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Outline

* A glance at some modalities of transplant
management and risk stratification tools

* Emerging modalities in diaghosis of antibody
mediated allograft rejection

ntragraft transcription profile
Peripheral blood transcription profiles

Donor derived cell free DNA (ddcfDNA)



A glance at the present
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Figure 4. Limitations of the current ABMR Banff Classification
I do not see any problems with the current classification system
Dichotomous Banff categories of ABMR is not fully reflecting

the disease spectrum

Banff ABMR diagnosis does not allow for mere inflammatory
changesto be sufficient for diagnosis when DSA and Cdd are
lacking

Mot Easy to Use

Difficult to Understand

Does not change management

Banff is better for research than clinical use

Classification changes too frequently
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A Glance At The Present

* There is unmet need in transplantation to create
an objective diagnostic test for all forms of
allograft rejection

* The pathology of rejection are not consistent

* Nonetheless, genomic based detection of
rejection is promising tool



Intragraft Transcription Profiles
(Transcriptome)
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Biopsy Transcriptome

The MMDx Process

Request free Specimen
Collection Kit
from MMDx website

Doctor reviews

report with patient 9 Biopsy sample is packaged

and shipped to laboratory

Hospital

Sample arrives
at laboratory

Biopsy report is posted
e on MMDx portal within

1-2 business days

and doctor is notified

via email.

mRNA levels are measured on a microarray
and matched against Reference Set database



Biopsy Transcriptome

Current Biopsy vs Reference Set: PC2 vs PCL

Current Biopsy vs Reference Set: PC2 vs PC3
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Rejection phenotype® (six scores, R1-R6, adding up to 1.0)

@ R1 Non-rejecting 0.88 O 1/ Early-Sage ABMR (EABMR) 0.04
@ R2TCMR 0.00 @ R5 Fully-Developed ABMR (FABMR) 0.08
@ R3 Mixed Rgection 0.00 @ R6 Late-Sage ABVR (LABMR) 0.00
A CQurrent Sample 191231001MM All ABMR (Sum of R4, R5, and R6) 0.12




Biopsy Transcriptome

Rejection phenotype® ®
(six scores, R1-R6,
adding up to 1.0)

R1 Non-rejecting 0.01 All ABMR (Sum of R4, R5, and R6) 0.16
R2 TCMR 0.75 R4 Early-Stage ABMR (EABMR) 0.14
R3 Mixed Rejection 0.08 R5 Fully-Developed ABMR (FABMR) 0.00

R6 Late-Stage ABMR (LABMR) 0.02

Current Biopsy vs Reference Set: PC2 vs PC1
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Biopsy Transcriptome

Rejection phenotype®°
(six scores, R1-R6,
adding up to 1.0)

R1 Non-rejecting 0.00 All ABMR (Sum of R4, R5, and R6) 1.00
R2 TCMR 0.00 R4 Early-Stage ABMR (EABMR) 0.59
R3 Mixed Rejection 0.00 R5 Fully-Developed ABMR (FABMR) 0.41

R6 Late-Stage ABMR (LABMR) 0.00

Current Biopsy vs Reference Set: PC2 vs PC1
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Biopsy Transcriptome

Building a tissue-based molecular diagnostic
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Biopsy Transcriptome
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Biopsy Transcriptome
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Peripheral Blood Transcriptome




PB Transcriptome
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PB Transcriptome
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Specificity
Sensitivity
NPV
PPV

Previous study
(n=99)

74%
71%
89%
48%

Previous study
UAB (n = 25)

57%
50%
78%
28%

/8%
38%
81%
35%

Current study
(n = 90)

Ang et al, 2020
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Identification of a novel peripheral blood signature diagnosing
subclinical acute rejection after renal transplantation

Yue Xu"*, Hao Zhang"*, Di Zhang"’, Yuxuan Wang"?, Yicun Wang'?, Wei Wang"?, Xiaopeng Hu"”



Group

subAR |non-subAR
Risk High risk 10 11
group Low risk 2 42
Sensitivity 0.833
. Specificity I 0.792

Xu et al, 2022



What is
cfDNA

- Clrculatlng free DNA (cfDNA) are degraded DNA
fragments released to the blood plasma

- cfDNA Is used to describe various forms of DNA
freely circulating the bloodstream, including tumor
DNA (ctDNA) and cell-free fetal DNA (cffDNA)
and donor derived DNA (ddcfDNA)



Relevance of elevated cfDNA?

Elevated levels of cfDNA are observed in
- Congenital fetal malformation
- Cancer, especially in advanced disease

- Allograft rejection



cfDNA

SNP genotyping
[ Donor
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Fraction of donor-derived
DNA calculated
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De Vlaminck et al, 2014



CfDNA dd-cfDNA in Blood
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cfDNA

ACTIVE REJECTION
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Next Generation Allograft
ABMR Diagnostics

A test to diagnose all forms of allograft antibody
mediated rejection (ABMR) that is:

» Non-invasive
» Objective

» Cost effective



cfDNA As A Liquid Biopsy Strategy

Pelizarro et al, 2021



Liguid vs. Tissue Biopsy

Tissue Biopsy Liquid Biopsy

Allograft biopsy Peripheral blood (less
(invasive) invasive)

LG EL R Sampling error, single On demand
(limited number of
samples)

