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Abstract Acute antibody-mediated rejection (AMR) is rec-
ognized as a major cause of graft loss in renal transplant
recipients. Early acute AMR in the first few days after trans-
plantation occurs primarily in sensitized renal transplant re-
cipients with donor-specific alloantibody at the time of trans-
plant and is a relatively “pure” form of acute AMR. Late acute
AMR occurs months to years after transplantation and is
commonly a mixed cellular and humoral rejection. While
there is no consensus regarding optimum treatment, we con-
tend that rational therapeutic approaches are emerging and
that the acute episode can be managed in most instances.
However, new therapies are needed to prevent ongoing chron-
ic injury in these patients.
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AMR Acute antibody-mediated rejection
DSA Donor-specific antibody
MFI Mean fluorescence intensity
PE Plasmapheresis
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Introduction

In the early days of renal transplantation, the major problem
associated with donor-specific alloantibody (DSA) was hy-
peracute rejection. With more sensitive techniques to identify
DSA and an increased understanding of the histological
changes associated with DSA, it became clear that a form of
acute rejection distinct from cellular rejection was possible in
renal transplant recipients. This was termed “acute antibody
mediated rejection” (AMR). As the rates of acute cellular
rejection have fallen, acute antibody-mediated rejection has
emerged as a major cause of graft loss in the weeks and
months after transplantation.

This review examines our current understanding of acute
AMR, including clinical management at our institution. We
also discuss the possible connection between acute and chron-
ic AMR and outline gaps in our understanding of both of these
vexing entities. Finally, we examine specific therapeutic mo-
dalities and evidence of their utility in the management of
acute AMR.

Early and Late AMR: Two Unique Clinical Entities

It is important to understand that there are actually two distinct
clinical settings that are termed acute AMR, and their treat-
ment may vary slightly (Table 1). The first is early AMR,
which occurs in the first few days to weeks after transplanta-
tion. Early AMR occurs most commonly in allosensitized
recipients (i.e., those with known DSA at the time of trans-
plant), although it can occur rarely in patients with no DSA at
transplant. The incidence varies with the amount of DSA
present at the time of transplantation. In patients with high
levels of DSA (i.e., sufficient to cause strongly positive cross-
match), the incidence in the first month after transplantation
may be as high as 40 %, while the incidence in patients with a
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negative crossmatch and DSA demonstrated only by solid-
phase assay is less than 10 % [1].

Early AMR in this setting is relatively easy to identify, as it
is usually a “purer” form in which cellular rejection is com-
monly absent. The recipient usually demonstrates a relatively
rapid rise in serum creatinine level (normally day 10–14 after
transplantation), and biopsy shows the classic signs of AMR,
including C4d+ staining of the peritubular capillaries on im-
munofluorescence and other features of injury such as acute
tubular necrosis and microvascular inflammation (peritubular
capillaritis and glomerulitis). More severe forms may show
mesangiolysis and glomerular microthrombi. Serum levels of
DSA are elevated due to a combination of preformed antibody
and newly formed antibody from memory responses. In our
series, a B flow cytometric crossmatch >360 (corresponding
to a mean fluorescence intensity (MFI) of roughly 9000) in the
early post-transplant period was almost always associated
with an early AMR episode [2].

Early AMR can be quite severe and is a major cause of
early graft loss. Therefore, we recommend aggressive early
treatment in most cases. We would caution that while it is easy
to attribute increases in serum creatinine to dehydration or an
elevated tacrolimus level, in a highly sensitized patient 10 days
after transplantation, early AMR should be the leading diag-
nosis.Wemay obtain the biopsy and draw the blood for serum
DSA measurements, then begin plasma exchange (PE) thera-
py before these results return. In this way, we treat preemp-
tively and can discontinue therapy if the diagnosis of AMR is
not confirmed.

PE is our first line of therapy, and it is sufficient to decrease
serum DSA levels to reverse most cases of early AMR (1). A
course of 7 to 10 days of PE is normally required, and
our goal is to reduce DSA levels to a B FXM <200 or
an MFI <4000. Because the biopsy findings of AMR
may persist for several days after the DSA levels have
dropped, we tend to tailor therapy to DSA levels rather
than the biopsy findings.

