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.", PNH: background
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Presentation Core symptoms and signs (any of).
Symptoms of anemia (eg, fatigue, tachycardia, shortness of breath, headache)
Thrombotic events
Dark-color urine
Intermittent abdominal pain
Esophageal spasms
Dysphagia

AND/OR ONE OF
|

Bone Marrow Dysfunction Hemolysis Thrombosis
Abnormal lab results:
- . MNarmocytic/macrocytic anemia Unprovoked=*/
’:ﬁf:i:: MDS® EUTZ‘T-I,?::ir Hemoglobinuria Thrombocytopenia unusual site**
ytop (s) Abnormal iron studies thrombosis
Reticulocytosis
Hypoplastic Test for hemolysis
Initial marrow (Any of: | haptoglobin, 1 LDH, 1 bilirubin, * reticulocytes)
Diagnostics and/or AND
young patient Negative direct antiglobulin test (Coombs Test)
Test for PNH with FLAER or High Sensitivity Flow Cytometry I

Roth et al. Eur J Haematol 2018




-‘-/ Once upon a time there was “THIS” PNH

Actuarial Survival From the Time of

* Prevalence: 15.9/million? Diagnosis in 80 Patients With PNH¢
_ _ _ 1001 %o
* Median age at diagnosis: T
early 30s?3 _ 80~
= Age- and Gender-
N . . =1+)
* 35% of patients with PNH die £ 60- Matched Controls
within 5 years of diagnosis §
H H il v
despite best supportive care £ 40-
* Progressive disease: = 0. Patients With PNH
characterized by chronic
complement-mediated 0 : : : : :
hemolysis 0 5 10 15 20 25
Years After Diagnosis
1. Hill A et al. Blood. 2006;108:290a. Abstract 985.
2. Nishimura JI et al. Medicine. 2004;83:193-207.
3. Socié G et al. Lancet. 1996;348:573-577.
4, Hillmen P et al. N Engl ] Med. 1995;333:1253-1258.




Changing prognosis in paroxysmal nocturnal haemoglobinuria
disease subcategories: an analysis of the International PNH

Registry . _
g Soci et al. Internal Medical J 2016
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Hemalytic PNH 2099
AA-PNH Syndrome 34
Intermadiate Classfication 152

Insufficient Data 274
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d— Thrombosis & PNH

e Relationship between “blood haemolytic system” and coagulation
system described more than 6 decades ago [crosby WH, Dameshek W, Blood 1950]

e Thromboembolism is the most common cause of mortality in patients with
PNH:

v'Responsible for 40-60% of deaths in which the cause is known
v' At least one TE event reported in 29-44% of patients with PNH

v'Visceral thrombosis preceding diagnosis of PNH reported in 19% of
patients !

v'Survival rate only 40% in patients with thrombaosis at presentation 2
v'Relative risk of death increased 5 to 15.4 fold 3

1. Poulou LS et al. Thromb Haemost 2008
2. Socie G et al. Lancet 1996

3. Nahimura J et al. Medicine 2004
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Thrombosis & PNH:
close integration between the complement
cascade and the coagulation cascade

Hill A & Hillmen P, Blood. 2013;121: 4985-96
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Hill A & Hillmen P, Blood.
2013;121: 4985-96
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Figure 1. Summary of the multiple factors thought to contribute to the prothrombotic state in paroxymal nocturnal hemoglobinuria (PNH) and interaction. Furthe
detalls are provided in the text. MAC: membrane attack complex; NET: neutrophil extracellular traps; TFPI: tissue factor pathway inhibitor; VWF: von Willebrand factor
WPB: Weibel-Palade bodies; NO: nitric oxide; ROS: reactive axygen species; TF: tissue factar.

Peacock-Young et al. Haematologica 2018
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_‘/ Incidence of VTE and Relative Risk in PNH vs
Inherited Hypercoagulable states

70 62
60 -
S 50 -
< 40 -
X 30 -
)
g 207 8 8 8
S 10 - 2 4
g O O Wl o
PNH4 AT deﬂ{:ien{:y2 PS deﬁ{:iency2 PC deﬁciency2 PT mutation? Factor V2
%Gen  00015° 0.02" 0.03* 0.20! 2.0 4.8
Population
Expected pts 280 1020 630 4200 6600 14400

with VTE per yr

e PNH is a less common disease than inherited hypercoagulable states

e PNH patients have a higher risk for VTE than inherited hypercoalable state patient:

1. De Stefano V eta al. Semin Thromb Hemost 2006; 2. De Stefano V et al.
Haematologica 2002; 3. Hill A et al. Blood 2006-abstract 985; 4. Relative Risk
calculated on 1/1000 in general population as reported in De Stefano V et al
Haematologica 2002
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Q‘- Site and Type of Thrombosis in PNH

e Venous thormbaosis occours in approx. 40% of patients

Hillmen 1995 (n=80) Hillmen 2007 (n=195)

Table 2. Sites and Types of Thrombaosis.

