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The advent of “pathophysiology- targeted” treatments for HCM

1. Non 2. Genetic
* Modulation of genetlc erhexiline, trimetazidine,

ninerafaxstat) * Editi ng
* Inhibition of late- sodium channels (ranolazine and ) Rgpla;ement
 Silencing

eleclazine )
) * Modulation

« Reduction of fibrosis (spironolactone, valsartan, losartan)

* Stabilization of mutant prot gE&E> ators of
MYBCP)

* SGLTsi

* Myosin inhibitors

DS



Myosin inhibitors



Myosin inhibitors

Mysteréz novel and dream spur key
scientific insight into heart defect

On Dec. 14, 2014, after many months of not getting expected results,
biochemist Jim Spudich got into bed, read a chunk of a novel, fell asleep (WYAL ” . .
and had a dream that would change the thinking in his field about what % On'Of myOSI n-actin
causes a common and often lethal heart defect. :
crossbhridges
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Jim Spudich
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cofounder and member of the scientific advisory boards of MyoKardia and of Cytokinetics https://med.stanford.edu/news/all-news/2019/03/mystery-novel-and-dream-spur-key-scientific-insight.html



HCIVI. a myosSin-actin Cross briages
disease

NORMAL SARCOMERE HCM SARCOMERE

Too many
myosin-actin
cross-bridges
Mutations in sarcomeric proteins
result in increased contractility

Normal contractility
Ordered sarcomeres
Effective relaxation

Hypercontractility

Disordered sarcomeres
Cardiac tissue stiffness

Libby P et al. Braunwald’s Heart Disease. 11th ed. 2018.



Myosin in sarcomeric HCM

Normals: 50-60% myosins ”
llonll

In a healthy heart, 40-50% of
myosins are in an “off”’ state

HCM: 80-85% myosins
llonll

I IV, HHIally 1imuLatviio

destabilize this state, and 15-20%
of myosins are in an “off” state “Off” state “On” state

No contraction Able to contract

Too many myosinsin the “on” statein HCM are thought to engage too
many cross-bridges leading to excess contractility and impaired relaxation

L et al. elife 6, 624634. 2017. Trivedi DV et al. Biophys Rev 110, 27-48. 2018. Alosteric inhibitor: modifies the active site of myosin to the” off state” so that actin binding is

Anderson RL et al. Proc Natl Acad Sci U S A 115:E8143-E8152. 2018.
radiirad



Myosin inhibitors: Mechanism of Action

Actin thin filament
Actin-myosin cross-bridge
Myosin thick filament

Normal HCM HCM Sarcomere
Sarcomere Sarcomere with Mavacamten

Normal contractility HCM Pathophysiology Attenuated hypercontractility
“Hypercontractility”

Effective relaxation ?Improved relaxation

) : ? i
Impaired relaxation ?Improved energetics

Altered myocardial energetics

Myosin inhibitors are selective allosteric inhibitor of cardiac myosin
- Reduce the number of myosin-actin cross-bridges and thus decreases excessive

contractility characteristic of HCM




Mavacamten

- 30 weeks
EXPLORER-HCM

: EXPLORER-HCM MAVA-LTE VALOR-HCM

MAVALTE W c 62 weeks ki {EXPLORER-HCM cabort) Placebo cross-aver
(EXPLORER-HC(M cohort)
VALOR-HCM 0—-= L . Study characteristics
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Effective & safe iag

LVOT gradient*

Mava. ; -47 = 40 mmHg . Mava. : - 39,12 36.5 mmHg - 49.4(-619, -36.9)
Placebo: -10 + 30 mmHg 35.6 2 32.6 mmHg Placebo: -1.8 + 28.8 mmHg mmHg
Mawa. : 65.0%
Placebe: 31.1% 67.5%

21 NYHA class
reduction

Mava. : 62.5%
Fla';m: 21-"1{‘
SRT guideline- Mava. : 13%
eligible Placebo: 69.6%

> exercise capacity, < LVOTO, >
diastolic function < biomarkers,

<symptoms & > health status in
oHCM ...
EF, interactions, dosage titration...

