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A systematic review of 28 studies reported AMR incidences ranging 
from 3- 12%, with chronic AMR affecting 7.5- 20.1% of patients over 

10 years.



• Chronic antibody-mediated rejection of kidney transplantation is a 
major cause of late-stage graft loss.

✓Sellares et al. showed that 50% of cases with graft loss were chronic 
active AMR.
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• Donor-specific antibodies are the main cause of antibody-
mediated rejection in particular, de novo donor-specific 
antibodies are a risk factor for chronic active AMR.

• The level of de novo donor-specific antibodies tends to increase
with time throughout long-term graft survival.

• .



• renal transplants between January 
1999 and July 2012 .

• 508 recipients (adult n = 459, pediatric
n = 49) included for analysis.

• The incidence of dnDSA is reported to 
be approximately 20% at 10 years.

• American Journal of Transplantation 2015; 15: 2921–2930
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• Clinical  management of chronic AMR remains particularly challenging.

• Current therapeutic strategies primarily aim to slow the progression of graft 
injury rather than reverse established damage, in part because of the 
limited availability of agents that effectively target antibody- producing 
plasma cells.

• Emerging therapies such as IL-6 receptor antagonists like tocilizumab, 
clazakizumab, and CD38 monoclonal antibody like felzartamab offer 
promising avenues for intervention and may help to reshape the landscape 
for Chronic AMR.







Therapeutic goals

• The primary aim is to supress B cell development,maturation, and 
activity.

• Initial treatment approach:

• Although intensifying immunosuppression may seem logical, the 
limited supporting data and heightened risk of infections warrant a 
cautious approach

• 2)Firstline therapy: Glucocorticoids and IVIG 

• 3)Optional addition: Rituximab may be considered in patients <70 
years age with relatively preserved graft function and severe disease.



Rituximab 

• Rituximab, a CD20 monoclonal antibody, is a novel treatment option for 
desensitization therapy in ABO-incompatible 

and highly sensitized recipientsundergoing renal transplantation.

• However, no beneficial effect of rituximab in addition to PEX + IVIG + 
steroids was observed for established acute AMR or in addition
to IVIG for chronic AMR.



• CAMR, 10 records relating to 7 studies.

• This contrasts with CAMR in which 

• only one of seven studies reported improved graft outcomes with a 
rituximab-based regimen; 

• three studies reported inferior outcomes

• three reported no difference. 

• Only one study reported that rituximab was associated with an increase in 
adverse effects.

Transplantation reviews, 2017 Apr;31(2):87-95.



• In this retrospective study,n=62, and 
n=23 received treatment with 
rituximab + IVIG, and PE was not 
associated with improved graft 
survival when compared with the 
control group. 

• On the other hand, the incidence of 
infections requiring hospitalization 
within 1 year after treatment was 
more than doubled in the treated 
group.

Piñeiro et al. BMC Nephrology (2018) 19:261



our study (n=25)suggests that treatment with IVIG and RTX 
does not significantly modify the natural history of chronic ABMR with 
transplant glomerulopathy. 

absence of any effect on circulating DSA .





n=41 control.n=41 Rituximab

Transplantation Direct 2022;8: e1360
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Bortezomib
• Bortezomib is a proteasome inhibitor that is registered for the

treatment of multiple myeloma . 

• Its mechanism of action is to inhibit the degradation of intracellular 
proteins, which in the end causes apoptosis.

• In vitro, bortezomib caused human plasma cell apoptosis and 

prevented DSA production.



N=44 patients were randomly assigned to receive two cycles of either 
bortezomib n=21 or placebo n=23, at 3-month intervals in double-blinded
fashion.
Each treatment cycle consisted of bortezomib at 1.3 mg/m2 administered 

intravenously twice weekly on days 1, 4, 8, and 11.
There were also no significant differences in measured GFR, urinary protein levels, 
DSA, or the morphologic and molecular features of disease activity in follow-up biopsies



In conclusion, this randomized trial was not able to show that bortezomib prevents the progression 
of graft dysfunction or reduces features of disease activity in late DSA-positive ABMR. 
This and the observed increase in the number of AEs do not support the use of bortezomib in the 
treatment of this type of rejection



Eculizumab

• Eculizumab, an anti-C5 monoclonal antibody, inhibits terminal 
complement activation.

• A pilot randomized controlled trial of chronic AMR with de novo DSA 
showed modest improvement in the (eGFR).

✓ However, a cohort with significantly lower TG levels in the control 
group may not have provided a high level of evidence.



