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Biomarkers in Kidney Transplantation
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|

Inflammation
Or Fibrosis
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Can we use biomarkers 1) as a surrogate for acute
rejection, 2) to detect early signs of immune
activation before overt rejection occurs, 3) to predict
a decline in renal function? or 4)to guide
Immunosuppression

Treatment

1 Diagnostic Threshold

Serum Cr
Baseline Function

CTOT-04 — questions 1,2; CTOT-01 (CTOT-17)— questions 1,2,
and 3; CTOT-09 — questions 1,2,3and 4



Comparison of CTOT- 4 and CTOT-01

CTOT-04 (485 adults) CTOT-Ol (282 adults and
children
« 8centers
« 5 centers _
. Adults  Adults and children
. Assays « Assays

— 9 Urine mRNAS: perforin,
granzyme, CCR5, CCLS5,
IL-8, CXCR3, CCR1, MIG
(CXCL9), IP-10 (CXCL10)

— 2 urine proteins: CXCL9,
CXCL10 by ELISA

— Others (ELISPOTSs,
Immunknow®, blood
MRNAS

e Core Labs - mMRNAs — CCF
(Fairchild); ELISAs — Mt.Sinai
(Heeqger)

— 8 Urine mRNAs: perforin,
granzyme, CD3, proteinase
Inhibitor 9, CD103, IP-10
(CXCL10), CXCR3, TGFI3

« Core Lab — Cornell
(Suthanthiran)
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CTOT-04

485 Patients Were Included in the Study

4300 Urine samples were collected
3550 Passed

l

1

220 Patients Underwant Blopsy

410 Biopsy samples were collected
2130 Urine samples were collected

265 Patients Did Mot Undergo Biopsy

2120 Urine samples were collected
1777 Passed QC

1782 Passed QC

298 Urine samples were biopsy-

matc hed
244 Passed
Acute Cellular Rejaction

Patients Biopsies Urine
All £ 50 50
Passed Qi M 43 43

Mo Rejection

Patients Biopsies Urine
All 150 194 154
Pazsed QC 126 163 153

Antibody-Mediated Rejection

Patients Biopsies Urine
All 11 13 13
Passed QC q 10 10

Borderdine Changes
Patients Biopsies Urine
—
All 25 27 ry
Passed QiC 17 19 19
Other FAndings

Patients Biopsies Urine
All ] q 9
Passed QC 3 q a

202 Patients Had Stabe Graft Function

1348 Urine samples were collected
1540 Passed QL

&3 Patients DMd Mot Have Stable
Graft Function

272 Urine samples were collected
237 Passed QiC
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Three Gene Signature (CD3, IP-10 (CXCL10) and 18s
ribosomal RNA) as a Diagnostic Test for Acute Rejection

A Acute Cellular Rejection vs. No Rejection B Acute Cellular Rejection vs. Stable Graft Function
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AUC 0.85; Sensitivity 79%;
Specificity 78%




A First Biopsy Sample Showing Acute Cellular Rejaction
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CTOT-01

Enrolled Subjects

N=282
y
Transplanted
N=280
\ 4 v \d
Terminated On-Study Visit Completed | Visit Not Completed For-Cause Biopsies
N=22 N=258 N=250 N=8 N=108
Reason N Central Reads
Death 1
Graft Loss 3 Protocol Biopsies N=105
Withdrawal 7 N=180 Number of Subjects
Oth 1 =
“ Central Reads Ns ” 0
S Worst iopsies | Subjects
N=170 Grade N=105 | N=79
Grade N no AR 58 37
no AR 145 Suspiclous 21 19
Suspicious 17 ARZ 1A 26 23
ARz 1A £
N=4€
A A
Terminated On-Study || Visit Completed | Visit Not Completed For-Cause Biopsies
N=54 N=212 N=202 N=10 N=52
Reason N Central Reads
Death 3 N=45
Graft Loss 6 GFR Endpoint Evaluated .
Tost-to-FU T N=202 Number of Subjects
Phys.Decision 1 N=§ N=31
Withdrawal 20 ¢ worst Blopsies | Subjects
Other 4 >30% | in GFR 6-24 months: Grade N=45 | N=31
N=25 no AR 25 15
Suspicious 11 €
y ARZ 1A g &
Completed Study

N=204

Enroliment

Month 6

Month 24



Among mRNAs, those for CXCL9 and Granzyme
B provide best correlations with AR
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Urine chemokine proteins CXCL9 and
CXCL10 measured by ELISA correlate with
diagnosis of AR
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Urine CXCL9 Protein at 6 months Predicts
Subsequent Decline in Allograft Function

