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Transplantation and patient :

survival.... 4 3
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The end result....
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Time on dialysis and gratft
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Fmure 1. Unadjusted grafi survival in of 2,405 recipients of
paired kidneys with short compared to long ESRIY time.
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Both for LD and CAD donors
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Froure 2. Unadjusted graft survival in 56,587 recipien Figuge 8. Unadjusted graft survival in 21,838 recipients of
cadaveric transplants by length of dialysis treatment be Jiving transplanis by length of dialysis treatment before
transplant. transplant.



Transplantation expands life
expectancy, and early
transplantation Is the most
successful!
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Transplantation expands life
expectancy, and early
transplantation Is the most
successful!

What about HLA incompatible Transplants?
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HLA incompatible survival

[St Louls

A Positive Multiplex Bead Assay, Negative Flow-Cytometric Assay B Positive Flow-Cytometric Assay, Negative Cytotoxic Cross-Match C Positive Cytotoxic Cross-Match
100+ 100+ 100+
gg-qh\ Desensitization treatment 0 %
50 Dialysis ortransplantatior 0 Desensitization treatment 0 Desensitization treatment
~ 10 ~ 0 Dialysis or transplantation g 101 tDialIYSii(:'r
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0 6 12 18 4 0 3% 4 0 12 24 3% 4 60 N # 9% 0 12 24 3% 4 60 72 ¥ %
Months Months Months
No. at Risk No. at Risk No. at Risk
Desensitization 38 0 2 23 18 15 14 9 Desensitizaion 88 71 S8 39 27 B 17 16 10 Desensitizaon 74 63 57 48 3% 31 3 1 3
treatment treatment treatment

Dualtherapy 187 152 129 110 84 66 59 3l Dualtherapy 425 346 276 17%6 14 94 67 56 27 Dualtherapy 365 330 281 21 163 15 M 3 9
Dialysisonly ~ 182 147 123 100 74 57 50 % Didysisonly ~ 420 335 260 154 88 68 43 35 12 Diaysisonly 360 317 252 14 1% 8 48 19 5

Montgomery, NEJM 2011



There are many ways to Transplant....

easy

Access to Tx:
cPRA, simulation
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difficult
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Desensitization Is part of a
strategy...
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Kidney transplantation in sensitized patients =
awaiting transplants from deceased donors 3
b-cs.

St Louis

Increased waiting times Efficiency

No graft Q Graft survival
Q AMR
Q CAMR
Q /mmunosuppression
Q High risk (infections, tumors
Contraints

® Organ scarcity

3.4 potential recipients for each kidney transplant
® Logistical (geographic, cold ischemia)
® Financial
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Access to transplant
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* Avoid immunological conflict! St Tou!
* |f Impossible, minimize it !

Current Cytotox XM
Flow CM

DSA Remote



The Saint-Louis algorithm

Stmulation softwar > Tx likely
Priority (Nat, Reg) > Tx likely
'
LD ABOi1 > Tx likely
Acceptable MMs > Tx likely
Desimmunisation




Estimate the chances of

Simulation software

»Database of all french donors of the last 5
years
»Enter patient’s immunological characteristics

{

Get the number of possible donors
Estimate the competition.. ..
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Access to transplant X
St Louis

Inscription Coord. attente Suivis Observ.

» HLA
Al A2 B1 B2 DR1 DR2 DQ1 DQ2
1 31 37 62 9 10 5 9

» Anticorps - renseignés par Isabelle DUPUY

Taux IgG anti-Ly T ou totaux : 100%
Taux d'anticorps anti-HLA Classe 2 : 100%
Taux de greffons incompatibles : 96% Taux de greffons incompatibles historisé : 96%

» Date de derniére recherche Ac anti-HLA validée : 16/06/2010
< D é isies par I'équipe (utilisées pour I'aide au choix)
Transférer les Ac de classe I et II saisies par le laboratoire vers les é :0ui

» Spécificités des anticorps Classe 1

A2 A3 Al11 A24 A25 A28 A32 A66 B5 B7 B17 B27 B35 B38 B48 B49 B53 B56 B59 B60 B63 B67 B77 B78 B81
» Spécificités des anticorps Classe 2