American Journal of Transplantation 2017; 17: 682–691

Mixed model analysis of eGFR slope comparing

study arms during the first 6 mo

In total, 15 participants (5 control, n=10 treatment).

The treatment group received 6 mo of eculizumab
followed by 6 mo of observation. 

The primary end point was percentage change in 
(eGFR) trajectory over the treatment period. The 
treatment group had an improved eGFR trajectory 
versus control, based on our predetermined two-
sided 0.10 significance level (p = 0.09)



Management of non-responders

• Tocilizumab :An anti IL6 receptor monoclonal antibody(8mg/kg 
IV,max 800mg,monthly)

• ClazaKizumab: Another IL6/IL6 receptor antibody

• Felzartamab: A CD38 monoclonal antibody targeting plasma cells and 
NK cells. 



Tocilizumab

• Tocilizumab is a recombinant, monoclonal antibody with specificity for 
both soluble and membrane-bound IL-6 R.

• Anti-IL-6 therapy was found to significantly

• reduce the number of pro-inflammatory T helper lymphocytes by 10% 

• increase regulatory T lymphocyte numbers by 10%

in a murine skin transplantation model.



• IL-6 is a relevant target for the treatment of antibody-mediated 
disorders given its role in driving B-cell proliferation and the 
maturation of naive B cells into plasmablasts and long-lived 
antibody-producing plasma cells. Both B cells and plasma cells 
express IL-6 receptors, and experimental models have observed that 
IL-6 blockade reduces IgG and DSA production and promotes 
allograft.

• Importantly, recent data in humans and animal models show that 
anti-IL-6 treatment inhibits CD8+ T-effector/memory cells and 
induces T-regulatory cell populations, which are critical for the 
prevention of DSA rebound and rejection and extending graft survival



Index and 1 year post–tocilizumab
allograft biopsies

We identified 36 renal transplant patients with cAMR
plus DSAs and TG who failed standard of care treatment 
with IVIg plus rituximab with or without plasma 
exchange. 

Patients were offered rescue therapy with the anti–IL-6 
receptor monoclonal tocilizumab with monthly infusions 
.



Tocilizumab-treated patients demonstrated graft survival and patient survival rates of 80% 
and 91% at 6 years, respectively. Significant reductions in DSAs and stabilization of renal 
function were seen at 2 years. No significant adverse events or severe adverse events were 
seen.

https://www.sciencedirect.com/topics/medicine-and-dentistry/graft-survival
https://www.sciencedirect.com/topics/immunology-and-microbiology/survival-rate
https://www.sciencedirect.com/topics/immunology-and-microbiology/kidney-function


Kaplan–Meier curves of kidney allograft and patient survival after treatment with 
tocilizumab for chronic active antibody-mediated rejection (cAMR)

• Tocilizumab-treated patients 
demonstrated graft survival 80%and 
patient survival rates 91%, at 6 years. 

• Significant reductions in DSAs and 
stabilization of renal function were seen 
at 2 years. 

• No significant adverse events or severe 
adverse events were seen. 

• Tocilizumab provides good long-term 
outcomes for patients with cAMR and TG, 
especially compared with historical 
published treatments.



Front. Med. 8:790547. doi: 10.3389/fmed.2021.790547

• A retrospective study in 40 kidney transplant recipients who received 

• monthly tocilizumab for chronic active AMR.(no control group)

• At 12 months follow-up, renal function and proteinuria remained stable, no clinical or 
histological worsening was seen, except for those whose clinical condition was more 
severe at the time of initiation.





n= 15,first-line therapy , stabilization of (GFR) and proteinuria
, a significant reduction in DSA titers, and Histological improvementon
the protocol biopsies after 6 months.



N=10, black (70%), underwent regrafts (40%), and were sensitized (mean cPRA541%). median 

of six doses of TCZ (range53–10). At a median follow-up of 12 months (range58–24 months),
Patient survival was 90%, one patient death :hip infection.
Overall death censored graft survival was 80%, with two graft losses.

KIDNEY360 1: 663–670, July, 2020





patients with cAMR + TG receiving6–12 months of tocilizumab N = 37 

treatment compared  to a historical cohort of patients treated with PLEX
, IVIg, and rituximab (N = 39)



Kaplan–Meiergraph assessment of allograft survival and patient survival in patients with cAMR who 
were treated with standard of care SOC) consisting of IVIg + Rituximab ±PLEX versus patients who failed 
SOC and were treated with tocilizumab (TCZ) for 6-12M.







