In addition to identifying the HLA

antigen specificity of a patient’s DSA, these assays may more accurately
predict the antibody’s pathogenicity than the standard SAB assay. DSA
that bind to either C1q of C3d are associated with a greater likelihood of
developing AMR as well as with worse transplant outcomes than DSA
that do not bind to these complement proteins. It is not clear, however,
whether complement binding is simply a reflection of antibody subclass
and titer (Schaub et al., 2014). Assays to determine whether DSA bind
complement are clinically available, but they are not widely performed
as part of standard clinical care.

Although all of the above assays provide useful information about
circulating DSA and are of prognostic value, these tests do not provide
any information about the abundance of antigen in target tissues,
complement activation within tissues, or actual tissue injury. Thus,
these DSA assays may reflect a patient’s risk of developing AMR, but
they do not indicate active AMR in a given patient and the definitive
diagnosis of AMR requires histologic examination of a biopsy. A recent
study also retrospectively examined whether DSA in the absence of
TCMR or AMR predicted allograft failure (Parajuli et al., 2019). In this
setting, there was no difference in the incidence of rejection or allograft
failure between patients who were DSA+ and DSA−. An accompanying
editorial pointed out that many of the index biopsies were performed
“for cause”, so that some subjects in the control group may have had
undetected pathology in the allografts (Crew and Fajardo, 2019).
Nevertheless, these findings underscore some of the limitations DSA as
a biomarker of AMR.

4. Mechanisms of complement-mediated allograft injury

DSA-mediated complement activation on the endothelial cells of
transplanted organs generates C3a, C3b, C5a, and C5b-9. Each of these
molecules may contribute to allograft inflammation, although specific
information about the role of each complement fragment in AMR is
limited. The roles of the various complement fragments are important
to identify insofar as drugs that target specific complement components
(such as antibodies to C5 or small molecule inhibitors of C5a) may not
prevent all of detrimental effects caused by complement activation
within an allograft.

The C3a and C5a receptors are not ordinarily expressed on en-
dothelial cells, although expression may increase in the setting of in-
flammation (Laumonnier et al., 2017). Furthermore, these molecules
may have important effects on myeloid cell chemoattraction and lym-
phocyte activation, thereby affecting organ rejection (Llaudo et al.,
2018). C4a is not typically thought of as an important pro-inflammatory
molecule. Interestingly, however, a recent study demonstrated that C4a
can activate proteinase-activated receptors (PARs)-1 and 4 on en-
dothelial cells, raising the possibility that it may contribute to vascular
activation and injury in AMR (Wang et al., 2017). Sub-lytic C5b-9
formed on the surface of endothelial cells also activates the cells, sti-
mulating NF- κb activation and production of IL-1α and IL-8 (Brunn
et al., 2006; Kilgore et al., 1997). IL-1α can then elicits production of
other proinflammatory cytokines by endothelial cells in a paracrine
fashion (Saadi et al., 2000). The importance of C5b-9 has also been
demonstrated in xenograft models. C6 deficiency and inhibitory anti-
bodies to C6 are protective, for example, highlighting a specific role of
C5b-9 in AMR (Dorling, 2012; Suhr et al., 2007).

Non-complement-mediated mechanisms of injury are also likely
important in AMR. DSA can interact with Fc receptors on myeloid cells.
Cross-linking of HLA 1 and 2 by DSA on the endothelial cell surface can
stimulate the cells to produce cytokines in a complement-independent
fashion (Jane-Wit et al., 2013; Lion et al., 2016). Antibodies to other
endothelial receptors can also serve as agonists, triggering an in-
flammatory response. Antibodies to AT1R, for example, activate sig-
naling pathways in endothelial cells and induce the release of tissue
factor (Dragun et al., 2005).
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5. Diagnosis of AMR

Currently, the diagnosis of AMR requires a tissue biopsy. In kidney
allografts, active AMR is characterized by microvascular inflammation
(glomerulitis and/or peritubular capillaritis; Fig. 2A) and capillary
thrombosis. Inflammation of larger arteries may also be evident (“ar-
teritis”). This is in contrast with TCMR, in which T cells infiltrate the
tubulointerstitium resulting in interstitial inflammation and tubulitis.
Chronically, AMR in the kidney leads to a glomerular pattern referred
to as transplant glomerulopathy (TG). TG is characterized by re-
duplication of the glomerular basement membrane and development of
“double contours.” The peritubular capillaries also show development
of multi-layering in the basement membrane in biopsies from patients
with chronic AMR.

