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The tissue changes have the last word!
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* To review the current standard of care for diagnosing
rejection and tissue injury

« To understand the challenge of lacking a true ‘Gold
Standard’ in diagnosing rejection

« To discuss the current gaps and needed steps in
validating and calibrating non-tissue based diagnostics
— cfDNA, DSA measurements

ATAGC



Follow Suttons Law
Go where the disease Is — the tissue!

Willy Sutton

1901-1980
Medical Definition of Sutton's Willy  Sutton  was
law: The principle of going asked why he robbed
straight to the most likely banks and replied:
diagnosis. "because that is where

the money is"
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Two clinicians who pioneered disease classification

Robert Koch (1843-1910) Rudolph Virchow (1821-1902)
- Arigorous » Microscopic
approach to examination of

studying etiology
« Koch'’s postulates

diseased tissue

Understanding of diseases involves
many dimensions, particularly
examination of the diseased tissue and
search for etiology and mechanisms




The changes in the tissue reflect rejection and injury
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Microarray analysis of rejection in human kidney transplants using
pathogenesis-based transcript sets.

Mueller TF, Einecke G, Reeve J, Sis B, Mengel M, Jhangri GS, Bunnag S, Cruz J, Wishart D, Meng C, Broderick G, Kaplan B, Halloran PF.
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1. Focal or diffuse PTC Cdd+ (N=13)

G2, Minimal PTC C4d+ (N=4)

3. Isolated glomerular C4d+ with glomerular disease (N=13)

G4, Isolated glomerular C4d+ staining without glomerular disease (N=15)

TABLE 4. Probability of upregulation of genes in pathogenesis based transcripts sets, compared by C4d staining status

Groups* KT IRIT GRIT QCAT CMAT AMA BAT NKST IGT ENDAT

G5. C4d negative with glomerular disease (N=12)
G2-G1 0.34 0.30 0.70 0.64 0.67 0.40 0.26 0.18 0.35 0.44 T = e ) ) . _
G2-Gé 0.73 0.16 *%0.02 *%0.05 *%0.05 0.07 0.07 0.06 *%0.01 %004 G6. C4d negative biopsies without evidence of glomerular disease (N=25)
G1-G3 0.38 0.48 *+0.005 #4002 #+0.002 0.23 0.27 0.62 **0.007 0.11
G1-G4 0.86 0.25 0,001 0,004 #+0.002 0.16 0.12 0.52 **+0.04 **+0.03
G1-G5 0.76 0.40 0,001 #4002 #+0.01 0.20 0.31 0.43 0.09 0.13
G1-G6 0.91 0.36 0,001 #+0.03 #+0.01 0.17 0.20 0.44 **0.048 0.09 Hayde N’ Bao Y’ PU"man J’ Ye B’ Calder BR’
G3-G5 0.81 0.40 0.1 0.51 0.59 0.37 0.58 0.22 0.57 0.47 Chung M Schwartz D A|ansari A de Boccardo
G4-G6 0.52 0.31 0.14 0.19 0.20 0.42 0.17 0.55 0.59 0.10 ! ! !

Comparison made on the ratio of the first growp o the secomd. G, Ling M, Akalin E. Transplantation. 2013

**P value for significance, <0.05.
KT, kidney transcripts; IRIT, injury and repair-induced transcripts; GRIT, gamma-interferon and rejection-induced transcripts; QCAT, quantitative cytotoxic 27 . 9 5(4) . 5 80_8
T cell-associated transcriptss CMAT, quantitative constitutive macrophage-associated transcripts; AMA, alternative macrophage ation transcripts; BAT, 1 . .
B cell-associated transcripts; NKST, natural killer cell selective transcripts; IGT, im munoglobulin transcripts; ENDAT, endothelial cell-associated transcripts.




log2(PBT score)

All biopsies aligned by T cell burden (QCATS): Standardized with 8 control kidneys, PBTs from IQR filtered set

Kidney Biopsies For Cause (N = 234)
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A common rejection module (CRM) for acute rejection across multiple

organs identifies novel therapeutics for organ transplantation

Discovery of a CRM consisting of 12 genes by

CRM score correlates significantly with
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The immunologic constant of rejection:

similar to autoimmunity, pathogen infection, and cancer
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Tens of thousands of genes “predict” outcome!
The single gene analysis must acknowledge this

Passed QR filter
Failed IQR filter
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Probesets ordered by Cox proportional hazards p-values




Significant overlap in the molecular phenotype between disease entities:

No transcript is specific
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A molecular classifier for diagnosing AMR

Molecular Diagnosis of ABMIR

Seallarés at al.
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Reference Standard Histology Diagnoses

Classifier score correlates with:
« Pathology (ptc, g, cg, I, cv, ah, ct, ci)
« Consensus amongst pathologists

e Presence of DSA
/ATAGC

° outcome
Sellares et al. Am J Transplant. 2013 Apr:13(4):971-83.




