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INTRODUCTION
Despite modern immunosuppression, ongoing kidney injury and graft 

loss due to alloantibody-induced immunity remains an important issue.

Driving this response are polymorphic HLA antigens. 

While the impact of antibodies to HLA on kidney allograft survival has 
been known for some time, only recently, with the advent of sensitive 
solid-phase assays to detect donor-specific anti-HLA antibodies (DSA) and 
the development of the Banff diagnostic criteria for antibody-mediated 
rejection (AMR), has the size of the problem been realized. 



INTRODUCTION
By 10 years, after kidney transplant, up to 25% have developed de 

novo DSA (dnDSA). 

Thus, it is not surprising that AMR was the most common cause of 
allograft failure in a cohort of renal transplant recipients with indication 
biopsies before graft failure. 

Moreover, in a multicenter cohort study, antibody-mediated damage 
caused allograft dysfunction late posttransplant in nearly 60% of renal 
transplan trecipients. 



INTRODUCTION
Given the scope and severity of the problem, it is unfortunate that 

there are no commonly accepted guidelines for treatment. 

To date, clinical trials of AMR have been small or inconclusive, and 
there are no Federal Drug Administration (FDA)-approved therapies for 
the prevention and treatment of the condition.



CLINICAL PHENOTYPES OF AMR
AMR can present with abrupt allograft dysfunction early 

posttransplant but can also have an insidious or subclinical onset, 
presenting later posttransplant. 

Anti-HLA antibody can also be present before transplant 
(preexisting DSA) or develop after transplant (dnDSA) in the 
setting of under-immunosuppression.



CLINICAL PHENOTYPES OF AMR
In some circumstances, the histological features suggestive of 
AMR are present, but anti-HLA antibody is not detected.

Incorporating these clinical features of AMR into the current Banff 
classification while considering the likely underlying immunologic 
mechanisms is critical to appropriately guide therapeutic decisions 
and ultimately design efficient and effective therapeutic clinical 
trials.

 Therefore, we recommend considering the timing of 
presentation, and type of DSA (preexisting or de novo), in relation 
to the histological classification



Early Posttransplant (<30 Days) Active AMR

In patients who have measurable DSA at the time of kidney transplant 
or who have an immunologic amnestic response due to previous 
exposure to allo-HLA, active AMR can occur within the first 30 days 
posttransplant.

The risk of early posttransplant AMR increases with growing DSA 
strength or breadth at the time of transplant as determined by DSA mean 
fluorescence intensity (MFI), the degree of flow cytometric crossmatch 
positivity, and the number or breadth of cross-reactive DSA specificities.



Early Posttransplant (<30 Days) Active AMR

In general, this form of AMR is uncommon, as it is common practice to 
avoid allocating kidneys to patients with known preformed DSA, as early 
posttransplant AMR occurs in up to 40% of patients with preformed DSA 
and a positive flow cytometric crossmatch. 

This aggressive form of active AMR typically presents with an abrupt 
increase in DSA accompanied by allograft dysfunction (increased 
creatinine and oliguria with or without proteinuria).



Early Posttransplant (<30 Days) Active AMR

If not recognized and treated quickly, it can lead to cortical necrosis and 
allograft loss within days. 

From a histological perspective, the criteria for Banff active AMR are 
met and C4d is usually positive. 

There is often interstitial hemorrhage, glomerular fibrin thrombi, and 
microvascular coagulative necrosis. 



Early Posttransplant (<30 Days) Active AMR

With prompt diagnosis and treatment, patients can recover allograft 
function and histological features of active AMR frequently resolve 
completely. 

In other cases, the histological features of active AMR persist and 
chronic active AMR, allograft dysfunction, and ultimate allograft failure 
ensues.



Late (>30 Days) Posttransplant AMR With
Preexisting DSA

While many patients with preexisting DSA do not develop an aggressive 
early AMR as described above, they can develop an indolent and 
progressive form of AMR that is usually initially detected on a 
surveillance biopsy (in the setting of stable function) or on a for-cause 
biopsy for mild allograft dysfunction.



