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* Hereditary TTR Amyloidosis (hATTR)

* Heterogeneity of presentation and importance of early
diagnosis

* Liver transplantation and TTR stabilizers
* Gene silencing (ASO and siRNA)

* New perspectives and new problems in the novel scenario

Hereditary Transthyretin Amyloidosis (hATIR)

Transthyretin: serum and CSF transport protein for retinol-binding
protein and thyroxine; synthesized in liver (+ choroid plexus, retinal
pigment epithelium)

Dominant mutations cause conformational changes and deposition
as amyloid in several organs, nerve-ganglia, heart, kidney, eye,
leptomeninges

Native
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serum amyloid P component (SAP)
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Hereditary Transthyretin Amyloidosis (hATTR)

Autosomal dominant inheritance (>120 mutations; V30M)
Onset 10-90 yrs (early onset / late onset)
Lenght-dependent sensory-motor polyneuropathy
Autonomic neuropathy

Cardiomyopathy = arrhythmias, hypertrophic cm

Ocular involvement = vitreous opacities, glaucoma

Rare leptomeningeal involvement

Carpal tunnel syndrome

Rapid course, lethal if untreated in 7-15 years

Endemic in Portugal, Sweden, Japan, Maiorca, (Brazil)
Increased recognition in non-endemic countries

Early diagnosis of paramount importance as effective
freaments available

Typical early-onset Val30Met (Portuguese type)

+ Age of onset = peak 25-35 yrs (mean 33.5)
Small fibre sensory neuropathy
- Pain and thermal sensory loss

- Early dysautonomia (impotence, orthostatic
hypotension, diarrhoea-constipation, pupillary
abnormalities)

- Neuropathic pain

* Later other sensory modalities and motor
involvement

Cardiac arrhythmias, weight loss 1T

1y ) COMPRESSO

* Frequent family history, high penetrance
Relatively slow progression
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hATIR in non-endemic countries

Late onset, > 50 yrs (55-60 mean, onset > 80)
Val30Met 25-30%, other mutations frequent
Frequent sporadic presentation, incomplete penetrance

Male predominance (2-3:1)

AN N NN

All fibre involvement (all sensory modadlities, early motor
involvement)

Subtle dysautonomia
Fast progression

Carpal tunnel syndrome — Fasciculations

AR NEENERN

Atypical presentations: ataxic type, motor predominant
(ALS-mimicking), upper limb predominance, cranial nerves

v Difficult diagnosis, frequent misdiagnosis, delay by 2-5 years

9
Comparison of clinical features between early-onset and late-onset hATTR-FAP
(modified from Sekijima et al. Orphanet Journal of Rare Diseases. 2018:13:6)
Clinical feature Early onset Late onset
Age of onset of symptoms 25-45 >=50
Penetrance High Low
Family history of ATTR-FAP  Common Frequently absent
Mutation(s) Val30Met Val30Met + other mutations
Pattern of neuropathic Small fibres first and more All sensory modalities
symptoms (>thermal-pain sensory loss) Early distal motor involv.
Autonomic dysfunction Severe, life-threatening Relatively mild
Heart AV block requiring PM Frequent presence of
implantation cardiomegaly
Gender Both genders affected Male predominance
Course Relatively slower Fast
Amyloid type B = full length TTR, high A = fragments + full length,
affinity for Congo Red low Congo Red affinity
10
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“Meurologic”

11

CLINICAL RESEARCH
Heors faibesiordomppary|

Disease profile and differential diagnosis
of hereditary transthyretin-related amyloidosis
with exclusively cardiac phenotype: an

Facla Giorg!
Giampaolo Merlini?, and Stefano Perlini’

“Cardiac”

Jourmal of ine: Perphaa NeTvoLT System 27.6-8 OE

REVIEW

“Red-flag” symptom clusters in transthyretin familial
amyloid polyneuropathy

Isabel Conceigao', Alejandra Gonzalez-Duarte?, Laura Obici®, Hartmut H.-J. Schmidt?,
Damien Simoneau®, Moh-Lim Ong®, and Leslie Amass®

12

Figure 1. Climical festurss sssocated wath TTHRAP CHS
oentral nervous system; G, gestroantaatinal
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FAP Stage 1: unimpaired ambulation
FAP Stage 2: assistance with ambulation required
FAP Stage 3: wheelchair-bound or bedridden

PND [: sensory disturbances but preserved walking
capability

PND II: impaired walking capability but ability to walk
without a stick or crutches

PND IlIA: walking only with the help of one stick or
crutch

PND IlIB: walking with the help of two sticks or crutches
PND |V: confined to a wheelchair or bedridden

Ando Y et al. Orphanet Journal of Rare Diseases. 2013;8:31.

