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Endothelial complications after HSCT
Time course within different HSCT phases

Day -7 to +28 until Day +100 >Day +100
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Endothelial complications after HSCT
The clinical spectrum

Multiorgan dysfunction syndrome

Organ
dysfunction
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(capillary flow obstruction, fibrin-related aggregates,
platelet and leukocyte adhesion, endothelial apoptosis)
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Bone Marrow Transplantation (2011) 46, 1495-1502




Veno-occlusive disease (VOD)
Out knowledge in the ‘80

Concentric non-thrombotic narrowing of
the lumen of small intrahepatic veins
— obstruction of sinusoidal flow



Veno-occlusive disease/sinusoid obstruction syndrome (SOS)
Pathogenic insights from the last decade

First morphological
changes observed in VOD
occur in the sinusoidal
endothelial cells

Deleve et al. 2004 and 2009
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VOD/SOS pathogenesis
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Deleve et al. 1994 — 2000, Courtesy of Prof. Enric Carreras



Endothelial dysfunction after HSCT

« HSCT performed between 2007-2010
» Autologous HSCT (BEAM / MLF)
» Allogeneic HSCT (cy-TBI / Flu-MLF) (MAC vs RIC)

- Samples Pre Day 0 +7 +14 +21
(through CVC) i i i i i ,

=Conditioning = - - &

' SCT

oluble markers of endothelial damage
wl\illebrand factor (VWF)

X vivo studies

Double peak after allo-HSCT,
around d0 and d+21

o TNF-alfa receptor I (sTNFR I)

Courtesy of Prof. Enric Carreras



Endothelial changes after HSCT

Phenotype Auto-HSCT  Allo-HSCT
-Proinflammatory ++ ++
-Prothrombotic + b
-Proliferation ++ ++
-Proapoptotic -

Veno-occlusive disease (SOS)

Thrombotic microangiopathy

Courtesy of Prof. Enric Carreras



VOD/SOS
Diagnostic criteria

Modified Seattle criteria Baltimore criteria

* Presentation before Day 20 post- ~* Bilirubin level >2 mg/dL (>34

HSCT of two of the following: ~ umol/L) before Day 21 post-
* Bilirubin >2 mg/dL (>34 pmoI/L) HSCT and at least two of the

« Hepatomegaly or right upper = following:
quadrant pain ~ « Painful hepatomegaly
« Weight gain (>2% basal ~ « Ascites
weight) ~ » Weight gain (25% basal
~ weight)




Incidence and outcome of VOD

The incidence of VOD reported in the literature
varies greatly

This wide range is due to variations in:1-3
— Diagnostic criteria
— Patient- and transplant-related risk factors

— Sample size

Two recent studies suggest that the incidence of VOD is 8-14% but
can be up to 60% in high-risk patients?2

VOD is a progressive disease with ranging in severity from a mild,
to a severe disease associated with MOF (including renal failure,
encephalopathy and coma)

and death

Severe VOD is associated with a high mortality rate
of >80%’

1. Coppell JA et al. Biol Blood Marrow Transplant 2010;16:157—-168;
2. Carreras E et al. Biol Blood Marrow Transplant 2011 [Epub ahead of print];
3. Helmy A. Aliment Pharmacol Ther 2006;23:11-25



VOD/SOS

Incidence

Hepatic Veno-Occlusive Disease following Stem Cell

Transplantation: Incidence, Clinical Course,
Post-1994

/Ho 146 152

Pre-1994
109 11.5 12

Allo-SCT
123 129 135

Seattle criteria
16.7 17.3 17.9

Baltimore criteria
8.8 9.6 104

Overall incidence

13.3 13.7 141
10 S~ ——1%
Incidence (% +/- 95% CI)




VOD/SOS
Incidence and outcome; Eric Carreras et al, BBMT 2011

Seattle criteria Baltimore criteria
VOD cases 117 (Cuml 14% £ 2%) 73 (Cuml 12% £ 2%)
Diagnostic day + 9 (0-44) + 8 (0—44)

Mild-Moderate VOD 79 (68%) 38 (52%)
Severe 38 (32%) 35 (48%)
Severe VOD with MOF 26 (22%) 26 (36%)

Cuml: cumulative incidence



VOD/SOS
Incidence and outcome; Eric Carreras et al, BBMT 2011

Risk factors for VOD (Baltimore criteria)

Unfavourable Favourable U_n ' Ml."t' Odc?s 95% CI
variate variate Ratio
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Except for RIC, no relevant changes in risk factors



VOD/SOS
Incidence and outcome; Eric Carreras et al, BBMT 2011

VOD incidence (using Baltimore criteria)

MAC <1997 21997

VOD/total Cuml VOD/total Cuml

Whole series | 44/385 12% | 26/310 8%
P value 0.19

HLA = sibling | 29/335 9% | 15/204 7%
P value 0.61

Unrelated |  15/50 33% | 11/106 1%
P value 0.002

Cuml: cumulative incidence

Clearly less VOD among MAC-HSCT from unrelated donor,
no differences among those from an HLA identical sibling

Improvement in management in UNR-HSCT? Better donor selection?



VOD/SOS
Incidence and outcome; Eric Carreras et al, BBMT 2011

VOD incidence (using Baltimore criteria)

21997 RIC MAC

VOD/total Cuml VOD/total Cuml

Whole series | 3/142 2% | 26/310 8%
P value 0.01

HLA = sibling | 0/103 0% | 15/204 7%
P value 0.005

Unrelated |  3/39 8% | 11/106 1%
P value 0.56

Cuml: cumulative incidence

Clearly less VOD among RIC-HSCT from HLA identical sibling,
no differences among those receiving an unrelated donor HSCT

Allo-reactivity counterbalances the beneficial effect of RIC?