In more severe forms of early AMR, serumDSA levels and
serum creatinine may continue to rise despite daily PE. These
cases are at highest risk for graft loss and require more
aggressive treatment. While there is no consensus in the field
regarding the best treatment for these severe cases, we would
add eculizumab (1200 mg initially, then 600 mg after every
PE) to the treatment regimen. Terminal complement blockade
with eculizumab appears to significantly block ongoing graft
damage, and protects the graft until DSA levels begin to
respond to PE [3•]. After 7 days of PE/eculizumab therapy,
we reassess and may discontinue eculizumab if DSA levels
are decreasing and if there is clinical improvement. As de-
scribed below, other groups have advocated the use of sple-
nectomy, bortezomib, rituximab and/or high-dose intravenous
immunoglobulin (IVIg). Given the heterogeneity and rarity of
these severe cases of early AMR, however, no controlled
studies are available, and recommendations are based largely
on a few cases.

In highly sensitized patients with an expected high inci-
dence of early AMR, prevention may be a more prudent
approach. For example, our group has shown that in patients
with a B FXMchannel shift >200 but less than 450 at baseline,
the incidence of early AMR was 41 % using a PE-based
regimen [1]. When eculizumab was added to this regimen at
the time of transplantation and continued for at least 1 month,
the incidence of early AMR was only 7.7 % [3•]. In addition,
the few early AMR episodes that occurred were easily treated
with PE and none required splenectomy. Eculizumab was able
to be discontinued in half of the patients at 1 month because
DSA levels remained low. Graft survival at 1 year was 100 %
in the eculizumab group versus 98 % in the PE-alone group
(unpublished).

While DSA levels will return to low levels (ex. MFI <3000
or so) in most patients after treatment of early AMR, some
patients will have persistently high DSA levels. Despite hav-
ing received intensive therapy and multiple PE treatments,
these patients are at high risk for the development of chronic

Table 1 Early versus late acute AMR

Early AMR Late AMR

Timing Days to weeks post-transplant Months to years post-transplant

Pathophysiology Levels of preformed DSA increase from memory B-cell
response following antigen stimulation

Formation of de novo DSA or increase in preformed DSA in setting of
suboptimal immunosuppression and/or concomitant cellular rejection

Histology C4d+ peritubular capillaries on immunofluorescence,
acute tubular necrosis, peritubular capillaritis, and
glomerulitis

Similar to early AMR in most cases: Peritubular capillaritis and
glomerulitis +/− C4d positivity in setting of interstitial inflammation
and tubulitis. Features of transplant glomerulopathy may also be
present.

Treatment Plasmapheresis
IVIG
Eculizumab
Bortezomib
Rituximab

Treatment of cellular rejection (e.g., steroids and anti-lymphocyte
therapy).

Consider plasmapheresis and IVIG if DSA MFI>6000. In absence of
transplant glomerulopathy, eculizumab, bortezomib, or rituximab
could be considered.
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AMR and accelerated graft loss. There is likely no effective
therapy for these patients. Our data suggest that continuation
of eculizumab does not prevent chronic injury. Our current
approach would be to discontinue therapy and then reassess at
approximately 3 months after transplantation. At this point, if
the patient shows evidence of chronic AMR (ex. microvascu-
lar inflammation and persistent DSA), we would treat with
bortezomib (1.3 mg/BSA ×2 cycles [8 doses]), followed by
PE ×7 days and then high-dose IVIg (2 g/kg ×1).
Unfortunately, this approach rarely results in dramatic im-
provement in either DSA levels or histology. New, more
effective therapies are clearly needed.

Late Acute AMR

Acute AMR may also be diagnosed months to years after
kidney transplantation. In this clinical setting, an acute eleva-
tion in serum creatinine develops, and a history of non-
adherence to immunosuppression is commonly present. A
biopsy shows that the Banff ’97 histologic features associated
with acute AMR (C4d+ peritubular capillaries and evidence of
histologic injury) and serumDSA level are present. Histologic
features of acute cellular rejection (interstitial inflammation
and tubulitis) may be present as well [4•]. In this setting, the
production of DSA is likely due to the concomitant acute T-
cell response to the allograft [5].