Potential sources of variance with diagnostic

classifiers

1) Sampling variance (random splits)

2) Label assignment (Gold Standard!?!?)

3) Training set size (10-fold, 5-fold etc.)

4) Modelling strategy (which samples to exclude from the training sets)

5) Classifier type (LDA, SVM, etc) Molecular Diagnosis of TCMR
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Common Errors in the Implementation and Interpretation of Microarray Studies.

Reeve, Jeff; Halloran, Philip; Kaplan, Bruce ATAGC

Transplantation. 99(3):470-475, March 2015.




NK cells and macrophages in antibody mediated peritubular capillaritis
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Kidney core 3-5 mm
1-2 EMB bites
1-2 TBB bites
Liver 3-5mm

Collect Biopsy Shipping/Receiving

Place immediately in RNALater ROOM femperature RNA Extraction, Clean-Up, and Quality Control

Molecular Microscope® & o RNA

Labeling

(MMDx-Kidney)

Scan Chips Wash & Stain Hybridization




Evidence supporting the claim for superiority of molecular to histologic diagnosis

Histology relies on relatively few (6) canonical lesions, semi-quantitatively scored with considerable variability:2.

MMDx uses hundreds of features (probe sets), measured on a continuous scale with high precision

When predicting a phenotype with a well-defined gold standard (survival), molecular measurements outperform histology3->.

MMDx outputs are continuous rather than semi-quantitative or binary, and can indicate when a biopsy has values near boundaries,

allowing the observer to calibrate their diagnosis accordingly.

The MMDx supervised classifiers were trained on histology labels using microarray data, thereby combining information.

Many/most of the genes used by MMDx make biological sense.

Historically, the molecular findings have been used to update the Banff classification e.g. recognition of C4d- ABMRS:7,

MMDx can assess recent injury and correlates with function better than histology210

Machine learning overcomes errors in sample labelling.
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Explaining the Molecular Microscope® report

for core kidney transplant biopsies (MMDx-Kidney)

~
» Kashi Clinical Labord
MMDX Fotan, OB UsA Additional deta Comparison to normal
Rejectio elated bina Scores of this biopsy interpreted
Molecular Microscope® Diagnostic Report for Kidney (MMDx-Kidney) a ers and A a PLSE VS. fe|atlve|y normal b|0p3|es
Range of Upper limit of
Classifier/Gen Biopsy score | possible values® i | InWPoretation
.. TCMR-1 0.01 00-10 : Normal
Cl ini Cal (Redacted) TCMR related TCHR-2 0.01 00-10 0.10 Normal
————— Mean of 2 TCMR classifiers 0.01 00-10 0.10 Normal
i n te r I ! r et at i O n Rejection related REjN:‘IO“c 0.74 00-10 0.30 Severe
-~ - Injury-scarring AKl score” 0.16 06-16 0.39 Mild
related Atrophy-Fibrosis Score’ 0.33 00-10 082 Mild
Abnormal biopsy. Severe early-stage ABMR with g and ptc-related molecular features. No TCMR. Mild inflammation, AKI and atrophy-fibrosis. ABMR-1 0.82 00-10 0.20 Severe
Note that MMDx cannot exclude primary renal diseases. SR oo ABMRZ 077 20-10 020 Severe
Summary of molecular ABMR-3 ] 0.84 00-10 0.20 Severe
—\; Classifier/gene sets'? Biopsy Range of values Upper limit of normal’_| Interpretation Mean of 3 ABMR classifiers 0.81 00-1.0 0.20 Severe
C h an g es ni Score’ -0.32 -38-58 0.03 Mild Glomerulitis (g) > 0 probability” 0.75 00-10 0.25 Severe
. : qoms [ Acute Kidney injury (AK]) Score” 0.16 06-16 039 Mild Transplant glomerulopathy (cg) > 0 probability” 0.33 00-10 7] Mild
(| njury, rejectio ) Atrophy-Fibrosis Score® 033 00-10 082 Mild Classifors based|-E2MUDUIAT CAPINAITS ptc) > 0 probabiity” 0.75 00-10 024 Severe
Rejection Score” 0.74 00-10 0.30 Severe assifiers based ['ngppositive probabilit, X Y ]
Relection |-+ C2l e o ojecton {TCHR) Score™ .01 0.0-10 010 Normal e terarial i T i gg; gg 12 g;é Mrfwmle
Scores 2 L . 2 2 - lormal histologic lesions | [nterstitia @>1p - - L ormal
Antibody-Mediated Rejection (ABMR) Score,” 0.81 00-10 0.20 Severe Tubulitis (i) > 1 probability 0.03 00-10 0.1 Normal
P X Tubular atrophy (ct) > 1 probability 0.21 00-10 0.84 Normal
roortl ons <o | i Nonrsiecing 0.00 | All ABMR (Sum of R4, RS, and R6) 100 Adherence index™” 0.45 00-10 0.9 Normal
. . Rejection phenotype’ y For classifiers: TCMR-1 = TCMR vs everything else; TCMR-2= TCMR vs everything efe, with BK/Borderline/Mixed withheld; ABMR-1 = ABMR
reje ction-related (six scores, R1-R6, 2; TM?M'; T ::: R4 Early-Stage ABMR (EABMR) :i: Vs everything else with TG/ABMR suspicious withheld; ABMR-2 = ABMR and Mixed Jeverything else, with TG/ABMR suspicious withheld;
adding up to 1.0) ixed Rejection - RS Fully-Developed ABMR (FABMR) - ABMR-3 = ABMR vs everything else, with Mixed TG/ABMR suspicious withheld.
molecular changes R6 Late-Stage ABHR (LABMR) 000
( 0I‘ma| , TC M R , AB M R) Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3 Rank order of the most common hvsll;llng\lrl:aﬂ'rwnnsul in the 50 nearest molecular L an molecular G 1:;::’50 nearest molecular
ABMR: 54% n: 0.83
e (NOMOA): 12%
Atrophy-Fibrosis Score (cigt1): 0.28
AKI Score (IRRATs): 0.20