VOD/SOS
Incidence and outcome; Eric Carreras et al, BBMT 2011

Evolution and outcome

(n=845) Seattle criteria Baltimore criteria
Severe with MOF 26/117 (22%) 26/73 (36%)

Died due to VOD 20/117 20/73

Mortality rate by VOD Cuml 17% = 3% Cuml 27% + 5%

— < year 1997 Cuml 22% £ 5% Cuml 36% * 7%

P=0.06 P=0.04
— 2 year 1997 Cuml 9% % 4% Cuml 14% = 6%

Cuml: cumulative incidence

Since 2000 all patients fulfilling the Baltimore criteria received defibrotide

VOD + MOF (n=26) Died of VOD Did not die of VOD

Defibrotide NO (n=18) 14 (78%) 4
P=0.007
Defibrotide YES (n=8) 2 (25%) 6




Prophylaxis VOD/SOS
Act on risk factors

Bone Marrow Transplantation (2015) 50, 781-789
© 2015 Macmillan Publishers Limited Al rights reserved 0268-3369/15

www.nature.com/bmt

SPECIAL REPORT

Sinusoidal obstruction syndrome/veno-occlusive disease:
current situation and perspectives—a position statement
from the European Society for Blood and Marrow
Transplantation (EBMT)

M Mohty'?2, F Malard’?2, M Abecassis®??, E Aerts®3?, AS Alaskar®?2 M Aljurf>?2, M Arat®3, P Bader’??, F Baron®3?, A Bazarbachi®*?,
D Blaise'®??, F Ciceri''®2, 5 Corbacioglu'®??, J-H Dalle’®*2, RF Duarte'**2, T Fukuda'??, A Huynh'®*2, T Masszi'"*?, M Michallet'®*?,
A Nagler'®?2, M NiChonghaile®®??, T Pagluica®'??, C Peters®*®?, FB Petersen®**?, PG Richardson**?, T Ruutu®>??, BN Savani’®??,

E Wallhult®”??, | Yakoub-Agha®®?? and E Carreras®®3%3'32

Transplant-related . .
Allo-HSCT = auto-HS CT Hepatic related risk factors

Unrelated donor Transaminase = 2.5 ULN

HLA-mismatched donor Er.:*rur'n .I::-iliruI::-in =15 ULNM
Myeloablative conditioning regimen C'"hu_sm ,

BlU-based conditioning regimen HEPEUE _ﬁbmmi »
TBl-based conditioning regimen Active viral hepatitis

Non-T-cell-depleted graft Hepatic irradiation B
Second HSCT Previous use of gemtuzumab czogamicn

e of hepatotosdc drugs
ot- and disease-related
= younger (in adult patients)
greiving norethisterone

d resistance to activated protein C

Prefer low-toxicity regimens (i.v. Bu, Avoid hepatotoxic drugs (or modify
BuFlu; hyper-fract. TBI) the dose, i.e. Mylotarg)

Prevent alloreactivity: donor Delay HSCT in case of reversible
selection, IST liver disease




Prophylaxis VOD/SOS
Pharmacological prophylaxis

Drug Efficacy

Unfractionated heparin and Meta-analisys 1=>inconclusive
low molecular weight heparin | results

Prostaglandine E1 No efficacy, high toxicity?
N-acetilcisteina Few evidences

Antitrombine Il No efficacy?

1. Imran H et al. Bone Marrow Transplant 2006;37:677-686. 2. Bearman Sl et al Brit J Haematol 1993;84:724-730.
3. Haussmann U et al. Haematologica 2006;91:795-800.4



Biology of Blood and Marrow Transplantation 13:206-217 (2007)
© 2007 American Society for Blood and Marrow Transplantation
1083-8791/07/1302-0001$32.00/0
doi:10.1016/j.bbmt.2006.09.012

Ursodeoxycholic acid

reduce the risk of VOD/SOS
Systematic Review of Controlled Clinical Trials on the JRGGEEZEGNEFA G EE

Use of Ursodeoxycholic Acid for the Prevention of systematic review of 6
Hepatic Veno-occlusive Disease in Hematopoietic studies (4 randomized)
Stem Cell Transplantation

Fason Tay,"* Alan Tinmouth,>** Dean Fergusson,”* Lothar Huebsch,"> David S. Allan™*>*
igure 1. Forest plots of (A) hepatic veno-occlusive disease (primary outcome) in all studies 4 estimate of hepatic veno-occ
disease from randomized trials. CI indicates confidence interval; RR, relative risk.

Study Treatment Contral FR (random) RR {random)
or sub-category i rum 95% Cl 85%

Ezzell 1992 efE2 1g/20 . g [D.04, 0.35]
Ezzell 1998 £734 l3/32 . . [0.lE, 0.90]
Ohaghi 2000 ZrT1 1Z 65 & o [D.0d, D.E6E]
Park 2002 13782 16/83 . : [D.42, 1.860]
Ruwrtu 2002 2f123 Ef119 ; - [0.1a, Z.28]
Thorrley 2004 1537 19/131 : : [0.03, 1.35]

Shudy Ursofalk Mo Treatrnent RR (random)
or sub-categary i ™ o5%C

Ezzel 1996 Er34 [0.15, 0.%0]
Chashl 2000 2771 .04, 0.68]
Ruutu 2002 25123 . [D.14, Z.38]

Total (55% CI) 228 5 [0.17, 0.68]
Total events: 10 (Treatment), 30 (Cornral)

Test for helerogenety. Chf =177, di=2(P=041), F=0%
Test for overall effect Z = 316 (P =0002)

0.01 01 10 100
Fayours treatment  Favours condral




Treatment of VOD/SOS
Potential points of intervention

Epidemiologic .
stratification Pentoxyfylline,
TNF antibodies, steroids

\

Conditioning regimen

Identification of genetic

predispositit

@ Microthrombosis T
tPA

"\

TIPS
Liver
,/ transplant
UsSodiol \ Charcoal
Drug levels PGE Defibrotide hemofiltration
GSH Heparin CVVHD
N-acetylcysteine
ACERYICYSIEL AT Il
TNF, tumor necrosis factor; GSH, glutathione; APC
PGE, prostaglandin E; AT lll, antithrombin Ill; APC, activated protein C; LMWH

LMWH, low molecular weight heparins; tPA, tissue plasminogen activator;
TIPS, transjugular intrahepatic portosystemic shunt;
CVVHD, continuous veno-venous haemodialysis



Biological properties of defibrotide

* The major effects of defibrotide are:

Reducing inflammation’ by decreasing local cytokine release

Inhibiting thrombosis by decreasing levels of tissue
thromboplastin and increasing TFPI'

Inducing fibrinolysis by increasing levels of tPA and by
reducing PAI-1 levels, which have been demonstrated to
play a key role in VOD1-4

Blocking TF expression, the most important activator of the
coagulation cascade which may help reduce microvascular
fibrin deposition?-34

Modulating platelet activity by increasing levels of
endogenous prostaglandins (PGI-2 and E-2)1-3

1. Morabito F et al. Expert Opin Biol Ther 2009;9:763-772
TFPI, tissue factor pathway inhibitor; 2. Coccheri S & Biagi G. Cardiovasc Drug Rev 1991;9:172-196;

PAI-1, plasminogen activator inhibitor 1; TF, tissue factor 3. Palmer KJ & Goa KL. Drugs 1993;45:259-294;

4. Falanga A et al. Leukemia 2003;17:1636—1642



Defitelio® ha come bersaglio la cellula endoteliale e
svolge azioni multifattoriali per trattare la sVOD'

> Defitelio® esercita effetti mediati dalla cellula endoteliale sulle maggiori cascate di eventi nella
sVOD24

Restringimento sinusoidale Ostruzione sinusoidale

MEC instabile Attivazione delle CE Formazione di coaguli e
e alterazioni strutturali3 Alterazioni infiammatorie! 6.7 alterazioni protrombotiche?

T Molecole di adesione 1 Fattore tissutale

13
R (ICAM-12, selectine)3® 1 PAI-12, |t-PA°

()]
o
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=
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o
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|Espressione, attivita | Molecole di adesione | Espressione TF
dell’eparanasi?> (ICAM-1, P-selectina)3.%:10 | PAI-12) 1t-PAY

Contribuisce all’integrita Riduce U’attivazione delle Ripristina 'equilibrio
della MEC2 CE2.8 trombo-fibrinolitico?

MOA di Defitelio®

MEC, matrice extracellulare; CE, cellula endoteliale; ICAM-1, molecola di adesione intercellulare 1; P-selectina, selectina piastrinica; PAI-1, inibitore dell'attivatore del plasminogeno-1; t-Pa,
attivatore tissutale del plasminogeno; TF, fattore tissutale; MOA, meccanismo d’azione (mode of action)

1. Pescador R, et al. Cardiovasc Drug Rev 2000; 18(4): 304—-311. 2. Defitelio® Summary of Product Characteristics March 2015. 3. Richardson PG, et al. Biol Blood Marrow Transplant 2013; 19: S88-90. 4. DeLeve LD, et al. Vascular
Liver Disease and the Liver Sinusoidal Endothelial Cell. Vascular Liver Disease: Mechanisms and Management. New York: Springer, 2011: 25-40. 5. Mitsiades CS, et al. Clin Cancer Res 2009; 15: 1210-1221. 6. Carreras E and Diaz-
Ricart M. Bone Marrow Transplant 2011; 46: 1495-1502. 7. Félétou M. Chapter 2: Multiple Functions of the Endothelial Cells. The Endothelium —Focus on Endothelium-Derived Vasoactive Mediators. San Rafael (CA): Morgan &

Claypool Life Sciences, 2011. 8. Pescador R, et al. Vascular Pharmacology 2013; 59(1): 1-10. 9. Palomo M, et al. Biol Blood Marrow Transplant 2011; 17: 497-506. 10. Scalia R, et al. Meth Find Exp Clin Pharmacol 1996; 18: 669-676.
11. Falanga A. Leukemia. 2003; 17: 1636—1642.




Prophylaxis VOD/SOS
Defibrotide

Defibrotide for prophylaxis of hepatic veno-occlusive disease @':'k
in paediatric haemopoietic stem-cell transplantation:
an open-label, phase 3, randomised controlled trial

Lancet 2012; 379:1301-09

g+30 post-TCSE



PI'OphylaXiS VOD/SOS Corbacioglu, lancet 2012
Defibrotide

Primary end-point, Incidence of VOD

Intent-To-Treat Analysis: all randomised patients

Defibrotide Control P value
Prophylaxis

Competing Risk: 12% (22/180) 20% (35/176) 0.0488"

CICR (95% cI) © 0.13 (0.08,0.19) 0.20(0.15,0.27)

Severity of VOD, as assessed by composite severity score based on MOF
and death up to 100 days post-HSCT, was lower than controls
(Wilcoxon test p=0.0340, based on ITT population at Day + 100)

60 -
mDF
. Prophylaxis
0 1 pA

50 -~
3 )
Severity of VOD (composite score)

Patients with VOD
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N w B
o o o
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o
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PI’OphylaXiS VOD/SOS Corbacioglu, lancet 2012
Defibrotide

Lower incidence of VOD-associated renal dysfunction and aGVHD

Defibrotide (n=180) Control (n=176)
n (%) n (%)
Respiratory failure 11 (6) 15 (9)
Renal failure 2 (1) 10 (6)*
Encephalopathy 1(1) 3(2)
Mortality 4 (2) 10 (6)
No organ failure or mortality 169 (94) 159 (90)

Allogeneic SCT DF Prophylaxis Control p-value
(n=122) (n=117)

Acute GvHD by Day+100 47% (57) 65% (76) 0.005*

- GvHD Grade 1 25% (30) 28% (33)
- GvHD Grade 2 15% (18) 26% (30)
- GvHD Grade 3 4% (5) 8% (9)
- GvHD Grade 4 3% (4) 3% (4)

0.003**




Treatment of VOD/SOS
Who, when and how?

