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Road Map

What is donor-derived cell-free DNA?
Why do we need it!

What are we learning about it?
What are its opportunities?

How will donor-derived cell-free DNA be used in organ
transplantation?



Contributors to Transplant Failure

@ Non-immune
O Immune

Organ Quality

@ Biopsy

- nonadherence
- under-dosing

Graft Loss

* serum creatinine

Organ
Transplant

* proteinuria

* liver enzymes

* PFTs

|_* echo

* Drug levels
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Limitations of Current Surveillance

Unmet need in kidney transplantation

* Non-invasive accurate diagnostic test
* Safe, readily repeatable

e |nformative

e Lead time vs to standard of care
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How it Works

* Initial strategies
— Interrogate both donor and recipient

— Gender mismatched pairs

* Contemporary strategies

— Population genomics

= SNPs that have high allelic frequency

— Homozygous in donor and recipient but
differ

— Distributed evenly in population

= Copy number variation (CNV)



How it Works
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Count donor-specific alleles

Calculate % dd-cfDNA
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* Graft fraction (dd-cfDNA)
* Total graft cfDNA

Modified from Snyder, PNAS 201 |
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% Donor DNA

Universal noninvasive detection of solid organ
transplant rejection

Thomas M. Snyder®®, Kiran K. Khush®, Hannah A. Valantine®', and Stephen R. Quake®""’

2The Howard Hughes Medical Institute and PDepartments of Applied Physics and Bioengineering, Stanford University, Stanford, CA 94305; and “Division of
Cardiovascular Medicine, Stanford University School of Medicine, Stanford, CA 94305

Edited* by Leonard A. Herzenberg, Stanford University, Stanford, CA, and approved February 24, 2011 (received for review September 15, 2010)
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® Healthy
Close to Rejection
® At Rejection

« Cf-DNA may provide
signal prior to biopsy

« Cf-DNA may decline

after treating rejection




Dd-cfDNA and Rejection: DART

° |4 centers, n=384, 1. Newly transplanted recipients with dd-cfDNA tests at 11
Prospective surveillance visits
observat.lonal study, Kidney
2 scenarios. transplant Surveillance visits
2R 20 2% SN 2R 2R 2 2 2 T
L1 11 | | | | | | |
Months post- |11 1 ] | | | | | | |
transplant 1 2 3 4 6 9 12 15 18 21 24

2. Clinically indicated biopsy with dd-cfDNA tests at time of
biopsy and 1-2 follow-up visits

8 weeks
\ \ \
* Rejection based on Banff 2013 criteria For_causle biopsy dd_clfDNA dd_chDNA
+
dd-cfDNA

*Donor-Derived Cell-Free DNA in Blood for Diagnosing Acute Rejection in Kidney Transplant Recipients
Bloom RD et al, ] Am Soc Nephrol. 2017



Dd-cfDNA is Sensitive for ABMR;
Serum Creatinine is not
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Bloom RD et al. Cell-free DNA and active rejection in kidney allografts. J Am Soc Nephrol. 2017. doi:10.1681/ASN.2016091034.



True positive fraction
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Strong NPV for ABMR

Low PPV due to the presence of
TCMR IB with high dd-cfDNA in
the “no ABMR” group

AUC=0.87

AlloSure test

0.0

0.2 0.4 0.6
False positive fraction

0.8

1.0

Performance performance at
metric 1% threshold
ROC/AUC (95% c?.c?775-0.97)
Sensitivity 81%
Specificity 83%
NPV 96%
PPV 44%

Bloom RD et al. Cell-free DNA and active rejection in kidney allografts. J Am Soc Nephrol. 2017. d0i:10.1681/ASN.2016091034.

CfDNA (%)
=

dd-

Chronic.active ABMR
n=10

Acute/active ABMR
n=6

TCMR
n=11

. NoTCMR
‘ TCMR 1A
. TCMR TB

0 TCMR IIA



Higher dd-cfDNA With ABMR

Other Quantification Methods

* n=b55, for-cause bx
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Biopsy Result

bCMR=borderline cell-mediated rejection; CMR=cell-mediated rejection ; aAMR: acute antibody mediated rejection; caAMR=chronic

active antibody mediated rejection; gd-cfDNA=graft-derived cell-free DNA; Graft Fraction=graft derived cell-free DNA/total cell-free DNA Whitlam et al. Am J Transplant 2018.



