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PNH - “the great impersonator”

1

* PNH is a rare disease, with an estimated
incidence of 1.3 cases/million/year and
a prevalence of 15.9 cases/million

L N

* PNH is a heterogeneous disease :

(aspecific symptoms, mild cytopenias

changing over time (possible remission L

up to clonal evolution) Intravascullar haemolysis — disabling  Thrombosis23 Bone marrow failure

symptortns _ - liver, cerebral - often precedes PNH*5

* clinical manifestations determined by - abdominal pain - occurs in 50% - overlap MDS

the size of the PNH clone and the -dysphagla. of patients -clonal evolution

relationship of PNH with BMF (AA, - erectile failure - in 33% of patients is

MDS) - severe lethargy fatal

- pulmonary hypertension
- renal damage

1. Rother et al. JAMA 2005;293:1653-627. 2. Hillmen P, Lewis SM, Bessler M et al. N EnglJ Med 1995;333:1253-8. 3. Socie G, Mary JY, Gramont A et al. Lancet 1996;348:573-7. 4. Wang et al. Blood 2002;100:3897—
902. 5.Dunn et al. Ann Int Med 1999;131:401-8. 6. lwanga et al. Br J Haematol 1998;102:465-74. 7. Luzzato et al. Int J Hematol 2006;84:104-12; Weitz |, et al. Intern Med J. 2013;43(3):298-3071




PNH - Pathogenesis /Diagnosis

* PNH stem cells fail to express GPI-APs because of a somatic mutation .
of the PIGA gene t X N GPl-anchored proteins
* Among GPI-APs, lack of CD55 and CD59 determines abnormal P CDS55

CD5%
sensitivity to the lytic action of complement->» intravascular RBC . apoietic C
hemolysis, hemoglobinuria.
* Easy cytofluorimetric diagnosis (FLAER) Il 'l Lipid bilayer
_l | UDP-GIcNAc + Pl =} GlcNAc-PI | |
-9
CD55 and CD 59 are l {\ 1 I I Lipid bilayer

negative regulators

C4b2a, C3bBh
of complement U
activation =7l
Amplification

C5 convertases
Proximal Complement O4h2a3b, GbBAIY

l‘

* Granulocytes provide more accurate
Terminal Complement

e T representation of PNH clone size
+ Chemotaxis
C6.67.68) S_— e * percentages of GPl-negative RBCs may be
i culizumal S . . .
cg__ | ©sbl Prothrombotic affected by hemolysis or blood transfusions
{1\ Membrane attack complex MAC) (underestimation of clone size)
‘ « Cell lysis
* Inflammation
« Platelet activation
* Prothrombotic

« Endothelial activation
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PNH: clinical features

High disease activity is defined by LDH 21.5 x ULN and 21 of the following symptoms:

Fatigue 80%

Anemia 88%*

Dysphagia |24% o

Dyspnoea | 64% O

Abdominal pain | 44% b

Erectile dysfunction | 38%

o

Hemoglobinuria ' 62% &

Scherezenmeier H, et al. Haematologica. 2014;99(5):922-929. Sharma VR. Clin Adv Hematol O

Rother RP, et al. Br J Haematol. 2010;149(3):414-425

e

Thrombosis accounts for
40% to 67%

of the mortality from the
disease

Renal failure is the cause
of death in
8% to 18%

of PNH patients

47%

suffer from
pulmonar
hypertension>

013;11 Suppl 13(9):2-8. Roth A et al. Eur J Haematol. 2018 Jul;101(1):3-11.. Hill A,
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Thrombotic risk increases with PNH clone size

Typical and atypical sites of thrombosis The 10-year cumulative incidence rate of
thrombosis (primary prophylaxis patients excluded)
Analysis of 124 events in 63 patients 60
Myocardial infarction/ )
o ) ) 1.6 Unstable angina ARTERIAL £ 50 Granulocyte
Superficial Vein Thrombosis 13,7 e - ~15% L -
13.7 Stroke/TIA 8 40 clone size
_ £ >50% (n=67)
Cerebral/Jugular vein 5,6 S
30
£
Pulmonary embolus 6,5 '5
o 20
2 Granulocyte clone size
33,1 Deep venous thrombosis** -3 10 <50% (“=55)
Hepatic/Portal vein 16,9 "g' “l +—+ —H——t
= 0
0 5 10 15 20
VENOUS
~85% 18,5 Mesenteric/Splenic Follow-up (years)
vein
**18,5% at lower limbs, and 14,5% at other sites (inferior vena cava, pelvic veins, urethral veins, axillary veins, subclavian 44% if granulocy‘te clone size Ia rger than 50%

veins, brachiocephalic veins).

Hillmen P et al. Blood 2007;110:4123—-4128.

5.8% if clone size smaller than 50% (P < 0.01)

Hillmen P et al. Blood 2007;110(12):4123-8 ; Rother RP et al. JAMA 2005;293:1653-62; Brodsky RA. Blood Rev 2008;22:65-74; Hillmen P et al. NEJM 1995;333:1253-8; Hill A et al. Blood 2006;108:979; Audebert et al. J
Neurol 2005; 2521379-86; Hall et al. Blood 2003;102:3587-91. Brodsky R et al. Blood. 2010;116:4237
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Thromboembolism (TE) is a serious and life-threatening complication in PNH

“ We can safely say that PNH is the most vicious acquired thrombophilic state known in medicine?”

