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Early Transplantation and Immunosuppression
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Balancing Immunosuppression, Infection And Malignancy

Too Much Too Little
= [nfection « Allografi
* Malignancy Rejection
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Monitoring kidney function through serum creatinine
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But in kidney failure,
your blood creatinine level will go up.

20 % Subclinical rejection
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Long-term outcomes following acute rejection in
kidney transplant recipients

¢, Association between early AR and late outcomes for KTRs
ANZ &b Causes of Graft Loss Hazard Ratio
DATA > Death with function - 1.22
AUSTRALIA & v & Acute rejection —e— 185
DIALYSIS & TRANSPLANT Chronic allograft neph. - 1.39
Glomerulonephritis —— 1.16
13614 KTRs 1997-2017 Other causes b 1.44
290§ with early acute rejection P
(AR in 15t 6mth) Cardiovascular —— 1.30
Infection —— 1.11
- Cancer e 1.35
Comparison of AR vs no AR: Social causes —— 1.49
- Graft survival Othercauses _ —e— 093
- Causes of graft loss *Hazard rato (95% C) -
- Patient survival
- Causes of death KTRs with early AR are at increased risks of death,
Models adjusted for ekr 3, ‘30322 from CV disease and cancer, and graft failure, from
[eelpient immune sk an chronic allograft nephropathy and late AR.

doi: 10.1681/ASN.2018111101 J AE ; N
Philip A. Clayton et al. JASN 2019;30:1697-1707
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Biomarkers subtypes

CLINICAL DISEASE
ACTIVITY
& . .
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|
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No disease | | | | |
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* Change in response to | | | ! | |
treatment Riskisusceptibilty bioma:keu{“ Diagnostic biomarker I
| | {|Prognostic biomarker : |
* Surrogate end points: | T Y | Predictive biomarker | I
* Substitute for a dlinical end | | response biomarker [ Monitoring biomarker ||
point. | | \I\ I} |
| | l |
| Non-invasive biomarker
| <« § § § § § ®§ §®§ & i B
|
W Invasive biomarker
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Phases of Biomarkers Discovery

—

Discovery

Targeted or non-
targeted
approaches
High-throughput
technologies
Identify a panel
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Standardization
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Use independent
samples

Identify a refined
set

Prospective
multicentral
validation

* Laboratory
equipment

. Reagents

* Can the test be
reproduced in
different
laboratories

Commercialization



|deal Biomarker

® Sample entire graft (avoid bias from sampling error)
® High positive and negative predictive value

® Diagnose rejection (acute and/or chronic) before its occurrence

® Uncover over-immunosuppressed/identify tolerant states
® Rapid

® Responsive

® Non-invasive

® [nexpensive

% BRIGHAM AND gas HARVARD
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Impact of Prevalence on predictive values

® Positive predictive value (PPV) 1s the number of true
positives if the test 1s positive

® Negative predictive value (NPV) 1s the number of
true negatives if the test 1s negative
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Mechanisms of Immune Monitoring
What’s Available for Evaluation?

1. Naive T Cells
(high alloreactive
precursor frequency)

\\
* -—

Antigen
Presentation
by donor or self APC

Transplanted 4.2 Moblllzed APC
Organ

%

2. Cytotoxic

maturation
5. Reenforced

cytotoxicit;:@

\

™ % - 2 Secondary lymphoid
i X O tissue

Self and donor
APC activation

Parenchyma

Urine
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Targeted approach:

[ Immunknow ] ELISpot for IFNg, ILS, IL10
T / also luminex
ATP Proteim DSA9

ANDIZED  production .
semition — Gene expression Dmfie Cytokime, ___, HILAAb

chemokime juminex or ELISA

.