13
| Therapeutical approaches for Transthyretin-related Amyloidosis
. Philippe Kerschen, MD* 5
Modified from Violaine Planté-Bordenieuve, MD, PhDP>* Curr Treat Options Neurol (2016) 18: 53
TTR suppressors TTR stabilizers TTR Scavengers
E— - CPHP/Anti-SAP Ab
- Gene siencing ™ - Tafamidis® - Anti-amy'loid/TTR Ab
(ASOs, siRNAs) - Others: e.g., - Doxycycline + TUDCA
- Gene editing (Crispr/Cas9) CHF5074, AG10
tolcapone
"_'«.'-- FEr Tiavarahs
§ 00, i
L9l 10
- Monomers ALt
Unstable TTR and Tissue amyloid
tetramers soluble deposits
- Liver oligomers
- Eyes
- CNS (choroid plexus) Redirecting oligomers off-pathway
- EGCG
° Available treatment °° Phase 3 studies completed, results pending °°° Phase 1/2 studies completed
14



—\/al30Met Early onset

—\/al30Met Late onset
Non-Val30Met Early onset

- Non-Val30Met Late onset

Actuarial patient surviva

5

Years after transp

OLT: Patient survival between 1990-2010

TTR Val30Met vs non-TTR Val30Met
Early vs late onset of disease

Ericzon et al. Transplantation 2015; 99:1847-54

Carvalho et al. Liver Transplantation 2015; 21:282-92

10
lantation

TABLE 1. Factors to Consider for the Selection of OLT
Candidates

Age< 50 years

Duration of symptoms < 7 years

Low polyneuropathy disability score
Moditied body mass index > 600 kg/m* -g/L
No severe autonomic dysfunction

Absence of amyloid cardiomyopathy

No significant renal dysfunction

09/07/2019

Cerebral amyloid angiopathy in
posttransplant patients with hereditary
ATTR amyloidosis Neurology® 2016;87:773-781

ATTH ampoximm . e Figura 2

Prevalence of cerebral amyloid anglopathy in posttransplant patients
with hereditary ATTR amyloidosis
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Impact of liver transplantation on the natural history of oculopathy

in Portuguese patients with transthyretin (V30M) amyloidosis

Jodo Melo Beirdo "*#, Jorge Malheiro®, Carolina Lemos®, Eduarda Matos®, Idalina Beirdo®*, Paulo Pinho-Costa®”,

and Paulo Torres'?

Amyloid, 2015; 22(1): 31-35

Table 2. Prevalence of ocular manifestations (global and both nop-liver-tmansplanted (non-LT) and liver-

transplanted (LT) patieots ),

Total (N= 128) Noo-LT (¥ =64) LT {N=64) p Values
ACV. n () 22 {17.2%) 12 (18.8%) 10 (15.5%) p=0639
Positive Schirmer test, n (%) HE (BR.EF) 32 (812%) 36 (56.2%) D)
Pasitive TBUT, n (%) 106 (B2.8%) 34 (B44%) 52 (81.2%%) p=0.639
Amyloid, Iris, n (%) 31 (24.2%) 14 (21.9%) 17 (26.6%) p=0.536
Scalloped Ins, n (%) 22 (17.2%) 12 (18.8%) 10 (15.6%) p=0.639
Amyloid, Lens, n (%) 26 (20.3%) 10 (15.6%) 16 (25.0%) p=0.187
Amylowd, vitreous, n (%) 17 (13.3%) T (109%) 10 (15.6%) p=0435
Retinal angiopathy, 5 (%) 1 (0.8%) 1 (1.6%) 0 (0%) p=0313
Glaucoma, n () 11 (8.67%) 5(7.8%) 6 (9.4%) p=0752

Conclusions: Ocular manifestations of FAP were not influenced by liver transplantation in a
meaningful way. Both transplanted and non-transplanted FAP patients need similar regular
follow-up due to long-term risk of serious ocular disease.

17
Therapeutical approaches for Transthyretin-related Amyloidosis
o Philippe Kerschen, MD* 5
Modified from Violaine Plante-Bordeneuve, MD, PhD??" Curr Treat Options Neurol (2016) 18: 53
TTR suppressors TTR stabilizers TTR Scavengers
Liver transplantation® Diflunisal® - CPHP/Anti-SAP Ab
- Liv i - Difluni . .
- Gene silencing °° - Tafamidis® - Antl-amYIOId/TTR Ab
(ASOs, siRNAs) - Others: e.g., - Doxycycline + TUDCA
- Gene editing (Crispr/Cas9) CHF5074, AG10
tolcapone
Monomers i
Unstable TTR and Tissue amyloid
tetramers soluble deposits
- Liver oligomers
- Eyes
- CNS (choroid plexus) Redirecting oligomers off-pathway
- EGCG
° Available treatment °° Phase 3 studies completed, results pending °°° Phase 1/2 studies completed
18
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20 mg/day

stages

Tafamidis meglumine

Approved in 24 countries

In Europe for adult patients
with stage 1 symptomatic
polyneuropathy to delay
peripheral neurologic
impairment; in Japan for all

80 mg/day effective for
Cardiomyopathy (NEJM 2018)

Neurol Ther (2016) 5:1-25
DOL10.1007440120-016-0040-x

w.

REVIEW

Mechanism of Action and Clinical Application
of Tafamidis in Hereditary Transthyretin Amyloidosis

Teresa Coelho » Giampaolo Mexlini + Christine E. Bulawa - James A. Fleming - Daniel P. Judge
Jeffery W. Kelly - Mathew S. Maurer - Violaine Planté-Bordeneuve - Richard Labaudiniére

Raiiv Mundayat - Steve Riley - Ilise Lombardo - Pedro Huertas
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DIFLUNISAL

Nonsteroidal anti-
inflammatory agent

Dosage =
250 mg x 2/day

Not licensed with few
exceptions, available
as galenic compound in
some countries (off-
label treatment)

Any type 24 months 130  Slower progression of NIS+7,

double blind pts  NIS, NIS-LL, Kumamoto.
placebo-controlled Better SF36. No mBMI.