TE accounts for 40%-67% of
deaths and is the leading
29% to 44% of patients cause of mortality in PNH?! The relative risk of venous TE in

have suffered from at least PNH patients is about 62-fold

on TE ?c\fcintéfl the ClOUFSE greater than in the general
of the disease population3

An initial thrombotic

event increases the

relative risk of death
5 to 10 fold?

TE events have been
observed in patients with
PNH despite the use of
anticoagulants?

1. Hillmen P, et al. Blood. 2007;110(12):4123-4128. 2. Luzzatto L, et al. BrJ Haematol. 2011;153(6):709-720. 3. McKeage K. Drugs. 2011;71(17):2327-2345.

e




MRI detects undiagnosed vascular complications in PNH

* In neurologically asymptomatic PNH patients, brain MRI ischemic lesions were
more frequent and severe, compared with age and sex-matched controls

AT

White Matter Changes (A RWMC scale)

* Increased frequency of periventricular WM vascular degeneration (32% versus 5.2%, o —
p =0.04) R P
* More severe lesions (ARWMC scale score >4) (26% versus 2.6%, p = 0.05) : '
* Higher overall ARWMC scale score (3.5 = 1.07 versus 2.0 £ 0.8, mean £ SD, p < 0.0001). ; : :
* Presence of vascular abnormalities suspected for prior partial venous thrombosis
observed in PNH cases only.
* Whole body MRI was able to detect silent bone and renal infarctions, and a
clinically non-critical arterial occlusion in both patients on eculizumab and c
treatment-naive

Patient

MRI may be useful at diagnosis and during the course of the disease to detect previously undiagnosed vascular complications,
affecting treatment indications and regimens.

Barcellini W, Sci Rep 2018; Alashkar F. Sci Rep 2018
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PNH - Disease classification (IPIG)

Table 2. Classification of PNH
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Rate of intravascular

Category hemaolysis*®

Bone marrow

Flow cytometry

Benefit from eculizumab

Classic Florid (markedly abnormal
LDH often with episodic
Macroscopic
hemoglobinuria)

Mild (often with minimal
abnormalities of
biochemical markers

of hemolysis)

PNH in the setting
of another bone
marrow failure
syndrome§

Subclinical Mo clinical or biochemical
evidence of
intravascular hemolysis

Cellular marrow from erythroid
hyperplasia and normal or
near-normal morphologyt

Evidence of a concomitant
bone marrow failure
syndrome§

Evidence of a concomitant
bone marrow failure
syndrome§

Large population (>50%) of
GPI-AP-deficient PMNs$

Although variable, the
percentage of GPI-AP-
deficient PMNs is usually
relatively small (<50%)

Small (<<10%) population of
GPI-AP—deficient PMNs
detected by high-resolution
flow cytometry

Yes

Typically no, but some patients
have relatively large clones
and clinically significant
hemolysis and may benefit
from treatment

No

Based on recommendations of the Intemational PNH Interest Gr«::up.3
*Based on macroscopic hemoglobinuria, serum LDH concentration, and reticulocyte count.

fKaryotypic abnormalities are uncommon.

fAnalysis of PMNs is more infformative than analysis of RBCs because of selective destruction GPI-AP-deficient RBCs.

§Aplastic anemia or low-risk myelodysplastic syndrome.
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New D[?LUQ il

Therapy of PNH

= Supportive care including: folic acid, recurrent transfusions, iron replacement

= Primary prophylaxis with warfarin (clone size >50%, before eculizumab or where the drug is unavailable)

= Allogeneic bone marrow transplant: the only possible curative approach, however with important transplant-related mortality and
morbidity, mainly for SAA-PNH

= Eculizumab (anti-C5 Ab): improvement of anemia, a
fatigue, transfusion need, and 85% reduction in thrombosis 2500
= Indications:
« Symptomatic PNH patients: e.g. transfusion-dependent due to the hemolysis
(not due to a potential cytopenia)
* Thromboembolic events
» PNH-associated renal insufficiency
» Abdominal pain crises
+ Other severe PNH-related symptomes/complications
* Long-term risk situations for VTE (e.g. immobilisation )
* Pregnancy
m Treatment: Eculizumab 900 mg every 1442 days
m Dose modifications: Eculizumab 1200 mg every 1442 days or shortening e 10 20 30 40 50
of the interval to 12 days in case of breakthrough haemolysis Time (weeks)
m Vaccination: Tetravalent conjugate vaccine (A,C, W135, Y(Menveo®)) at
therapy start; B-vaccine (Bexsero®) during ongoing therapy (0-1),
m Be aware: Ongoing risk of meningococcal infections, risk of haemolysis/
thromboses due to surgery, infection etc.

l @ Pilot

@® TRIUMPH - placebo

@® TRIUMPH - eculizumab
@ SHEPHERD

2000

Placebo to
Eculizumab

p < 0.001 vs. patients on
placebo in TRIUMPH study

1500
=

1000

Eculizumab

Lactate dehydrogenase level (U/L)

500

Hall et al. Blood 2003; Parker et al. Blood 2005; Hillmen et al. N Eng J Med 2006; Hillmen et al. Blood 2007
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AP-targeted therapeutics C5-based therapeutics