-
’oﬁ@ T | o>
o ———

Phenotyping cells
by Flow Cytometry
T cell
Domor Cell
KFree DN Array based approach
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Clinically Available Biomarkers: Donor-derived
Cell Free DNA

%‘iﬂO

g%%%% Donor DerivedC ||.
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Donor Cell
Free DNA

Ly —2i2 HARVARD : .
% e el Paul et al., Kidney Transplantation, 2021



Clinically Available Biomarkers: Donor-derived
Cell Free DNA

Plasma and cell-free DNA

< White blood cells
} Red blood cells

* DART study, Bloom et al, J Am Soc
Nephrol, 28:2221-2232, 2017

Cell-free DNA

10
P=0.001
2 — 5
- AUC=0.74 AlloSure test
g ° g 6 Performance  Performance at
g . 2 . 1% threshold
g 1 . ’=. g . metric
¢ g ROC/AUC 0.74
’ P B ? (95% Cl 0.61-0.86)
. o
o 0.39& L . Sensitivity 85%
Mo active rejection Active rejection [+ 1+] .2 04 <) na 13 Spec |f iC Ity 5 9%
n=80 n=27 False poskive fraction
AUL=0.74 [95% CI L61-DHb) NPV 84%
BRIGHAM AND mErm HARVARD PPV 61%
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Clinically Available Biomarkers: Donor-derived Cell
Free DNA

10-
p=0.05
Plasma and cell-free DNA
2 White blood cells
] — } Red blood cells
6 - 5 -
—_ ° Cell-free DNA
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Z .
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3 } . . AlloSure test
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- e 1% threshold
5 ¢ . ROC/AUC 0.74
s e | (95% C1 0.61-0.86)
: 2o’ . Sensitivity 85%
Specificit 59%
0
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Clinically Available Biomarkers: Donor-derived Cell
Free DNA

Plasma and cell-free DNA

3 White blood cells
} Red blood cells

1092 Patents on post-transplant |
dd-cfDNA AoSure survaillance

3.2 Coerelation

3,1 Rejection analysis

Bantt

between eGIR changes
e 3.4 Allograft imjury

and dd-<fDNA

survelllance

testing sched
dd.(iDNA

Cell-free DNA

cause of proto:

£ L] r
.

e Sl Saabiopses fiom 441 1092 Patients with 961 Patients with ‘;:,::“::’m: 180 Patients with dd-

;e f 1K g patients both dd-cfONA and paired dd-cfONA and " Patl th cfONA did not have
| diagnosis, borderline rejection, or ‘ osAt injury. Patients wit sy allograft Injury:

other findings on pathology report i e gt e histology findings of =4 ' emal histology

e inj incl ,
Lot [m Biopsies from 323] Ry :;,""';o';‘;‘: and were deemed
patients 1 : ATN stable/gquiescent

Further exclusions: 162 biopsies 113 Patients with dd- 44 Patients with

due to no paired blood samples: cfDNA/eGFR/ dnDSA with eGFR

No Bx within 30 days post- g rejection and dd-cfDNA results

dd-<DNA sample or 219 Biopsies & blood

no AlloStre result samples {203 patients)

for cause: 110 !
Surveillance: 109 9 Patients with
dnDSA who also had
. . allograft rejection
Active rejection cohort | T——
113 biopsies, 101 patients No active rejection cohort
(For-cause 68, survelllance 45) 106 blopsies from 102
patients {for-cause 42,
+ 75 ABMR (67 patients, 40 for-cause, 35 surveillance) survedllance 64)
+ 38 TCMR (34 patients, 28 for-cause, 10 survelllance)

Data from 1092 kidney transplant recipients monitored for dd-cfDNA over a three-year period
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Clinically Available Biomarkers: Donor-derived Cell
Free DNA

a b
1.0 ~ 1.0
0.8 - 0.8 1
> 0.6 - > 0.6
2 E
= £
c c
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D 04 4 @ 0.4
0.2 1 0.2 1
— Model with dd-cfDNA = 0.821 — Model with dd-cfDNA = 0.842
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Clinically Available Biomarkers:
ImmuKnow
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¢ Lymphocyte activation

. Incubate . i’o/f> /f?