Table 2. Sites of pretreatment thromboembolism events

No. OF Events, Percentage
SITE AND TYPE OF THROMBOSIS PATIENTS TE sites no. of total

Venous thrombosis

Intraabdominal

H S 8 Deep vein thrombosis 41 33.1
epa_n-: vem Lower extremity 23 18.5
Inferior vena cava 3
: S Other* 18 14.5
Mesenteric vemn 4
Splenic vein I Mesenteric/splenic vein thrombosis 23 18.5
Renal vein I Hepatic/portal vein thrombosis 21 16.9
Unspecified l Pulmonary embolus a8 6.5
Other venous sites Cerebralfinternal jugular thrombosis i b.6
Cerebral vein 4 Superficial vein thrombosis 5 4.0
Pulmonary embolism 9 Arterial thrombosis
Deep ven 7 Cerebrovascular accident/transient ischemic attack 17 13.7
Superficial 3 Myocardial infarction/unstable angina 2 1.6
Arterial o _ Tofal 124+ 100
Myocardial infarction 6
Cerebrovascular accident 2

Under-recognized complications in PNH pts:
Raised pulmonary pressure and reduced right

ventricular function
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CVA: Cardiovascular accident
VTE: Venous Thromboembolism


A -
‘/ Prevalence of PNH in patients

with Budd-Chiari syndrome

e Hepatic vein thrombosis (Budd Chiari syndrome): 7.5-25% of
patients with PNH and may lead to hepatic failure (Hill, 2013)

» Hoekstra et al, 2009
e Up to 40% of incidence of BCS in pts with EPN

» Garcia Pagan, 2008
e 128 pts with BCS, 10,5% EPN+

= Darwish et al, 2009
e 168 pts with BCS, 77 tested for PNH, 15 (19,5%) EPN+
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CVA: Cardiovascular accident
VTE: Venous Thromboembolism


.‘ 39% of TE Events Occur at Arterial Sites

South Korean National Registry
Gangrene Cerebral venous

Dermal 2% occlusion
2% 2%

Renal vein
6%

RUL infarction*
2%
n =286
Hepatic portal

8%
Cerebral arterial

occlusion
14%
PE
10% ;
Arterial Coronary arterial
o occlusion
39% 13%
Mesenteric/visceral
arte
Mesenteric/visceral _/ 100/r0y
12%
Retinal artery
obstruction
. | 2%
RUL — Right upper lobe DVT
DVT — Deep vein thrombosis 17%

Arterial TE events were common in a large,
retrospective analysis

Lee JW et al. Hematologica 2010;95(s2):abstract 505 and associated poster .



‘ 1 _First Ever Ischemic Stroke Incidence in PNH vs
General Population

First Ever

- Ischemic Stroke : _
Thrombophilic (FEIS) FEIS Risk Relative to
Condition (per 100 patient years) General Population Median Age at FEIS
PNH 0.4212 6 462
General Population 0.083 723
PNH <54 year old 0.241 8
General Population 0.033

35-54 year old

FEIS risk is elevated in patients with PNH

Age of FEIS in PNH patients is markedly less than in the general population ¢

(
Y

1. Hillmen P et al. Blood. 2007;110:4123-81. 2. Data on file. 3. Gostynski M et’ar-J rees
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KEY POINTS:
The risk of stroke in patients with PNH is more than 5 times greater than that of the general population and more importantly the age of onset of these strokes is significantly less than what would be expected in the general population
Also reinforces the fact that arterial clots occur in PNH



.‘/ PNH clone size and thrombosis

Incidence of thrombosis is highest in patients with a large PNH Clone
3.7 thrombosis/100 patient year

407 %
— é . [ i
% 4 %0 . ]"] Granulocyte
(; 30" [ 401 — clone size
_E -E >50% (n=67)
2

£ g ¥ P=0.0001
° All patients (n=163) T %
Q0 104 e Granulocyte clone size
3 g 10 <50% (n=55)
2 2 e . .
g £ mo-n-mn—r—t—l—' ) S
= 0 ~ - - - = 9 : . .

0 10 20 30 40 0 5 10 15 20

Follow-up (years) Follow-up (years)

primary prophylaxis patients are excluded {!}

Hall C et al. Blood 2003
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Studio di Hall Cumulative incidence of venous thrombosis in 163 patients withPNH clones. Ma questi sono pz che non facevano tromboprofilassi


_s/ TEs Can Occur Regardless of Clone Size

50% -
44%
40% - 37%
LlJ 30%1 T
|_
(@] 0
O\ 20% - 19%
10% -
(n=43)
0% -
<20% 20-50 >50

PNH Granulocyte Clone Size (%)

.