Visualization ol R o T ‘ T
Relationship of biopsy to x
others in reference set ' .
PC2vs. PCl : .

Halloran PF et al. Nature Review|
Halloran PF et al. Kidney Int 201

Reeve ) et al. Am J Transplant 2

Adherence index:

Low scores in biopsies 6m-5y
post-transplant correlate with
possible non-adherence or
under-immunosuppression

Visualization . ; : Histologic and molecular
PC2 vs. PC3 diagnoses in the molecular

[ - y::;u;: in pﬂlizn[s‘ with sjmnar biopsies ;ll;:;:e;;in:e Set pemen;;‘:nu“ eare nel ! ] h b 0 Of t h | S
biopsy

vival of other kidneys

like this on




MMDx-Heart
Endomyocardial biopsies

Results on the first 1000 biopsies




General Molecular Phenotype
LIMS ID [ Name | PBT/Gene Biopsy Score Normal limit Interpretation
Sample Name ABMR-related DSA-selective (DSAST) 0.13 <0.08 slightly abnormal
Date Reported (Y-M-D) Endothelial DSA-selective (eDSAST) 0.18 <0.16 slightly abnormal
Date Received (Y-M-D) NK cell burden (NKB) 0.08 <0.12 normal
“ ROBO4 9.26 <9.49 normal
q Date of Transplant (Y-M-D) TCMR-related Cytotoxic T cell transcripts (QCAT) 0.a8 <0.15 abnormal
I nterprEtatlon \ Date of Biopsy (¥-M-D) Histologic T cell burden (TCB) 0.67 <0.30 slightly abnormal
Time of Biopsy Post-Tx Enzyme (ADAMDEC1) 3.27 < 2.96 slightly abnormal
Pure molecular interpretation Cytokine (CXCL13) 5.33 <5.20 slightly abnormal
Interferon gamma (IFNG) 4.16 <4.13 slightly abnormal
Relatively healthy cardiac tissue. No ABMR. No TCMR. Well differentiated parenchymal tissue (HT1s normal) and minimal ] ch int (CTLA4) 3.68 <3.66 slightly abnormal
parenchymal injury (54, IRRAT and QCMAT scores normal). All rejection and
- IFNG inducible {GRIT) 0.23 <0.11 slightly abnormal
Signed out by Dr. P.F. Halloran injury-related
Legend: NA = not available, ABMR = antibody-mediated rejection, TCMR = T cell-mediated rejection Injury-related Heart transcripts (HT1) 0.06 >-0.05 normal
Archetype Proportion | Model 1 NRI 0.68 | TCMR/Injury 0.07 ABMR/Injury 0.26 Injury transcripts {IRRAT) 0.14 <0.24 normal
Scores pelacion - Injury cluster (54) 0.03 <0.10 normal
and Injury* | Model 2 NRI 0.69 | TCMR 0.05 ABMR 0.23 Injury 0.03 Macrophage transcripts (QCMAT) 0.01 <0.14 normal
\ <
Probable | ysing Model 1 | NRI 1.00 | TCMR/Injury 0.00 ABMR/Injury 0.00 [~ ~_ Other Clinical
Diagnnsls:“ Using Model 2 | NRI 1.00 | TCMR 0.00 ABMR 0.00 |
Principal Component Scores PC1 -4.57 PC2 0.21 PC3 0.04