Late (>30 Days) Posttransplant AMR With
Preexisting DSA

Histological findings are dependent on the timing of the biopsy. When 
detected early, microvascular inflammation (MVI) in glomeruli and 
peritubular capillaries is the predominant finding and C4d staining may or 
may not be present.

 MVI tends to persist and is later accompanied by chronic histological 
features including transplant glomerulopathy and peritubular basement 
membrane multilayering.



Late (>30 Days) Posttransplant AMR With
Preexisting DSA

At diagnosis, there is often minimal if any reduction in glomerular 
filtration rate (GFR) or proteinuria even when mild chronic features are 
present. 

Overtime, however, the GFR declines and the patient becomes 
proteinuric with graft failure often occurring several years after 
transplant. 



Late (>30 Days) Posttransplant AMR With
Preexisting DSA

In an observational prospective cohort study of >100 renal transplant 
recipients who underwent surveillance biopsy at 1 year, patients with 
AMR were the most likely to experience allograft failure. 

Allograft survival was only 56% at 8 years posttransplant compared with 
88% if subclinical TCMR was present, and 90% if the biopsy was normal.



Late (>30 Days) AMR Associated With dnDSA

In the current era of sensitive DSA testing and a general avoidance of 
preexisting DSA, the most common form of AMR is associated with 
dnDSA. 

In general, dnDSA is a new DSA detected after >3 months posttransplant 
in the context of inadequate immunosuppression which is either due to 
patient nonadherence, physician directed, or genetically determined 
variability in metabolism of immunosuppressive drugs. 



Late (>30 Days) AMR Associated With dnDSA

This form of AMR often presents with allograft dysfunction and 
concomitant or preexisting TCMR. 

Results from 2 recent studies have suggested that AMR with dnDSA is 
associated with inferior allograft survival when compared with AMR from 
preexisting DSA after adjusting for clinical, histological, and immunologic 
characteristics. 

Allograft survival was 63% in patients with preexisting DSA and only 34% 
in patients with dnDSA 8 years after the rejection diagnosis.



Late (>30 Days) AMR Associated With dnDSA

Compared with patients with preexisting DSA, those with dnDSA tend to 
have increased proteinuria and increased expression of interferon-γ–
inducible, natural killer cell, and T-cell transcripts at presentation.



INTRODUCTION



Monitoring for De Novo DSA
Monitoring for dnDSA is recommended in the following settings:

1. immunosuppression reduction by physician for any reason, 

2. known patient medication nonadherence, 

3. at the time of rejection episode (T cell or antibody mediated) (2B).



THE TREATMENT OF
ACTIVE AND CHRONIC ACTIVE AMR

Plasma Exchange and IVIG

Complement Inhibitors

Rituximab

Imlifidase

Antithymocyte Globulin

Splenectomy

Proteasome Inhibitor: 
Bortezomib

Cyclophosphamide

Interleukin-6 Inhibitors



Plasma Exchange and IVIG
The primary aims of nearly all therapeutic approaches for AMR are 
removing circulating DSA and reducing DSA production. 

In this sense, the strongholds for contemporary treatment of AMR are 
represented by plasma exchange (PLEX) and IVIG, although neither of 
these have FDA approval. 

This treatment regimen is most commonly used to treat active AMR, 
although frequency, modality, and dosing may vary.



Plasma Exchange and IVIG
The rationale for using PLEX and IVIG is to combine removal of 
circulating DSA with immunomodulation of the antigraft immune 
response and in particular modulation of the B-cell response. 

In experimental models, IVIG has been shown to inhibit B-cell responses 
by the Fc portion of the Ig binding the Fc fragment of IgG2b receptor on 
B cells, and sialylated IVIG binds CD22, inducing apoptosis of mature B 
cells. 

It also functions as a scavenger of activated complement.





Complement Inhibitors
The main goal of using complement inhibitors is to avoid the 
downstream damage to the allograft from DSA.

Eculizumab results in terminal complement blockade as a monoclonal 
antibody targeting C5. 

A single-center study showed that among patients who received 
positive crossmatch HLA-incompatible transplants, the incidence of early 
active AMR was decreased from approximately 40% in historical controls 
to 7% among treated patients.



Complement Inhibitors
A single-center small case series has also shown that eculizumab has 
effectiveness in treating early active AMR that occurs within the first 
month posttransplant. 