15-18 hrs. Wash
. . - O )
Lymphocyte Magnetic separation
Stimulation w/PHA of CD4 cells.
ATP
ATP ATP \.p detection

1...,.. ’ reaie nts I a

Cell lysis to release ATP

Measure light intensity

7558 HARVARD J. Britz et. al.,"In Vitro CMI: Rapid Assay for Measuring Cell-Mediated Immunity’] CRC Press, 2002
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Immune Function Correlates With
Clinical Outcomes
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Measurements of Global Cell-Mediated Immunity in Renal

Transplant Recipients With BK Virus Reactivation

Ibvahim Batal, MD,* Adridng Zeevi, PhD,* Amer Heider, MD,® Alin Girnita, MD,® Amit Basu, MD *
Henkie Tan, MD, P> * Eon Shagire, MDD 2 and Parmjeet Eandhoaea, MLH

Koy Words: E¥ virus: Immune o=l function: virema: vinra
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ZE HARVARD Am J Clin Pathol 2008
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® Graft

\htizen - ® Blood
Predmean . ® Urine
senition — Gene expression

S

T cell

T ® Source of the samples:
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Clinically Available Biomarkers:
KSORT

* gPCR to measure mRNA
expression levels of 17 genes

6A  kSORT- * Algorithm generates risk scores

<al =y , * Multicenter study of 436 adults,
HigH-risk I 11 I o | * Predict patients at high risk of

5 » - acute reJectlon

; | * Sens 92%

2 3 ‘ * Spec 93% Unable to distinguish

5 ,, | between acute TCMR and ABMR.
INDETER 1 Al I * A subsequent large, multicenter
MINATE 1t i I AF L study of 1134 patients (under

31 real-world clinical conditions) was

5 ] unable to validate the utility of

o the kSORT assay.

Roedder S, PLoS Med, 2014
HARVARD
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Clinically Available Biomarkers:
TruGraf

Table 1A. Results of TruGraf Blood Test and Comparison With
Clinical Phenotype in All 192 Kidney Transplant Recipients with
Stable Renal Function

Clinical Phenotype Clinical
not-TX Phenotype TX
TruGraf Blood Test not-TX 26 42
TruGraf Blood Test TX 8 116

Accuracy = 142/192 (74%).

Accuracy of TruGraf TX result 116/124 (94%).
NPV = 91%.

PPV = 48%.

Sensitivity = 76%.

Specificity = 73%.

5 Ry —— Marsh et al. Transplant P, 2019
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Mechanisms of Immune Monitoring
What’s Available for Evaluation?

1. Naive T Cells
(high alloreactive
precursor frequency)

\\
* -—

Antigen
Presentation
by donor or self APC

Transplanted 4.2 Moblllzed APC
Organ

%

2. Cytotoxic

maturation
5. Reenforced

cytotoxicit;:@

\

™ % - 2 Secondary lymphoid
i X O tissue

Self and donor
APC activation

Parenchyma

Urine
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MRNA in Urinary Cells.

LIQUID BIOPSY URINARY
Cells _MARKERS

7 IncRNA

brree. €
TUMOR CELLS )

@ mRNA "3:

() PROTEINS

() F
miRNA 47 cfDNA

URINE SAMPLE

Li Betal. N EnglJ Med 2001;344:947-954.
Suthanthiran M et al. N Engl J Med 2013;369:20-31.
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Levels of mMRNA in Urinary Cells.
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Prospective collection

4300 urine specimens
from 485 kidney-graft
recipients

Day 3 through month 12
after transplantation.

CD3g, IP-10 and 18S
rRNA

* 79% sensitivity and 78%
specificity
 [AUC], 0.85

Suthanthiran M et al. N EnglJ Med 2013;369:20-31.
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Phases of Biomarkers Discovery

—

Discovery

Targeted or non-
targeted
approaches
High-throughput
technologies
Identify a panel
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Validation

Standardization
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Use independent
samples

Identify a refined
set

Prospective
multicentral
validation

* Laboratory
equipment

. Reagents

* Can the test be
reproduced in
different
laboratories

Commercialization



Extracellular vesicles as biomarkers

. exRNA Types
I Cell-specific receptors mIiRNA DIRNA
O Proteins tRFs snoRNA
. Y RNA IncRNA
~~— Nucleic acids/exRNA

Cell of origin

Blebbing N

. . Happel et al. J Can Met. 2020
’ Microvesicles PP
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Hallmarks of exosomes

Hallmarks of exosomes

Regulation of gene Balance of immune response
transcription and and regulation of central and
translation peripheral immunity
Survival and Receptor-ligand
proliferation signaling
Reproduction and Apoptosis
development Nucleic acid

A Cellular
Angiogenesis Flotillin-1 dlfferentcathn
and wound and neoplasia
healing