NRI (Normalness) = No Rejection or Injury. *Based on new algorithms accepted for presentation at the 2018 ISHLT
meeting, April 11-14, Nice, France.

Additional

P e . NRI . Molecular
- * TCMR * TCMR
PR o | = asMr . o | ® ABMR . Scores &
- N A T bieps N7 & The biope z
7 Pey i, ' Comparison
-7 Bo 8o to Normal
-~ c v c v
- k] &
5 o 5o
Principal g g
Compqnent Ne | 8o, M. D. Parkes, A. Z. Aliabadi, P. Bruneval, M.
Analysis of a rE ..t y; Cadeiras, M. G. Crespo-Leiro, M. Deng, E. C.
Reference S~ R R S I N ew R Depasquale, J. Goekler, X. Jouven, D. H. Kim, J.
= o 1 pasq
Set o S Tem, - : -~ ] Kobashigawa, A. Loupy, P. Macdonald, L. Potena, A.
e ; . — — S —— : \ B ] opsy " Zuckermann, and P. F. Halloran. An integrated
-20 0 20 40 60 -10 0 10 T ~-20 - ‘\ molecular diagnostic system for rejection and injury
PC1 (62% of variance) PC3 (4% of variance) ~ -~ S ,’ in heart transplant biopsies. submitted, 2018.
= *""h - ol

Figure 3. Molecular Microscope® Report for heart transplant biopsies (MMDx-Heart). The new biopsy is compared to the reference set of 889 endomyocardial biopsies and given a series of molecular scores
culminating in the assignment of a molecular interpretation. This new biopsy was relatively normal with molecular features typical of well-differentiated parenchymal tissue with minimal injury or rejection. Patient information
in the first table has been redacted. Archetype scores Slygma (NRI), S2rcur, S3agwr: @Nd S4yy,y from the 3-archetype model (3AA/model 1) or 4-archetype model(4AA/model 2) are given for the new biopsy in addition to
corresponding binary classifier scores predicting the probability of molecular non-rejection, TCMR, and ABMR. The report provides a visualization of the new biopsy (yellow triangle) projected into the rejection-associated
transcript-based principal component analysis of the 889 reference set biopsies. Biopsies in the reference set are colored according to their highest of four archetype scores in the 4AA model. Grey indicates that S1
was the highest score, red corresponds to S2rcyg, blue to S3,gyr, and cyan to S4,,,,. The right hand side of the report provides a table of addition molecular data including pathogenesis-based tra ’K

and singular transcript expression scores relating to all rejections, ABMR, TCMR, and injury. Score are represented as the log fold change in the new biopsy vs. normal biopsies (i.e. reference set
S1lyoma™0.7). For each score a normal limit is given, defined as the 95t percentile score in the normal biopsies. Scores in the 951-99t percentile are labeled “slightly abnormal” and scores in
“abnormal.” The report also has space for additional clinical information if provided.




MMDx-Lung
Transbronchial biopsies

Results on the first 250 biopsies




Explaining the Molecular Microscope® report
for transbronchial lung biopsies (MMDx-Lung)

Alberta Transplant Applied Genomics ¢
hge Medical Research Centre
of Alberta
), AB, Canada

Patient information
Date of transplant,
date of biopsy, etc.

