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

VSellareset al. showed that 50% of cases with graft loss were 
chronic active AMR.
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VDonor-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.

VThe levelof de novo donor-specific antibodies tends to increase
with time throughout long-term graft survival.

V .



V560 adult and pediatricconsecutive 
renal transplants between January 
1999 and July 2012 . 508 recipients 
(adult n = 459, pediatricn = 49) 
included for analysis.Theincidence 
of dnDSAis reported to be 
approximately 20% at 10 years.

VAmerican Journal of Transplantation 2015; 15: 
2921ï2930





VRisk Factors for dnDSAformation :

VNon-adherence

VReduced immunosuppression

VHigher epletmismatch

VYounger age

VPreceding TCMR
V Current Opinion,Volume27  Number 5  October 2022
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B cell maturation and de novo donor-specific antibody production via 
follicular dendritic cells and T follicular helper cells in lymph nodes.



International Journal of Urology (2023) 30, 624--633



Including 1 or more of 
the following:
Φ ŎƎҗ1
ptcml 1
Arterial intimal fibrosis 

Including 1 or more of the following:
җ/4d2όLCύ ƻǊ җ/4d1 (IHC)
g+ ptcҗ2 Σ Ǝ Ƴǳǎǘ ōŜ җ1
Increased expression of gene 
transcripts/classifiers associated with AMR

DSA positive
Criteria 2 may substitute for DSA





Current Opinion,Volume27  Number 5  October 2022



TREATMENT OF CHRONIC AMR

VThe process from de novo DSA production to irreversible tissue

Vinjury is a sequential change, leading to sub-clinical injury and

Vthen to clinical dysfunction.

VTherapeutic intervention during sub-clinical injury improves

graft outcome. 

VSurveillance protocols with donor-derived cell-free DNA and gene 
profile testing have been established, can lead to the early detection 
of AMR . 



Treatment Of Chronic ABMR

VAccording to the consensus treatment recommendations based on 
the 

Vavailable evidence and expert opinion, treatment of active AMR 
due to 

Vde novo DSA should :

VOptimize baseline immunosuppression

VManage nonadherence

VAdjunctive therapies,such as PEX and IVIG. 

VThe use of PEX + IVIG has not been shown to improve the 
outcomes 

in patients with chronic active AMR .



VThe therapeutic concept is to 

VRemove circulating DSA 

VBlock their effects 

VReduce their production, or both.
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Rituximab 

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

and highly sensitized recipientsundergoingrenal transplantation.

VHowever, 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 .



VCAMR, 10 records relating to 7 studies.

VThis contrasts with CAMR in which 

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

Vthree studies reported inferior outcomes

Vthree reportedno difference. 

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

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



VIn 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. 

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

Pi¶eiroet al. BMC Nephrology(2018) 19:261



our study (n=25)suggests that treatment with IVIG and RTX 
doesnot significantly modify the natural history of chronic ABMR with 
transplant glomerulopathy. 

absenceof any effect on circulating DSA.





n=41 control.n=41 Rituximab

Transplantation Direct 2022;8: e1360
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Belatacept

VTargeting TfhïB cells costimulation signal by belataceptmay 
prevent dnDSAand AMR .

V.
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Mean estimated glomerular filtration rate 
trend: prebelataceptand postbelatacept
conversion

We converted 19patients (mean age, 45 Ñ12 y) with biopsy-
proven caAMRfrom tacrolimus to belataceptat a median of 44 
months 

postïkidney transplant.

the belataceptgroup had progressive improvement (P = 0.02) 
in eGFR

In patients diagnosed with caAMRwho were not subjected to 
intensive salvage immunosuppressive therapies, isolated 
belataceptconversion alone was associated with stabilization 

in renal function.



VSeventeen-paired preconversionand 
postconversionsurveillance biopsies 

were subjected to intragraftmRNA-
basedgene expression using the MMDx
platform.

VPreviously validated gene expression 
scores for total rejection and peritubular 
capillaritisimproved.

V.
PTCG score

AMR 
Total 
rejection



. 

Histologyðpre conversion and post conversion chronicity score.



N=48



Bortezomib

VBortezomibis a proteasome inhibitor that is registered for the

treatment of multiple myeloma . 

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

VIn vitro , bortezomibcaused human plasma cell apoptosis and 

prevented DSA production.



N=44 patients were randomly assigned to receive two cycles of either 
bortezomibn=21or placebo n=23, at 3-month intervals in double-blinded
fashion.
Each treatment cycle consisted of bortezomibat 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 notable to show that bortezomibpreventsthe 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 bortezomibin the 
treatment of this type of rejection



Carfilzomib

VCarfilzomibis a second-generation irreversible proteasome 
inhibitor . Its mechanismof action is similar to that of 
bortezomib.

VSix non human primatekidney transplant recipients

Its effectiveness in humanswas studied only in lung and heart 
transplant
V J. Clin. Med. 2023, 12, 4916. https://doi.org/10.3390/jcm12154916





Eculizumab

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

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

V However, a cohort with significantly lower TG levelsin the 
control group may not have provided a high level of evidence.
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Mixed model analysis of eGFRslope comparing

study arms during the first 6 mo

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

The treatment group received 6 mo of 
eculizumabfollowed 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)



ENDAT analysis of kidney biopsies performed at baseline and at 3, 6, and 12 mo. 



C1 esterase inhibitors

VC1 esterase inhibitors are serine proteases isolated from human 
plasma. 

VTheir mechanism of action is to inactivate C1esterase by binding to 

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

VBerinertR and CinryzeÊ 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 BIVV 009 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. 



Tocilizumab

VTocilizumabis a recombinant, monoclonal antibody with 
specificity for both solubleand membrane-boundIL -6 R.

VAnti-IL-6 therapy was found to significantly reducethe 
number of pro-inflammatory T helper lymphocytes by 10% 

and increaseregulatory T lymphocyte numbers by 10%

in a murine skin transplantation model.



Index and 1 year postïtocilizumab
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 antiïIL -
6 receptor monoclonal tocilizumab with monthly 
infusions .



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

VTocilizumab-treated patients 
demonstratedgraft survival 80%and 
patient survival rates 91%, at 6 years. 

VSignificant reductions in DSAsand 
stabilization of renal function were 
seen at 2 years. 

VNo significant adverse events or severe 
adverse events were seen. 

VTocilizumabprovides 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

VA retrospective study in 40 kidney transplant recipients who received 

Vmonthly tocilizumabfor chronic active AMR.(no control group)

VAt 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 Histologicalimprovementon
the protocol biopsies after 6 months.



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

six doses of TCZ (range53ς10). At a median follow-up of 12 months (range58ς24 months),
Patient survival was 90%, one patient death :hip infection.
Overall death censored graft survival was 80%, with two graft losses.

KIDNEY360 1: 663ï670, July, 2020





Retrospective,propensity score matched comparative study of n = 9
patients who received rescue treatment with tocilizumab
after treatment with rituximab, plasmapheresis, and IVIG and
compared this with n = 37 patients