The original consensus criteria for the diagnosis of AMR required
detection of microvascular inflammation on biopsy, presence of DSA in
the serum, and detection of C4d in the peritubular capillaries by im-
munofluorescence microscopy [Fig. 2B, (Racusen et al., 2003)]. More
recently the criteria were updated to include C4d-negative AMR in
cases with evidence of AMR by histology (microvascular inflammation)
and serologically (DSA), but with negative or minimal C4d deposition
within peritubular capillaries (Haas et al., 2014; Sapir-Pichhadze et al.,
2015). This change was made in response to the observation that C4d is
not always detected in patients who have peritubular inflammation (A.
Loupy et al., 2011; Sis et al., 2007; Sis and Halloran, 2010; Tible et al.,
2013). Patients with C4d-negative AMR still generally have tissue
dysfunction (which is generally what prompted the biopsy), as well as
decreased allograft survival (A. Loupy et al., 2011).

C4d deposition in an allograft does not always correlate with C3
deposition. Fragments of C3 and C4 should both be fixed to target tis-
sues, so it is not clear why there is sometimes discrepant staining for
these different proteins. Possible explanations include control of com-
plement activation at the level of C4, deposition of C3 via the alter-
native pathway, or technical differences in the staining methods.
Immunostaining of biopsies for C3 fragments is not currently included
in the diagnosis and evaluation of acute or chronic AMR. A recent study
did show, however, that glomerular C3 deposition in patients with TG is
associated with worse clinical outcomes (Panzer et al., 2019).

6. Treatment of AMR

Therapies for AMR can target the B cells and plasma cells that
generate DSA, remove the DSA, or block complement activation
downstream of the DSA. Most treatment protocols for acute AMR in-
clude multiple interventions, such as high dose corticosteroids, plas-
mapheresis, and IVIg. There are currently no treatments of proven
benefit in chronic AMR.

6.1. Strategies to prevent production of DSA

Rituximab is a monoclonal antibody to CD20 that depletes mature B
cells, although it does not affect plasma cells. Although rituximab is
frequently included in treatment protocols to desensitize patients prior
to transplantation or to treat acute AMR, studies testing its efficacy
have been mixed (Macklin et al., 2014). Rituximab may dampen anti-
body production in patients who undergo plasmapheresis (Jackson
et al., 2015), but it is difficult to see a specific benefit in most studies
since multiple treatments are administered (Lefaucheur et al., 2009;
Sautenet et al., 2016). A randomized controlled trial of IVIg and ri-
tuximab versus placebo in patients with chronic AMR did not show any
benefit in either the rate of decline in kidney function or in proteinuria,
although the sample size was small (n= 13 in the rituximab group and
12 in the control group (Moreso et al., 2018).

Bortezomib is a proteasome inhibitor that can induce plasma cell
apoptosis. Studies have shown that bortezomib may be beneficial when
added to other treatments that deplete antibodies in patients with acute
AMR (Everly et al., 2008), but it does not seem to be beneficial in pa-
tients with chronic AMR (Gupta et al., 2014).

6.2. Strategies to deplete DSA

Plasmapheresis is frequently used to remove pre-existing DSA in
patient with AMR, although studies of its efficacy are inconclusive
(Roberts et al., 2012). The treatment is typically used in combination
with therapies aimed at stopping production of new DSA. Im-
munoadsorption has also been used to remove the pathologic IgG
(Bohmig et al., 2007). A new strategy to deplete DSA was recently
tested in patients with AMR. IgG degrading enzyme of Streptococcus
pyogenes (IdeS) cleaves IgG, essentially depleting the body of IgG. This
agent was tested in 25 highly sensitized recipients prior to transplan-
tation with HLA-incompatible allografts (Jordan et al., 2017). Ten of
the treated patients developed AMR in spite of this treatment, although
all of them subsequently responded to standard therapy.

6.3. Complement inhibition

Several case reports have suggested that eculizumab may be effec-
tive for treating AMR, leading to its evaluation in several clinical trials.
In the first reported case, eculizumab was used in conjunction with
plasmapheresis, rituximab, and IVIg in a patient with severe AMR
(Locke et al., 2009). The treatment led to a reduction in C5b-9 de-
position and improvement in renal function. This initial report was
followed by several uncontrolled studies of highly sensitized patients.
In a recent uncontrolled study, treatment of sensitized patients with
eculizumab resulted in better outcomes at 9 weeks compared to his-
torical controls (Glotz et al., 2019).