. Tl‘ao(A:;io:)'u.h"' mAbs: Recombinant
*  MiniFH (Amyndas) * ABP959 RNAI proteins:
(Amgen) therapeutics: + Coversin/OmCl
Raan 1o AP SKYS9/RO7112 =+ ALNCCS (Akari)
|+ ACH-4471/ACH-0144471 (anti-FD. Achillion) 68 (Roche) (Ainylam)
| = LNPO023 (ant-FB, Novartis) +  ALXN1210
(Alexion)
= - + REGN3918 Peptidic
Dysregulation of C3 (Reg )
% | i . convertase activity & Mubodion 'm:‘f‘o"gs
; E = + LFG316
s a (Novartis)
2 P2 =
¢ &
Terminal (lytic)
l | C36BE3D @ il
| C5b9 |
'§ g MAC
=g

il

(c9)

—»  Cab2b — ‘ Dysregulation of
AP amplification MAC assembly
= loop ———
8 g C
8 § 2 C3 inhibitors:
= +  AMY-101 (Amyndas)
+  APL-2 (Apeliis)

C3-based therapeutics

Extravascularﬂhemolysis Residual intravascular hemolysis
due to persistent C3 opsonization due to PK/PD breakthrough

Mastellos DC, Reis ES, Yancopoulou D, Risitano AM, Lambris JD.Semin Hematol. 2018
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Ravulizumab

Modification of eculizumab for increased half-life

Histidine substitution at two positions within the first and
second heavy chain complementarity-determining regions of
eculizumab generates a novel mAb

This extends its PK and PD in the presence of human C5in a
mouse model

Interstitial tissue

(pH 7.4)
Additional modifications were made to the Fc region from
eculizumab to further increase the half-life by increasing its
affinity for FcRn '} 19G ﬂ FcRn " Serum proteins

*The neonatal Fc Receptor (Fc-Rn ) was firstly described about 50 years ago, and is responsible for the salvage of IgG from catabolism

* FcRn is structurally homologous to the MHC Class | heterodimeric receptor family, and is expressed by several cells including macrophages,
monocytes, B cells, and dendritic cells:

* Ab recycling by FcRn engineering protect Ab from degradation
* Conversely, blocking Fc-Rn may increase IgG clearance (including pathogenic autoantibodies), resulting in reduced IgG

Ravulizumab has a half-life ~4x longer than eculizumab. Administration every 8 weeks!
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Phase 3, multicenter,
randomized, open-label,
active-controlled study

Key inclusion criteria:
e >18 years of age
* PNH clone size of at least 5%
* LDH level 21.5% ULN
* Within 3 months of screening, 21 of the
following PNH-related signs or symptom
« fatigue
* hemoglobinuria
¢ abdominal pain
* anemia (ie, hemoglobin level <10 g/dL)
* history of MAVESs (including thrombosis)
* dysphagia
* erectile dysfunction
* history of packed red blood cell transfusion
because of PNH

Key exclusion criteria:

* current or previous exposure to a
complement inhibitor

* weight <40 kg

* history of bone marrow transplantation

* history of meningococcal infection;

* platelet count <30 x 10%/L

* absolute neutrophil count <0.5 x 10°/L

May 18-20, 2022

Ravulizumab (ALXN1210) vs eculizumab in adult patients
with PNH naive to complement inhibitors: the 301 study

Jong Wook Lee,” Flore Sicre de Fontbrune,? Lily Wong Lee Lee,?* Viviari Pessoa,* Sandra Gualandro,* Wolfgang Fureder,* Vadim Ptushkin,®
Scott T. Rotinghaus,® Lon Volles,® Lon Shafner,® Rasha Aguzz ®* Rajendra Pradhan, ® Hubert Schrezenmeier,®'® and Anita Hill!

'Departrment of Hernatology, Seoul S5t Mary's Hospital, College af Medicine, The Cathalie University of Korea, Seoul, Republic af Korea: "Hematalogy Transplant
Unit, Hipital Saint-Lowis, Paris, France; "Hematology Unit, Gueen Elizabeth Hospital, Kota Kinabalu, Sabah, Malaysia; “Hematology, Hemario, Rie de Janeire,
Brazil; *Department of Haematology, University of S8o Paule Medical Schoel, S&0 Paule, Brazil; “Division of Hematolegy & Hemostaseology, Depanment of
Intemal Medicine |, Medical University of Wienna, Vienna, Austria; "Outpatient Department for Hematology, Oncology and Chemotherapy, 5. P. Botkin Hospital,
Meoseowr, Russia; "Alexion Pharmaceuticals, Ine, Baston, MA; "Institute of Transfusian Medicine, University af Ulm, Ulm, Germany; "Institute for Clinical Transfusion
Medicine and Irmmunogenatics, German Red Cross Blood Transfusion Service Baden-Wirttemnberg-Hessen and University Hospital Um, Ulm, Germany: and
"Departrment of Haematology, Leeds Teaching Hospitals, Leeds, United Kingdam

Blood 2019; 133: 530-539.