The first step in the treatment of SOS/VOD is symptomatic

Maintenance of adequate fluid and electrolyte balance
*Avoid hepatotoxic and nephrotoxic drugs

«Careful use of diuretics (furosemide or spironolactone)
In the event of progression of symptoms support
strategies: analgesia, paracentesis, thoracentesis, oxygen

therapy

‘Possible hemodialysis / hemofiltration

Carreras E. How | manage sinusoidal obstruction syndrome after haematopoietic cell
transplantation. Br J Haematol 2014; 168: 481-491



Author

Treatment of VOD/SOS

Tissue plasminogen activator

No of Dose Duration
patients (mg/d) (d)

Heparin
(yes/no)

No of
responses

Life-
threatening
hemorrhage

Baglin et al. (1990)
Bearman et al. (1997)
LaPorte et al. (1992)
Rosti et al. (1992)
Ringden et al. (1992)
Leahey et al. (1996)
Feldman et al. (1995)
Goldberg et al. (1996)
Higashigawa et al. (1995)
Hagglund et al. (1995)
Lee et al. (1996)

Yu et al. (1994)
Schriber et al. (1999)
Kulkarni et al. (1999)

1 50 No
42
1 50 No
1 50 4 No
1 50 4 No
9 5-10
3 IS No
1 20
1 2-3
10 3-50
3 10-20
3 0.25-0.53
30—40
10

1

-
N

N WO A =2 a2 W01 O -

104 (9)*
6

0

©O © A O O O O =~ O O g

—-—
© w

Tpatient also received PGE; 2three patients received heparin, seven patients did not; 3dose reported as mg/kg;

4in patients who met established criteria for VOD




Treatment of VOD/SOS
Defibrotide

Table 2.  Main studies on defibrotide in SOS/VOD

Reference; Condition Design Key paints Others results
Phase; Number
of patients

Richardson Adult and pediatric Compassionate use; DF: 5-60 mag/kg per day (intra-pt dose CR: 42% Day +100 survival: 32%
et al™ Severe 505/NV0D escalation, until responseftoxicity) Minimal toxicity at

Retrospective post HSCT doses tested

Cup

N=19

Richardson Adult and pediatric Emergency use; DF: 5-60 mg/kg per day CR: 36% Day +100 survival: 35%
et al®™® Severs S05/V0OD (intra-pt dose escalation, until response/ftoxicity) Active dose range No serious AEs attributed
Phase I/l post HSCT 25-40mg'kg to DF

N=388 per day

Richardson Adult and pediatric Randomized, dose-finding; Arm A: DF 25 mg/kg per day Day +100 CR: 46% Day +100 survival: 42%

' Severe 505/NV0D Arm B: DF 40 mg/kg per day Effective dose Owerall SAE incidence: 8%
Phase Il post HSCT For 14 days or more. 25 mg/kg per day (greaterat40vs 25 mg/kg
N=149 per day)

Richardson Adult and pediatric MNon-randomized, comparison with historical control; DF: Day +100 CR Day +100 mortality: DF
et al™>® Severe SO5NVOD 6.25 ma/kg iv. g6h (25 ma/kg per day) for 21 days or more. DF 24% 62%; HC 75%
Phase Il post HSCT HC 9% (P =0.0341)
N=102 P=0.0131) Hemorrhagic AEs:
DF 65%; HC 69%

Richardson Adult and pediatric  Investigational new drug protocol; DF: 625 mg/kg iv. géh  Day +100 CR Day +100 survival: Non-
et al>® S05VOD non-HSCT (25 ma'kg per day) for 21 days or more. Mon-HSCT 40% HSCT 62%
Prospective (N=45) S05NMOD post SO5NM0OD post HSCT 69%
T-INLy S05VOD post HSCT HSCT 47% Severe 505/VOD post
N=470 (N=141) Severe SO5/VOD  HSCT 48%

Severs S05/VOD post HSCT 29% Overall hemorrhagic AEs:

ost HSCT (N =284) 18%

57 Richardson P. BBMT 2010

58 Richardson P, ASH 2009; 114: 654.

59 Richardson P, ASH 2013; 122: 700-700

67 Richardson P, Blood 1998

68 Richardson P. Blood 2002 Mohty M, BMT 2015




Defibrotide for the treatment of VOD/SOS
Clinical trials

Protocol 2005-011 Protocol 2006-052 Protocol 99-118 3

Pivotal, historically Randomized,

Study controlled Treatment IND open-label

design (severe VOD) dose-finding study

TG: DF 25 mg/kg/day _
Treatment HC: treated as per DF 25 mg/kg/day Arm A'_ DF 25 mg/kg/day
schedule e Arm B: DF 40 mg/kg/day
institutional standard

Total: 149

N:tzgﬁf; of TH%_1??22 104 (405) Arm A: 75
P ' Arm B: 74

35 centres in 36 (72) centres 6 centres
USA, Canada, Israel in USA in USA

Status Complete Interim analysis Complete

Sites

1. Richardson et al Blood (ASH Annual Meeting Abstracts) 2009;114:654;
TG, treatment group; HC, historical control; 2. Richardson P et al. Blood (ASH Annual Meeting Abstracts) 2010;116:906;
DF, defibrotide 3. Richardson PG et al. Biol Blood Marrow Transplant 2010;16:1005-1017




Richardson P, et al.

Results of a Phase 3 study utilizing a historical control. Defibrotide (DF) in the
treatment of severe hepatic veno-occlusive disease (VOD) with multi-organ
failure (MOF) following stem cell transplantation (SCT). ASH Annual Meeting
Abstracts 2009; 114: 654.

CR

+100 OS

Hemorragic adverse events

1.00 7] Defibrotide =

Control ===
Defibrotide censored ©®®

Control ®e€e®
censored

0.75 7 1

Given the life-threatening
nature of SOS/VOD a trial
randomizing patients to
placebo or supportive care
was rejected

0.50 7|

Survival distribution function

0.00 & T T T T T
0 20 40 60 80 100
Number of days from SCT to death by Day +100 (observed)
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Defibrotide for the Treatment of Severe Hepatic
Veno-Occlusive Disease and Multiorgan Failure
after Stem Cell Transplantation: A Multicenter,

Randomized, Dose-Finding Trial
Paul G. Richardson, d Robert J. Soiffer, ! Joseph H. Antin, ! Hajime UHD,Z Zhezhe_n Jiﬂ,s
Joanne Kurtz_'berg," Paul L. {ﬂarﬁﬂ," Gideon Steinbach,” Karen F._Murray," )
Georgia B. Vogelsang,” Allen R. Chen,” Amrita Krishnan,® Nancy A. Kernan,” David E. Avigan,'
Thomas R Spitzer, ' Howard M. Shulman,” Donald N. Di Salvo,'® Carolyn Revta, !