Ammirati,JACC HF 2024



Mavacamten

THE LANCET

This journal ~ Journals Publish Clinical Global health Multimedia Events  About

ARTICLES - Volume 396, Issue 10253, P759-769, September 12,2020  [SARLL U CEL NS

Mavacamten for treatment of symptomatic obstructive hypertrophic
cardiomyopathy (EXPLORER-HCM): a randomised, double-blind, placebo-
controlled, phase 3 trial

Dr lacopo Olivotto, MD & P & - Artur Oreziak, MD € - Roberto Barriales-Villa, MD defgh . prof Theodore P Abraham, MD | -
Ahmad Masri, MD! - Pablo Garcia-Pavia, MD %! . et al. Show more
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ORIGINAL INVESTIGATIONS

Myosin Inhibition in Patients With L)
Obstructive Hypertrophic

Cardiomyopathy Referred for

Septal Reduction Therapy

Milind Y. Desai, MD, MBA,*> Anjali Owens, MD, Jeffrey B. Geske, MD,® Kathy Wolski, MPH,"< Srihari S. Naidu, MD,"
Nicholas G. Smedira, MD, MBA,*¢ Paul C. Cremer, MD, MS,>° Hartzell Schaff, MD," Ellen McErlean, RN, MSN,"*
Christina Sewell, RN,> Wanying Li, PuD,' Lulu Sterling, PuD,' Kathy Lampl, MD,’ Jay M. Edelberg, MD, PxD,’

Amy J. Sehnert, MD,’ Steven E. Nissen, MD>*




Mavacamten

w

8 EXPLORER

Clrculatlon

AAHA Journals Journal Information Al Issues Subjects Features Resources & E
Home > Circulation > Vol.143,No.6 >

o' FREE ACCESS Mavacamten Favorably Impacts Cardiac Structure in Ob: ive Hypertrophic

ke Cardiomyopathy

EXPLORER-HCM Cardiac Magnetic Resonance Substudy Analysis

Clinical Trial > JACC Heart Fail. 2024 Jan;12(1):164-177. doi: 10.1016/j.jchf.2023.09.028.

Mavacamten Treatment for Symptomatic Obstructive
Hypertrophic Cardiomyopathy: Interim Results From
the MAVA-LTE Study, EXPLORER-LTE Cohort

Long-term effects of mavacamten treatment in
obstructive hypertrophic cardiomyopathy (HCM):
updated cumulative analysis of the EXPLORER
cohort of MAVA-long-term extension (LTE) study
up to 120 weeks @

JAMA Cardiology | Original Investigation

Mavacamten in Patients With Hypertrophic Cardiomyopathy
Referred for Septal Reduction
Week 56 Results From the VALOR-HCM Randomized Clinical Trial

Journal Pre-proof

Real-world  experi with

in
from a tertiary car
center

Aol
Mllmd e Desal Adel Hajj-Ali, Katy Rulko vski, Susan Osplna I=
Andrew Gaballa, Michael Emery, C;
Thamilarasan, ZoranB Popovic

Mavacamten in Obstructive Hypertrophic
Cardiomyopathy Patients Referred for
Septal Reduction

Health Status Analysis Through Week 56 in VALOR-HCM Trial

Mavacamten-Associated Temporal
Changes in Left Atrial Function in
Obstructive HCM

Insights From the VALOR-HCM Trial



Mavacamten in the guidelines

Effective & safe

ESC 2023, lla

Frlmﬁng.fprmcahler LVOTO 250 mmHg

I ’\ﬁ -.r;a-—m:.;-'Eg-Hm ,:L'ﬁoaci:-ﬂ:ﬁw?owa,
( Symptoms Y, —®— may be considered

.

& (Class llb)

ISﬁH symptomatic or intolerant/contraindication to beta-blockers

Verapamil OR ' Diltiazem
. (Class 1) (Class I) .
ISﬁH symptomatic
& Mavacamten
R (Class lla)
IS till symptomatic

AHA-ACC 2024, la

Patients With HCM

Obstructive physiology?

See Figure 5

@ Fsc—

Repeat evaluation as
per Figure 1, Box 2

Avoid vasodilators and
high-dose diuretics

If symptoms persist

e o




Mavacamten issues..