Clinical information
Time post-transplant;
indication, DSA (if provided)

Sample Name

Additional detail
Rejection, injury-related
transcript scores in this biopsy

Comparison to normal
Scores interpreted vs.

relatively normal biopsies

Fax 780-407-34

INTERLUN Chial Biopsy)

Biopsy Number s\lgnl[;.: abnommal
Date Reported (Y-M-D) Normal
Date Received (Y-M-D) Apnormal
Date of Transplant {Y-M-D) Abnormal
Date of Biopsy (Y-M_D
. . psy ( ) S Slightly abnomal
Abnormal
I n I C a KBiopsy Post-Tx 129 Days Abnormal
—— DSA Stalts, | NA | Ciinical Dx Rejection and Injury-relaied Abnormal
. - PRA Status | NA | Infection Abnormal
Injury-ralated - -
iranscripls [GCMAT) 0.80 Abnormal
Pure molecular i Othar Surfactant iranscnpls (Alveoiar content [t 15342 ..aaquata

Abnormal biopsy with extensive parenchymal injury. Minimal ABMR-like changes. Minimal TCMR-like changes. Extensive injury
(Injury score 0.71, IRRATs and QCMATs abnormal). (The relationship between the rejection archetype scores and actual rejection
states is unclear and is the subject of the ongoing INTERLUNG study.)

#3ightly abnomal - blopsy scare s Detween the
values In the 557 percentie of biopsies with 51,62

R Relatively Local
Proportion Model 1 Homel 028 | TCMR-Like 0.31 | ABMR.Like 0.41
P ro Q tions iy “n‘..:.. ‘ | Acuis Rejection Arway _ Ofher _
Tnjur olatively ; .
Norm aI TCM R J V" Model 2 Normal 019 TCMR-Like on ABMR Like 0.00 Lung Injury on ISHLT s ISHLT a ISHLT [T
1 ) A Grade B Grage C Grage Capillantis andior NA
ABMR, injur S
Dlagnosls
, INjU Current Biopsy vs Referance Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PE3 —
[ Clinical nofss |
® A1, Relatively Norma 1: Relaiively Normal L ]
o | ® A2 TCMR-Like 2: TCMR-Like
Y] ® A3 ABMR-Like ~ 3. ABMR-Like
® A4 Lung Injury ® Ad: Lung Injury et
TeNces
Visu al 1zation $ $ {1} Halloran PF, Potena L, Dugng Van Huyen JP, Bruneval P, Leone O, KIm DH, & & Bulkding 3 ty olecular diagnostic system In heart
e —— transplant rajection: the heart molkecuiar microscope MMDw. J Heart Lung Transplant 20° 1

. Nature Reviews Nephrology

R kidney transplant blogsles

Lung Transpiant

Relatlonshlp Of th |S N (2) ;g‘u:?wg;a:;lsn K5, Resve J. Molecular assessment of disease states In Kldney transpilar)
(4} Halloran K, Parkes MD, Chang J, Famuiskl KS, Timofiz IL. Snell G1, et al. Mo;cu ar Features of Reie)
Transbronchial Blopsies: Intial Findings of the INTERLUNG study. Jowmal of Heart and Ly
Alveolar content

biOpsy to all others in (3) Resve J, Bohmig GA, Eskandary F, Einsck G, Lefaucheur C, Lougy &, & 3l Assessing reection-
Transbronchial Blopsles. 2018&:In preparation.
PC2 VS. Pcl, \ {6} Halloran KM, Parkes MO, Chang J, Famuiskl K3, Resve J, Hachem R, etal, Molecutar De|
Too little makes

based on archefypal analysis of molecular phenotypes. JCI Insight 20
the reference biopsies ; : {50 o KN, Parkes MO, Chan . Famast K. RseveJ, Hachem R, e, Moteotar iz .23
Mucosal Lung Transplant Slopsies: Initial findings of the INTERLUNG study. Journal of He
PC2 vs.PC3

interpretation difficult




Mucosal biopsies: much safer than TBBs

* Prospective collection of
mucosal biopsies from
indication or surveillance
bronchoscopies in lung
transplant recipients

— 3 airway bifurcation (3B-
MB), typically between RLL
and RML airway

« 1-2 pieces for molecular
analysis

— Quantitative expression of
453 rejection-associated
transcripts (RATS)