Diane Warren,' Parisa Momtaz,' Gary Bradwin, oy, /1 Wei,l'lz Massimo lacobelli,"?
George B. McDonald,” Eva C. Guinan'*

v' 25 mg/kg per day ( n = 75) vs 40 mg/kg per day, (n = 74).
v’ CRrate (49 vs 43%; P = 0.613)
v’ day +100 OS (44 vs 39%; P = 0.619).

Biol Blood Mayrrow Transplant 16: 1005-1017 {2010)

The effect of dose

Dose Complete Confidence

(mg/kg/day) Response Interval
(D +100) (LL, UL)

10 9.7% (3/31) 0.0%, 20.1%

25 28.8% (23/80) 18.8%, 38.7%  [NNININNN
40 24.5% (12/49) 12.4%, 36.5%  AEUNEEES

60 36.4% (8/22) 16.3%, 56.5%
Prof. D. Niederwieser (EBMT 2011)




Richardson PG, et al.

Results of the large prospective study on the use of defibrotide (DF) in the
treatment of hepatic veno-occlusive disease (VOD) in hematopoietic stem cell
transplant(HSCT). Early intervention improves outcome - updated results of a
treatment IND (T-IND) expanded access protocol.

ASH Annual Meeting Abstracts 2013; 122: 700-700.

Survival
Day +100

These studies led to the approval in 2014 of DF for treatment of severe
SOS/VOD after HSCT in European countries by the European
Medicines Agency (EMA).

Adult (n=52) 25% (13/52) 25% (13/52)

Ventilator-/ o o
dialysis-dependent (n=36) “g (SIS0 2200 (B9,

Severe VOD Non severe adult children
248 pts VOD
141 pts Pooled data

CR 47 % 47% from all studies
+100 OS 48% 69%

* p< 0.05




Treatment of VOD/SOS
Defibrotide

The effect of timely treatment

Delay in the initiation of Defibrotide treatment > 2 days from VOD/sVOD
diagnosis results in higher mortality at Day 100 post-SCT

Time from VOD diagnosis to DF Administration
(N=103)*

PR o T o WS - AN o se =

‘ Mandatory: timely initiation of treatment when I
diagnostic criteria are met

Delay In the Initiation ot Detibrotide treatment > 3 days tfrom VOD diagnosis
results in higher mortality at Day 100 post-SCT

Time from VOD dlag(l;lcissl;;zt)o DF Administration

< 3 Days > 3 Days P-value

Survival at Day+100 242/401 (60%)  84/171 (49%) 0.048

p values calculated based on the Chi square test.
* Data for 1 pt was missing at the time of analysis



Defibrotide for the treatment of VOD/SOS
Adverse events

All patients Patients at Patients
treated 25 mg/kg/day treated at
25 mg/kg/day eligible for 2005-01 40 mg/kg/day

n=419 n=231 n=735

All adverse 74 32
events (99%) (100%)

All hemorrhagic 43 23
events (57%) (72%)

= Safety database of 1986 patients with VOD treated with DF showed that
the frequency of treatment-related SAEs was low

= Most frequent include gastrointestinal hemorrhage (2.57%), pulmonary
hemorrhage (2.32%), hypotension (1.56%), coagulopathy (1.36%) and
epistaxis (1.01%)

= QOther events were reported with less than 1% frequency

Prof. D. Niederwieser (EBMT 2011)



Defibrotide for the treatment of VOD/SOS
Summary

v Defibrotide is the first and only therapy approved in the
European Union for the treatment of severe VOD in HSCT

v" Defibrotide is recommended for the treatment of severe VOD
by the EBMT and the latest BCSH/BSBMT guidelines

v Defibrotide is indicated in adults, adolescents and children
and infants >1 month of age

v The recommended dose for administration is 6.25 mg/kg
body weight every 6 hours (25 mg/kg/day), and it should be
administered for a minimum of 21 days

v Standardized (early) diagnostic criteria, severity stratification
and response criteria are essential to compare data

v Confirmatory randomized trials would be useful, but likely
hard to be performed



Endothelial complications after HSCT
The clinical spectrum

Multiorgan dysfunction syndrome

A

DAH
ES
LIPS

0 = AT
i | > AGEE

dysfunction
L (pathologic) )

(capillary flow obstruction, fibrin-related aggregates,
platelet and leukocyte adhesion, endothelial apoptosis)

(" Endothelial A A A A

activation Pm_g&?ﬁglam] [lnf::g;?r?stgw] [ pgﬁgzzsb?ﬁw } [Uasoconstriction]
. (physiologic) |

(" Endothelial ) [ Endothelial phenotype represents a net liability to the host 1

| Conditioning | [ G-CSF |[ CNI || LPSinfections || Engraftment |[ Allo-reactivity |
A

[ Hematopoietic stem cell transplantation ]

Bone Marrow Transplantation (2011) 46, 1495-1502




Complement-mediated hemolytic anemias
A tentative classification

Primary: impairment of physiologic complement regulation

v’ Systemic impairment: atypical hemolytic-uremic syndrome
(aHUS)

v Local (blood cell surface) impairment: paroxysmal nocturnal
hemoglobinuria

Secondary: hyperactivation of the complement cascade
v" Antibody-mediated hemolytic anemias
- Cold agglutinine disease
- Cold paroxysmal hemoglobinuria (Donath-Landsteiner Ab)
—  Other AIHA
v Thrombotic microangiopathies
— Typical (sporadic) hemolytic-uremic syndrome (HUS)
—  Thrombotic thrombocytopenic purpura (TTP)



% Decision Making and Problem Solving

Diagnostic criteria for hematopoietic stem cell
transplant-associated microangiopathy: results of a
consensus process by an International Working Group

Tapani Ruutu, Giovanni Barosi, Richard J. Benjamin, Richard E. Clark, James N. Gecz==
Alois Gratwohl, Ernst Holler, Massimo lacobelli, Karim Kentouche, Bernhard Lammlipapie 1. Ranking of candidate criteria.
Joel L. Moake, Paul Richardson, Gerard Socié, Zella Zeigler, Dietger Niederwieser, ' E
Tiziano Barbui on an initiative of the European Group for Blood and Marrow Transpi
the European LeukemiaNet N