A total of 50 recipients with biopsy-proven caAMR at least 12 months after transplantation will be randomized to receive
either tocilizumab (n = 25) added to our standard of care (SOC) maintenance treatment or SOC alone (n = 25)
for a period of 24 months. Patients will be followed for an additional 12 months after cessation of study medication.
After the inclusion biopsies at baseline, protocol kidney graft biopsies will be performed at 12 and 24 months.

• The primary endpoint is the slope of eGFR at 24 months after the start of treatment.

• The secondary endpoints include assessment of the following at 12, 24, and 36 months: composite risk score iBox, safety, evolution, 
and characteristics of donor-specific antibodies (DSA), graft histology, proteinuria, kidney function assessed by measured GFR (mGFR),
patient- and death-censored graft survival, and patient-reported outcomes that include transplant-specific wellbeing, adherence to 
immunosuppressive medications, and perceived threat of the risk of graft rejection.



Streichart et al. Trials,BMC(2024) 25:213



Five clinical trials with a total number of 105 patients were included in our review. 



• The mean loss of eGFR in time was −0.141 mL/min/1.73 m2 (95% CI: −0.409 
to 0.126; p = 0.298) and was found to be statistically insignificant.

• The heterogeneity was low and was equal to I2 = 0.00%.

• The authors demonstrated a reduction in DSA titer by TCZ (−0.266 MFI 
(95% CI: −0.861 to 0.329; p = 0.377)). 

• In the majority of studies, eGFR stabilization was associated with a 
reduction in DSAs.

•



Kidney Transplantation. 2025 Oct 3;11(11):e1867



• 85 adult kidney transplant patients with histologic features of chronic active AMR treated with 
monthly tocilizumab 8 mg/kg intravenous infusions were identified. Piecewise linear mixed 
effects models were fitted to compare eGFR trajectories 12 mo before and after tocilizumab
initiation.

• Results. The eGFR declined at a rate of –0.70 mL/min/1.73 m2/mo (95% confidence interval, –
1.03 to –0.36) preceding tocilizumab initiation and stabilized after treatment onset to a slope of –
0.07 (–0.35 to 0.21) mL/min/1.73 m2/mo (slope difference: 0.59 [0.22-0.97] mL/min/1.73 
m2/mo, P = 0.002).

• The distribution of the sum mean fluorescence intensity of donor specific antibodies (DSA) 
among 65 DSA+ patients remained unchanged from baseline to 1 y after treatment; however, 14 
of 65 DSA+ patients (22%) no longer had DSA at 1 y. 

• There was 1 graft loss and 2 deaths, both COVID-19-related, by 12 mo after treatment onset. 

• Conclusions. This study suggests that monthly treatment with the anti-IL-6 receptor monoclonal 
antibody, tocilizumab, may stabilize allograft function among kidney transplant patients with 
chronic active AMR and that further studies to confirm its efficacy should be conducted. 





• Infections During Tocilizumab Treatment

• . A total of 75 infections developed among 47 of 85 patients (55%) during 
118 person-years of follow-up, yielding an incidence rate of 0.64 
infections/person-year.

• Most infections were minor and treated in the outpatient setting. The 
most common infections were upper respiratory infections (19/75; 25%) 
and urinary tract infections (17/75; 23%). 

• Only 1 case of cytomegalovirus viremia and no cases of BK viremia or 
nephropathy were observed. 

• Seven patients (8%) discontinued tocilizumab treatments because of 
infection concerns.



Clazakizumab

• Clazakizumab is a humanized monoclonal antibody with

a high affinity for the cytokine IL-6 receptor(not its soluble) 

which is the target of tocilizumab.

• Its mechanism of action is to bind to IL-6 cytokines, which prevents 

association of IL-6 with IL-6 R and inhibits its effector functions. 

• It is the most potent and longest-acting in the IL-6/IL-6R blocking 
Category.



Doberer et al.



Jordan et al









Zhang R et al,KI REPRTS, 2025



We analyzed 14 KTRs transplanted at the University Hospital Zurich with histological 
and molecular caAMR who underwent an initial (t1) and a 12-months follow-up 
biopsy (t2).
Biopsy-based transcriptomics were assessed using the Molecular Microscope 
Diagnostics System (MMDx).
5 KTRs received monthly TCZ (8 mg/kg IV) plus optimized IS, 4 KTRs received 
monthly CKZ (12.5 mg SC) plus optimized IS, and 5 KTRs received optimized IS alone.



• Results: There was no difference in semiquantitative lesion scores for glomerulitis
(g) or peritubular capillaritis (ptc) before or after treatment.