Screening Randomized Treatment Period Extension Period
Up to 4 Weeks 26 Weeks 2 Years (N=243)
Ravulizumab Ravulizumab Continue
Loading Dose* Maintenance Dose* Ravulizumab Maintenance Dose*
. Day 1 Day 15 and Every 8 Weeks Every 8 Weeks
Patients Who Are Naive ~ >
to Complement (N=125)
Inhibitors
(N=246)
(N=121)
Stratified by:
+ Screening LDH level Eculizumab Eculizumab Ravulizumab Ravulizumab
(81 5et° Lag‘ ULN‘:)er 23 x ULN) Induction Dose* Maintenance Dose* Loading Dose* Maintenance Dose*
; Days 1,8, 15, and 22 Day 29 and Every 2 Weeks Day 183  Day 197 and Every 8 Weeks

* Transfusion history (0, 1-14, or
>14 units of pRBCs in the year
prior to first dose of study drug)

*Ravulizumab dosage: loading dose = 2400 mg for patients weighing 240 to <60 kg, 2700 mg for patients weighing 260 to <100

kg, 3000 mg for patients weighing 2100 kg; maintenance dose = 3000 mq for patients weighing 240 to <60 kg, 3300 mg for
patients weighing 260 to <100 kg, 3600 mg for patients weighing 2100 kg. TThe ULN for LDH is 246 U/L. LDH indicates lactate
dehydrogenase, pRBCs packed red blood cells, and ULN upper limit of normal. *Eculizumab dosage: induction dose = 600 mg;

maintenance dose = 900 mg.
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Ravulizumab (ALXN1210) vs eculizumab in adult patients
with PNH naive to complement inhibitors: the 301 study

Jong Wook Lee,! Flore Sicre de Fontbrune,? Lily Wong Lee Lee,? Viviani Pessoa,* Sandra Gualandro,* Wolfgang Fureder,* WVadim Ptushkin,®

Phase 3, multicenter,

ra ndom Ized, Ope n'la bel, Scott T. Rottinghaus,® Lori Volles,® Lori Shafner,® Rasha Aguzzi® Rajendra Pradhan,® Hubert Schrezenmeier,®'® and Anita Hill"!
a Ctlve-co ntro I Ied st u dy 'Departrnent of Hermatology, Seoul S5t Mary’s Hospital, College af Medicine, The Catholic University of Korea, Seoul, Republic of Korea; "Hematalogy Transplant
Unit, Hipital Saint-Lowis, Paris, France; "Hematology Unit, Oueen Elizabeth Hospital, Kota Kinabalu, Sabah, Malaysia; “Hematology, Hemaorio, Rio de Janeiro,

Brazil, *Department of Haematology, University of 580 Paule Medical School, 580 Paulo, Brazil; *Dwision of Hematology & Hemostaseology, Departrment af
Intemnal Medicine |, Medizal University of Vienna, Vienna, Austria; "Outpatient Department for Hematolegy, Oneology and Chemeotherapy, 5. P. Botkin Hespital,
Meseow, Russia; “Alexion Pharmaceuticals, Ine, Baston, MA,; "institute of Transfusian Medicine, University af Ulm, Ulm, Germany; "institute for Clinical Transfusion
Medicine and Immunogensatics, German Red Cross Blood Transfusion Serdee Baden-Wirttemberg-Hessen and University Hospital Wm, Ulm, Germany;: and
"Department of Haematology, Leeds Teaching Hospitals, Leeds, United Kingdam Blood 2019; 133: 530-539.

* The objective of the study was to assess the noninferiority of ravulizumab vs eculizumab in adult PNH patients naive to complement
inhibitor therapy

* The coprimary end points were:

- transfusion avoidance, defined as the proportion of patients who remain transfusion-free and do not require a transfusion per
protocol-specified guidelines (transfusion administered if Hb <9 g/dL with anemia-related signs or symptoms or a Hb<7 g/dL
regardless of the presence of clinical signs or symptoms)

- hemolysis as measured by LDH normalization

* Key secondary end points included percentage change from baseline to day 183 in LDH, quality of life, the proportion of patients with
breakthrough hemolysis, proportion of patients with stabilized hemoglobin, change in free C5 concentrations, etc

* Adverse events (AEs) were documented and immunogenicity, reflected by development of antidrug antibodies, was also monitored. A

safety review committee performed safety monitoring, and an independent data monitoring committee was in place to monitor
meningococcal infections
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Results (1)

No noteworthy differences between
treatment groups in demographics or
baseline clinical characteristics

In particular:

* sex/age/race

LDH (ratio to ULN or absolute value)
* previous transfusions

PNH clone

age at PNH diagnosis

years from diagnosis to enrolment
History of MAVE

Characteristic

Ravulizumab (N = 125)

Eculizumab (N = 121)

Sex, n (%)

Male &5 (52.0 &9 (57.0)

Female &0 (48.00 52 (43.0)
Age at first infusion of study drug, mean (SD), y 44.8 (152 462 [16.2)
Race, n (%)

Asian 72 [57.4) 57 (47.1)

Japaness 17 {15.2) 15 (12.4)

White 43 (34.4) 51 {42.1)

Black or African American 2{1.48) 4 3.3)

American Indian or Alaska Mative 1 (0.8} 1 {0.8)

Other 4(3.2) 4(3.3)

Mot reported 3 (2.4) 4(3.3)
Weight, mean [5D), kg &B.2 (15.4) &9.2{14.9)
Height, mean (SO}, cm 166.3 (7.0) 1662 (10.7)
LDH ratio, n (%)

1.5 to <<3x ULN* 18 {(14.4) 16 {12.2)

=3x ULN 107 (B5.4) 105 (86.8)
Packed RBC units received within 1 y before

study entry, randomization strata, n (%)

ouw 23 (18.4) 21 017.4)

1-14 U 7% (63.2) 78 (&4.5)

=14 U 23{18.4) 22 [18.2)
Age at PMH diagnosis, mean (50], y 372 (1491 396 (16.7%
Mumber of years from PNH diagnosis to consent, 3.8(0 41t 370 34

median (minimum, maximum), y

LOH, mean (5D, UL

16335 (7T78.8)