Diagnostic criterion Sum of ranks

RBC fragmentation 323
De novo, prolonged or progressive thrombocytopenia
Sudden and persistent increase in LDH

Hb decrease or increased RBC ransfusion requirement
Sudden and persistent increase in BUN or creatinine

Direct antighobulin test negative

Refractoriness to platelet fransfisions

Neurologic abnormality

Decreasad haptoglobin

Reticulocyte increase

- _ _ _ Exclusion of disseminated intravascular coagulation
Table 3. The definition of transplant-associated microangiopathy Exclusion of high levels of cyclosporine A

(TAM) by the International Working Group. Increased free hemoglobin

Exclusion of veno-occlusive disease

Exclusion of aspergillosis

_ Exclusion of graft-versus-host disease

Al of the following present ADAMTS13 decreased or absent

Renal pathology demonstrating thrombotic microangiopathy

r R i : Decrease of the large fraction of WWE-multimeric pattemn
(= 1 ]
Increased percentage (>4%) of schistocytes in peripheral blood Exclusion of disease relapse

. . 2
II.::'E' ﬁ'DII'I'D_. D[UlUnEE{I ol F'm'ErE'SEWE! thrﬂmhﬂtﬁltﬂplifﬂla fDlﬂtE‘lE‘t EE‘Um |E'55 '[hEII'I Bxclusion of active cytomegalovirus disease
oOn109/L or a 50% or greater decrease from previous counts) Exclusion of adenovirus

Sudden and persistent increase in LDH Buclusion of collagen vascular disease

Decrease in hemoglobin concentration of increased red biood cell transfusion 3 pejuson of tumen he 6.

requirement Refractoriness to plasma exchange/ FFP replacement

Decrease in serum haptoglobin concentration 7 Exclusion of parvovirus B19
Ruutu et al, Haematologica 2007
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Transplant-associated microangiopathies (TAM)
Diagnostic criteria and clinical presentation

Table 1. Current diagnostic guidelines for TA-TMA

Blood and Marrow Transplant Clinical International Working Group of the European Probable TMA as defined by validation
Category Trials Metwark'® Group for Blood and Marrow Transplantation™ study by Cho at al®?

Sehistocyles = 2 per high-power field in periphara = 4% in peripheral blood = 2 par high-power field in peripharal
blood bood
LDH Inereased above institutional basaline Sudden and persistent increase Increased
Renal function Doubling of serum creatinine or 50%
decrease in creatinine clearance from
baseline before ransplantation
Platelats Thrombocylopenia: < 50 x 1091 or a = 0% Thrombocylopenia: < 50 x 10%Lora
decrease in platelet count = 50% decrease in platelet count
Aed calls Decreased hemoglobin or increased red blood Decreased hemoglobin
call transfusions
CHS Unexplained neurologic dysfunction
Coombs lest Magative direct and indirect Megative
Haptoglobin Decreased Decreased
Othar Mo coagulopathy

Reprinted by permission from Wolters Kluwer Health =

Triggers Promoting factors
Conditioning regimen: TBI, busulfan, etc
Infections: Aspergillus, HSV, CMV, etc
Immunosuppression: CNI, mTOR inhibit.
GvHD
Complement dysfunction/dysregulation?

Multifactorial systemic
endothelitis

Laskin et al, Blood 2011; Ricklin and Cines, Blood 2013



Review article Systemic
endothelial

Small vessels, big trouble in the kidneys and beyond: hematopoietic stem cell damage and

transplantation—associated thrombotic microangiopathy red cell

2 and Sonata Jodele? extravasation

Benjamin L. Laskin," Jens Goebel, 1 Stella M. Davies,2
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-.' OO 2014 124: 645-653
. doi:10.1182/blood-2014-03-564997 originally published

online May 29, 2014

Diagnostic and risk criteria for HSCT-associated thrombotic
microangiopathy: a study in children and young adults

Sonata Jodele, Stella M. Davies, Adam Lane, Jane Khoury, Christopher Dandoy, Jens Goebel,
Kasiani Myers, Michael Gnmley, Jack Bleesing, Javier El-Bietar, Gregory Wallace, Ranjit S. Chima,
Zachary Paff and Benjamin L. Laskin

Proteinuria =30 mg/dL 26 (66.7%) 16 (31.4%)
Proteinuria lasting =2 wk 25 (64.1%) 15 (29.4%)
Urine protein/creatinine ratio 2.8 [1.0-3.9] 0.8 [0.4-2.0]

Subjects with elevated 26/39 (67%) 4/20 (20%)
sC5b-9

Proteinuria

Hypertension

AKI by Houbling of serum creatinine

Schistocytes

Hafmuglobin

TMA Markers

LDH

20 40
Time to TMA




DIAGHOSIS of TMA:
above normal
histocytes
bocytopenia

Anemia
Hypertension
Proteinuria
|

v

PROGNOSIS of TMA:_
_ 4 = =|- Proteinuria 230 mg/dL » _
g 4 = =|—+ sC5b-9 above normal »
Continue clinical
manitaring

Clinical prompt

v intervention
One present
; 1
Case-by-case decision Complement assessmenl

based on severity of TMA {genes, functional studies)

Low risk TMA

High risk TMA

0OS <20%

OS 100%

BELOOD, 24 JULY 2014 - VOLUME 124, NUMBER 4




Plenary Paper

THROMBOSIS AND HEMOSTASIS

Abnormalities in the alternative pathway of complement in children
with hematopoietic stem cell transplant-associated thrombotic
microangiopathy

Sonata Jodele,' Christoph Licht,® Jens Goebel,® Bradley P. Dixon,® Kejian Zhang,* Theru A. Sivakumaran,®
Stella M. Davies,! Fred G. Pluthero,® Lily Lu,? and Benjamin L. Laskin®

Table 2. Complement system analysis in patients with HSCT-TMA

CHA,CFH.MCP,CFB,CFR5
(direct
sequence analysis)

Transplant
type

Recipient CFH-CFHRS

Donor CFH-CFHRS
(MLPA) (MLPA)