Overall well tolerated
Table 3. Multiple Imputation Analysis of Primary (NIS+7) and Secondary Outcomes®

Mean (95% C1)

Placebo Diflunisal Difference,

Outcomes Change From Baseline Change From Basallna Placebo-Diflunisal PValue
NIS+7 score

At 1 year 12.5(8.6t0 16.4) 6.4(3.1t09.6) 6.1(1.1to1L1) il

At 2 years 25.0(1841t031.6) 87(33t014.1) 16.3 (B.1to 24.5)
NIS score

At 1 year 10.1 (6.9 to 13.3) 42(15t07.0) 5.9 (1.8 to 10.0) 00

At 2 yaars 22.8(17.2t0 28.4) 6.7 (1.9t0 11.4) 16.1 (9.0 to 23.2) @
NIS-LL score

At 1 year 6.0(3.9t08.2) 33(1L4t05.1) 2.8(0.0 to 5.6) i)

At 2 years 12.1(8.7 to 15.5) 38(1.0ta6.7) 8.2 (4.0 to 12.5)
Kumamoto score

At 1year 41(1.9%t06.4) 19(00t03.7) 23(-0.6t05.2)

At 2 years 8.1 (5.7 t0 10.6) 3.2(L1t05.3) 49(1.7t08.1)
Modified BMI®

At 1 year -40.3(-754t0 -5.2) -19.7 (-54.1 t0 14.7) -20.6 (-69.t0 27.9) A1

At 2 years -65.1 (-107.4 to -22.7) -35.2 (-73.6t03.3) -29.9(-85.7 tn 25.9) 29
SF-36 physical
Ccomponent score

At 1 year -1.9(-38t0-0.1) 0.8 (-0.9t0 2.5) -2:8(-5.2 0 -0.3) i)

At 2 years -4.9(-76t0-22) 15(-08t03.7) -6.4 (-9.8 10 -2.9)
SF-36 mental
component score

At 1 year 0.6 (-1.7 t0 3.0) 2.3(0.1t0 4.5) -1.7 (-4.9 to 1.5) &

At 2 years -1.1(-43 10 2.0) 37(10ta6.4) -43(-9.0 to -0.7)

09/07/2019

Therapeutical approaches for Transthyretin-related Amyloidosis

Modified from
TTR suppressors

__- Liver transplantation®
- Gene silencing °°

(ASOs, siRNAs)
- Gene editing (Crispr/Cas9)

- Liver
- Eyes
- CNS (choroid plexus)

Philippe Kerschen, MD’ " =
Vioiaﬁie Planté-Bordeneuve, MD, PhOP>" Curr Treat Options Neurol (2016) 18: 53

TTR stabilizers TTR Scavengers
Difiiinsal® - CPHP/Anti-SAP Ab
- Difiluni . .
- Tatamidis® - Antl-amylmd/TTR Ab
- Others: e.g., - Doxycycline + TUDCA
CHF5074, AG10
tolcapone
S A% Ly
P o (=]
S5 g ~o,
' - Va ;}' & e
> N "
f 1 =407 20
£ Monomers =
Unstable TTR and Tissue amyloid
tetramers soluble deposits

oligomers

Redirecting oligomers off-pathway
- EGCG

° Available treatment °° Phase 3 studies completed, results pending °°° Phase 1/2 studies completed

22
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The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE ”

Inotersen Treatment for Patients
with Hereditary Transthyretin Amyloidosis

M.D. Benson, M. Waddington-Cruz, J.L. Berk, M. Polydefkis, P.]. Dyck, A.K. Wang,
V. Planté-Bordeneuve, F.A. Barroso, G. Merlini, L. Obici, M. Scheinberg,
T.H. Brannagan |11, W.). Litchy, C. Whelan, B.M. Drachman, D. Adams,

S.B. Heitner, |. Conceicdo, H.H. Schmidt, G. Vita, ]-M. Campistal, |. Gamez,

P.D. Gorevic, E. Gane; A.M. Shah, 5.D. Solomon, B.P. Monia, 5.G. Hughes, T.J. Kwoh,

B.W. McEvoy, 5.W. Jung, B.F. Baker, E.J. Ackermann, M.A. Gertz, and T. Coelho

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JULY 5, 2018 VOL. 379 NO.1

Patisiran, an RNAIi Therapeutic,
for Hereditary Transthyretin Amyloidosis

A. Gonzal

B.). Kim, ). Oh, Y. F

-Duarte, W.D. O'Riordan, C.-C. Yang, M. Ueda, AV. Kristen, |. Tournev, H.H. Schmidt, T. Coelho,
-P. Lin, G. Vita, S. Attarian, V. Planté-Bordeneuve, M.M. Mezei, |.M. C
man, Y. Sekijima, P.N. Hawkins, S.D. Solomon, M. Polydefkis, P.J. Dy
J. Chen, A.L. Strahs, S.V. Nochur, M.T. Sweetser, P.P. Garg, A.K. Vaishnaw, J.A. Gol

stol, J. Buades, T.H. Br gan |1,
P.J. Gandhi Goyal,

), and O.B. Suhr

23

Antisense oligonucleotides and
other genetic therapies made simple

Alexander M Rossor,"? Mary M Reilly,' James N Sleigh?