1578.3 (727 .1)

PMH clone size, mean (SD), %

Type Il RECs 12.4 (20.5)|| 13.7017.71
Type Ill RBECs 263 (173 2520890
Total RBCs 38.4(23.7) 387 (23.2)
Granulocytes 842 (21 8530190y
Monocytes 859 (18.1) 892 (15.2)
History of major adverse wascular svents, n (%) 17 {13.8) 25 [20.7)
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Results (2)

Ravulizumab met the objective of
noninferiority compared with
eculizumab on both coprimary end
points

* transfusion avoidance (TA) and
* LDH normalization (LDH-N)

Point estimates for coprimary end
points favored ravulizumab

In particular:

* LDH-PCHG (percent change)

* Change in FACIT-Fatigue

* Breakthrough hemolysis (BTH)

* Hemoglobin stabilization (HGB-S)

May 18-20, 2022
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A
Ravulizumab
=20 -15 -10 -5 0 5 10 15 20
Favors eculizumab Favors ravulizumab
Ravulizumab
LDH-M A f + {
(1] 1 2
Favars eculizumab Favors ravulizumab
B
Ravulizumab
(N=125)
LDH-PCHG A T+ -746.B4
Change in FACIT-Fatigue 'y e
BTH (%) 'Y - | 4.0
HGB-S (%) A | + | &80
=20 -15 -10 -5 0 5 10 15 20

Favors eculizumab

Favors ravulizumab

Eculizumab
(N=121)

66.1

Eculizumab
(N=121)

49.4

Eculizumab
(N=121)
-76.02

&.40

10.7

64.5

Diff (95% CI)*

6.8 (-4.66, 18.14)

OR (95% CI)*

1.19 (0.8, 1.77)

Diff (95% CI)*

0.83 (-3.56, 5.21)1

0.67 (-1.21, 2.55)

4.7 -0.18, 14 21)1+

2.9 (-B.80, 14.64)

Red triangle indicates the noninferiority margin
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404 —&— Rawulizumab
= 354
Results (3) £ 301
2254
. . . 8 204
Ravulizumab achieved complete terminal complement g s
inhibition (defined as serum free C5 <0.5 pg/mL) by the g 10+
end of the first infusion, which was sustained = 054
throughout the 183-day treatment period in all patients LU e : ‘ : . ‘ : , : . : :
BLDay18 15 22 29 43 57 n 85 99 13 127 141 155 169 183
This threshold was not consistently met in patients Vs (0
receiving eculizumab 404 o Eoubrumab
351
Eaoq
Fasq (]
Safety R
Eas{i! | T
The most frequently reported AE was headache (36.0% S04/ |0 4
and 33.1% in ravulizumab and eculizumab) = o5 i } {°{1 %}
SAEs obseved in 11 ravulizumab and 9 eculizumab ol Lot S it S W SUS St S S N—
No cases of meningococcal, Aspergillus infections, or BUbyis 15 2 ¥ & T B s a1 e I8
sepsis Visit (day)

Immunogenicity was low with 1 treatment-emergent antidrug antibody—positive sample in each treatment arm. Antibody titers
were low (£1) and not neutralizing, with no apparent effects on pharmacokinetics/pharmacodynamics or safety
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Phase 3, open-label,
non-inferiority,
randomised,
active-controlled,
multicentre study

Key inclusion criteria:

* treatment of 26 months at labeled
dose before study entry with stable
disease

* LDH level <1.5% ULN

e >18 years of age

* PNH clone size of at least 5%

* Vaccination against Neisseria
meningitidis <3 years before study
entry

Key exclusion criteria:

* LDH value >2% the ULN in the 6 months
before day 1

* major adverse vascular event within 6
months before day 1

¢ weight <40 kg

* history of bone marrow transplantation

* history of meningococcal infection

* platelet count <30 x 10°/L

* absolute neutrophil count <0.5 x 10%/L

May 18-20, 2022
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Ravulizumab (ALXN1210) vs eculizumab in
C5-inhibitor—experienced adult patients with PNH:
the 302 study

Awstin G. Kulasekararaj, Anita Hill * Scott T. Rottinghaus,” Saskia Langemeijer,® Richard Wells,® F. Ataulfo Gonzalez-Fernandez,® Anna Gaya,”
Jong Wook Lee,® Emilio Ojeda Gutierez,® Caroline |. Piatek," Jeff Szer," Antonio Risitano,’ Shinji Makao,'® Eric Bachman,® Losi Shafner,®
Andrew |. Damokosh * Stephan Ortiz,* Alexander Roth,™ and Regis Peffault de Latowr''"

Blood (2019) 133 (6): 540-549.