• Molecular rejection classifier and molecular AMR classifier scores did not change 
in the TCZ or CKZ group compared to optimized IS alone.

• However, an initial molecular archetype cluster of early-stage AMR (R4 score, 
median at t1: 0.55, median at t2: 0.26; p=0.027) more frequently progressed to 
fully-developed AMR in the TCZ group (R5 score, 0.22, 0.43; p=0.055). In contrast, 
the molecular rejection archetypes did not change in the CKZ group. 

• Regarding molecular injury dimension scores, a trend towards decreased injury-
repair associated transcripts (IRRAT) scores was observed in the TCZ group (-0.02, 
-0.03; p=0.823), a shift not seen in the CKZ or optimized IS group.

•



CD38-directed therapy

•CD38 is a glycoprotein which is expressed on the surface of plasma cells, 
as well as NK cells, B- and T lymphocytes.

• Daratumumab is a monoclonal antibody directed against CD38.

• In macaques, treatment with daratumumab significantly reduced DSA 
concentrations and prolonged kidney graft survival.

• However, regulatory lymphocytes were also depleted after daratumumab, 
which could have contributed to the development of TCMR.



1Transplantation 105(2):p 451-457, February 2021

2Blood (2023) 142 (Supplement 1):.
3Case Rep Nephrol Dial 2019;9:149–157

• For the treatment of ABMR in kidney transplantation, daratumumab has only been described in three case 
reports .

• Doberer et al. described a kidney transplant recipient with both smoldering myeloma and 
chronic, active ABMR in which graft function stabilized after a nine-month course of 
daratumumab

• This was accompanied by improved histology on kidney biopsy (resolution of the 
microvascular inflammation.1

• Jordan et al. reported a patient with severe ABMR that was resistant to plasma exchange, IVIG, 
rituximab, and complement-inhibition who was treated with four-weekly doses of daratumumab
(16 mg/kg). 

• After treatment, ABMR resolved but the patient developed severe TCMR. 2

Spica et al. presented a patient with ABMR due to anti-blood group antibodies. This patient did not 
respond to immunoadsorption, high-dose glucocorticoids, rATG and complement inhibition and was 
then treated with daratumumab because of

• persistent antibody formation After daratumumab treatment, kidney function recovered and 
antibody titers decreased.3

https://journals.lww.com/transplantjournal/toc/2021/02000












• In conclusion, daratumumab appears to be effective in the treatment 
of biopsy confirmed chronic ABMR according to both histological and 
molecular biopsy assessments and led to a stabilization of renal 
function in a majority of treated patients.

• dd-cfDNA was strongly correlated with the administration of 
daratumumab and the resultant molecular ABMR scores, providing a 
noninvasive way to monitor treatment response.

• Furthermore, dd-cfDNA appeared predictive of ABMR relapse.

•



In this phase 2, double-blind, randomized, placebo-controlled trial, 
to receive nine infusions of the CD38 monoclonal antibody felzartamab (at a dose of 16 mg per 
kilogram of body weight) or placebo for 6 months, 
The primary outcome was the safety and side-effect profile of felzartamab.
Key secondary outcomes were renal-biopsy results at 24 and 52 weeks, donor-specific antibody 

levels, peripheral NK-cell counts, and donor-derived cell-free DNA levels.
A total of 22 patients underwent randomization (11 to receive felzartamab and 11 to receive 

placebo). The median time from transplantation until trial inclusion was 9 years.
N Engl J Med 2024;391:122-32.



At 1 year, survival was 100% in the two trial groups. One graft loss in the placebo group had occurred because of persistent chronic active antibody-mediated rejection. The 1-year eGFR slope 
was −0.39 ml per minute per 1.73 m2 (95% CI, −5.47 to 4.69) in the felzartamab group and −4.53 ml per minute per 1.73 m2 (95% CI, −9.83 to 0.77) in the placebo group (difference, 4.14 ml 
per minute per 1.73 m2; 95% CI, −3.20 to 11.48) (Fig. S13).
In the two groups, the ratio of spot urinary protein to creatinine did not change over time (Fig. S14).



TRANSCEND (NCT06685757) is a double-blind, placebo-controlled, multicenter, randomized Phase 3 trial.
120 participants with late (≥6 months) active or chronic active AMR post-kidney transplant
will be randomized to receive felzartamab or placebo. 



Emerging therapies under investigation 
for AMR

• Fostamatinib: Preclinical studies in sensitized rat models suggests that 
fostamatinib a spleen tyrosine kinase inhibitor ,may suppress the production of 
DSAs.A phase 2clinical trial is currently evaluating its potential in treating chronic 
active AMR.