Originally identified by
association with kidney
transplant rejection histology

7
Image courtesy of Olympus

ATAGC



Lung Case #1

Report — Page 1

Redacted

Pure molecular interpretation
Pure Molecular Interpretation
Relatively healthy lung transplant. Minimal ABMR-like changes. Minimal TCMR-like changes. Minimal parenchymal injury
(Injury score 0.11, IRRATs and QCMATs normal). (The relationship between the rejection archetype scores and actual rejection Relatively healthy lung transplant. (The refationship between the rejection archetype scores and actual rejection states is
states fs unclear and is the subject of the ongoing INTERLUNG study.) unclear and is the subject of the ongoing INTERLUNG study.)
Proportion Model 1 Relafivell | 093 | TCMRLike | 0.00 | ABMRLike | 0.07 _ —
Rejection and P ‘ F"””“"“?:.E;}ES"““"“ Relatively Normal 0.70 ‘ Rejecfion ‘ 0.00 ‘ Endothelial ‘ 0.30 ‘
Injus Model 2 Nir‘:::f"f 0.80 | TCMR-Like | 0.00 | ABMR-Like | 0.00 | Lunginjury | 0.11 ]
Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3
Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3 T T
; T ® Al Relatively Normal ® A1 Relatively Normal:
® A1 Relatively Normal ® A1 Relatvely Normal H @ AZ: Rejection H ® A2 Rejection :
® A2 TCMR-Like : ® AZ: TCMR-Like i & A% Endothelial wdathelial
S| ® A3 ABMR-Like 5] ® A3 ABMR-Like i &8 :
@ A4 Lung Injury @ A4 Lung Injury
o
&~ [ O
o 3]
[ Iy o o o
® .
e e i
g g 'y
‘e
20 0 20 40 15 -0 5 0 5 10 15 20 10 0 10 20 30 40 10 5 0 5 10 15
PC1 PC3



Lung Case #1

Report Page 2

Molecular Phenotype Molecular Phenotype
Genel/gene seis Eiopsy score Normal Limit* Interpretationf Genel/gene sets Eiopsy score Mormal Limit* Interpretafiont
DSA-selective transcripts (DSAST) .14 <0.31 Normal DS A-selective transcripts (DSAST) 0.08 <0.18 Normal
AEMR-related Endaothelial DS A-sedactive transcripts (2 DSAST) -0.18 «0.46 Normal ABMR-related Endothelisl DS A-salective transcripts (e DSAST) 0.05 <0.35 MNormal
NKDE"F'UTdEHUEWF“S[NKEJ -0.08 <0.45 Normal MK cell burden transcripts (MKEB) 0.31 =027 Slightly abnormal
Cytotoxic T cell "5"5_0“95 E‘al\-ﬁt' -0.01 =0.3 Normal Cytotoxic T celltranscrpts {QCAT) 0.22 =0.42 Normal
TCMR-related IF?‘;"I”M:""E&"FEF“B” 0.21 <045 Normal CMRrelaid T cell burden ranscipk [10B) 0.51 0.4 Slightly abnermal
(Interferon gamm_s,- 5.06 <542 Normal el {FNG (Interferon gamms) 4,62 <4.86 Normal
GTLA4 (T cellcheckpoinf 4.55 =4.92 Normal CTLA4 (T cellcheckpaing 510 524 N 1
- - - cell checkpoin <
Rejection and injury-relaied | |IFMG-inducible transoripts (GRIT) 010 =014 Normal - " F'c" - - orma
— — L - IFMG-inducible transoripts (GRIT) -0.07 =0.12 Mormal
= “re Injury transcripts (IRRAT) 021 <0.44 Normal Rejection and injury-relaed ——————— —
njury-rela Macrophage transcipts (QCMAT) PRT] =03 Normal Macrophage transcripts (QCRMA 13 =0.32 Normal
Other Surfactant transoripts (Aleolar contentit o035 =0267 Slightly Low “Normal range for 3l ganesigane sais (Soam surlacilant] includes valkes i (reiamvally normal opskes),.

“Normal range for @ genasigans 52 (SxcaEpt sufactant) includss
surtaclam Includes wales Ine 25 parcamiiz in 3l Diopskas.
+Surtactant scors Ix W2 QIOMEIC mean srassion levd caouaed
1S8gnTy apnonmal - HODsy SCOFa ks DEtwaan e 907 and 9% parcamy
walss Inhe 99° parcaniia of DIOpskas Wil S1xe27 (raaledly namm.

of Wapsias Wilh S1,=0.7 (relativaly narmal opsies). The namal Bmi far

I B | '. M S1yz20.7 (ratvaly nom 3l Hapsias). Abnarmal - lapsy soura axcasds

tsightly abnomal - bapsy scaralks an iha 30" and 99" parcaniia of

normal blopskas). Abnonmal - blopsy score excaads
waluss infhe 99 parcanile of biapskes wilh Siwc=07 (relslivaly normal bog