CFH antibody
(ELISA)

CFHR1 protein analysis
(western blot)

nomal alleles

autclogous
autclogous
autclogous
allogeneic
allcganeic

nomal alleles
nomal alleles
nomal alleles
nomal alleles

all gpeneic nomal alleles

absent
absent
absent
present
present
presant

“delf CFHR3-CFHR1) na

“delf CFHR3-CFHR1) na

“delf CFHR 1-CFHR4) na

“‘delf CFHR3-CFHR1) normal allele

“delf CFHR3-CFHR1) ‘del{CFHR3-CFHR1)
nommal allele normal allele

prasent
prasent
prasent
prasent
prasent
prasant

CFR, complement factor H-related gene 5.
*del refers to heterozygous deletions.
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Transplant-associated microangiopathies (TAM or TA-TMA)

Complement-mediated pathophysiology

Activation/amplification of the alternative pathway
of complement (AP)

_1
Complement

T 5 tCEa}

B i N\
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i
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= : Thrombosis
' e FHR1*
r (dimer)

Complemeni
triggers

(DAMPFs)

Amplification Tissue damage

= — - S Inflammation |

Ricklin and Cines,
Blood 2013
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The genetic fingerprint of susceptibility for transplant associated
thrombotic microangiopathy

Sonata Jodele, Kejian Zhang, Fanggeng Zou, Benjamin Laskin, Christopher E. Dandoy, Kasiani C.
Myers, Adam Lane, Jaroslav Meller, Mario Medvedovic, Jenny Chen and Stella M. Davies

o
»
|

v' 17 candidate complement related genes
studied in HSCT (n=77; n=34 TA-TMA)

v' Gene variants (1 or >1) found in 56% of TA-
TMA vs 9% of non-TMA (p<0.0001); 3 or >3
variants (found only in non-caucasian)

TRM Cumulative Incidence
1

o
o
]

associated with higher TRM (71%)

Functional complement derangement
demonstrated in pre-HSCT samples of 00

Variants 2 3 (n=7)

patients with gene variants !
v' Genetic predisposition to TA-TMA?
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Transplant-associated microangiopathies (TAM or TA-TMA)

Prophylaxis and treatment

Prophylaxis
v No effective prophylaxis
v

Treatment
v No established treatment
v Different strategies (even in combination)
v'  Best supportive care (...)
v Withdrawal of offending causative agents (e.g., CNI)

v' Treatment of concomitant conditions (e.g., GvHD, infections,
hypertension, etc)



Treatment of transplant-associated microangiopathies
Etiologic treatment

No effect: Potential Efficacy:

« Corticosteroids . E'aslf"aphebresiS*

- Antifibrinolytics R_ac Ziind } Few
. ituximab cases

* Prostacyclin infusions
* Eparin

* Vincristine

* Thrombolitic therapy
* L.v. immunoglobulins
« Splenectomy

* Daclizumab

*= generally not effective, Choi et al Drugs 2009

Uderzo C et al., J Bone Marrow Res 2014; Uderzo et al , BMT 2000; Sarode et al, BMT 1995; Roy
et al, BMT 2001; Holler et al, Blood 1989; Fuge et al, BJH 2001; Corti et al, BMT 2002; Au et al, BJH 2007



*".r.. > Journal of Bone Marrow
s 1 + Uderzo et al, J Bone Marrow Res 2014, 2:3
;i Research hnp:.-'.-'-:lx.dctai.org.-'10.4 172/2329-8820.1000152

Review Article Open Access

Transplant-Associated Thrombotic Microangiopathy (TA-TMA) and Consensus
Based Diagnostic and Therapeutic Recommendations: Which TA-TMA Patients
to Treat and When?

Cornelio Uderzo C"", Sonata JodeleZ, Mohamed El Missiry?, Fabio Ciceri?, Alessandro Busca®, Andrea Bacigalupo® and Selim Corbacioglu”

Proposed treatments

A) Defibrotide Treatment Induction: 25 mgfkg/day fiv. in 4 divided doses for at least 4 fo 6 weeks ( i.e. until
2 weeks of "“TA-TMA complete remission™)

Consolidation (beyond & wesks) for poor responders: should be discussed with
the coordinating investigator

B) Terminal complement blocking therapy (Eculizumal) Induction dose (i.e 300 myg iv.between S to 10 Kg /BW, until 300 mg iv. between
40 kg ! BW and owver),

Maintenance dose (i.e 300 mg iv. every 2 weeks if patient weight iz betwesen S o
10 Kg, undl 1200 mg iv. every 2 wesks if patient weight is 40 kg or over)
Eculizumab doging schedule will e used with dose adjustments guided by
pharmacodynamic monitoring of complement blockage and clinical response [ ie.
uniil 3-4 treatments with sC5b-9 and CHS0 nomnalization)

Plasma-exchange?




Mechanisms of action of defibrotide

» Protection of ‘activated’ endothelial cells

» Maintenance of cytoskeletal structure

» Increases the activity of tissue plasminogen
activator (tPA) which promotes fibrinolysis

» Decreases plasminogen activator inhibitor
(PAI-1) which inhibits tPA formation

» Reduces expression of a protein that is
responsible for the recruitment of inflammatory
cells

1. Defitelio® Summary of Product Characteristics.
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002393/WC500153150.pdf;

2. Richardson PG et al. Expert Opin Drug Saf 2013;12:123-136



Defibrotide for the treatment of TA-TMA

— DF 40 mg/Kg (os) for 41 days
Study | 12 pts Response

Wolff et al =] CH

CR: 5 ptS NG

PR 3 pts )
Besisik et al.i"1 Stable 1 pt

Corti etal 13
77" 1+ NR 3 pts Corti P, BMT 2002, 29

Table 1 Patients, TTP charactenistics and outcome

Patients Sex  Age Diagnosis at  BMT type TTP  LDH TTP grade Symptoms DFT Ne. of Outcome Cause of
years BMT index  max”® therapy  plasma death
(davs)  phereses TTF