Dichotomized Decrease in GFR >30% from 6 to 24 Months Imputed Endpoint Modeled by CXCL9 Protein

Parameter Estimates and tests ROC-based Discrimination
Measures Predictive Value

Visit #Meeting CXCL9 Protein OR P-value | AUC | Sensitivity | Specificity | PPV NPV
Endpoint/#
Not
Meeting
Endpoint

3 Months 20/157 | 1.273(0.817,1.985) | 0.2859 | 0.545| N/A | N/A N/A
4 Months 19/154 0.894 (0.552,1.447) | 0.6474 | 0.516 N/A N/A N/A

1637 (1.034,2.592) | 0.0355 | 0.624 | 353




Interim Summary and Conclusions

» Results of CTOT-04 and CTOT-01 are
complementary in finding biomarkers for acute
rejection

« CTOT-04 focused on the positive predictive value
of a 3 gene signature requiring RT PCR
techniques — 1.e. a possible replacement for biopsy
as the gold standard for AR

« CTOT-01 focused on the negative predictive value
of single urinary protein (CXCL9) measurable by
a simple ELISA — low or normal values In
noninfected patients make AR unlikely and predict
stable graft function.



ELISPOT Assay
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Pre-transplant donor-reactive T cells and
post-transplant outcome — Univariate analysis

Pre-transplant donor reactive ELISPOT (n=37)

_ Negative Positive
Variable p value
(<25/300K) (> 25/300K)
Acute cellular rejection 17% 50% .036

GFR (MDRD) 12 months 55220 ml/min/1.73m? 37216 ml/min/1.73m? 006

DGF 23% 31% NS

Augustine et al, AJT 2005



Pre-transplant positive anti-donor ELISPOT
IS Independently associated with ACR

Table 2: Logistic regression analysis for acute rejection

Odds 95%
Vanable ratio Cl p-value
HLA rmismatch 05 0.2-14 ns
Sensitized 1.1 0.1-13.1 ns
Induction Rx 0.2 0.1-4.8 ns
DGF 15.1 1.6~145.0 0.019
ELISPOT {+] 6.3 1.0-41.1 0.055

Augustine et al, AJT 2005



Clinical Characteristics of Patients Enrolled in CTOT-01

Characteristics

All CTOT-01 Enrollees
(N=280)

Subjects w/
Pre-Trans ELISPOT
(N=176)

Subject w/Pre-Trans ELISPOT

ATG Subjects No-ATG Subjects P
( NZSSB (N=91) value
Donor Age (years)
Mean (SD) 39.8 (13.02) 40.0 (12.93) 41.5(12.97) 38.6 (12.81)
Donor Gender
ale 34 (47.9) 85 (48.3) 2 (49.4) 43 (47.3)
Female 46 (52.1) 91 (51.7) 43 (50.6) 48 (52.7)
Donor ype
eceased 88 (31.4) 56 (31.8) 3 (50.6) 13 (14.3) <0.01
L1ving 192 (68.6) 120 (68.2) 42 (49.4) 78 (85.7)
Recipient Age (vears)
Mean (SD) 43.5 (17.57) 46.6 (15.59) 50.1 (12.60) 43 4 (17.37) <0.01
Recipient Gender
Male 68 (60.0) 105 (59.7) 59 (69.4) 46 (50.5)
Female 12 (40.0) 71 (40.3) 26 (30.6) 45 (49.3)
Recipient Race
Black or African 80 (28.6) 55(31.3) 38 (44.7) 17 (18.7) <0.01
IAmerican
Other Race 199 (71.1) 120 (68.2) 47 (55.3) 73 (80.2)
Unknown or Not 1704 1(0.6) 0 I(I.T)
Reported
Recipient Age Group
Adult 240 (85.7) 164 (93.2) 83 (97.6) 81 (89.0) <0.01
Pediatric 40 (14.3) 12(6.8) 2(2.4) T0 (TT.0)
Peak PRA
Mecan (SD) 12.9(24.58) 10.2 (20.27) IT.4(23.75) 0.0 (16.43)
Number of HLA
Mismatches
Mean (SD) 3.5 (1.81) 3.5(1.81) 3.9 (1.83) 3.1(1.71) <0.05
Induction Therapy
Yes 233 (83.2) 151 (85.8) 85 ( 100) 66 (72.5) <0.01
No 47 (16.8) 25 (14.2) 0 25 (27.5)
DeNovo DSA
Yes 11(3.9) 4(2.3) 1 (1.2) 3(3.3)
No 269 (96.1) 172 (97.7) 34 (98.8) 88 (96.7)