3BME

Local Histopathology Phenotype In Paired Transbronchial Biopsy

Acute Rejection Airway Inflammation Chronic Airway Rejection Other
= Cdd MNA
Local His gy Phenotype ISHLT ISHLT ISHLT FECTropRiE
Acute R ti Airway Inflammation Chronic Airway Rejection Other A Grade NA B Grade NA C Grade NA Capillaritis and/or NA
ISHLT ISHLT ISHLT Cid NA Margination
Meutrophilic +
A Grade NA B Grade NA C Grade NA Capillaritis andior NA g 1S .
Margination
Diagnosis NA Clinical notes |
Clinical notes |
| References
(1) Hellomn PF, Poiens L, Duong Yan Huyen JP, Bupewel P, Leone O, Kim DH, et al. Buiding = tissue-bssed mokoulsr degnostic system in heart
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MMDx-Liver

Molecular analysis of rejection and injury Iin
human liver transplant biopsies:

First results of the INTERLIVER STUDY

INTERLIVER ClinicalTrials.gov NCT03193151
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Liver Case #1 B1 (596 days post-Tx) Report

Page 1

Page 2

G 1 Molecular Phenotype
Patient ID BEDO001 Name: Genelgene sets Biopsy score | Normal Limit* Interpretationt
Sample Name BEDO0O! DSA-selective ranscripts (DSAST) .04 013 Normal
Biopsy Number B1 . . _ _

Date Reported [Y-M-D) 2013-Dec05 Patient Age at Biopsy: ABMR-related El:(dotheha] DSA—seIec%wetrans.cnpts (eDSAST) -0.06 <0.2 Normal
Date Received (Y-M-D) cell burdentranscripts (MKEB) -0.07 <0.27 Normal
Date of Transplant (Y-M-D) 2016-May-02 NA CytotoxicT celltranscripts (QCAT) -0.04 <0.25 Normal
Date of Biopsy (Y-M-D) 2017-Dec-19 T cell burden transcripts (TCB) 0.12 <0.4 Normal
Clinical TE LR JFNG (Interferon gamma) 428 <4.55 Normal
Time of Biopsy Post-Tx 596 Days Bi.opsy-I Int?lication i i For Cau.se _ CTLA4 (T cell checkpairt) 3.20 3.39 Normal
DA - Primary Disease Cirthosis, Nonalcoholic Steatohepafitis jection and injury-related | TFNG-inducHle ranscripts (GRIT) 004 13 Normal
e :\:Jur}' franscripts {IRBATJ . -0.16 <0.2 Normal
P acrophage transcripts (QCMAT) -0.09 <0.15 Normal

Relatively healthy liver transplant. Minimal TCMR-like changes. Minimal parenchymal injury (Injury score, IRRAT and QCMAT scores
normal). (The relationship between the rejection archetype scores and actual rejection states is unclear and is the subject of the
ongoing INTERLIVER study.)

Proportion Rejection Relatively T —_—
and Injury’™ Model 1 Normal ‘ 0.91 ‘ TCMR-Like ‘ 0.09 Injury-Like 0.00 ‘
Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3
- ® Al Relatively Normal; . ® A1 Relatively ilorma!
@1 @ A2 TCMR-Like H | @ AZ: TCMR-Like
® A3 Injury-Like ® A3 Injury-Like
. o
& ° & b o
-0
3 ° 8
oo L] [ ] L . o
L
. .~ LI @
L]
ot E I : o
Q; 0
] ’ ® L ]
o e
' -20 0 20 40 15 20
PC1

1Slightly sbnormal -

g

exceeds values in the 36" percentile of biopsies with S1nama20.7 (relatively normal biopsies).

*Mormalrange forall genes/gene sets (zxcept surfactant) includes values in the 307 percentile of biopsies With Sluamez0. 7 (relatively normal biop:
biopsy scors is between the 30"and 3¥"percentile of values in the biopsies with Sluamezl.T (relatively normal biopsies).

Abnormal - biopsy score

Pathology
Acute Rejection
Fortal Vein 0 Bile Duct 0 Venous Endofhelial 0
Infl tion Infl tion Infl tion
Chronic Rej
Bile Duct . . .
Degeneration 0 Focal Obliteration 0 Cholestasis 0
Lumenal Tural .
Narrowing 0 Fibrosis 0 Arterial FIR ]
Other Disease
Aufoimmune Steafohepatiis Fibrosis
Hepatitis NA Grading NA Grading NA
Recurrent HCV NA Recurrent GV NA
Hepatitis
[ Clinical notes |
References

(1} Halloran PF, Potena L, Duong Van Huyen JP, Bruneval P, Leone O, Kim DH, et al. Building a tissue-based molecular diagnostic system in heart
transplant rejection: the heart molecular microscope MMDx. J Heart Lung Transplant 2017;36(11):1192-200.