(A

\

Antisense oligonucleotide (ASO)

1) RNase H-mediated degradation of mRNA

/r\

T MRNA T, Pre-mRNA
J— l mRNA (spliced)

Rossor AM, et al. Pract Newrol 2018;18:126—131.4

e

\ 2) Steric block of translation 3) Modulation of splicing

4

o

siRNA

mRNA

protein

patisiran (RNAi) and TTR )

patisiran

i LLLERLRRLAA ATy

'

_ Tofomm
(RISC

RISC-mediated cleavage
of TTR mRNA

Reduced protein levels
(healthy and mutant) /

familial amyloid polyneuropathy

24
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Inotersen Addressesthe Underlying Cause of
All Forms of ATTR

Gene

TRANSCRIPTION

ANTISENSE DRUG
Inotersen

Designed to Cause
Destruction of RNA

Less RNA = Less PROTEIN

Prevents Formation of
All Types of TTR Protein

25
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Compound - Study Inotersen — Neuro-TTR (lonis-Akcea) | Patisiran — Apollo (Alnylam

Anti-Sense Oligonucleotides RNAi lipid nanoparticles
Bind to wild type and mutated TTR mRNA

TTR reduction 75-79% 84%; 87.8% mean max serum reduction

_ Subcutaneously - once a week Intravenously - every 3 weeks
Phase 3 completed, OLE ongoing Phase 3 completed, OLE ongoing

Ratio treated:placebo [pA! 2:1
T T 15 morths 18 months
Primary Endpoints Norfolk QoL, mNIS+7 mNIS+7

Participants 172 randomised, 225 randomised
150 completed 193 completed
17 treated dropped out 29 placebo dropped out

Norfolk = 12 points difference at 15 Norfolk = 21.1 points difference at 18
months; 50% stabilised or improved months; 51.4% “improved”

mNIS+7 = 20 points difference at 15 mNIS+7 = 33.99 point difference at 18
months; 36% stabilised or improved months; 56% “improved”
Independent from disease stage, Independent from disease stage,
presence of cardiomyopathy, type of presence of cardiomyopathy, type of
mutation mutation

Side effects Thrombocytopenia (4 cases, 1 Infusion related reactions,
death); 6 renal problems peripheral edema 27

27

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Inotersen Treatment for Patients
with Hereditary Transthyretin Amyloidosis

M.D. Benson, M. Waddington-Cruz, J.L. Berk, M. Polydefkis, P.J. Dyck, A.K. Wang,
V. Planté-Bordeneuve, FA. Barroso, G. Merlini, L. Obici, M. Scheinberg,
T.H. Brannagan lIl, W.J. Litchy, C. Whelan, B.M. Drachman, D. Adams,

S.B. Heitner, |. Conceicao, H.H. Schmidt, G. Vita, .M. Campistal, . Gamez,
P.D. Gorevic, E. Gane, A.M. Shah, 5.D. Solomon, B.P. Monia, 5.G. Hughes, T.. Kwoh,
B.W. McEvoy, S.W. Jung, B.F. Baker, E.). Ackermann, M.A. Gertz, and T. Coelho

28
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mNIS+7 Composite Score Measures Muscle Strength, Reflex,

Sensation and Autonomic Function

7
MNIS + o002 HRDB - Autonomic
o 346 Touch-Pressure — Sensation Large Fiber modified+7
Y — (full body) (4 subcomponents)
3000
Heat-Pain - Sensation Small Fiber (full
2500 body)
2008
{508 Sensation —
Big toe and index finger
OO
Reflexes
107 NIS
w Muscle Weakness - (4 subcomponents)
Theoretical Average Score at Upper and Lower Limbs
Maximum Baseline. Range (11.2-
Score 174.7) Muscle Weakness -