A critical decision that must be made in these patients is
whether the acute AMR is truly contributing to graft dysfunc-
tion. In our program, we treat the cellular component of the
late acute AMR with either corticosteroids or anti-T-cell anti-
body, depending upon the severity of the cellular rejection and
the magnitude of graft dysfunction. If the DSA levels are
relatively low (MFI<2000 or so), we may elect not to treat
the antibody component of this rejection episode, as DSA
levels may decrease when the T-cell rejection is treated.

In contrast, when DSA levels are high (MFI>6000), we
postulate that the DSA is truly contributing to graft dysfunc-
tion and merits treatment. We treat this episode similarly to an
early acute AMR episode, employing multiple PE therapies as
our first line of treatment. In contrast to early acute AMR,
most cases of late acute AMR are mild and easily controlled
by a combination of anti-T-cell therapy and PE. The major
issue that quickly emerges is that graft function does not
completely return to baseline, and evidence of chronic injury
develops. Indeed, many patients have evidence of chronic
injury (interstitial fibrosis and even transplant glomerulopa-
thy) at the time of diagnosis of late acute AMR. In this respect,
the distinction between acute and chronic injury is somewhat
blurred. Again, the clinical setting dictates treatment based on
our prediction of outcome. For example, a rapid rise in DSA
with an allograft biopsy showing few chronic changes may be
reversible, and thus may benefit from eculizumab therapy if

PE is unsuccessful. In contrast, a small rise in DSA with an
allograft biopsy showing extensive chronic changes (e.g.,
Banff ’97 cg 3 lesions) may not benefit from any therapy.

Chronic AMR

While a detailed discussion of chronic AMR is beyond the
scope of this review, a few points regarding the role of acute
AMR in chronic AMR deserve mention. First, the histology of
acute and chronic AMR overlaps significantly, and it is un-
clear whether the pathobiology of the two are truly distinct.
Although acute AMR has been shown to be a major risk factor
for the development of chronic AMR, our recent eculizumab
trial clearly shows that prevention of early AMR has little
impact on the incidence of chronic AMR [3•] (Fig. 1). Thus,
early clinical AMR may be critically dependent on C5, but
chronic injury can occur without it. Antibody-mediated injury
that does not require C5 may include direct activation of
endothelial cells by DSA and microvascular inflammation
(either vie c3a-mediated chemotaxis, recognition by the Fcγ
receptor of macrophages and NK cells, or other mechanisms)
[6, 7]. We recently examined the long-term outcomes of these
patients and found that persistently high DSA levels appeared
to be the greatest risk factor for chronic injury.

Nonetheless, the development of acute AMR and how it is
treated could affect the incidence of subsequent chronic AMR.
Studies are needed to examine this link more clearly.

Specific Therapies for Acute AMR

Now that we have described some of the various clinical
presentations of acute AMR and have presented our program-
matic approaches, we believe that it is important to acknowl-
edge that there are numerous other rational therapies for this

Fig. 1 Chronic AMR in the absence of acute AMR in eculizumab-treated
patients. At 3 months post-transplant, no patients treated with eculizumab
had transplant glomerulopathy (Banff cg score>0), while this was present
in 9.3 % of control patients. At 1 year, transplant glomerulopathy was
present in 31.9 % of control patients and 27.0 % of eculizumab-treated
patients (p=0.62)
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issue (Table 2). We will discuss the details of each and any
published data supporting their use.

Understanding the basic immunology of antibody produc-
tion and antibody-mediated rejection is imperative in under-
standing the various treatment approaches for antibody-
mediated rejection and their limitations. In addition, an under-
standing of the basic biology of the rejection is essential for
therapeutic development.

Plasmapheresis

Plasmapheresis, which is the physical removal of antibodies,
was for many years the primary treatment modality for
antibody-mediated rejection. The effect of plasmapheresis
tends to be temporary, until the source of antibody is con-
trolled. There is a marked variability in the efficacy of plas-
mapheresis, ranging from 0 % to 93 % [8]. Although random-
ized controlled trials have not confirmed a benefit from plas-
mapheresis alone [9], the therapy remains a first line of treat-
ment for AMR.

