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• 57 F ESRD due to IgA

• History of multiple pregnancies

• Deceased donor transplant April 2017

• Negative FCXM, no DSA pretransplant

Case 1



Pre-transplant Post-transplant (6 months)

DR13 DR13, 8, 11, 14, 17, 18

DQ6 DQ6

DP1, 5, 11 DP1, 5, 11

cPRA = 58% cPRA = 85%

Case AJ

• Clinically asymptomatic, Cr 60 umol/L

• Mechanical mitral valve on warfarin



• 51 M unknown native kidney disease

• Living donor transplant 1997 from sister (1 haplotype match)

• Excellent graft function Cr 90-100 for 20 years

• March 2017: Cr 100 → 120 → 250

Case 2



Case 2



Case 2

Final Diagnosis :

- Features suspicious for chronic, active antibody-mediated rejection

(g-1, i-0, t-0, ptc-1, C4d-3, v-0, ah-3, cg-1, ci-2, ct-2, cv-3, mm-3)

- Strongly reactive DSA to HLA-A1 (MFI 25223) 
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AMR is a heterogeneous disease

Wiebe et al, AJT, 2012
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Who should be treated?

Histology

Clinical

DSA
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Who should be treated?

Histology

Clinical

DSA
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Revised Banff 2013 diagnosis of AMR

Acute/Active

AMR

Chronic/Active

AMR

Histology: 

1. Microvascular injury: (g or ptc)

2. Arteritis

3. Thrombotic microangiopathy

4. ATN-unknown cause

1. Transplant glomerulopathy (cg)

2. Peritubular basement membrane 
duplication 

3. Arterial intimal fibrosis

Serology: 
Donor-specific antibodies

(HLA, AT1R-Ab, MICA)

Interaction:

C4d

Moderate microvascular inflammation (g+ptc >= 2)

Endothelial cell gene transcripts
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Sis et al, AJT, 2009Einecke, AJT, 2009

Recognition of C4d- AMR

C4d-

C4d+

C4d-

C4d+

DSA + Microcirculatory injury DSA + increased 

ENDATs



Why the need for molecular diagnostics

• 2nd kidney transplant 2016 (LD)

• Donor and recipient completely matched across all HLA loci

Methylpred, Rituximab, PLEX, Bortezomib, Splenectomy

Pathology DSA

Feb 2, 

2016
Suspected 

AMR

Negative

Feb 11, 

2016
Suspected 

AMR

Negative

Feb 18, 

2016
Suspected 

AMR

Negative

April 

11, 

2016

Suspected 

AMR

Negative

June 2, 

2016
Suspected 

AMR

Negative



DSA MICA Screen AT1R Ab
Oct 19, 2016 Neg

June 30, 2016 Neg

April 13, 2016 Neg

Feb 15, 2016 Neg Neg Neg

Feb 4, 2016 Neg Neg Neg

Non-HLA antibodies



Molecular microscope to diagnose AMR





Molecular Phenotype: the Edmonton 

Molecular Microscope System

Classifier/PBT Biopsy 

Score

Interpretation

Global 

Disturbance 

Score

4.14 High

Acute kidney 

injury Score

1.02 High

Atrophy-Fibrosis

Score

0.61 Not applicable

Rejection Score 0.84 High

TCMR Score 0.04 Low

ABMR Score 0.91 Very High

Patient J.M.: molecular diagnosis of AMR
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Who should be treated?

Histology

Clinical

DSA



19Wiebe et al, AJT 2017

Clinical predictors of allograft loss
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Challenges in AMR Treatment

KDIGO, AJT, 2009

Standard of Care:

1. PLEX + IVIG

2. High dose IVIG

FDA AMR Workshop, Archdeacon,  AJT, 2011
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Building provincial consensus in AMR treatment

AMR I

Recognition of 
clinical need to 

standardize 
treatment

AMR II

Review evidence 
for acute AMR 

treatment

AMR III

Finalize acute 
AMR treatment 

protocol

AMR IV

Treatment 
endpoints and 

failure



Jordan et al, Transplantation, 2003

• N=42 CDC+ transplants

• 30% rejection rate

• 7% graft loss due to AMR

High Dose IVIG 1



• N=12 preformed 

DSA+ living donor 

transplants

• Received IVIG 2 

g/kg pre-Tx

Blumberg et al, KI, 2013

High Dose IVIG 2



Montgomery et al, Transplantation 2000

• N = 7 (4 pre-Tx Pos XM; 3 post-Tx with 

AMR)

• PLEX + IVIG (100 mg/kg) until clinical 

improvement and/or no DSA

PLEX + Low Dose IVIG



Rituximab and IVIG in Acute AMR 1

Lefaucher et al, AJT 2009

High Dose IVIG High Dose IVIG + PLEX + Rituximab x 2Group A (n=12): 2000-2003

• 2 g/kg IVIG, given over 2 

days q 3 weeks, × 4 doses 

Group B (n=12): 2004-2005

• Daily PLEX + low dose 

IVIG(100 mg/kg) for 4 

sessions 

• High dose IVIG as above

• Two weekly doses of 

rituximab (375 mg/m2)



Rituximab and IVIG in Acute AMR 2

Lefaucher et al, AJT 2009
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IVIG
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Mechanisms of IVIG
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IVIG side effects

Adverse Events:

1. Acute kidney injury

1. Infusion-related: headache, N, V, back pain, fever, tachycardia

1. Aseptic meningitis (1-10%)

1. Thrombosis

1. RBC hemolysis

1. Anaphylaxis (IgA deficiency)



30
Orbach, Clinical Reviews in Allergy and Immunology, 2005

AKI with IVIG
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Different preparations of IVIG
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How to avoid IVIG associated adverse events

1. Slow infusion: 2-3 mg/kg/min

2. Premedicate: benadry (loratidine), acetaminophen

3. Adequate hydration

4. Avoid high osmolarity products

5. Avoid sucrose-based products

6. Avoid large doses (< 1 g/kg/day)
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Rituximab
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B Cell Maturation



35Genberg et al, AJT, 2006

Peripheral B cell depletion
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Lymph node B cell depletion

Genberg et al, AJT, 2006
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Dosing of Rituximab with PLEX

Puisset, Br J Clin Pharmacol, 2013

PLEX 

Timing

24 hr 48 hr 72 hr

↓ in AUC 26% 20% 16%



Sautenet et al, Transplantation, 2015

• Acute C4d+ AMR with HLA-DSA within 1st year

• N = 19 (Placebo)

• N = 19 (Rituximab)

• Primary endpoint: treatment failure = composite 

graft loss or no improvement in Cr (<30% 

decrease of peak Cr) at Day 12

• Usual Care: Methylpred pulse x 3 days

PLEX x 6 + low dose IVIG 

over 12 days

• Rituximab (375 mg/m2) at Day 5 (option for 2 additional doses)



Sautenet et al, Transplantation, 2015

• No difference in SCr improvement at 1 yr

• Trend towards greater DSA reduction at 1 yr with Ritux



Sautenet et al, Transplantation, 2015

• Trend towards reduced microvascular inflammation 

and reduced chronicity with Rituximab



0        1         2         3         4         5          6         7         8         9        10       11        12     13       14                       30     

Pulse

PLEX 1

IVIG

Pulse

PLEX 2

IVIG

Pulse

PLEX 3

IVIG

PLEX 4

IVIG

Rituximab #1

PLEX 5

IVIG

PLEX 6

IVIG
PLEX 7

IVIG

PLEX 8

IVIG

DSA

Rituximab #2

Acute AMR Treatment Protocol

1IVIG  = 100 mg/kg

Pulse = methylpred 500 mg IV

Optimize MMF and Tacrolimus

2Rituximab dose #2 based on clinical 

indication and if CD19/20 ≥ 5 cells/mm2

Re-biopsy

DSA

CD19/20

CD19/20 DSA
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AMR is a heterogeneous disease
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Novel Therapeutics for AMR



Protocol:

• Rituximab 375 mg/m2 x 1 dose before Bortezomib

• Bortezomib 1.3 mg/m2 x 4 doses over 11 days

• PLEX performed before each bortezomib dose + 3 

daily PLEX 72 hr after last bortezomib dose

• Early AMR (< 6 months post-Tx): N=13

• Late AMR (> 6 months post-Tx):  N=16

Bortezomib



Walsh et al, Transplantation, 2011

Late AMR is difficult to treat



C1

C5bC4d C3d

C4

C4b

C3

C3b

C5

MAC

Courtesy of Nicole Venezuela

Eculizumab

(SolirisTM)

Complement inhibitors (extinguishing the fire)





Eculizumab

AJT, 

2015



C1 esterase inhibitor



Tocilizumab



IdeS

NEJM, 2017



Ides (IgG-degrading enzyme derived from Streptococcus pyrogenes)

• Open-label, phase 1-2, desensitization trial (US, Sweden)

• N=25 highly sensitized patients, cPRA ≥ 95%

• All IgG-DSA eliminated at time of transplantation

• N=10/25 with AMR, 1 patient with hyperacute rejection (non-HLA) – rebound phenomenon



Challenges with AMR treatment

1. Rituximab: does not target plasma cells, incomplete penetration of B cells in lymphoid organs

1. Bortezomib: humoral compensation in germinal center

1. Complement inhibitors: non-complement-mediated pathways

1. IdeS: rebound antibody production



JASN 2017



When B cells are out of the gate all is lost



An ounce of prevention is worth a pound of cure

1. Multidisciplinary approach to target non-adherence

1. Optimize immunosuppression 

1. A better way of matching using epitope? 



Non-adherence in AMR

Sellares, AJT 2012



Optimizing CNI Level

Wiebe, JASN 2017



Epitope analysis: not all mismatches are created equal

B51 B44 B35 B8

Donor 1 Donor 2 Donor 3 Donor 4

Recipient:

B7



Major differences between antigen vs. epitope mismatches



A novel strategy of matching using epitope analysis



Interaction of Immunosuppression and epitope mm



Summary

• Current AMR treatment options are only moderately effective and carry significant treatment-related 

toxicities

• Consider clinical, antibody, and histologic characteristics to identify the appropriate patients to 

undergo treatment

• Early AMR, preformed DSA, class I DSA are most susceptible to immunomodulation

• Prevention remains the best strategy to overcome AMR:

• Identify and address non-adherence

• Consider donor-recipient matching at the epitope level

• Optimize immunosuppression
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THANK YOU

Questions?

James.Lan@vch.ca