Cranial Nerves

1. Dyck, et al. Muscle and Nerve. 2017

29

29
Figure 2. Change from Baseline in Primary End Points.
A mNIS.7 B Norfolk QOL-DN Score
W 16
b 2] <0 )
Ei Bz 1
ET 3 52 10
SE 18.7 §2 &
g g 157 P=0.001 <3 17
- R LE P=0.001
E-ﬁ 104 L %
S E 2 T ?TE 24 l Inotersen
2 o s T o 1 T
__/__,_,——/—"E’__/— Inatersen I
i} Shs T T T T T T 1
0 10 1 30 0 50 60 70 Y L X 24 2 a W @
Weels Weeks
riod. Further analysis of patients who completed
the intervention period showed thdf 36% of the
patients in the inotersen group Nad an improve-
Appendix).
30
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Difference Lower Upper
InLSM 95% ClI 95% CI P-Value
Total Score E -19.73 -26.43 -13.03 <0.001
'
NIS —————— X -13.25 -17.65 -8.85 <0.001
'
Muscle Weakness ————— ; -8.59 -11.92 -5.26 <0.001
'
Sensory Loss —— 297 43 -1.63 <0.001
'
35 Reflexes ——i -1.19 2.32 -0.05 0.04
'
% modified +7 ——————s : -6.49 -10.32 -2.66 0.001
'
'
Touch-Pressure L ] -2.23 -4.8 0.35 0.09
'
Heat-Pain ———s -3.54 -5.67 -1.42 0.001
'
Nerve Conduction ooa -0.53 -0.99 -0.07 0.025
'
'
HDRB L -0.1 -0.33 0.12 0.376
Total Score : -11.68 -18.29 -5.06 <0.001
'
% Physical Fx /Lg Fiber ——p——0 r -6.33 -10.03 -2.62 <0.001
g‘ Symptoms s | -2.8 -4.47 -1.13 0.001
'
= ADL —— 21 -3.34 -0.85 0.001
= '
0 Small Fiber o=t 0.12 -0.95 1.19 0.824
'
Autonomic —p -0.59 -1.37 0.18 0.134
H
-30 -20 -10
Favors Inotersen Favors Placebo
31
Dift. Lower  Upper DIff.  Interact.
InLSM 95%Cl 95%Cl P-value P-value*
Primary Endpoint Full Analysis Set ——0— 1 -19.73 -26.43 -13.03  <0.001
Val30Met @ y -18.86 -28.13 -9.58 <0.001
TTR Mutation, i 0.723
non-Val30Met @ V2127 -31.07 -11.48  <0.001
= '
+ :
2] Stage 1 L ! -14.2 -22.5 -56.91 <0.001
E Disease Status ! 0.035
Stage 2 L 12912 -4022  -18.02 <0.001
'
Tafamidis/Diflunisal @ 1 20.02 -29.18 -10.85 <0.001
Prior Treatment : 0.904
None g | 20.84 -30.64 -11.03  <0.001
:
Primary Endpoint|  Full Analysis Set —@——o i -11.68 -18.29 -5.06  <0.001
'
Val30Met ® \ 1225 2155 296 001
'
> TTR Mutation ! 0.869
(a) non-Val30Met ! -11.12 -20.85 -14 0.025
24 H
[5) H
(€] Stage 1 8- 1 993 -18.17 -1.68 0.019
%‘ Disease Status i 0.466
5 Stage 2 » ! 1504 2615 392 0008
z .
Tafamidis/Diflunisal L : -9.05 -18.19 0.08 0.052
Prior Treatment ! 0.406
None ® v -147 -24.46 -4.94 0.003
-40 -30 -20 -10 0 10
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Diff. Lower Upper Diff. Interact.
inLSM 95%Cl 95%Cl P-value P-value*
b 4
Primary | Full Analysis Set P ! 1973 2643 -1303  <0.001
Endpoint '
N~ i
‘é’ 2 1717 -2562  -873  <0.001
E | oM status : 0.252
OENIECHO ® ! 2518 -36.06 -1431  <0.001
Primary |y Analysis Set 1168 -1829  -506  <0.001
Z Endpoint '
a :
4 i
S CM-ECHO PN ' 905 -17.49  -061 0.036
= i
£ | cMm status : 0.298
2 non-CM-ECHO PY 1635 -27.28  -5.41 0.004
B
-40 -30 -20 -10 0 10
33
Median decrease of TTR levels from baseline
o
£
@
]
@
m
BE
@
= o
c
(3]
£
o
S
% - -74.6
80 771 7713 772 784 774 765 773
_90 il L 1 L 1 L J
0 10 30 50 60 70
Study Week
—@—Placebo =M= Inotersen
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NEURO-TTR and OLE Study Design and
Patient Disposition (as of May 31, 2018)

Open-Label

NEURO- l Enroliment

n=112 n =87

n=85

Randomization

Screen (2:1)

= 60

n=g n=52 n=350

16 months of
treatment

Longest any patient has bean
on inotersen (as of 531/18):
1885 days / 5.2 years

(ILE, opon-iabel sxiersion; TTR, ran

paricpaied in S OLE.
Bemsoa MD ot al N Engd J Med, 201837901 2231
Branedgan £t al, A5H I013 Cral prespntstion

Open-Label
Extension

Inctersen-inotersen

Ongoing: n = 58 (62%)

Discontinued: n = 27 (32%)

Noté: not all patients had
completed 2 years In the
OLE a= of 5/31118

Placaebo-inotersen
Ongoing: n = 35 (T0%)

Discontinued; n = 15 (30%)

Up to 5 years
of treatment

T b vt for AIELIRCTTH regeenet hn;ur.b-a-n!nmmmnmlmﬂ snd truming. Ovesrall, 539 pafinris (B0T% | corpatod tha NEURG-TTR study, mnd *35% of patisnis »éo compeind oosing

35

Sustained Improvement in Neuropathy Progression

Patients Who Switched From Placebo to Inotersen Demonstrated

Only patisnts with completad 2y al each lime peinl.

BL, sasning mMIET, modfec Nasopathy |moirean Score <7 nerophysiclicgr i cormpostin scom; OUE, opan-iabel edsnsion, SE, standwrd smor,

" NEURO-TTR Study ! OLE Study
B 1 i
@ E =a—Placebo
% = 50 E —a—|notersen
@ ! ; —Placebo-siope
E B 49 : 23.8
~2mao ] -40.8
A2l a5 !
2 SE g I S, S 1 47% of placebo-
E & A E 20 - inotersen patients
e 0 . fes
Oxr = improved from
a 10 - OLE baseline to week
= e e e S 1045
(4] — = ! v T \
-10 - IDLEEHL 24%, of inotersen-
Time, weeks 0 35 &6 26 52 78 104 inotersen patients
remained at or below
Placebo-inoleram, n o8 - 46 B 319 NEURO-TTR baseline at
Inotersen-inotersen, n 80 79 I 77 T8 "3 41

OLE week 1042 (week
170)

36
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Stabilization of Neuropathy-Related QoL

Patients Who Switched From Placebo to Inotersen Demonstrated

4o NEURO-TTR Study, OLE Study
|
& i —=—Placebo
= | —&—notersen
Z2 _ & 30 4 I ——Placebo-slope
QERD |
-1 2 -
- A .l S 103
O o 20 i !
x %E: = i
S84 8 | - 222
B85 © E 101 : 1
T __r/’;_' 42% of placebo-inotersen
= 0 4 <4 patients improved from
! : OLE haseline to week 1042
|
i ’
Time, weeks .10 0 a5 B8 28 52 78 104 45%.%. nfmnter;en-mutersen
OLE BL patients remained at or
balow NEURC-TTR bageline
Placebo-inctersen, n 50 50 48 46 38 23 19 alt OLE week 104°
Inotersen-inotersen, n 80 78 T 7 T 53 a1