South Korean National Registry ‘

- Lee JW et al. Hematologica 2010. 95 (s2): Abstract #505. ..
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KEY POINTS:
Additional data showing TE occurs in patients with PNH independent of clone size
The data presented here are from Korean patients; the incidence of TE would be expected to be lower in this patient population
In this population, 8/43 of patients had a clone size <20% and experienced thrombosis


.‘/ Clinical Symptoms Predictive of TE

3,5 -

2,5 -

Odds Ratio

1,5 1

0,5 -

Abdominal Pain

Chest Pain
Dyspnea

Hemoglobinuria

Symptoms Predictive of TE in PNH Patients

South Korean National Registry

Lee JW et al. Hematologica 2010. 95 (s2): Abstract #505 and 506.
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KEY POINTS:
The presence of these symptoms—dyspnea, hemoglobinuria, chest pain, and abdominal pain—were significant predictors for TE (P=0.015, 0.046, 0.024, and 0.0004, respectively)


_‘/ associated with increased risk of TEs

B Symptom B Symptom + LDH > 1.5 x ULN

LDH > 1.5 x ULN

Haemoglobinuria

Dyspnea

Chest pain

Abdominal pain

10

' Elevated Haemolysis and Clinical Symptoms

p = 0.001

p = 0.006

15 20

Odds ratio of TEs

* Inaddition to LDH >1.5 x ULN, common symptom of PNH are associated risk factors for TEs

* Elevated haemolysis, with any one of these clinical symptom, was associated with a greater risk for Tes

than elevated haemolysis or clinical symptoms alone

Lee JW et al. Int J Hematol 2013
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Multivariate analysis. Data presented as odds ratio betweenPNH patients with and without listed symptoms


Significant hemolysis is not required for thrombosis in paroxysmal
nocturnal hemoglobinuria

We report the first case series of patients with PNH who experience thrombosis with low
levels of hemolysis. Patients at higher risk of presenting with thrombosis were those with high PNH

white cell proportions and low PNH red cells (group I). Patients with a greater proportion of type |l

Anonymised clinical data were then analysed to determine risk factors for thrombosis.

Comparisons between those with and without thrombosis were assessed.

Group 1: PNH white cells >30%, PNH red cells <10%, LDH <2xULN e

Group 2: PNH white cells >30%, PNH red cells >10% " A
with higher proportion of type Il red cells than type Il red cells, LDH <2xULN .




Primary prophylaxis with warfarin in PNH
(patients with >50% PNH Neutrophils)

50
§ 40* No primary
] —i prophylaxis with
- warfarin (n=56)
£ 30{
e
5 [
5 20 P=0.0113
o
S 10°
= Primary prophylaxis with
- 0 - warfarin (n=30)
0 5 10 15 20
Follow-up (years) L

- Hall C et al. Blood 2003 -
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-‘/To remember

e Anticoagulation alone is not wholly effective in reducing the thrombaosis
risk in patients with PNH compared with the general population.

e Patients are at risk of thrombosis extension and recurrence despite
prophylactic anticoagulation, in some reports as high as 57%

e PNH related thrombosis regardless of LDH level is an indication to
commence treatment




Amplificazione
non controllata
del complemento

Gli anticoagulanti orali
interferiscono con alcune
componenti della cascata
coagulatoria, ma non bloccano
gli altri meccanismi
eziopatogenetici della trombosi
secondari all’attivazione del
complemento

» =
r . = < Y
Anticoagulanti orali di uso comune: @ @

m Antagonisti Vitamina K % —

(warfarin, acenocumarolo)

i Inibitori diretti della trombina m—|
i (dabigatran)

Inibiton direth del Fattore Xa
(rivaroxaban, apixaban, edoxaban)

Trombosi
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Amplificazione non controllata del complemento

Eculizumab

Emolisi . _
intravascolare § Attivazione

complemento- leucocitaria
mediata l

——

Trombosi




'! | Thrombosis and Eculizumab: Overall Analysis

Pilot 1 TRIUMPH 2  SHEPERD 3 Extension

(all studies
combined)
Patients (n) 11 43 97 195
Pre-Treatment
TE events (n) 5 16 91 124
Patient years (n) 161,7 309,0 718,3 1683,4
TE Event Rate 3,09 5,18 12,67 7,37
(n per 100 patent years)
Eculizumab Treatment
TE events (n) 0 0 2 3
Patient years (n) 34,19 21,8 96,88 281,03
TE Event Rate 0,00 0,00 2,06 1,07
(p< 0.001)
= 85% reduction in thrombosis with eculizumab EJ
= Reduction with eculizumab observed in each patient cohort 0

1. Hillmen P, NEJM 2004

2. Hillmen P, NEJM 2006
3. Broadsky, Blood 2008




-‘/Acute VTE management in PNH

e Immediate full anticoagulation (in the absence of major
contraindications)beginning with heparin therapy

e Monoclonal antibody therapy with eculizumab

e Continuing anticoagulation with VKA (Coumadin) is generally
recommended in the long term if there are no contraindications

e There is no published experience of the newer oral anticoagulants in
PNH.