» Antigénes interdits

<+ Données saisies par le laboratoire

» Spécificités des anticorps Classe 1

A2 A3 Al11 A24 A25 A28 A32 A66 B5 B7 B17 B27 B35 B38 B48 B49 B53 B56 B59 B60 B63 B67 B77 B78 B81
» Spécificités des anticorps Classe 2

» Antigénes permis

A26 A29 A34 A36 A43 A74 ABO B8 B12 B13 B39 B41 B44 B45 B46 B47 B50 B72 B76 DR1 DQ2 DQ4 DQ8
» Commentaire

+» Nombre d'incompatibilités acceptables

‘ A: 2 B: 2 DR: 0 Maximum : 4

< Accés a la greffe

‘FAG:O FAGA: 0 FAGB: 0 FAGAB: 0 FAGO: 0
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Waiting list management &
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St Louis
{ Patients on waiting list }
N=502
[ Registration of u+nacceptable HLA
specificities ’
|
[ Non sensitized pts } [ 0<cPRA<85% I
N=328 Nfgo“
Y

Simulation model ]

Sufficient flow of donors

Lefaucheur, AJT 2011



Waiting list management g

[St Louis

Hypersensitized pts with insufficient flow of donors

Peak and current

v

‘ CPRA;mm] <85

v

‘ CPRAgom] > 85 \

Tx with prophylaxis of AMR

Desensitization

Lefaucheur, AJT 2011



Our main challenge: Defining the risk

St Louis

Presence/absence of antibody is not enough

> XM: flow crossmatch

» DSA: ELISA/Luminex



Presence/absence of DSA
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8 year graft survival curve
according to DSA (+/-)

237 pts, CDC-XM -, ELISA on peak
43 pts (18%) DSA +, AMR: 35%
194 pts (82%) DSA -, AMR: 3%
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St Louis

Lefaucheur, AJT 2008



Presence/absence of DSA

Impact of a positive flow crossmatch

Pt (n) % T+ Early graft loss Acute Rej. 1 year Surv.
FXCM (< 3mo) FP vs FN FP vs FN
FP vs FN
Iwaki et al. 1987 113 16% 22% vs 4%
Cook et al. 1987 196 18% 22% vs 7%
Mahoney et al. 1990 67 18% 33% vs 7% 67% vs 85%
Ogura et al. 1993 841 18% 20% vs 7% 75% vs 82%
Karpinski et al. 2001 143 13% 33% vs 11% 25% vs 5%

FXCM = flow crossmatch, FP = flow positive, FN = flow negative
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Our main challenge: Defining the risk

How much is too much ?

Defining the relevant threshold of

> DSA: MFI In Luminex

> XM: MCS In flow crossmatch

St Louis



Relative risk of AMR according to max DSA MFI
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Post Transplant Day

Gloor, AJT 2010
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Graft survival according to max DSA MFI
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yds

General population

100
20
80~
70~
60~
50~
40

Graft survival (%)

p<0.001

= MFI < 460
====460 < MFI < 3000
— 3000 < MFI < 6000
= MF| >6000

Number at risk

MFI < 460 325

460 < MFI < 3000 27

3000 < MF1 < 6000 11
MFI >6000 39

12 24 36 48 60 72 84 96

Time post transplant (months)

297 285

27 26

1 10
33 30

224 151 103

22 13 10

8 4 3
28 19 16

Patients without AMR

100-
9 90+
T 804
2
g 704
& —
£ 604
g p=0.04
O 504
4c 1 ] 1 1 1 1 ] 1
0 12 24 36 43 60 72 84 96
Time post transplant (months)
Number at risk
MFI <460 322 294 283 222 141 101 74 49 34
460< MFI <3000 22 22 22 18 12 10 8 7 6
3000<MFI<6000 7 7 6 5 4 3 3 2 2
MFI >6000 19 17 15 14 11 9 7 5§ 3

= MFI <460
====460< MFI <3000

——3000< MFI <6000
= MFI >6000

—ordO[0.

RR of graft loss in pts with DSA > 3000:
3.8 (95 ClI, 3.5-18.4, p<.0001)

RR of graft loss in pts with DSA > 3000:
2.8 (95 ClI, 1.5-16.9, p=.009)

Lefaucheur, JASN 2010



The team Is the limit!