- CYP2C19 metaboliser phenotype (18% Asians, 2% Europeans are poor/slow metabolisers )
- Use of CYP2C19 inhibitors (& inducers)
- LVEF <50% small and rare but real - echo guided dose titration

EDA O

Ap ri I 2022 F.lJRI(TJ\[‘[.C\:\.‘Ml'll')l('[NIi_.R AL_':WE\I\!C\"‘
April 2023
: : REMS. : : CYP genotype
(risk evaluation and mitigation strategy) to determine the appropriate dose

Echo guided dose titration (7 first year, 4 after) Echo guided dose titration

*Negative inotropism + > the duration of transition from diastole to systole and prolongs time from the onset to the peak in systole



Aficamten

Binds to cardiac myosin at a distinct allosteric binding site

Potential “in vivo” pharmacodynamic advantages (different binding site):

-faster onset of action (steady state 2 weeks)

-shorter half life -rapid reversibility of effect (no interruption but dose reduction)
-minimal drug interactions (multiple elimination pathways )

-favorable tolerability

-easy titration of dosage

* under review by the FDA
-no reduced effect under BB  EMA will follow

MYK-581 and MYK-224 will follow...
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HCM
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Aficamten for Symptomatic Obstructive
Hypertrophic Cardiomyopathy

Authors: Martin S. Maron, M.D., Ahmad Masri, M.D., Michael E. Nassif, M.D., Roberto Barriales-Villa, M.D., Ph.D.,
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LVOT gradients, LA size, LV diastolic function indices, markers of LV filling pressures

Correlations with improvements in pVO,, KCCQ-CSS, NT-proBNP
Modest reduction in LVEF
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Effect of Aficamten on Health
Status Outcomes in Obstructive
Hypertrophic Cardiomyopathy
Results from SEQUOIA-HCM

Impact of Aficamten on Disease and §

Symptom Burden in Obstructive
Hypertrophic Cardiomyopathy
Results From SEQUOIA-HCM

Effect of Aficamten on Cardiac
Structure and Function in Obstructive
Hypertrophic Cardiomyopathy
SEQUOIA-HCM CMR Substudy

Impact of Aficamten on
Echocardiographic Cardiac Structure and
Function in Symptomatic Obstructive
Hypertrophic Cardiomyopathy



Mavacamten vs Aficamten

Two cardiac myosin inhibitors

in the treatment of obstructive

hypertrophic cardiomyopathy

Milind Y. Desai'-** and Eugene Braunwald?
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Cardiac Myosin inhibitors: a reflexion

‘I'l."|5|E|L|-T"|"
Peak of Inflated Expectations
1,246 result
S Plateau of Productivity
u anluals Illlllllllllllllll I
Trough of Disillusionment
1968 2024 Technology Trigger TIME

....the myosin inhibitor hysteria....

In transit from the proof of concept hype zone = Precise clinical

inclications
with its inherent clinical, administrative, & financial burdens




Not for all oHCM patients

Classical medical treatment

: Refratory, intolerance
Classical approach y

unmet need for better noninvasive alternatives to SRT

o / Myosin inhibitors
morbidity and mortality /

related to center volume Efficacy
Safety

Cost- effectiviness???
Myectomy
¢ 0.6% 23% % 3.8%-15.6% Myectomy $ 42k
Mava $ 89.5k/year = $ 1 million/12y

Institute of Clinical & Economic Review
health-benefit price benchmark for Mava
$12 -$15 K/ year

Europa 1 k més ?= 12k/ano=120 k em 10 anos \Mi[SatelaiERcI0N NV V;



In which patients?

. . Non responders
1.Alternative to Medical treatment intolerants to first line therapy

Frail/ high risk SRT (myectomy- ASA)
. Alternative to SRT (ASA, Myectomy) Refuse invasive SRT

non-expert centers
Bridge to septal reduction

3. Special subsets of more functional Hypercontractile phenotypes
oHCM patients ? Severe obstruction and minimal LVH



Open questions

Sustained
SIS LT extensions, multiple echos & genetic do not spoil a new fascinating group of
& safety drugs...

oHCM=>» done
Non obstructive HCM (HFpEF)=>» ?work in progress..ODISSEY, ACACIA-HCM....&

g:‘:t!ﬁ:l MAVERICK.
SCD=>? Direct vs Indirect Effect (LAVI, gradient, MWT...)...
AF-Stroke=» VALOR results ... LA reverse remodeling
HFrEF=>» No...? Remember BB ..

Early non-hypertophic phenotypes=>may be.. :
AGMELEL ¢ Classical phenotypes=»oHCM . Ellgrcf?gs-E:;egérs
Il - Adverse Remodeling= No...? Remember BB .. . AP P

Overt dysfunction=» No...? Remember BB .. '

Ethnic diversity in response?...black under represented..

Pot Pediatrics?
) Phenotyes? (Danon,Noonan,....) Mava or Aficamten?*

Pourri ,
Genotype? No diferences G+ G- nor between

genes/mutations..