Cellular migration
Waste 2% and me;ai::aatsi:
management Metabolites
L s Transmembrane ’

Host-microbiome proteins Metabolic
interaction and viral Cholesterol reprogramming
immunity and regulation

The biology, function, and biomedical applications of exosomes, Volume: 367, Issue: 6478, DOI: (10.1126/science.aau6977)
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EC matrix

00:00 sec

O & elease
o 93

cytosol

pH 7.4

pHIluorin-CD63 at pH 7.4 /1
protein modification

Verweij et al., J Cell Biol 2018

© 2019 Exosome Diagnostics™ a Bio-Techne® Brand. All rights reserved



Immune cell specific EVs

u‘%c'%-;%_-%o“’%,

i Capture Exosomes Exosome
Streptavidin :
Map i Antibody Captured on Detection with
B 9 ; Conjugated Magnetic Detection
vae Beads Beads Antibody
MVsEromU87&ells 1 MVsEromBhumaniTtellsE
| BRIGHAM AND HARVARD 3 . 3
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Immune cell specific EVs in urine of
rejecting kidney allografts

Urine Sample

* EVfrom T cell
* EV from Tubular cell

HARVARD
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Immune cell specific EVs in urine of rejecting
kidney allografts

% ) e T MEDICAL SCHOOL
ng: VOMENGHOSPITAL TEACHING AFFILIATE Park....Lee and Azzi et al. ACS Nano. 2017 11 28; 11(11):11041-11046.



High Throughput approach of discovery

Hallmarks of exosomes
Regulation of gene Balance of immune response
transcription and and regulation of central and
translation peripheral immunity
Survival and Receptor-ligand
proliferation signaling
Reproduction and Apoptosis
development Nucleic acid
(INAGNA Cellular
Angiogenesis dlfferentuatuqn
and wound and neoplasia
healing
Cellular migration
Waste and metastatic
management disease
Host-microbiome Metabolic
interaction and viral reprogramming
immunity and regulation
¥ A BRIGHAM AND ZE® HARVARD
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CLINICAL RESEARCH = www.jasn.org

Discovery and Validation of a Urinary Exosome mRNA
Signature for the Diagnosis of Human Kidney
Transplant Rejection

Rania El Fekih,' James Hurley,2 Vasisht Tadigotla,2 Areej Alghamdi,‘I Anand Srivastava,’
Christine Coticchia,? John Choi,’ Hazim Allos,’ Karim Yatim," Juliano Alhaddad®,’

Siawosh Eskandari’ Philip Chu," Albana B. Mihalig," Isadora T. Lape,‘I Mauricio P. Lima Filho,’
Bruno T. Aoyama,‘I Anil Chandraker,’ Kassem Safa® James F. Markmann,®

Leonardo V. Riella ,1 Richard N. Formica ,4 Johan Skog:_],2 and Jamil R. Azzi'

Due to the number of contributing authors, the affiliations are listed at the end of this article.
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Consort Flow Diagram and histologic diagnosis of
enrolled patients

219 Biopsy Samples
175 Patients

VRN

Analysis Cohort: 21 gxgl}t;\cjed:
192 biopsies

/ \ 22 Borderline TCMR

59 Active Rejection 133 No Rejection

N

35 TCMR
17 1A —
.. 918
8 Acute ABMR 16 chronic, active ABMR 4 1A
211B
3 chronic TCMR
e 57 MEDICAL SCHOOL
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Sample processing workflow

Standard Exosomal RNA OpenArray real time PCR Analysis
Urine sample extraction RNA profiling

5“ - Multivariate
| Analysis

* The exosomes are isolated from the urine with EXOPRO
(ExosomeDx)

 RNA reverse transcribed using the VILO ¢cDNA synthesis kit
(Thermo Fisher).