'Deparment of Haematological Medicine, King's College Hospital, Mational Institute of Health Research/Wellcome King's Clinical Research Facility,
Londeon, United Kingdom: “Departrment of Haematology, Leeds Teaching Hespitals, Leeds, United Kingdom: “Alexian Pharmaceuticals, nc., Beston, Mo
‘Radboudume, Mijmegen, The Netherands; *Sunnybrook Health Sciences Centre, Taronta, Ob, Canada; “Hospital Clinico Universitario San Carlos, Department of
Hematolegy, The Clinic Institute of Haematological and Oncological Diseases, Madrid, Spain; "Hospital Clinic de Barcelona, Barcelona, Spain; *Department of
Hematalogy, Seoul 5t. Mary's Hospital, The Cathaolic University of Karea, Seoul, Republic of Korea; "Hospital Universitario Puerta de Hierro Majadahonda, Madrid,
Spain; “lane Anne Mohl Division of Hematology, Keck School of Medicine of USC, Los Angeles, CA; "'Clinical Hasematalogy, Royal Melboume Hospital,
Melbourne, VIC, Australia; ""Hematology, Department of Clinical Medicine and Surgery, Federico || University, Maples, ltaly; "Haematclogy/Respiratory Medicine,
Faculty of Medicine, Institute of Medical Pharmaceutical and Health Sciences, Kanazawa University, Kanazawa, khikawa, Japan; “Department of Hematology,
West German Cancer Center, University Hospital Essen, Essen, Germany; 'Bone Marrow Transplantation Unit, Saint Louis Hespital, Assistance Publigue—Hépitaus
Ao Barie Bare Eeames: Bk Db sanse Cantar o olaatin feneois and Bannasnal Kb e 2l i mndl e

tens iin, Eaiek | mels Hoombtal sl §lni i Do Moo

Screening Randomized Treatment Period Extension Period
Up to 4 weeks 26 weeks 2 years
Ravulizumab Ravulizumab Continue
loading dose* maintenance dose* Ravulizumab maintenance dose*
Day 1 Day 15 and every 8 weeks every B weeks
(N =96) > >
Patients on eculizumab
for 2 6 months .
N =192 Ravulizumab Ravulizumab
( ) loading dose* Maintenance dose*
1 Day 197 and every 8 weeks
Stratified by transtusion (N = 96) > e 5 " >
history (receipt of packed

Eculizumab 900 mg maintenance dose

red blood cells in the year
» Day 1 and every 2 weeks

prior to the first dose of
study drug, yes/no).

Body weight, kg *Ravulizumab loading dose, mg | *Ravulizumab maintenance dose, mg
(Day 1) (Day 15 and q8w thereafter)

=40 to <60 2400 3000

=60 to =100 2700 3300

=100 3000 3600
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Ravulizumab (ALXN1210) vs eculizumab in
Phase 3, open-label, C5-inhibitor—experienced adult patients with PNH:
non-inferiority, the 302 study Blood (2019) 133 (6): 540-549.

ra ndo m Ised' Auwstin G. Kulasekararaj,” Anita Hill,? Scott T. Rottinghaus,® Saskia Langemeijer,® Richard Wells,® F. Ataulfo Gonzalez-Fermnandez,® Anna Gaya,”
. Jong Wook Lee ® Emilio Ojeda Gutierrez,” Caroline |. Piatek,'" Jeff Szer,”" Antonio Risitano,'® Shinji Nakao,'® Eric Bachman,® Lori Shafner®

a Ct|Ve'CO ntro I Ied' Andrew |. Damokosh,* Stephan Ortiz,* Alexander Rath, and Regis Peffault de Latowr''"
m u Itice nt re Study 'Department of Haematological Medicine, King's College Hospital, National Institute of Health Research/Wellcome King's Clinical Research Facility,
Landen, United Kingdom; “Department of Haematology, Leeds Teaching Hospitals, Leeds, United Kingdom; *Alexon Pharmaceuticals, bnc., Boston, Ma;

‘Radboudurmc, Mijmegen, The Metherands; *Sunnybrock Health Sciences Centre, Toronta, OMN, Canada; *Hospital Clinico Universitario San Carlos, Department of
Hermatalogy, The Clinic Institute of Haematological and Oncological Diseases, Madrid, Spain; "Hospital Clinic de Barcelona, Barcelona, Spain; "Department of
Hematology, Seoul St. Mary's Haspital, The Catholic University of Korea, Seoul, Republic of Korea: "Hospital Universitario Puerta de Hierro Majedahonda, Madrid,
Spain; "lane Anne Mohl Division of Hematology, Keck School of Medicine of USC, Los Angeles, CA; ""Clinical Haeematalogy, Royal Melbourme Hospial,
Melboume, VIC, Australia; “Hematology, Departrnent of Clinical Medicine and Surgery, Federics || University, Maples, ltaly; Haematology/Respiratory Madicine,
Faculty of Medicine, Institute of Medical Pharmaceutical and Health Sciences, Kanazawa University, Kanazawa, lshikawa, Japan, “Department of Hematology,
West German Cancer Center, University Hospital Essen, Essen, Germany; "*Bone Marrow Transplantation Unit, Saint Louis Hospital, Assistance Publigue—Hépitaux
de Paris, Paris, France; "“French Reference Center for Aplastic Anemia and Parosyamal Mocturmal Hemoglobinuria, Saint Louls Hospital and Unive sity Paris Diderot,

* The primary efficacy end point was hemolysis, as measured by percentage change in LDH levels from baseline to day 183
* Key secondary efficacy end points were:

* proportion of patients with breakthrough hemolysis

* change from baseline in quality of life

* transfusion avoidance

* proportion of patients with stabilized hemoglobin

* change in clinical manifestations of PNH

* proportion of patients experiencing major adverse vascular events

* change in free C5 concentration over time
Safety
Adverse events were recorded by type, incidence, and severity. Antidrug antibodies were also assessed
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Results (1)

Patient demographics and baseline

clinical characteristics were well

balanced between treatment groups. In

particular no differences in:

* Sex/age/race/weight/height

* LDH, haptoglobin

* Hemoglobin at enrolment

* Transfusions received 1 year before
study

* PNH clone

* Years on eculizumab before enrolment

* Age at PNH diagnosis

* History of MAVE

* History of aplastic anemia

Characteristic

Ravulizumab (n = 97)