Analysis include only patients who completed 2-y Fwlp al cut off date

B, banskne:; Hodoil Gol-0, Mol Conily of Lin-Tiahotic hiscropattny questconnin toial scoro; OLE, opan-tatw sxiormion; Qol, quaity of itin; SE, sndord ermor
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The NEW ENGLAND

JOURNAL of MEDICINE

ESTABLISHED IN 1812 JULY 5, 2018 VOL, 372

Patisiran, an RNAI Therapeutic,
for Hereditary Transthyretin Amyloidosis

MO, 1

D. Adams, A. Gonzalez-Duarte, W.D. O'Riordan, C.-C. Yang, M. Ueda, AV. Kristen, |. Tournev, H.H. Schmidt, T. Coelho,
J.L Berk, K.-P. Lin, G. Vita, 5. Attarian, V. Planté-Bordeneuve, M.M. Mezei, |.M. Campistol. J. Buades, T.H. Brannagan |1,
B.). Kim, |. Oh, Y. Parman, Y. Sekijima, P.N. Hawkins, 5.D. Solomon, M. Polydefkis, P.J. Dyck, P.J. Gandhi, 5. Goyal,
J. Chen, A.L. Strahs, S.V. Nochur, M.T. Sweetser, P.P. Garg, A.K. Vaishnaw, |.A. Gollob, and O.B. Suhr
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Reduction in Serum TTR Levels Was Rapid and Sustained over 18 Months in the

APOLLO Study!?

09/07/2019

£ o
6 X hd b —
& Placebo
W E
c
& E
< 3
53
g <
£
s A -
c 3 —A A &=
U © Patisiran.\;
S o
-0 ""7—7T—7T7T 7T 7T 7T 7T T T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 8

Time (weeks)

* Mean reduction of serum TTR level after 18 months’ patisiran treatment was 84%?

Patisiran rapidly reduced serum TTR levels compared with baseline and placebo,
and sustained the reduction over 18 months

39

Figure 2. Comparisons of Changes between the Patisiran Group and the Placebo Group over Time.
B mMIS+7 C MNorfolk QOL-DN Score
- 28016 i 144477
+ Difference at 18 mo ‘N;j” - Difference at 18 mo {N::-S].
g 30—  (patisiran-placebo): & {patisiran-placebo):
£ 5| 340:30 Placeno £ 1% -mnaa 5497 Placcho
= P<0.001 5 & P<0.001 e
$s N=s 53
s 15 = 3
o E 68
- E 10 B
g 5 .E"E [ 5 R e A A e e
o o AR - B ki
E N=137] L ICEE (N=135)
-5+ -20%15 " o
- WSIran aisiran
10 =t -10
Baseline 9 Mo 12 Ma Baseline 9 Mo 12 Mo
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D Improvement in mNIS+7 or Norfolk QOL-DN Score

Figure 2. Comparisons of Changes between the Patisiran Group and the Placebo Group over Time.

Improvement in mMNIS+7

100
H9 Ddds ratio with patisiran, 39.9 (95% CI, 11.0- 144.4) Odds ratio with patisiran, 10.0 (95% CI, 4.4-22.5)
20 P0.001
I ]
70+
56
£ s- (955 CI, 48—64) o1
= - : {955¢.C1, 43-59)
50
B
g
30+
20 10
4 (95% CI, 4-17)
10 {953 C1, 0-8)
] I
Placebo Patisiran Placebo Patisiran

Improvement in Norfolk QOL-DN Score

41

Patisiran Phase 3 APOLLO Study Results
mNIS+7: Change from Baseline to Month 18 in Subgroups

Favors Patisiran

mITT, modified intent to trea

LS Mean 95% CI
Treatment (Patisiran — Placebo) Difference

Overall —— -33.99 (-39.86,-28.13)
Age

<65 —a— -30.63 (-37.98,-23.28)
265 — -38.55 (-48.27,-28.83)
Sex

M —. -35.10 (-41.82,-28.39)
F —— -31.72 (-44.64,-18.8)
Race

White —— -33.89 (-40.72,-27.05)

Non-W hite — -33.73 (-46.49,-20.98)
Region

North America —a— -46.95 (-62.78,-31.11)
Western Europe —. -36.80 (-45.37, -28.24)
Rest of World — -27.70 (-37.91,-17.49)
NIS
<50 —— -28.00 (-35.51,-20.49)
250 —. -39.09 (-47.77,-30.42)
V30oM —— -37.10 (-44.83,-29.37)
Other — -31.70 (-40.64,-22.77)
Genotype Class
Early onset V30M — 22.25 (-35,-9.5)
All other mutation: — -36.10 (-42.58,-29.61)
€tramer Stabilizer Use

Yes —— -38.30 (-46.11,-30.49)

Na —— -29.94 (-39.12,-20.77)
FAP Stage

1 — -29.65 (-37.4,-21.91)
2&3 —— -38.24 (-47,-29.49)
Cardiac Subpopulation

Yes — -37.81 (-46.73,-28.89)

No —— -30.68 (-38.33,-23.03)

9C 70 -50 30 -10 1C

Favors Placebo
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Autonomic Effect: Patisiran Improved/Stabilized Multiple Autonomic