In another study, sensitized patients were treated with eculizumab
for four weeks, and treatment continued in those patients with high

Fig. 2. Histologic findings in antibody
mediated rejection. A) By light microscopy
the peritubular capillaries are congested with
leukocytes (“capillaritis”, small arrows). The
adjacent tubules are intact and there is little
infiltration of the tubules by leukocytes. B)
Immunohistochemistry for C4d. C4d staining
(brown) can be seen throughout the peri-
tubular capillaries (small arrows) and within
the glomerular capillaries (arrowhead) (For
interpretation of the references to colour in this
figure legend, the reader is referred to the web
version of this article).
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DSA titers until the crossmatch became negative (Stegall et al., 2011).
The addition of eculizumab was associated with a lower incidence of
early AMR compared to historical controls, but it did not reduce chronic
AMR or transplant glomerulopathy 1–2 years post transplantation. It is
possible that longer treatment - similar what is typically done for aty-
pical hemolytic uremic syndrome - would have produced better out-
comes (Cornell et al., 2015). It is possible that DSA measurements did
not detect persistent antibody within the tissue, or fluctuating levels of
DSA during the follow up period.

Two subsequent phase II randomized trials of eculizumab have
shown mixed results. When the drug was added to a desensitization
protocol in highly sensitized patients who received kidneys from living
donors the treatment did not reduce the incidence of AMR, death, or
graft loss at 9 weeks (Marks et al., 2019). In a separate study, however,
treatment did reduce the incidence of AMR in recipients of kidneys
from living donors at one year. These latter results have been presented
in abstract form and in reviews, but are not yet published (Alexandre
Loupy and Lefaucheur, 2018; Montgomery et al., 2018). Eculizumab
was also tested in combination with splenectomy for patients with ac-
tive, severe AMR (Orandi et al., 2014). In these patients the combina-
tion of eculizumab and splenectomy appeared to be more effective than
either treatment alone.

It may be that larger studies are needed to accurately assess whether
eculizumab is beneficial in AMR. It is also notable that eculizumab was
not effective at preventing or treating in two patients who had C4d-
negative acute AMR (Burbach et al., 2014). This raises the possibility
that that detection of complement-binding DSA or complement de-
position within the biopsy may be useful for identifying patients most
likely to benefit from complement inhibition.

C1-INH disrupts the classical pathway C1 complex, preventing
classical pathway activation. Purified and recombinant forms of C1-INH
have been developed as replacement therapies for patients with her-
editary angioedema, and have also been tested for prevention or
treatment of AMR in small trials (Vo et al., 2015). One study treated six
patients who had AMR non-responsive to conventional therapy with
C1-INH and IVIg (Viglietti et al., 2015). The treatment protocol was
associated with an improvement in GFR and with reduced C4d de-
position within the allografts. An ongoing randomized controlled trial is
testing whether the addition of C1-INH to standard of care treatment
improves outcomes in patients with acute AMR (ClinicalTrials.gov
NCT03221842).

7. Conclusions

Improved immunosuppressive protocols have reduced the incidence
of TCMR and have improved short-term outcomes after transplantation
of kidneys, hearts, lungs, and livers. Unfortunately, long-term allograft
survival has not shown significant improvement in recent years, and
AMR is probably the most important determinant of chronic transplant
failure. This may be due to fact that the immunomodulatory drugs ty-
pically used in transplant patients have limited efficacy for preventing
production of DSA by B cells and plasma cells, or for blocking the
downstream inflammatory effects of DSA in the transplanted organ. The
complement system is probably an important mediator of AMR, pro-
viding a rationale for testing whether the addition of complement in-
hibitory drugs to the standard of care protocols is beneficial in patients
with acute and chronic AMR. The available clinical data, however, does
not shown a clear-cut benefit in AMR patients who have been treated
with the available therapeutic complement inhibitors (eculizumab and
C1-INH).

Testing new drugs for preventing or treating AMR is challenging.
The effects of new treatments need to be evaluated on the background
of multiple other interventions, including maintenance im-
munosuppression, plasmapheresis, IVIg, and rituximab. Furthermore,
there are probably complement-dependent and complement-in-
dependent mechanisms of injury in AMR, and the balance of these

factors may differ from patient to patient. A feature of the complement
cascade that may be advantageous for future trial design is that com-
plement activation generates multiple soluble and tissue-bound bio-
markers. Furthermore, patients can be stratified based on additional
risk factors, such as high levels of complement-binding DSA. By in-
corporating new complement analyses into patient evaluation and se-
lection, future clinical trials may be able to more accurately select ap-
propriate patients for treatment with complement inhibitory drugs and
detect a response to treatment.
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