Intravenous Immunoglobulin (IVIg)

Intravenous immunoglobulin (IVIg) is a blood product contain-
ing the pooled polyvalent IgG antibodies extracted from the
plasma of over 1,000 donors and comes in a variety of formula-
tions. It has been approved by the FDA for many autoimmune
conditions and is FDA-approved for acute antibody-mediated
rejection and desensitization for transplant recipients. While the
precise mechanism of the immunomodulatory action of IVIg is

largely unknown, IVIg is thought to saturate the Fc receptors on
macrophages, suppress the production of inflammatory media-
tors, modulate complement, interfere with DSA binding and/or
activity, and suppress idiotypic antibody [10].

To our knowledge, there are no published randomized
controlled trials for use of IVIg in AMR. However, several
groups have reported their experience using IVIg as treatment
for acute AMR and as desensitization for highly sensitized
transplant candidates [11–14]. Along with steroids and plas-
mapheresis, this therapy was the mainstay of treatment until
newer agents such as rituximab became available. IVIg is
currently often used as adjunctive therapy for AMR in com-
bination with plasmapheresis and newer biological agents.
The dose used for AMR and desensitization is typically higher
than for immunodeficiency, at 1–2mg/kg as a single dose or at
multiple low-dose infusions of 100 mg/kg after plasmaphere-
sis. IVIg is typically well-tolerated. High-dose therapy can
sometimes lead to volume overload. Other complications
include renal failure (typically from sucrose-containing solu-
tions), headache, and thrombotic complications [15].
Additionally, because chromatographically derived IVIg
products contain anti-B blood group antibodies, IVIg has been
associated with temporary hemolytic anemia [16].

Splenectomy

Although it is an invasive treatment, splenectomy is an under-
appreciated potential therapy for acute antibody-mediated
rejection and is associated with rapid recovery of renal func-
tion, especially in patients otherwise refractory to

Table 2 Therapeutic options for acute AMR

Therapy Studies Mechanism of Action Effectiveness

Plasmapheresis Bonomini et al. (1985) [37]
Kirubakaran et al. (1981) [38]
Allen et al. (1983) [39]
Blake et al. (1999) [40]
Stegall et al. (2006) [41]

Physical removal of antibody Temporarily effective at reducing antibody
level depending on continued antibody
production.

Intravenous
Immunoglobulin
(IVIG)

Glotz et al. (1993) [42]
Tyan et al. (1994) [43]
Jordan et al. (1998) [11]
Casadei et al. (2001) [13]
Tyan et al. (1994) [43]
Stegall et al. (2006) [41]
Lafaucheur et al. (2009) [44]

Multiple immunomodulatory actions Variable efficacy

Splenectomy Locke et al. (2007) [17]
Tzvetanov et al. (2012) [18]

Reduce B-cell and plasma cell burden Variable efficacy

Rituximab Kaposztas et al. (2009) [45]
Lefaucheur et al. (2009) [44]

CD 20+ inhibitor leading to reduction
in B-cells

Variable efficacy

Bortezomib Everly et al. (2008) [26]
Walsh et al. (2010) [27]
Wong et al. (2010) [28]

Proteasome inhibitor leads to plasma
cell apoptosis

Variable efficacy

Eculizumab Stegall et al. (2011) [3•] Terminal complement (C5) inhibitor Very effective at inhibiting acute AMR,
but does not prevent chronic AMR. Expensive.
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conventional treatments [17]. Six of eleven patients with acute
AMR refractory to IVIg and plasmapheresis had improved
renal function 2 weeks following splenectomy [18]. Normally
the spleen is rich in mature B-cells and not plasma cells, but
spleens removed at times of acute antibody-mediated rejection
exhibit a distinct increase in CD138+ plasma cells as com-
pared to spleens removed for other reasons [19]. One group
found that in addition to increased CD138+ plasma cells the
size of T and B lymphocyte aggregates were decreased [20].
Based on these findings, high antigenic burden may induce
the spleen to sequester plasma cells or to enable rapid differ-
entiation of B-cells [19]. Splenectomy should be considered in
patients who are refractory to other therapies, especially as
laparoscopic techniques and vaccination minimize surgical
and infectious risks. The on future role of splenectomy in
chronic antibody-mediated rejection is unclear.