Despite these promising results, long-term follow-up of eculizumab-
treated positive crossmatch patients in a single-center study has shown 
that despite prevention of early active AMR, the long-term incidence of 
chronic AMR and allograft survival is comparable to historical controls.



Complement Inhibitors
Proximal complement inhibition has also been studied as a therapeutic 
target. 

The plasma C1 esterase inhibitors Berinert (CSL Behring) and Cinryze
(Takeda/Shire/ ViroPharma) have been tested in 2 pilot studies and 
indicate a possible improvement in allograft function in kidney recipients 
with AMR. 



Rituximab
Rituximab, a B-cell–depleting agent, was suggested as a treatment 
option by KDIGO guidelines.

Despite its frequent use, the evidence is low and 3 small randomized 
trials have investigated its utility without demonstrating a clear benefit.



Rituximab
In contrast to these prospective RCTs, several retrospective analyses 
have suggested some positive effects of rituximab in multimodal 
treatment regimens together with steroids, plasmapheresis, and high-
dose IVIG, especially on patients with vascular AMR.



Rituximab
A recent study developed a prognostic score on the basis of a treatment 
response to a regimen with Rituximab in the context of multimodal 
therapy.

 However, optimal doses, number of treatment cycles, and the effect on 
patients without a vascular component remain unclear, as is the need for 
Rituximab within a multimodal regimen



Imlifidase
Imlifidase (Hansa Biopharma AB), an IgG-degrading enzyme of 
Streptococcus pyogenes (IdeS), can rapidly reduce or even eliminate anti-
HLA DSA and is undergoing clinical trials in AMR. 

IdeS cleaves human IgG at a highly specific amino acid sequence within 
the hinge region producing Fc and F(ab)2 fragments and effectively 
blocking CDC and antibody-dependent cellular cytotoxicity.









Antithymocyte Globulin
Since its introduction, antithymocyte globulin (ATG) or other T-cell–
depleting antibodies have been used for treatment of refractory 
rejection, vascular rejection, mixed rejections, and AMR. 

Although depleting antibodies were proposed by KDIGO guidelines as 
potential treatment options, no benefit has been demonstrated for 
treatment of pure AMR with T-cell–depleting therapy.



Splenectomy
There are several case series of surgical splenectomy, splenic 
embolization, and splenic radiation being used as a salvage procedure for 
severe early AMR.

It must be performed rapidly after the onset of early AMR to be 
effective.

 Most of these AMR cases occur in the first week after transplantation 
and result in profound graft dysfunction and a sudden rise in DSA 
strength, usually from an anamnestic response. 

Some patients who recover develop transplant glomerulopathy and 
premature graft loss.



Proteasome Inhibitor: Bortezomib
Bortezomib is a proteasome inhibitor approved for the treatment of 
multiple myeloma that directly targets antibody-producing plasma cells 
making it an attractive candidate for the treatment of active AMR. 

Data supporting its use are limited to case series suggesting a positive 
effect within a multimodal treatment regimen of PLEX, IVIG, steroids, and 
depleting antibodies. 



Proteasome Inhibitor: Bortezomib
The only prospective randomized, double-blind, placebo-controlled trial 
was in “late” AMR and did not demonstrate any beneficial effect of 
bortezomib alone.

The drug has well-documented side effects, and at the present time, 
there are no trial data to support its use.



Cyclophosphamide
Cyclophosphamide is used for the treatment of antibody smediated
diseases such as anti-neutrophil cytoplasmic antibody vasculitis or lupus 
nephritis. 

Previous anecdotal reports describe its use within a multimodal 
treatment regimen for the treatment of refractory rejections.

While it is relatively inexpensive, there are no trial data to support its 
use.



Interleukin-6 Inhibitors
A single-center, nonrandomized trial of tocilizumab (anti-interleukin-6 
receptor monoclonal antibody) was undertaken in 36 patients with 
chronic active AMR that had failed IVIG plus rituximab. 

Patient and graft survival at 6 years (91% and 80%, respectively) were 
found to be superior to historical controls, with significant reductions in 
DSA and stabilization of renal function




