+ USA =

70%

60% +—

50% +——

40% +——

30% +—

20% +—— —_

10% — P—————— —_—

0%

Lum+, FXM- FXM+, CXM- CXM+ ABOi

e France:

— 43 centers, 4 with HLA incompatible
programs



The team Is the limit!

* Desire and manpower

* Necessary tools:

— DSA by Luminex SA, Histology with C4d In
48 hours or less

— Plasmapheresis, Rituximab, IVIg available



Choosing the desensitization
regimen
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Pre-Tx suppression of anti-HLA Abs .i;s‘t@m;‘""
Vig high dose

Vig/plasmapheresis
Rituximab ?
Rituximab/IVig
Bortezomib ?
Eculizumab, 1deS??
BAFF, TACI...??




1. High dose Vg

French protoco/
Results
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Glotz D, AJT, 2002
Glotz D, Transplant Int, 2004
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10 ""1
90

0
80 85%

L— 620

= Patient
= Graft

0

et 20 | 25 01735 70
Mo post Tx

*Follow-up 48 months (3-90)

1 graft loss to thrombosis day 1

+1 graft lost to BK infection

3 grafts lost to humoral rejection
2 deaths (PTLD 6 months, Stroke 12 months)



Desensitization

2. IVIg/PP
John Hopkins Protoco/

St Louis

»18 patients
Hnclusion: 8 cytotoxic XM +, 10 flow XM + (class | or II)
»Combination of PP and 1VIg (0,1 mg/KQ)

»Success: negativation of CXM

»5 acute rejections, C4d positive

... not adapted to DD waiting list

Montgomery R, Trans Proc, 2002



s ]
Desensitization E
(=)
4. IVIg/Rituximab E-
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»20 pts

»Inclusion: “highly sensitized” or LD CXM pos

»Success: T CDCXM neg at 1:2 or T flow CXM <250

IVIg 2gr/KgRitux 1gr Ritux 1gr1VIg 2gr/Kg
DO D7 D22 D30

Jordan SC, NEJM, 2008



Desensitization
5. Bortezomib ...?

... Promise
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» « Effectively removed DSAs with

one cycle pre-Tx and one cycle

Immediat post-Tx »

Everly MJ, Trivedi HL, Terasaki Pl et al.,

S ESEEEE

... Reality

Patient 1 Patient 2 Patient 3 Patient 4 Patient

IQCI‘“ Im Class | + Bortezomib @ Class Il @ Class Il + Bortezomib

Patient No.1

2009, ATC, abstract L BO5

ient No.2

g
o

ENAA

0 1 2 3 4 5 6 7
Months

—=-Daz|
—e-DQ7
—-DQY|
-0- DQ4|
—o- D)

pp———— ]
N
o

13

1 1 2 3 4 5 6 7
Months

o
4 1 2 3 4 5 6 7 1.2 3 4 5 6 11 2 3 4 5 6
Months Months Months

Wahrmann, AJT, 2010



Desensitization Protocols

Conclusion

* IVig high dose (DD) and PP/IVIg (LD)

C are the backbone desensitization therapies

« The value of adding Rituximab is still debated

C Interesting association: IVIg/Rituximab

 New agents look promising ...

St Louis



A new paradigm....

GENE KELLY DONALD O'CONNOR DEBBIE REYNOLDS

Sparkling New Technicotor* Prnt

o .SINGIN IN THE RAIN GENE KELLY DONALDOCONNOR DEBBIE REYNOLDS +@ e
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Prophylaxis by C5 inhibition &
®
Monoclonal anti C5 Ab: Eculizumab SfL.Ql—li:b

»26 patients

Fnclusion: positive B cell flow XM

»Success: diminution of B cell flow XM

»PP pre-Tx if B cell flow XM > 300
»Eculizumab: DO, weeks 1, 2, 3, 4.... and more

»Only 2 rejections

Historical control group (n=51): 41% AMR

Stegall, AJT 2011



Anti-C5 Treatment Protocol

- BFXM |
<200, stop |

BFXM |
<200, stop |

T

1,200 600 600 600 1,200 1,200 1,200 1,200 every 2 weeks
Dose (mg)

No post-transplant plasmapheresis.
Biopsy on days 4, 7, 14, 28, and 90.