Treatment Not possible unless with Real time
monitoring another biopsy

High Relatively low
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Cell-Free DNA and Active Rejection in Kidney Allografts
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High Creatinine (p = 0.43)
Proteinuria (p = 0.08) |

DSA (p = 0.57)-
DGF (p = 1.00) 1

Clinical Reason for Biopsy

BKV (p = 0.46)

Borderline (p = 0.42)

Type IA (p = 0.37)

T-cell Mediated Rejection Type IB (p = 0.01)

Type A (p = 1.00)

All ABMR (p <0.001) 1

Linear c4d staining in ptc (p < 0.001) -|
Moderate Microvascular Inflam (p < 0.001)-
ENDATS (p = 1.00) -

DSA (p <0.001) |

Any Microvascular Inflam (p < 0.001) |
Intimal or Transmural Arteritis (p = 0.17) 1
Acute TMA (p=10.26)

Acute Tubular Necrosis (p = 0.22)
Chronic, active ABMR (p < 0.001) -|
Transplant Glomerulopathy (p = 0.03) |
Severe ptc BM Multilayering (p = 0.05) -
New Onset Arterial Intimal Fibrosis (p = 1.00)

ABMR

TF/TA Grade 1 (p = 0.08)-

Chronic Injury IF/TA Grade II (p = 0.35) -

IF/TA Grade III (p = 1.00) -

BK Virus (p =0.11)

Other Diagnosis | Glomerulonephritis (p = 0.65) -
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CNI Toxicity (p = 1.00)

1% }

Samples, sorted by dd-cfDNA levels (percentage), increasing from left to right

Bloom et al, 2017




Performance Metric Performance at 1%

Threshold
ROC/AUC 0.74

(95% CIl 0.61-8.85)
Sensitivity 85%
Specificity 59%
NPV 84%
PPV 61%

Bloom et al, 2017



dd-cfDNA (%)

p <0.001
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No Active Rejection
n=_80

Active Rejection
n=27

Serum Creatinine (mg/dL)

p=023

No Active Rejection
n=_80

Bloom et al, 2017

Active Rejection
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Circulating Cell-Free DNA Enables Noninvasive
Diagnosis of Heart Transplant Rejection
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Noninvasive monitoring of infection and rejection after
lung transplantation
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Graft-derived cell-free DNA, a noninvasive
early rejection and graft damage marker in
liver transplantation: A prospective,
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[] 25%-75% . p<0.0001 ,
T 5%-95% — p=1.0000 —
o Quitliers
* Extremes
— p<0.0001 ——
— p<0.0001 —— n=5
n=282 n=68
(@]

Stable HCV+ 8-15 days prior to
N=88 N=17 biopsy proven
acute rejection
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Biopsy proven
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Schiitz et al, 2017
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Serial perioperative cell-free DNA levels in donors and
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p‘ = 0099 p‘ - 0'47

‘—l— P <0.001 I_‘_

@ Standard SNP dd-cfDNA
@ Expanded SNP dd-cfDNA
@ Standard dd-cfDNA + GEP

Sensitivity Specificity NPV PPV



Implementation
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Implementation

*Same performance characteristics as NGS based
chimerism analysis

* Collection tube to preserve cfDNA integrity (.e.g., Cell-
Free DNA BCT STRECK, PAXgene Blood ccfDNA Tube,
)

e cfDNA extraction to produce enough yield and
integrity (e.g., Maxwell® RSC ccfDNA LV Plasma Kit)



Implementation

V1i+V2 V3+V4

0.32% 0.52%
0.93% 0.98%
2.06% 2.33%
4.76% 5.40%

9.19% 10.12%



Use Case
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dd-cfDNA (%)

16.0
12.0 1
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0

0.0~

P<0.001

Mayer et al, 2021



Non-Invasive Testing

*Transplant date: 23/09/2021
*Elevated creatinine: 15/4/2022
*DSA: 17/4/2022 (DR13: 2000 MFI)
«cfDNA: 17/4/2022 (4.65%)



Biopsy

Diagnosis:
- Acute T-cell mediated rejection BANFF
Grade IB

- Acute antibody mediated rejection (C4d
minimally positive)

- No viral inclusions identified (SV-40
negative)



Follow Up Non-Invasive Testing

e DSA: 28/4/2022 (DR13: 1000 MFI)

e cfDNA: 28/4/2022 (0.81%)



DSA*/CIDNA* vs. DSA*/cCfDNA-

Donor % DSA (MFI)

S

TR

Transplant Date Sample Date

23-Sep-2021

3-Apr-2022

4-Apr-2022

17-Apr-2022
28-Apr-2022

21-Apr-2022
16-May-2022

21-Apr-2022
16-May-2022

4.68%
0.81%

0.46%
0.15%

0.99%
0.40%

DR13 (2,000)
DR13 (1,000)

DR53 (2,000)
DRS53 (1,400)

None
None



Summary

* Advances in molecular transplant diagnostics are biologically
plausible and less subjective

* They offer the promise to standardize diagnosis and treatment of
rejection

* They offer a promising non-invasive diagnostic and monitoring tool
for early detection of ABMR, monitoring response to treatment as
well as distinguishing a population of immune quiescent who may
benefit from immunosuppression minimization



Stay Tuned
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