Incidence of Acute Rejection Based on
Pretransplant ELISPOT Status and ATG vs
No ATG




Influence of ATG on Posttransplant
ELISPOTS
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Representative PRT ELISPOT Assay
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Relationship between PRA and PRT

T cell sensitization does not imply B cell sensitization and vice versa

PRT+/PRA +

| PRT-/PRA +
PRT-/PRA-

PRT>75% and PRA>50% - n=41

Poggio et al, JASN 2006



Biomarkers in Kidney Transplantation

Biopsy

1 Diagnostic Threshold
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Treatment

Inflammation
Or Fibrosis

Nt 7

Can we use biomarkers 1) as a surrogate for acute
rejection, 2) to detect early signs of immune
activation before overt rejection occurs, 3) to predict
a decline in renal functicin? or

4) to guide immunosuppression

CTOT-04 — questions 1,2; CTOT-01 — questions 1,2, and 3
CTOT-09 — questions 1,2,3 and 4



CTOTOS

Tacrolimus withdrawal in stable kidney transplant recipients
Living donors, DSA negative, peak PRA < 20%
Thymo, MMF, Tac, low dose prednisone for 6 mo

Eligible for randomization (2:1 withdrawal) at 6 mo if
— Absence of AR within first 6 mo
— Absence of anti HLA antibody
— 6 mo biopsy no rejection
Withdraw tacrolimus over 3 months, serial urine for
chemokines

Biopsies driven by elevated urinary MIG (CXCL9) or IP10
(CXCL10) on 2 consecutive repeat studies



CTOT-09

I Eligible Participants Enrolled

|

N=300 PRE-RANDOMIZATION

ALL Subjects Followed

If deemed ineligible

No Acute Rejection

Eligible for

Randomization

Terminated

No

Randomize 2:1 RANDOMIZATION
r N=210

during first 6. fore Mun-th5 Post _ No DSA
maonths, terminate T':HEPIEStF“{;nf;r ?:l‘ﬂ No sustained BK
eeme |n-:? |g|. e for viremia
randomization
6-MONTH ASSESSMENTS

Protocol Biopsy
Negative DSA

Experimental Group: Control Group:
CNI W/D over 3-4 Months Maintain Triple Therapy
N =140 N=70

|

l 24-month

ALL Subjects Followed for 18 Months Post-Randomization Protocol

Biops




CTOT-09 CONSORT DIAGRAM

4 screen failures
1 withdrew consent

Transplanted, not randomized
N=26
Withdrawal of Consent

Lost to Follow-up

Ineligible for Randomization

Tacrolimus Withdrawal
N=14

13 completed withdrawal ACR, no DSA (N=3)
" 7/13 Tacrolimus DSA, no ACR (N=2)

reinstated = DR and DQ
1 failed to complete withdrawal (N=1)

= DQ only (N=1)

ACR and DSA

. DR and DQ
(N=1)
DQ only (N=2)

Consented/Enrolled Subjects

Transplanted Subjects

Randomized Subjects

Standard Therapy

No ACR
1 DSA (DQ)
1 retrospective, pre-rand DSA (DQ)

Study terminated by DSMB
due to lack of equipoise



Timing of Adverse Outcomes (DSA and/or ACR) in Control Patients (upper
panel) vs Patients Randomized to Tacrolimus Withdrawal (lower panel)

0 100 150 200 250 300 350 400 450 500 &50 600 650 700 V50 8OO

Time from Transplant (days)
Follow-up 3 ¥ Randomized 2B Completed wid A A A DSA A A A ACR




Post-hoc analyses: ELISPOTs and
HLA Epitope Mismatching
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CTOTOS

* Biomarker analyses show

— Urinary CXCL9 detectable prior to rejection in all
cases of rejection. False positives were 2 cases of
infection, one BK the other “viral illness”

— The numbers of epitope mismatches at DQ
strongly correlated with the risk of developing
new DQ DSA

— Pretransplant ELISPOT positive (anti donor>25
correlated with increased risk of developing either
AR or de novo DSA



Summary and Conclusions

Several urine biomarkers emerging as reliable
surrogates for ongoing or imminent AR.

ELISA for CXCL9 easier to perform and less
labor Intensive than MRNA assays

ELISPOT assay for IFN gamma promising as a
pretransplant Immune response assessment tool

Whether these biomarkers can be used as a guide
to Immunosuppression remains to be proven