Cost-effectiveness

hould doctors care about it in 2025:

Understanding the Current Healthcare System
0 Camplexity and Fragmentatian
: Irsisranie Coverage ard Resmbuirsemant

Care Coardinaton and Cantinuity

"l Heslth Infarmatian Technalagy

o] Case Study

4| Tips for Pabents
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Genetic therapy



Gene Therapy : the new frontier?

HCM =» genetic treatment of a genetic disease, is logical= cure of the disease

young HCM pts >> adverse events & worse prognosis than those presenting late in life

Editing, replacement, silencing? All, one or none?

A. Genome editing

Gene therapy vector

LB, - Tensription |

‘«\ Cas9 o /

Nom\al full mRNA
=

Translation

DOODEOCO
Normal protein

B. Gene replacement

Gene therapy vector

p A
Figure S
N )

L= S
5 / Teanscription //
-~ 2 /-/
Narmal full mRNA Mutant mRNA
lmmlnim

l Translation oocoecen
Mutant protein

Normal protein

C. Allelic-specific silencing
Gene therapy vector

@\/ Mutation unnm“«\\
/ N
] mmﬂpﬂnl\(

L1
“\ \ RNAI

“
Lo Normal full
Intarfeence Mutant mRNA mRNA
/'“I—/ Translation
Degradation ST
| Normal protein
-1

L
S !

D. Modulation of signalling pathway

Gene therapy vector
@ < o

7

[y B

% Transcription |

b \ \/

g A]ummkNA

oo

Regulatory protein Translation

Mutant protein

Signaling pathway — l
normal function

m vehicle or method of delivery: AAV9 lipid na

FIGURE 1 Gene Therapy

(Gene Replacement Therapy) ( Gene Silencing Therapy ) ( Direct Genome Editing )

WKWW

Missense variant in patient
Loss of function ___ Reduced

(m Loss of function or

variant in patient functional Abnormal missense variant
protein o 7 functioning ssense varia
protein
Rescue of Abnormal J—A'IL ’_\i
functional protein g gt
protein level expresslon [ = e O v
) prevented Cas9-mediated i
double strand cut |
L1 i o
[ o & ST, % ] SIRNA enters at target site
AV4 & % cells and
! . *
L2 [ZI 2 degrades

AR W s, -~ 4 target mRNAs

packaged gene et T |
Lipid nanoparticle containing
small interfering RNA (siRNA)

(Alternative delivery
strategies include AAV)

Homologous

recombination,
permanent
AAV with packaged ERETRTEENT
cas9, guide RNA,
and repair template

mRNA translated from
AAV-delivered gene

With the gene replacement strategy, a wild-type gene is expressed by a promoter within a viral vector to replace gene function in the setting of a loss-of-function
variant. Gene silencing is typically used to reduce expression of a mutant gene (referred to as allele-spedific silending) and applies primarily to missense variants (ie,
single-nudeotide substitutions) that alter protein function. For direct genome editing, using CRISPR-Cas9, a targeted DNA cleavage canbe directed to a pregse location
inthe genome determined by the unique sequence of a guide RNA (RNA). Figure created with biorender.com. AAV =adeno-assodated vins; mRNA = messenger RNA.

Helms A JACC 2022




Genetic therapy under
investigation

LEGEND

. Genome editing
. Gene replacement

Allelic-specific
silencing

Modulation of
signalling pathway

1
2
1 3
2

2010 2011 2012 2013 2014 2016 2017 2018 2019 2023

Year

Consistent but small increase

14

12

0

LEGEND

1 - Genome editing
. Gene replacement

- Allelic-specific
silencing

Madulation of
signalling pathway

1
4 - .
MYBPC3 MYH? TPM1 MyL2
Genotype

MYBPC (> frequent , missense/loss of function)

Paratz, Can J Cardiol 2024



Conclusions

Myosin inhibitors in HCM

Efficacy

Safety

Real-world results

Ready for prime time but..
Cost-effectiveness, safety, dosage, CP450
The case of Capropril and BB in HFrLVEF
Do not spoil a fantastic new group of drugs

CHARLIE

EHAPLIN

THE
GOLD
RUSH

Genetic therapy in HCM

Enormous potential, cure, but..

Equity (costs)

Safety (AAV inflamation + off-target effects)
Eficacy (AAV antibodies, single dose problems)
Minority (non monogenic disease+ severe &
lethal refractory HCM in young pts =»rare in
HCM)




Thank you
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