* Analyzed using the TagMan® OpenArray® Human
Inflammation

s HARVARD
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Urine exosome RNA stability

B e

90

85

% ExoRNA Yield

80

75

70
DAY1 DAY2 DAY3 DAY7 DAY8 DAY9 DAY14 DAY15

Number of Days

Rg) CRIGEAMAND  — REEHARVARD. 0oL
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Upregulated Genes

All cause rejection ABMR vs TCMR

Pro-inflammatory cytokines IL32
CXCL14
B2M
TGF8 superfamily BMP7
Upregulated in acute allograft C3 C3
oy CXCL11 CXCL11
rejection
Inflammasome, different STAT1, TBR, NAMPT,  IFNAR2

IFNGR1, IRAKZ,

inflammatory processes IL18BP. SERPINAL

Regulating protein trafficking, CD74 CD74
dendritic cell migration and T ULEA
lymphocytes homing

e HARVARD
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Intercalated cell A %
&
&

Principale cells Cycling cells i
] £

754
.%ﬁndothelial Cells

i, s ‘ e
T-cells . =@

i
* Proximal Tubule

MSigDB Hallmark 2020 MSigDR Hallmark 2020
Allograft Rejection *1.4e-04 Interferon Gamma Response *4.31e-09
Interferon Gamma Response *1.4e-04 Allograft Rejection *1.22e-05
UV Response Dn *5.59e-03 IL-6/JAK/STAT3 Signaling *3.48e-05
IL-2/STATS Signaling 1.35e-02 Interferon Alpha Response *4.82e-05
Androgen Response 2.59e-02 P at h W ayS Inflammatory Response *4.10e-04 Path Ways
Mitotic Spindle 8.85¢-02 enric h ed in T- Coagulation *4.68e-03 enriched in
Apical Junction 8.92e-02 cells TNFalpha Signaling Via NF-kB *9.59-03 uEVs
Reactive Oxygen Species Pathway 1.16e-01 Adipogenesis *9.59e-03
UV Response Up 3.28e-01 Estrogen Response Late *9.59e-03
TNF-alpha Signaling via NF-kB 3.95e-01 Complement *9.59-03

0 i 3 0 1 2 3

2 4 5
—logo(p-value) -loge(p-value)
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Receiver-Operating-Characteristic (ROC) curve for
Diagnosis of any-cause Acute Rejection and ABMR

1.0

=] —
—— Exosome [AUC:0.90 (95% CI: 0.85-0.96)]
g 4 = | - eGFR [AUC:0.59 (95% CI: 0.50-0.67)] g AUC: 0.865 (0.761-0.970)
0!0 0!2 0!4 0!6 0!8 1.0 0.0 0.2 0f4 0.6 0.8 1.0
1 - Specificity 1 - Specificity
= Any cause rejection: Exosome RNA ABMR discriminating RNA signature AUC
signature AUC =0.90 (95% CI 0.84-0.96) 0.87 (95%Cl 0.76-0.97).
vs eGFR AUC= 0.59 (95%CI 0.5-0.67).
Y D ONEN'S HOS 57 MEDICAL SCHOOL
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Phases of Biomarkers Discovery

—
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Transfer the signature to a clinical platform
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Prognostic Potential:
ExoTRU score is associated with 5 years outcome

HR=2.23, p-val=0.023

Five-Year Composite Endpoints:

* >30% decrease in eGFR

* Subsequent rejection

* Denovo DSA

Death

* Loss of graft with either return to
dialysis or re-transplant

0.9

0.8

0.7

Event Free Survival
[ ]

0.6

o] 50 100 150 200 250

Weeks
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Predictive Potential:
ExoTRU scores correlate with response to treatment and 3 years outcome

60 - p=0.001

23 samples from patients who have had a
repeat ExoTRU score after being treated for
rejection, we looked at the change in score
after treatment.

Responders: patients who showed at least
30% decrease in the urinary score after
treatment.

Non responders: score increased or was stable
after treatment

Percentage 3 y composite OC

mEE HARVARD

Ji¢] MEDICAL SCHOOL
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Independent Validation By Thermo Fisher
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From humans back to mice
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Biomarkers in Tx: Challenges!

® Where to look: periphery versus graft tissue?
® Adequacy of sample collections

® Quality assurance and control, reproducibility,
multicenter validation

® Handling massive amount of data

® Bioinformatics

* Statistical analysis

® Assay standardization and commercialization

® Incorporation into endpoints

BRIGHAM AND gas HARVARD
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Summary

* Different types of Biomarkers
®* PPV and NPV

® Phases of Biomarker Discovery

® Clinically available tests

® Importance of molecular signatures
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