Dd-cfDNA and ABMR

ABMR based
on DSA

Study Banff Diagnostic Sensitivity Specificity

Criteria cut-off (%) (%) (%)
Bloom, 2017 2013 1 81 83
Jordan, 2018 2013 1 81 82
(with DSA)
Whitlam, 2018 2013 0.75 85 /5 48 95
Huang, 2019 2013 0.74 100 /2 69 100
Sigdel, 2019 2017 1
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criteria for chronic active T cell-mediated rejection, antibody-
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next-generation clinical trials
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* Overlap in microvascular injury
phenotypes

* Detectable DSA not required

* Molecular alternatives to DSA
acceptable
— “If thoroughly validated”
— Tests have limitations

Challenges with
ABMR

«Current/recent

Active antibody interaction

ABMR with vascular
endothelium
« Serologic evidence
of donor-specific
antibodies (DSA)

\ ‘/I Criteria for TCMR Type
\ / IAIIB, Il and active

— Not Yet 3ppr, 8}41%%%%%&4?&95% suggesting active cell injury \\\"// ABMR



Dd-cfDNA and ABMR

Huang, 2019 2013 0.74 100 /2 69 100




Dd-cfDNA and ABMR

Whether Dd-cfDNA is considered a valid marker of

endothelial injury/ABMR has major implications




Why Does dd-cfDNA Better
Discriminate ABMR than TCMR

* ABMR: Direct proximity of
damaged endothelial cells to

circulation following microvascular
injury

http://www.siumed.edu/~dking2/crr/rnguide.htm#rnii



Why Does dd-cfDNA Better
Discriminate ABMR than TCM

ABMR: Direct proximity of
damaged endothelial cells to

circulation following microvascular
injury

TCMR: tubular and interstitial
injury predominate
(tubulointerstitial compartment)

http://www.siumed.edu/~dking2/crr/rnguide.htm#rnii



orrelation of Banff Elementary Lesions
with dd-cfDNA

High Creatinine (p = 0.43)
Proteinuria (p = 0.08)

Clinical Reason for Biopsy DSA (p=0.57)
DGF (p = 1.00)4

BKV (p = 0.46)-]

Borderline (p = 0.42)-

[Fec e oo 1 m - 001,
Type LA (p = 1.00)

B> All ABMR (p < 0.001) ]

P> Linear cdd staining in pte (p < 0.001)-
P-Moderate Microvascular Inflam (p < 0.001)-
ENDATS (p = 1.00)-|

B DSA (p < 0.001)

- Acuatefactive ABMR (p = 0.005)

- Any Microvascular Inflam (p < 0.001)-
Intimal or Transmural Arteritis (p=0.17)-]

Acute TMA (p = 0.26)
Acute Tubular Necrosis (p = 0.22)-

- Chronic, active ABMR (p < 0.001)-

P Transplant Glomerulopathy (p = 0.03)

P Severe pte BM Multilayering (p = 0.05) -
New Onset Arterial Intimal Fibrosis (p = 1,00)
IF/TA Grade I {p = 0.08)

Chronic Injury IF/TA Grade IT (p = 0.35)
IF/TA Grade ITI (p = 1.00) ]

BK Virus (p=0.11)

Glomerulonephritis (p = 0.65)-

CNI Toxicity (p = 1.00)

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||1|';!.||||||||||||||||||||||||||||

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

Bloom RD et al. Cell-free DNA and active rejection in kidney allografts. J Am Soc Nephrol. 2017. doi:10.1681/ASN.2016091034.
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Bloom RD et al. Cell-free DNA and active rejection in kidney allografts. J Am Soc Nephrol. 2017. doi:10.1681/ASN.2016091034.



Cell-free DNA and Diagnoses
Other Than Rejection
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Urinary Cell-Free DNA

COMMUNICATIONS
* n= 63, chromosome Y specific
dd-CfDNA OPEN
40- Urinary cell-free DNA is a versatile analyte for
monitoring infections of the urinary tract
a5 1 p<00001 1 NS 2 Philip Burnham', Darshana Dadhania?3, Michael Heyang', Fanny Chen’, Lars F. Westblade®>,
g 30- L p=0001 LI L] Manikkam Suthanthiran?3, John Richard Lee23 & Iwijn De Vlaminck® '
(@] l l . o
o * Microbiome
2
< 20- * Infectome
o
3 — Growth rates
>.
£ 109 — Antibiotic resistome profiling
— — Host response
ol 1 1
AT & — Monitoring for infection

* dd-cfDNA

Sigdel et al, Transplant 2013



Many Knowledge Gaps

Performance vs DSA?
Discrimination of diagnoses other than active rejection!?

Optimal use and testing frequency?
— Screening
— In conjunction with/instead of DSA

— With for-cause and/or protocol biopsy
Define meaningful changes/implications
How do different methods compare!?

Use with other biomarkers?



Conclusion

Novel diagnostic in transplantation
Versatility in blood and urine

Early studies show immense promise
— ABMR>TCMR

Opportunity to
— Harness the power of genomics to individual patients

— Redefine how we manage transplant recipients

SHARKS, THIS IS A KEEPER, CARPE DIEM