• High –dose IVIG : The efficacy of prolonged high-dose IVIG therapy, administered 
over 6 months alongside steroid pulse therapy ,is being explored in a randomized 
open-label trial conducted in Australia.

• BIVV020: This next generation anti-C1s monoclonal antibody targets the classical 
complement pathway. A phase 2 trial is underway to assess its safety and efficacy 
in both the prevention and treatmentof AMRwhen used with standard care of 
therapy.

• Efgartigimod: An FcRn antagonist approved for myasthenia gravis, efgartigimod
works by inhibiting neonatal Fc receptor –mediated IgG recycling, thereby 
reducing circulating IgG levels. A phase 2 trial is currently investigated its role in 
managing late stage AMR.



C1 esterase inhibitors

• C1 esterase inhibitors are serine proteases isolated from human plasma. 

• Their mechanism of action is to inactivate C1esterase by binding to 

its reactive site, thus inhibiting the classical pathway of complement 
activation.

• Berinert R and Cinryze™ are currently on the market and are registered 
for the treatment of hereditary angio-edema.



(A) Mean ( SE) creatinine clearance on therapy (baseline 
through day 13). Baseline levels obtained at screening, 
before study dose on day 1. (B) Mean ( SE) creatinine 
clearance after therapy (day 20 through day 90).

Eighteen patients were enrolled (C1 INH n = 9, placebo 
n = 9).They found a decrease in TG development after 
6 months of treatment with a C1 esterase inhibitor.



Effect of BIVV009 on morphologic and molecular biopsy 
results. C4d staining in peritubular capillaries (C4d 
score) and antibody mediated rejection (ABMR) 
histomorphology

Here we describe the results in a cohort of 10 
kidney transplant recipients (median of 4.3 years 
post transplantation) with late active ABMR . 

During 7 weeks follow-up, no severe adverse 
events were reported.

Five of 8 C4d-positive recipients turned C4d-
negative in 5-week follow-up biopsies, while 
another 2 recipients showed a substantial decrease 
in C4d scores. There was, however, no change 
in MVI, gene expression patterns, 
DSA levels, or kidney function. 





• This study included four randomized controlled trials encompassing 
148 kidney transplant recipients. 

• The findings suggest that treatment with C1-INH may be associated 
with an improvement in renal function, as reflected by eGFR.

• No statistically significant difference was observed in the incidence 
of delayed graft function or antibody-mediated rejection between 
the treatment and control groups. 

• The overall incidence of serious adverse events was comparable 
between groups, with no significant differences detected in infection-
related, renal, cardiovascular, or gastrointestinal events.





Cytotherapy . 2025 Oct;27(10):1199-1207.



• Abstract
• This study evaluated the safety and efficacy of allogenic human bone 

marrow-derived mesenchymal stem cell (hBM-MSC) therapy in kidney 
transplant recipients (KTR) with chronic active antibody-mediated rejection 
(cABMR).

• Methods: Seven cABMR patients received four infusions of hBM-MSC (1 ×
10⁶ cells/kg), one every other week. The primary outcome was clinical 
safety, focusing on short-term adverse events. Secondary outcomes 
included changes in allograft function, mean fluorescence intensity (MFI) 
of Anti(HLA-DSA), allogenic immune response as determined by ELISPOT, 
lymphocyte subset analysis, infection-free survival, and graft survival 
compared to 18 historical controls via propensity score matching.



• Results: Seven patients received hBM-MSC therapy ,8.5 months (range, 1.2-20.6) after 
the diagnosis of cABMR. 

• Six patients completed treatment, and one patient received two doses. No immediate 
side effects were observed. One patient developed Pneumocystis jirovecii pneumonia 
(PJP) 3 weeks after treatment and died 6 weeks post-treatment.

• Among those who completed therapy, the eGFR slope shifted from -Δ16.6% to -Δ2.4%
over the 6 month periods before and after treatment, suggesting a stabilization of eGFR 
decline, proteinuria decreased, and MFI of HLA-DSA declined.

• T-cell subset analysis showed increased CD8+CD45RA+CCR7- T cells and 
CD4+CD25+CD127low T cells with decreased CD8+CCR7+CD45RO+/CD45RA+ T cells. 

• Kaplan-Meier analysis demonstrated no significant difference in infection-free survival 
or death-censored graft survival compared to those of the propensity score-matched 
control group.

•



• Conclusions: hBM-MSC therapy was generally well tolerated for KTR 
with cABMR and demonstrated favorable immunomodulatory 
effects. 