09/07/2019

Symptoms from Baseline to Month 18 in the APOLLO Study

Mean Change from Baseline to Month 18 in Domains of COMPASS-31

8
= M Placebo M Patisiran
T 41
<
T § 3] 28
o
2 2
Worse .i_: 1
R 0.4 0.5 2 0.4 0.4 2
g o 0l semmm O A o1 .0
£ | -0.05
g -0.7
% 2
o
Better g =31
o
5™ 3.8
Orthostatic Vasomotor Secretomotor Gl Bladder Pupillomotor
Intolerance 5 points 15 points 25 points 10 points 5 points

40 points

Patisiran also improved Norfolk QOL-DN autonomic domain (including questions on

vomiting, diarrhea, and dizziness/fainting) compared with placebo at 18 months

43

Mauermann et al. International Congress on Neuromuscular Disease (ICNMD) Congress 2018

43

Patisiran Improved mBMI Relative to Baseline in the APOLLO Study

A 25
Better 5 i’ 0 -10.8 (6.8) -12.5(7.4) -13.5 (8.6) ~12.2 (8.5) 3.7(9.6)
E x I 1 g/i
o~ sl
@ E 25 - Patisiran
<
S = 5ol -27.8(9.3) Difference at Day 546/18 months
s 446 (10.3) (patisiran—placebo): +115.7 kg/m? x g/L
A ﬂé =751 p-value: 8.83 x 10711
Le | Placebo
5 2100 -84.4 (13.0)
Worse § <
2 21251 -101.8 (13.0)
- 0
* -150~ -119.4 (14.5)
Baseline Day 84 Day 189 Day 357 Day 462 Day 546

* At 18 months, 41% (patisiran) vs 6.5% (placebo) demonstrated improvement
from baseline in mBMI

Patients receiving patisiran maintained their mBMI over 18 months, whereas mBMI

declined significantly in those receiving placebo

Obici et al. European Academy of Neurology (EAN) Congress 2018
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Patisiran Improved Measures of Cardiac Structure and Function

Relative to Placebo in APOLLO Patients with Cardiac Involvement?

LV Wall Thickness (mm)

09/07/2019

" (p=0.02)
=
g 0.0¢ - -- - NT-proBNP (pg/mL)?
i 1600 -
E _0.44 0.1/(0:3) B Placebo (n=36)
; _ 1400 1 m Ppatisiran (n=90)
i S 1200 ; At18
2 gl LOL02 g 1000 4 months
3 Patisiran  Placebo § p=7.7x108
g = 800
& LVLS (%) £
e 5]
S 1sd 1.46 (0.48) & 400
o 200
Z:, 1.01
S 054 0- )
2 0.08] (0.28) Baseline Month 9 Month 18
E 0.04 - -- -
-

Patisiran Placebo

Patisiran improved measures of cardiac structure and function, and reduced NT-proBNP

levels by 55% compared with placebo'?

“Prespecified cardiac subpopulation: patients with baseline LV wall thickness 213 mm and no aortic valve disease or hypertension in medical history
CV, coefficient of variation; LVLS, left ventricular longitudinal strain 45
1. Adams et al. N Engl J Med 2018;379:11-21; 2 Solomon et al. Circulation 2019;139:431-3.
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Long-term Safety and Efficacy of Patisiran
in Patients with hATTR Amyloidosis:
Global OLE Study

Michael Polydefkis!, Alejandra Gonzélez-Duarte?, Teresa Coelho?, Jonas Wixner?, Arnt Kristen®,
Hartmut Schmidt®, John L Berk?, Quinn Dinh?, Erhan Berber®, Marianne Sweetser®, Matthew T White®,
Jing Jing Wang?, and David Adams?

Integrated Change in mNIS+7

A from APOLLO and Global OLE?

Integrated Change in Norfolk QOL-DN from APOLLO and Global OLE
& 35 »  —e=APOLLO Placebo
# £ 304 - -, %
r == APOLLO Patisiran  n=51 g ==APOLLO Placebo i
Worse @ 95 | 5 _ s =55
m__ E:E w=s=APOLLO Patisiran e
gS 201 2o 15
ow & 4
E=m 15 4 5c -
@ H =8
2e 109 g2 .
22 54 02 =76
VS ot T I B
™ B 30 n=148 1
ik % _5 4 N=148 2 Tdm 5 Borir, n=147 R
etter n=137 | s z
E -10 : . ; e 0 ‘ ‘ :
' Baseline Month 9 Month 18 Muonth 30 Baseline Month 9 Month 18 lonth 30
APOLLO Global OLE
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PATISIRAN (RNAI)

Table 3. Safety and Side Effects.

Event

Placebo
(N=77)

Patisiran
(N=148)

no. of patients (36)