Rituximab

Rituximab is a monoclonal antibody directed against CD20, a
marker widely expressed on B-cells from the early pre-B-cell
stage of development to the mature B-cell. Binding of the Fc
portion of rituximab to CD20 leads to antibody-dependent
cellular cytotoxicity, complement-dependent cytotoxicity,
and a rapid 70–80 % decline in the B-cell population. Other
mechanisms of rituximab have been proposed in the rheuma-
tology literature. Rituximab may downregulate CD40, the
costimulatory molecule needed to augment the interaction
between T and B-cells, or inhibit cytokines interfering with
B-cell proliferation and differentiation [21].

In a nonrandomized retrospective study, patients treated
with rituximab in addition to plasmapheresis and IVIg had
improved graft and renal function compared to those treated
with plasmapheresis and IVIg alone.

Unfortunately, the response to rituximab has been incon-
sistent. Some studies have shown significant benefit, while
others are less encouraging. Rituximab is likely ineffective in
circumstances of high antibody burden because the
established short or long lived plasma cells producing the
antibody lack CD20. The variable expression of CD20 on
B-cells might also play a role in its variable efficacy [22].

Bortezomib

Inhibition of the plasma cell, with the ultimate goal of reduc-
ing antibody secretion, is a logical therapeutic step in treating
antibody-mediated rejection. Bortezomib is a proteosome in-
hibitor that leads to apoptosis by inhibiting the degradation of
abnormal and misfolded proteins. Proteasome inhibition has
other immunomodulatory effects as well. Plasma cells are
especially vulnerable to apoptosis with this therapy, and
bortezomib has become one of the most common treatments
for multiple myeloma. It has been theorized that high protein

or antibody production in states such as multiple myeloma
may increase susceptibility to proteasome inhibition [23]. Our
group has shown that bortezomib causes apoptosis of human
plasma cells in vitro, preventing alloantibody production [24].
This effect has not been demonstrated with the use of other
major therapeut ics in transplantat ion, including
thymoglobulin, rituximab, and IVIg. In vivo, our group has
also found that bortezomib leads to a reduction in plasma cells
in the bone marrow of highly sensitized transplant candidates,
although this did not translate into donor-specific antibody
reduction [25]. However, it is possible that this therapy poten-
tiates the effectiveness of plasmapheresis. We found a greater
reduction in DSA levels with plasmapheresis in patients treat-
ed with bortezomib as compared to historical control patients
treated with plasmapheresis alone [25].

Although there have been no randomized clinical trials
using bortezomib for AMR, there have been several published
clinical series. In the first such report, bortezomib alone was
used to treat 8 episodes of AMR in 6 patients who were
refractory to other common treatments, including plasmaphe-
resis, IVIg, thymoglobulin, and rituximab. Treatment with
bortezomib was associated with >50 % reduction in
immunodominant DSA, stabilized to improved renal function,
and improved renal histology [26]. This group also published
their experience using bortezomib combined with plasmaphe-
resis and rituximab in 2 patients as first-line therapy for early
AMR. Both patients experienced a rapid reversal of AMR and
elimination of DSA within 14 days [27]. The START
(Strategic Antihumoral Therapies in Renal Transplantation)
collaborative used a bortezomib-based regimen for AMR in
96 kidney, heart, and pancreas transplant recipients. The re-
sults, which have only been published in abstract form at this
point, suggest that bortezomib may also be associated with a
reduction in DSA.

Unfortunately, not all groups have experienced success
with bortezomib therapy in treating AMR [28–31]. In 4 pa-
tients with subacute AMR and persistent DSA who were
treated with 1 cycle of bortezomib, DSA levels were either
unchanged or higher during follow-up of up to 270 days [29,
30]. Regardless of the variable efficacy of bortezomib, the
therapy appears to be well-tolerated with 1–2 cycles of treat-
ment [32]. The most common adverse effects include anemia,
thrombocytopenia, peripheral neuropathy, and gastrointestinal
problems.

The inconsistent results among studies of bortezomib are
likely related to the complexity of AMR in general. As men-
tioned earlier, AMR exists as a spectrum of diseases, and it
may or may not be associated with cellular rejection. The
alloantibody-producing plasma cell population that leads to
AMR may be very different in patients with late AMR in
the setting of cellular rejection or noncompliance versus
the early AMR that occurs as part of the memory re-
sponse of a presensitized patient. In fact, greater reduction
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in immunodominant DSA after treatment with proteasome
inhibition has been seen in early AMR as compared to
late AMR [5].