Eculizumab (n = 98)

Sex, no. (%)
Male 50 (51.5) 48 (49.0)
Female 47 (48.5) 50 (51.0
Age at first infusion of study drug, mean (5D), y 46.4 (14.4) 48.8 (14.0)
Race, no. (%)
White 50 (51.5) &1 162.2)
Asian 23 (23.7) 19 (19.4)
Japanese 5 (5.2) 707.1)
African American 5 (5.2) 3(3.1)
Other/multiple 3(3.1) 1(1.0)
Mot reported/unknown 16 (16.5) 14 (14.3)
Weight, mean (SD), kg 72.4(16.8) 73.4(14.4)
Height, mean (SD), cm 168.3 (10.1) 168.8 (9.9)
Years on eculizumab before first study infusion 6.0 (3.5) 5.4 (3.5)
Patients with packed red blood cells/wheole blood 13 (13.4) 12 (12.2)
transfusions received within 1 y before first dose,
no. (%)
Age at PNH diagnosis, mean (SD), y 34.1(14.4) 36.8114.1)
Time from PMH diagnosis to consent, mean (SD), y 12.4 (8.4) 11.9 (9.4)
LDH, mean (SD),* U/L 228.0 (48.7) 235.2 (49.7)
PNH clone size, mean (SD), %
Type |l red blood cells 14.9 (19.4) 16.3 (23.4)
Type lll red blocd cellst 44.6 (30.5) 435 (29.7)
Total red blood cells 40.6 (32.5) 59.5(31.4)
Granulocyte 82.4 (23.48) 84.0(21.4)
Monocyte 85.6 (20.5) 86.1 (19.7)
Hemoglobin, g/L, mean (SD)3 110.8 (18.4) 109.1 (18.4)
Haptoglobin, g/L, mean (5D)§ 0.283 (0.235) 0.255 (0.174)
History of major adverse vascular events, no. (%) 28 (28.9) 22 (22.4)
History of aplastic anemia, no. (%) 34 (35.1) 39 (39.8)
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A Ravulizumab Eculizumab Diff (95% CI) [1]
(N=97) (N=98)
Results (2)
Ravulizumab achieved noninferiority
compared with eculizumab for: Lorrere . | t | B pas e
* LDH-PCHG (percent change)
patients taking ravulizumab continued to maintain
normal LDH levels. In patients who continued to be 20 45 10 5 o 5 1 15 20
treated with eculizumab, levels increased modestly Favars eculizumab Favos rvlizumab
o vulizumab Eculizumab iff
« Breakthrough hemolysis (BTH) B neonNesmy et
No patients treated with ravulizumab @
. . BTH (%) a } B | 5.1 5.1(-8.89, 18.99)[2]
experienced breakthrough hemolysis vs 5
i Wi ulizu Change in FACIT Fatigue PR 2.01 0.54 147 (-0.21, 3.15)
atients treated with eculizumab
* Change in FACIT-Fatigue
TA (%) A | » | 87.6 827 5.5 (4.27, 15.68)
* transfusion avoidance (TA)
® Hemoglobin stabilization (HGB-S) e ’ . I. _ ) . ' . _ e e res
-20 -15 -10 -5 1} 5 10 15 20
* LDH normalization (LDH-N) Favors eculizumab Favors ravulizumab

Red triangle indicates the noninferiority margin
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Results (3)

Mean serum free C5 concentrations were suppressed
to <0.5 pug/mL by the end of the first infusion and at
all subsequent visits for all patients receiving
ravulizumab

This threshold was not consistently met in the
eculizumab group

Safety

The most frequently reported AE was headache
(26.8% and 17.3% in ravulizumab and eculizumab)
SAEs obseved in 4 ravulizumab and 8 eculizumab
No cases of meningococcal infections observed.
No treatment-emergent antidrug antibodies in
patients treated with ravulizumab

Complement C5, Free (ug/mL)
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RESEARCH ARTICLE

Patient preferences and quality of life
implications of ravulizumab (every 8 weeks)
and eculizumab (every 2 weeks) for the
treatment of paroxysmal nocturnal
hemoglobinuria

John Devin Peipert’, Austin G. Kulasekararaj®, Anna Gaya®, Saskia M. C. Langemeijer?,
Susan Yount', F. Ataulfo 2%, Emilio O i 5

Christa Martens’, Amy Sparling’, Kimberly A. Webster', David Cella’, loannis Tomazos”,
Masayo Ogawa’, Caroline I. Piatek®, Richard Wells®, Flore Sicre de Fontbrune'®,
Alexander R6th™, Lindsay Mitchell'2, Anita Hill'*, Karen Kaiser'*

Patients, %

Frequency of Your overall Being able Effectiveness Controlling

infusions  quality of life to plan of the fatigue
activities medication
until the next
infusion

No Preference 6%
(n=6)

Prefer Eculizumab 1%
(n=1)

Prefer Ravulizumab 93%
(n=88)

- -

80 100

1 1 ]
Controlling Convenlence Side Others” Anxlety
symptoms  of receiving effects of related to the
other than treatment treatment infusion

fatigue

Fig 3. Patients’ most important factor for deciding medication preference (N = 95). The number of patients selecting each preference is at top of bar. *Participants

selecting “Orther” were prompted to provide details.
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One-year outcomes from a phase 3 randomized trial
of ravulizumab in adults with paroxysmal nocturnal
hemoglobinuria who received prior eculizumab