Any adverse event 75 (97) 143 (97)
Adverse events occurring in 10% of pa-
fients in either group
Diarrhea 20 (38) 55 (37)
|NOTE RSEN (ASO) Edema, peripheral 17 (22) 44 (30)
Fall 22 (29) 5 (17)
N 16 (21 22 (15,
Table 2. Summary of Adverse Events.# i e i
Infusion-related reaction 79) 78 (19)
Placebo Thokersen Constipation 1307) 22 15)
Event {N=60} (N=112) Urinary tract infection 14 18) 18 13)
) Dizzinass 11 (14) 13 13)
no. of patients (%) Fatigie 2010) 1Bz
Any adverse event 60 (100) 111 (89) Headache 9(12) 16 (11}
Event related to trial regimeny 23 (38) 87 (78) Cough 8(12) 15 (10)
My erioiis adberse et 13 22) 36 32) Nomiting 839 00
. Asthenia 9(12) 14 (9)
Event related to frial regiment 1(2) 2 {7) Y 79 15 (10)
Glomerulonephritis 1] 3 (3% Nasopharyngitis 6(8) 15 (10)
Thrombocytopenia [} 2(2) Pain in extremity 8(10) 107)
Deep-vein thrombosis 1(2) 14{<1) Mastularyeakngss a9 36
Anemi 8 (10) 32
Intracranial hemorrhage 0 1(=1)§ s €9 )
Syncope 8(10) i
Tubulointerstitial nephritis 0 1(=1)9 Adverse event leading to discontinuation 11 (14 765
Pulmonary embolism 0 14{<1) aithe il reglimen
| Adverse event leading to withdrawal from 9(1) 7(5)
Embolic stroke 0 1(=1) the trial
Myelopathy 0 1) Death & (8) 715
Death o 5 (4) Any serious adverse event 31 (40) 54 36)
Any severe adverse event 28 (36) 42 (23)
Figure S11. Mean Platelet Count Over Time*
350
- ® Placebo ® |notersen
n
+1
=
8 280 -
— I -
-
2 1 -
o . N
g 210 b ¢
=
0 S
i B
= 1 1 N : - + N
=]
© 140
-
2 d
3 o | 2
i)
a.
70 ; "
0 10 20 30 40 50 60 70
Study Week

* Data shown are from the protocol-specified clinic visits as defined in the original protocol.
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Therapeutical approaches for Transthyretin-related Amyloidosis

. Philippe Kerschen, MD’ .
Modified from Violoire Planté.Bordeneave, MD. PRDES" Curr Treat Options Neurol (2016) 18: 53
TTR suppressors TTR stabilizers TTR Scavengers
Liver transplantation® Diflunisal® - CPHP/Anti-SAP Ab

- Gene silencing °° - Tafamidis® . Antl-amY|0|d/TTR Ab

(ASOs, siRNAS) - Others: e.g., - Doxycycline + TUDCA

- Gene editing (Crispr/Cas9) I CHF5074, AG10

tolcapone

= Monomers e -
Unstable TTR and Tissue amyloid
tetramers soluble deposits
- Liver oligomers
- Eyes
- CNS (choroid plexus) Redirecting oligomers off-pathway
- EGCG
° Available treatment °° Phase 3 studies completed, results pending °°° Phase 1/2 studies completed
49
CuUpP
FAP Stage 1 Tafamidis - Patisiran
- Inotersen
EAP/CUP Clinical trials: Helios-A = s.c. siRNA
FAP Stage 2 - Patisiran (Onpattro) Trials to address cardiomyopathy
- Inotersen (Tegsedi)
Role for liver
transplantation?
FAP Stage 3 (Diflunisal)
Brain and eye?
50
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Much better scenario but novel problems

When to start treament? Definition of disease start (from presymptomatic to symptomatic, how to

monitor presymptomatic subjects). Treatment in the presymptomatic phase?

Is there still a role for liver transplantation?

Tafamidis in early phases (20 mg/die; 80 mg/die?) / or siRNA-ASO?

Diflunisal in advanced stages

Combined treatments?

Address brain and eye

i.v. versus s.c — safety (new ASOs and siRNAs)
Gene silencing for cardiomyopathy (trials)

Economic sustainability

51

Milano l Fondazions IRC.CS, Messina
S. Fenu Istituto Neurologico Carlo Besta M. Russo
P' Saveri Sistema Socio Sanitario é Qrazzeo ”
D. Calabrese Regione 2 0:?'“""— i

A.Cortese ; . Gentile
(E. Mauro ) Lombardia 6. Vita
C. Pisciotta
E. Salsano
S. Magri
F. Taroni Bologna
Pavia C. Rq| ezzi
L. Obici F. Salvi
A.lLozza v
(GA' Cor‘lfe_se) Tezz’\‘/gllaro

- Merlini GM. Fabrizi
Roma

. . o Lecces Padova
M. Luigetti : o N L
M. Sabatelli g \.n;m ‘ C. Briani
L. Padua W Jﬁ’-” Genova
- M. Grandis

Napoli . camias’ A. Schenone
F. Manganelli )
S. Tozza -
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L. Santoro Associazione Italiana LK A. Mauro

Sistema Nervoso Periferico
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Overall Safety in the Global OLE
APOLLO APOLLO |Phase 2 OLE| Global OLE

Pafients with 21

Placebo Patisiran Patisiran Total

Eveat, %) =49 n=137 =25 n=211
AE 48 (98) 131 (96) 25 (100} 204 {97)
Severe AF 23 (47) 35{26) 3(12) 61 (29)
SAE 28 (57) 48 (35) 6(24) 82 (39)
IRR 13427) 10(7) 2 (8) 25(12)
AE leading to

study witi?dmwal 1560 nE g 26412)
Death® 1327 10(7) 0 23(11)

Integrated Exposure Adjusted Mortality Ratesb
APOLLO |Phase 2 OLE |Global OLE

Patisiran
n=148
Deaths?, n (%) 13.(27) 15 (10) 27 30(13)
Exposure-

‘;"j“’fg“; g‘-’;}‘i'“" 18.9 34 17 48
ate , deaths £ ik I i
per W00 patient. (104.312)  20.54) (0352  (33,67)

years
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