Patriquin et al, Eur J Haematol 2018
Griffin et al , Ther Adv Hematol 2017
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-"'/ VTE “prophylaxis” in PNH

e If PNH neutrophils clone > 50%
e If elevated LDH but do not satisfied eligibility criteria for eculizumab
e If previous history of VTE

e If pregnant (?!)

Pts who start eculizumab without a history of TE do not
need anticoagulation and can discontinue primary
prophylaxis

-'é
<

Patriquin et al, Eur J Haematol 2018 .
Griffin et al , Ther Adv Hematol 2017



.I' Novel targets in PNH

AP-targeted therapeutics

C5-based therapeutics

" Regulator-based fusion proteins: ‘
e ﬁwmd} - ABPSS9 RNAI
- “I'Ii-FH{ ﬂsj {mum} hm: .
Small-molecule AP inhibitors: SKYS8/RO7112 - ALNCCS
+  ACH-1471/ACH-0144471 (anti-FD, Achillion) 68 (Roche) (Alnylam)
«  LNP023 (anti-FB, Novartis) . ALxmm]n
4 - \ REGN3918 Peptidic
Y Dysregulation of C3 (F::gab:;m} Inm;::m
— Y o g *  Mubodina .
. I—":c"") convertase activity __ (Adionne) (Ra \
—— T
T C3bBb - LFG316
D) I \ (Novartis)
— (¥l f ‘ ‘caa’
VNG 2 0
i _ l g Terminal (lytic)
s ooy OV caH,08b @ patitway

P(Eﬂ?

/j'
s

I
{cﬂg

MAC assembly

" C3 inhibitors:

+ AMY-101 (Amyndas)
+  APL-2 (Apellis)

C3-based therapeutics

Extravascular hemolysis
due to persistent C3 opsonization

Mastellos et al, Sem Hematol 2018

proteins:
Coversin/OmCI
{Aleari)

. C5b-9

MAC

Dysregulation of J

Residual.' intravascular hemolysis
due to PK/PD breakthrough
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Next Generation Complement Inhibitors

* Ravulizumab (Abstracts 625,626,627,2330)
* Anti-C5 monoclonal antibody (non-inferior to ecu in randomized phase lll trial)
* Intravenous every 8 weeks

* Likely available in 2019

* SKY59 (Abstracts 535,3611)
* Anti-C5 monoclonal antibody
* Subcutaneous (monthly) terminal % life of 25 days

* APL2 (Abstract 2314)
* C3 inhibitor
* Daily subcutaneous

e ACH4471
* Factor D inhibitor
* TID oral

___J
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g%gZS Results from a Phase 3, Multicenter, Non-Inferiority Study of Ravulizumab
e o (ALXN1210) Versus Eculizumab in Adult Patients with Paroxysmal Nocturnal
sso+"+» Hemoglobinuria Currently Treated with Eculizumab+y

\C
ri&R AN.;

b

Ravulizumab, is an innovative complement C5 inhibitor given every 8 weeks (q8w)

Adult pts with PNH who were treated with eculizumab for >6 months having LDH levels
<1.5 times the upper limit of normal at screening were randomly assigned 1:1 to continue
eculizumab or switch to ravulizumab

] MNIM:
LDH-PCHG (%)% & II & 1 15%
BTH (%) A I - { 20%
Change in FACIT Fatigue L e -3
TA (%) & [ * { 20%
HGEB-S (%) A b & { 209,

l ¥ l L} l L | l L| L} - L l L] l L] l
-20 -15 -10 -5 0 5 10 15 20
Favors Eculizumab Favors Ravulizumab

Abbreviations: BL, baseline; BTH, breakthrough hemolysis; Cl, confidence interval; FACIT, Functional Assessmentm‘
of Chronic lliness Therapy; HGB-5, hemoglobin stabilization; LDH, lactate dehydrogenase; LDH-PCHG, LDH
percent change from baseline; TA, transfusion avoidance. LS least squares; NIM, non-inferiority margin; SEM, .

Austin G. Kulasekararaj et al, ASH 2018
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9 PNH: it might be
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