Stegall, Gloor
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Prevention of Acute
Antibody-Mediated Rejection in Sensitized
Deceased-Donor Kidney Transplant

Recipients: 1-Year Outcomes

D. Glotz,! G. Russ,? L. Rostaing,2 C. Legendre,* S. Chadban,® J. Grinyo,°
N. Mamode,” G. Tufveson,® L. Couzi,? P. Rigotti,’° Y. Lebranchu,!*

S. Sandrini,12 W. Marks?3

1Saint-Louis Hospital, Paris, France and INSERM U 940; ?Royal Adelaide Hospital, Adelaide, Australia;
3CHU Rangueil, Toulouse, France; “Hopital Necker, Paris, France; °>Royal Prince Alfred Hospital,
Camperdown, Australia; ®H U de Bellvitge, Barcelona, Spain; ‘Guy's Hospital, London, United Kingdom;
8Uppsala University Hospital, Uppsala, Sweden; °H Pellegrin, Bordeaux, France; °Via Giustiniani, Padua, Italy;
HHopital Bretonneau CHU, Tours, France; 2Spedali Cvl di Brescia, Brescia, Italy;
and 13Alexion Pharmaceuticals, Inc., Cheshire, CT, United States

37



Baseline Demographics and ™ &
Clinical Characteristics 3

St Louls

Characteristic Patients (N = 80)

Median age, y (range)

Time on waiting list?, y (range) 5.5 (0.3-33.6)
Sex, n (%) (male / female) 32 (40) / 48 (60)
Current DSAP, n (%) 69 (86.3)
Class | only, n (%) 30 (37.5)
Class Il only, n (%) 12 (15.0)
Class | and Il, n (%) 27 (33.8)

Historical® DSA, n (%) 11 (13.8)



Efficacy Endpoints

Outcome

Post-transplant failure rate,? n
(%)

Biopsy-proven AMR, n (%)
Graft loss, n (%)
Primary cause

Renal artery
thrombosis

Primary nonfunction
Death, n (%)
Lost to follow-up, n (%)

9 Weeks
(N = 80)
10 (12.5)
(95% Cl: 6.2%,

21.8%)
6 (7.5)
4 (5.0)

2 (2.5)

2 (2.5)
1(1.3)

0

1 Year

(N = 80)
15 (18.8)
(95% Cl: 10.9%,

29.0%)
8 (10.0)

9(11.3)

2 (2.5)
6 (7.5)

St Louis
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Graft and Patient Survival, ]
Renal Function Through 1 Year E

St Louis

100 - 07.4%
Lm0 S Renal Function
— =
3 15
= Serum Creatinine Proteinuria
o Time Point (mg/dL), o
.% 50 mean = SD (n) (22+), n (%)
‘3 2w | 7 Graft Survival ; P B
— Patient Survival (n=78)
1.86 = 1.07 9/59
CLeliiy (n=74) (15.3%)
1.70 = 0.09 8/55
SR (n=75) (14.5%)
1.80 = 1.11 8/36
12 month
Patient Survival#s atrisk 80 76 72 51 8 monte (n=45) (22.2%)

Graft Survival#s at risk 80 76 12 o1 43

40
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IMPACT OF A THERAPEUTIC STRATEGY BASED ON DSA Clq STATUS

vs. DSA DETECTION
®
D
Response rate to complement inhibition improved when characterizing DSAX Lgjis
status at transplantation

No. of patients (%) Odds Ratio Rejection rate Rejection rate
Complement sSOoC
inhibitor
Strategy based on DSA detection 116 (100) ; B 1 9/52 21/64

Strategy based on DSA characterization (C1q+/C1qg-)

Non-complement-activating DSAs 47 (41) : L) ’. 2/15 3/32

Complement-activating DSAs 69 (59) ' H : 7/37 18/32

| | | I | | | |
0.0625 0.125 0.250 0.500 1.00 2.00 4.00 8.00
<— Favours complement inhibitor Favours SOC —

| - Paris Transplant Group
A
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Original Clinical Science