Patients

AML (l1st CR) Rel mild — 17 TR alive
FEL Unrel 3 SEVEre SHS 51 TR alive

ALL (2nd CR) Rel SEVErE S5HS oF TR alive
ALL (3rd CR) Unrel 5 SEVere SHS 6l TR" alive
CML {1st CP) Unrel SEVEre CNS 23 NR dead
ALL {(3rd CR) Unrel SEVEre — 46 PR dead
HL (PL) Rel SevVeres K.5HS 30 TR alive
ALL (3rd CR) Unrel SEVEere CMS, SHS 17 3 NR dead
ALL (2nd CR) Unrel 5 SEVEre — 34 PR dead
AML (l1st CR) Rel mild — 38 TR alive
CML (1st CP) Rel SEVErE NR dead
AML (PDy) Unrel SEVere 41 3 PR dead

LA = L [l e
fad lad g lad = a2 =
=] LN D e O LA =] D =

faa LA
= LA
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Successful use of eculizumab in a patient with post-transplant
thrombotic microangiopathy
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Original Clinical Science—General

(Transplantation 2015;99: 1953-1959)

Use of Eculizumab in Patients With Allogeneic
Stem Cell Transplant-Associated Thrombotic
Microangiopathy: A Study From the SFGM-TC

Flore Sicre de Fontbrune,” Claire Galambrun,? Anne Sirvent,® Anne Huynh,* Stanislas Faguer,®

Stephanie Nguyen,® Jacques-Olivier Bay,” Bénédicte Neven,® Julie Moussi,® Laurence Simon,'® Alienor Xhaard,
Matthieu Resche-Riggon,'" Alix O'Meara,’ Veronique Fremeaux-Bacchi,'® Agnes Veyradier,"® Gérard Socig,”
Paul Coppo,™ and Régis Peffaut de Latour’

Eculizumab® start in post allo
TMA, N =12

Eculizumab® = Failure and death, n=3
stop, n=5 * Progressive severe aGvHD with or
without relapse, and death n=2

-3
-
]
g
-]
3

Eculizumab® * Failure and death, n=2
stop, n=6 = Failure and alive, n=1
-_— = Response and death n=1

* Response and alive, n=2

aoueUIIUIEY

9

900 mg every week during 4 weeks, followed

Responding (on by a maintenance dose of 1200 mg every 14 days

therapy at day 70)
n=1

In summary, Eculizumab achieved an overall
hematological response rate of 50% (6/12) and an
overall survival rate of 33% (4/12) with a median
follow-up of 432 days.
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Eculizumab Therapy in Children with Severe

Hematopoietic Stem Cell éSEMJ:
Transplantation—Associated Thrombotic ol o gt
Microangiopathy

Sonata Jodele "*, Tsuyoshi Fukuda”’, Alexander Vinks’,

Kana Mizuno?, Benjamin L. Laskin >, Jens Goebel?, BBMT 20 1 4

Bradley P. Dixon®, Ashley Teusink”, Fred G. Pluthero®,
Lily Lu ", Christoph Licht®, Stella M. Davies

Accepted Manuscript
BBMT 2015

Variable eculizumab clearance requires pharmacodynamic monitoring to optimize
therapy for thrombotic microangiopathy after hematopoietic stem cell transplantation

Sonata Jodele, Tsuyoshi Fukuda, Kana Mizuno, Alexander A. Vinks, Benjamin L.
Laskin, Jens Goebel, Bradley P. Dixcn, Ranjit S. Chima, Russel Hirsch, Ashley
Teusink, Danielle Lazear, Adam Lane, Kasiani C. Myers, Christopher E. Dandoy,
Stella M. Davies

A | Induction dose |
if pre-treatment sC5b-9 is above normal
had {>244ng/mL) administer 2Nddose in 72h 2
v |
I CH50 adequately suppressed (-—' Monitor CH30 daily I——) CH50 inadequately suppressed | 4
b Monitor sC5b-9 p, L
I Weskly induction dose 2-3 times per week Extra induction dose | 3 =1
for the correlation with I
clinical response i T > |
CHS50 inadequately suppressed | E |
N N T '% @ I
@ a° | Treated(n=18)
I CH50 adequately suppressed [€ Increase dose by 300mg | ° \ =
=4
4 o |
— [
I Continue current dosing schedule til hematologic signs of TMA are resolved | [+ |
-
v 239
I Advance to maintenance dosing and continue for ~3-4 freatments with adequately suppressed CH50 | E |
¥ 7] L
I Ifthere are no active signs of microangiopathy, STOP eculizumab and monitor for TMA symptoms | -:
~
Adequate CH50 suppression is serurn CH50 level <10% of normal e | b —-
B | Patient weight Induction dose Maintenance dose I_ Historical Controls (n=11)
40 kg and over 900 my 1200 myg every 2 weeks
30 kg to less than 40 kg 600 mg 900 mg every 2 weeks g -{ p-value = 0.0031
20 kg to less than 30 kg 600 myg 600 mg every 2 weeks T T T T
10 kg o less than 20 kg 600 mg 300 mg every 2 weeks 0 10 20 30 40
5 kg to less than 10 kg 300 mg 300 mg every 2 weeks Months After TMA Diagnosis




Classical pathway

Lectin pathway

Alternative pathway

Y
Classical pathway inhibitors:
*C1s inhibitors (TNT) G
*C1-INH

*PIC

5 e

(tlck-%r)

Lectln pathway inhibitors:
*MASP-1/MASP3 inh
*MASP-2 inh

C5 convertases

C3(H,0)Bb

C3bBb

® _

Proximal complement

inhibitors (alternative pathway-

specific):

» Factor B (fB) inhibitors

» Factor D (fD) inhibitors

* Properdin (P) inhibitors

» Factor H (fH)-based protein
(e.g., TT30)

« Complement Receptor 1
(CR1)-based proteins*

*: may also modulate other
complement pathways

(&

‘VV

Amplh\ak.’v. ?

C4b2aC3b | | C3bBbC3b

~N S

Broad C3 inhibitors:
« Compstatin and derivatives

Novel anti-C5 agents:
* Other mAbs
+ Small peptides (e.g.,

Molecules vs drugs

Lytic complex

) cs
‘cg

' MAC



The target of clinical translation
TNT009 |- I
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Thanks to: Anna Paola lori

Thank you!