Austin G. Kulasekararaj* | Anita Hil® | Saskia Langemeijer® | Richard Wells* |

F. Ataiilfo Gonzalez Fernindez® | Anna Gaya® | Emilio Ojeda Gutierrez’ | Caroline I. Piatek® |
Lindsay Mitchell’ | Kensuke Usuki’® | Alberto Bosi'! | Robert A.Brodsky'? |

Masayo Ogawa®® | JiYu'® | Stephan Ortiz*® | AlexanderRéth™ | Jong Wook Lee!® |
Régis Peffault de Latour®718

Eur J Haematol. 2021

No evidence for hypogammaglobulinemia in
patients with paroxysmal nocturnal
hemoglobinuria (PNH) chronically treated
with ravulizumab

Ferras Alashkar', Scott Rottinghaus?, Colin Vance®, Dérte Herich-Terhiirne’,
Ulrich Dilhrsen’, Roland Assert’, Alexander R&th'*

1 Department of Hematology, Cancer Center, U y pital Essen, Essan, Germany,

2 Alexion Pharmaceuticals, Inc, Bosten, MA, Uniled States of America, 3 Rheinisch-Westidlisches Institut fdr
Wirtschafisforschung, Essen, Germany, 4 Department of Clinical Chemistry, University Hospital Essen,
Essan, Germary

PLoS One. 2020
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Extension period in which patients continued ravulizumab (n = 96) or
switched from eculizumab to ravulizumab (n = 95).

Hb stabilization, LDH, QoL, and proportions of patients avoiding
transfusion remained stable in both groups

All patients Imaintained serum free C5 evels < 0.5 pg/mL.

Adverse events were generally similar between groups, and rates
were lower in the extension period.

4 patients (ravulizumab-ravulizumab, n = 3; eculizumab-ravulizumab,
n = 1) experienced breakthrough hemolysis, but none associated
with serum free C5 > 0.5 pg/mL.

Ravulizumab has increased affinity for the neonatal Fc
receptor (FcRn), competing with endogenous IgG.
Saturation of the FcRn pathway by ravulizumab may result
in enhanced endogenous IgG clearance.

IgG and subclasses dosed longitudinally in 12 ravulizumab-
treated for a median of 21 months

No treatment-associated hypogammaglobulinemia
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Ravulizumab: conclusions

In naive PNH patients ravulizumab every 8 weeks demonstrated non-inferiority to eculizumab across all
primary and secondary efficacy endpoints including transfusion avoidance, normalization of LDH levels,
stabilization of hemoglobin levels and incidence of breakthrough hemolysis

In eculizumab-experienced PNH patients ravulizumab is non-inferior to eculizumab across all efficacy
endpoints being the normalization of LDH levels the primary endpoint. Breakthrough hemolysis,
transfusion avoidance, and hemoglobin stabilization endpoints were met as well

Free C5 levels <0.5 pg/mL correlated with maximal intravascular hemolysis control and complete

terminal complement inhibition. Ravulizumab provided immediate, complete, and sustained inhibition
of C5 over the entire 8-week dose interval in both groups, unlike eculizumab

Patients with PNH may be safely and effectively switched from labeled-dose eculizumab every 2 weeks
to ravulizumab every 8 weeks




8 <Hgb <11

46.3%

Underlying bone marrow failure

genetic variants of complement-related genes

C3-mediated extravascular hemolysis, 25-50% of patients:

no reliable treatment option, steroids discouraged,
splenectomy anecdotically reported effective,
upstream inhibition of complement ?

pharmacokinetic [PK] breakthrough hemolysis, occurring
1-2 days before the next dosing of eculizumab (15%-20%)
of patients

pharmacodynamic [PD] breakthrough due to hemolytic
paroxysms in concomitance with massive complement
activation (infections, surgery, etc)

Ravulizumab better than eculizumab

Unmeet needs for PNH patients on eculizumab: residual anemia

Alorn-uvc Phyaiclogie
MY' chomr Ecullzumab

(..ucm (/6—£ ey

convertase RES macrophages
(liver, spleen) ¢y

: PK-BTH PK-BTH PK-BTH
:> ecu ecu ecu ecu

PD-BTH

Luzzatto L, F1000Res. 2016; Notaro R, Sica M. Semin Hematol. 2018; Risitano A. AJH 2018. Mastellos DC, Sem. Hematol 2018.



New drugs targeting the complement cascade...

More than 10 years ago... eculizumab iv every 2 weeks

Since 2-3 years several clinical trials

Ravulizumab, iv every 8 weeks, targeting C5, approved AIFA
Ravulizumab, sc weekly, targeting C5

Pegcetacoplan, sc twice weekly, targeting C3, approved FDA

Danicopan, oral thrice daily, targeting factor D %

Classical
pathway

Extravascular hemolysis in the
spleen and liver

—
"c2 W c3
eC:{ Pegcetacoplan
C3O
. X

Crovalimab, sc every 4 weeks, targeting C5 phagocytosis of C3b-opsonized RBC

Iptacopan, oral twice daily, targeting factor B

And more coming....
Danicopan, oral twice daily, targeting factor D

BCX9930, oral twice daily, targeting factor D

Crovalimab

Eculizumab
Ravulizumab :{>

Lectin
pathway

7 (C50-C9)
Membrane attack
complex

Intravascular hemolysis
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