The impact of proteasome inhibition may be related
to the differential survival of the distinctive plasma cell
populations, including the plasmablast, the short-lived
plasma cell, and the long-lived plasma cell. The
plasmablast is essentially a B-cell undergoing differenti-
ation to ultimately become a short-lived plasma cell.
These short-lived plasma cells are the most common
of the antibody-producing cells and usually survive only
a few days in the spleen or inflammatory sites at the
time of immunization or infection [33]. The long-lived
plasma cell is likely the most important with respect to
long-term antibody production, and it is also the most
difficult to eliminate. These non-dividing cells can sur-
vive for decades in special niches in the spleen or bone
marrow, maintained by a delicate balance of cytokines
and adhesion signals [33, 34].

Irrespective of the efficacy of bortezomib in treating AMR,
targeting the plasma cell remains a focus for innovative ther-
apies in both acute and chronic AMR. Other proteasome
inhibitors have become available, and new therapies are being
developed designed to interrupt the survival signals needed
for the survival of the long-lived plasma cell.

Eculizumab

In the early 1990s, C4d staining of renal tissue was
deemed reliable and saw increasing utilization in renal
allograft patients. An inactive split product resulting
from the cleavage of C4b, C4d covalently binds to the
site of complement activation, which is usually vascular
endothelium in the renal allograft. With advances in
tissue typing techniques, an association between donor-
specific antibody and C4d staining was identified.
Subsequently, several clinical studies have shown that
positive peritubular capillary staining is associated not
only with antibody-mediated damage but also with poor
clinical outcomes. Although C4d-negative cases of acute
antibody-mediated rejection exist [35], complement ap-
peared to play a role in antibody-mediated damage.
Yunnan-cobra venom factor (Y-CVF), a potential C3
inhibitor, has been shown to prevent acute antibody-
mediated damage in primates [36]. Eculizumab, a hu-
manized monoclonal antibody against C5 that ultimately
blocks the membrane attack complex, has been studied
in humans [3•].

Our group treated 26 highly sensitized positive-crossmatch
kidney transplant recipients with eculizumab at the time of
transplant, weekly for the first 4 weeks, and monthly up to
1 year post-transplant, in patients with persistently high donor-
specific antibody levels, and found a dramatic reduction in

acute antibody-mediated rejection. The rate of antibody-
mediated rejection, as defined by high DSA, C4D positivity,
and acute allograft dysfunction, developed in only 7.7 % of
patients as compared to 41.2 % of historical controls [3•]. The
protocol biopsy specimens with C4d positivity were in pa-
tients with high donor-specific antibody levels typically asso-
ciated with acute allograft dysfunction. Given that 2 patients
developed acute AMR despite complement blockade, a
complement-independent mechanism of acute antibody-
mediated rejection likely exists. However, the results of this
trial strongly suggest that complement plays a major role in
mediating antibody damage in the transplanted kidney. A
randomized multicenter open-label trial of eculizumab versus
standard therapy is currently ongoing, and results are unavail-
able. The effect of eculizumab on chronic antibody-mediated
rejection is largely unknown at this time.

Unfortunately, available treatments for antibody-mediated
rejection have demonstrated varying levels of efficacy. While
differences in patient populations and study design account for
some of the variability in outcomes, differences also exist
between patients with pre-formed antibody and those with
antibody developed soon after transplant. In the highly sensi-
tized positive-crossmatch population, long-lived terminally
differentiated plasma cells that reside in the bone marrow
and other secondary lymphoid tissue are difficult to target,
and antibody is continually produced. In other situations,
antibody production is the result of memory B-cell stimulation
and rapid conversion to plasma cells.

Conclusions

The ability to diagnose and treat acute AMR is an essential
skill for clinicians caring for renal transplant recipients today.
Most cases of acute AMR can be reversed if treated promptly
and aggressively. While we have outlined our programmatic
approach, we also recognize that other therapies may be
equally or even more effective, and we have tried to present
these approaches here. We contend that while acute AMR is
manageable, the major unmet need with respect to DSA is the
prevention of chronic injury. A better understanding of the
biology of chronic AMR and new therapeutic modalities are
critical components in addressing this serious issue .
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