A Phase /Il Placebo-Controlled Trial of
C1-Inhibitor for Prevention of Antibody-Mediated

Rejection in HLA Sensitized Patients St Louis

Ashley A. Vo," Adriana Zeevi,2 Jua Choi," Kristen Cisneros,' Mieko Toyoda,® Joseph Kahwaji,' Alice Peng,’
Rafael Vilicana,' Dechu Puliyanda,’ Nancy Reinsmoen,* Mark Haas,® and Stanley C. Jordan'

C1-INH Study Format

g 2 I Transplant l I C1-INH (201U/kg v. Placebo) | I Protocol Biopsy
+ E
03
234
v
>
Day -180 7 10 14 17 21

0 2 4
EREEEER
FCMX (+)/DSA(+) Study Labs: C3, C4, C1-INH,

CMX @ Transplant Clg+ HLA Antibodies, D-Dimers
Fibrinogen & Standard Labs

20000 500
\
__ 18000 \ 450
: \
§ 16000 = 400
e ('
3 14000 2 350
-
£ 12000 (W6 300
g - 0w2* E w29
q 10000 - CW15* E 250 = -0-81'(.
F 8000 —wi? g 200 e e DPA
o -t T — P15
J 6000 & 150
(&)
4000 100
2000 50

o

Pre-C1INH Post-C1INH Pre-Placebo Post-Placebo

— Vo, Transpl 2015
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Tocilizumab
Anti-IL6

Interleukin (IL)-6 1s a cytokine that has powerful stimulatory
effects on B cells and plasma cells and is responsible, in
conjunction with other cytokines, for normal antibody production.

|
D
St Louils

-Desensitization
-Treatment of refractory AMR

Vo, Transpl 2015 Jordan, personal comm



D Effect of IdeS on Circulating 1gG Levels in Highly Sensitized Patients

1gG Concentration in Serum (g/liter)

14+

124
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|deS

The new kid in the block...
IgG degrading enzyme (from Strep pyogenes)

P<0.001

P<0.001
|
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St Louis

Jordan, NEJM 2017



ldeS

25 sensitized patients (mean cPRA 95%)

24 transplanted
10 humoral rejections

Immunologic variables
Anti-HLA donor-specific antibody positive — no. (%)
No. of anti-HLA donor-specific antibodies
Mean fluorescence intensity
Class |
Class 11

Negative anti-HLA donor-specific antibodies at 1 to 6 hr
after treatment — no. (%)

Positive cross-match at transplantation — no. (%) §

Estimated GFR at 1 to 6 mo after transplantation
— ml/min/1.73 m?

Follow-up — mo

Graft loss — no. (%)

23 (92)
2.3+1.8

5660423 64
81995639
25 (100)

20 (80)
5830

4.7+1.9
1(4)

daJ\[

7

a1.30T0J7

St Louis

One shot....

Jordan, NEJM 2017



Choosing the desensitization
regimen:
Saint Louls choices



Immunosuppression

DSA MFI <1000 DSA MFI 1000-3000 DSA MFI 1000-3000 DSA MFI > 3000

CXM-
FCM -
Desensitization pre-Tx none
Desensitization post-Tx none

Immunosuppressive
regimen

CXM- CXM- CXM-

FCM - FCM + FCM +

High dose IVIg or High dose IVIg or

none PP/IVIg PP/IVIg

High dose IVIg High dose IVIg High dose IVIg

Depletive induction, CNI, Mycophenolate, Steroids

qul

9

9150701

St Louis

DSA MFI > 3000

CXM+

FCM +

PP/IVIg, Ec, IdeS
2277

High dose IVIg
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Transplantation is the best solution....

70

argo

[St Louls

100+
90~ s
Desensitization treatment
80+
Men-HD/DP . 707 Dialysis or
X 1 transplantation
wl@eMen-Tx = 60
S 504
e« wl\len-GenPop 2w
g 4
ap@e\\'Oomen-HD/DP v 30
Dialysis only
e e\\omen-Tx 20
=ew=\Women-GenPop 10
0 I 1 1 I 1 1 I 1
0 12 24 36 48 60 72 84 96
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