(2) Reeve J, Bohmig GA, Eskandary F, Enecke G, Lefaucheur C, Loupy A, et al. Assessing rejection-related disease in kidney transplant biopsies
based on archetypal analysis of molecular phenaty pes. JCI Insight 2017;2(12).



Liver blopsy case 2 (751 days post-Tx)

Page 1

Page 2

] ST, Molecular Phenotype
Sal::;'l':";;?“e gigggg: Mame: Genelgene sets Biopsy score Normal Limit* Interpretationt

Biopsy Number B DSA-selective transcripts (DSAST) 0.09 <0.18 Normal

Date Reported (Y-M-D) 3018-Dec.05 Pationt Age at Biopsy: ABMR-related Endothelial DSA-seIecFlvetrﬁns.cnpts (eDSAST) -0.05 <0.2 Normal

Date Received [1-M-D) MK cell burdentranscripts (MKE) 0.18 <0.27 Normal
Date of Transplant (Y-M-D) 2016-Mar-01 NA Cytotoxic T celltranscripts (QCAT) 1.63 <0.25 Abnormal
Date of Biopsy (Y-M-D) 2018-Mar-22 T cell burden transcripts (TCEB) 219 <0.4 Abnormal
LI TCMR related IFNG (Interferon gamma) 5.97 <4.55 Abnormal
Time of Biopsy Post-Tx 751 Days Bi.opsy Inl?lication i Ff:!' Cause _ CTLA4 (T cell checkpoirt) 362 339 Abnormal
el - Primary Disease Primary Biliary Cholangitis jection and injury-related | IFNG-inducii fransaripts (GRIT) 067 043 Abnormal
| e Injury transcripts (IRRAT) 0.38 <0.2 Abnormal
s Macrophage transcripts (QCMAT) 0.48 <0.15 Abnormal

Abnormal biopsy with extensive TCMR-ike changes. Some parenchymal injury (IRRAT and QCMAT scores abnormal). (The relationship
between the rejection archetype scores and actual disease states is unclear and is the subject of the ongoing INTERLIVER study.)

*Normal range for all genesigens sets (except surfactant) includes values in the 30" percentile of biopsies with S1umwz0.7 (relstively normal biopsies).
1Slightly sbnormal — biopsy score is between the 30%and 35 percentile of values in the biopsies with S1omaz0.7 (relatively normal bicpsies). Abrermal - biopsy scors
exceads values in the 35" parcentile of biopsies With S 12,7 (relatively normal biopsies).

Pathology
- Acute Rejection
Proportion Rejection Relatively Li fury-Li Forfal Vein Bile Duct Venous Endothelial
and Injury™® ‘ Model 1 ‘ Normal ‘ 0.00 ‘ TCMR-Like ‘ 1.00 Injury-Like ‘ 0.00 ‘ i fion 0 nf on 0 s fon 0
Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3 S Chronic Rejecti
T T e DU A )
o | ® A1:Relatively Normal : o | @ A1: Relatively Normal Degeneration 0 Focal Obliteration 0 Cholestasis 0
1@ A2 TCMR-Like i &1 @ A2 TCMR-Liki Thoral -
® A3 Injury-Like ® A3 Injury-Lika:' Narrowing 0 Fibrosis 0 Arterial FIR. 0
: : Other Disease
- . Autoimmune Ttealohepafiis Fibrosis
& ¢ & . b Hepatitis NA Grading NA Grading NA
e O ° Recurrent HGV NA Recurrent CIV NA
L] H L] Hepatitis
3 s . 3 .
ie L L] i . ac|lee .
o _
LA l... L] PP Clinical notes I
L] ™ ®
: ' [ .‘@ L References
™ :". e A ® ® (1) Halloran PF, Potena L, Duong Van Huyen JP, Brungyal P, Leone O, Kim DH, et al. Building a tissue-based molecular diagnostic system in heart
= : =] . transplant rejection: the heart molecular microscope MMD%. J Heart Lung Transplant 2017;36(11):1152-200.
‘ -20 0 20 40 -10 -5 0 5 10 15 20 (2) Resve J, Bohmig GA, Eskandary, F, Bnecke G, Lefauchewr C, Lowpy A, et al. Assessing rejection-relatsd disease in kidney transplant biopsies
PC1 PC3 based on archetypal analysis of molecular phenoty pes. JCI Insight 2017,2{12).



Complementary diagnostic tools in transplant pathology
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