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Today's Objectives

* Review history and epidemiology of HCM
* Describe the burden of obstructive HCM

» Outline current therapies for obstructive HCM
* Traditional medical therapies
« Traditional invasive therapies
* Alternative invasive therapies

* Highlight the novel myosin inhibitors
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FiG. 1.—Case 1. Localized hypertrophy of the interventri-
cular septum.
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Teare BHJ 1958;20(1):1-8

“a disease state characterized by unexplained LV hypertrophy associated
with non-dilated ventricular chambers in the absence of another cardiac or
systemic disease that itself would be capable of producing the magnitude
of hypertrophy evident in a given patient” - ACC/AHA Guidelines
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Japan CARDIA (U.S)) Rural Minnesota

N = 3354; ages 20-77 y N =4111; ages 23-35y N = 15,137; ages 16-87 y
0.17% 0.17% 0.19%

China
N = 8080; ages 18-7T4 y
0.16%

American Indians
N = 3501; ages 51-77 y
0.20%

General
Population
1:500

- Multiple world-wide sources have reported a similar HCM prevalence
- All studies have used echocardiographic screening
- All age groups can be affected by HCM — infancy to elderly

] ] Maron AJM 2004;116:63-6
Minneapolis Maron AJM 2004;116
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"ww U.S. Population
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1:500 prevalence

666,000+ with HCM in United States
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www.census.gov accessed 7/16/21
Maron Circulation 1995;92(4):785-789
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+ HCM prevalence:
+ Inlarge claims database: 1-in-3200
+ In echocardiographic screening study: 1-in-500

Diagnosed HCM
14%

Undiagnosed HCM
86%

It is possible that 6-out-of-7 individuals with HCM have not
been identified and are unaware of diagnosis
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Adapted from Maron AJC 2016;117:1651-1654
Maron NEJM 2018;379:655-68

Today's Obijectives

* Review history and epidemiology HCM
» Describe the burden of obstructive HCM

* Outline current therapies for obstructive HCM
* Traditional medical therapies
* Traditional invasive therapies
* Alternative invasive therapies

* Highlight the novel myosin inhibitors
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Basal septal hypertrophy with systolic anterior motion of mitral valve
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Up to 70% of HCM patients have resting
or provocable LVOT obstruction

« The LVOT gradient is dependent on

cardiac ”|0ading conditions” Nonobstructive Rest Obstruction .
30% 37%

- The LVOT gradient can be provoked by: sy
- Decreasing preload ‘ SR
- Decreasing afterload
- Increasing contractility

70%
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Rowin JACC Imaging 2017;10:1374-86
Maron Circulation 2006;114:2232-2239

+ Increase gradient with
+ Valsalva
Valsalva « Amyl Nitrate
B - Exercise (not shown)

Amyl Nitrite
123 mmHg
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Percentage of patients who experience various HCM clinical pathways
50 -
46%
43%
a0 | Adverse clinical pathways are
not mutually exclusive
. 30 -
5
% 20 17%
R
10 |
6%
0 — NN
No Adverse Progressive AF SD
Pathway HF Events
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Rowin AJC 2017;120: 2256-64

43%

Progressive
HF

Minneapolis . .
Heart Institute | \World-Class Cardiovascular Research & Education
Foundation

Rowin AJC 2017;120: 2256-64
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Obstruction i ' d bad
Woe—— 1
3 Ty \_&‘1 5. . T No obstruction
& — 22w
E 90- . ~—_ No obstruction g53% ey 1 Ohslrvciion:
3 Ty =t & — UL NYHAL
< - ST ED !
SR gl et t4Ea .
EE L Obstruction E Usy 4 o z::rﬂu‘c‘rmn
24 fag
70+ zZg3= 2
H Bass
] P=0.001 £
[ 50—‘/ 0 2 4 1 8 10
. r T - r ) Years after Gradient Measurement
2 4 6 8 10 No. at Risk
" No obstruction 70 557 464 334 231 188
5 Years after Gradient Measurement Obstruction, NYHA | 106 6 52 31 18 11
No. at Risk Obstruction, NYHAN 118 75 51 35 21 14
No obstruction 828 594 495 360 247 201
Ch=Suction 2y E U ) & 5 Figure 2. Probability of Progression to Severe Heart Failure (NYHA Class lll or IV)
or Death from Heart Failure or Stroke among 224 Patients with Left Ventricular
Figure 1. Probability of Hypertrophic Cardiomyopathy (HCM)-Related Death Outflow Tract Obstruction and 770 Patients without Obstruction.
among 273 Patients with a Left Ventricular Outflow Gradient of at Least 30 Patients who were already in NYHA class |1l or IV at entry were excluded from
mm Hg under Basal Conditions and 828 Patients without Obstruction at Entry. the analysis
Predicts HCM-related death Predicts HF death and progression to advanced HF
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Maron NEJM 2003;348:295

Obstruction predicts advanced HF symptoms
Non- Provocable Rest
obstructive Obstruction Obstruction
No. Patients 249 220 104
10%
Proportion of patients 20%
who developed NYHA
classes I1I/IV (salmon) vs. 38%
those who remained
stable c[als;s(f;:‘s. ;:II (blue), 90% 80% 62%
Rate of progression to
NYHA classes lII/1V, (%/yr) 1.6%/yr 3.2%/yr 71.4%/yr
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Maron JACC 2016;67:1399
Rowin Circ HF 2014;7:967
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Today's Objectives

» Review history and epidemiology HCM
* Describe the burden of obstructive HCM

* Outline current therapies for obstructive HCM
* Traditional medical therapies
« Traditional invasive therapies
* Alternative invasive therapies

* Highlight the novel myosin inhibitors
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LVOT obstruction: Treatment goals

s Improve symptoms

+ Improve outcomes

% Be safe and well-tolerated

+» Be accessible both logistically and economically
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Today's Objectives

» Review history and epidemiology HCM
* Describe the burden of obstructive HCM
» Outline current therapies for obstructive HCM
« Traditional medical therapies: BB, CCB, disopyramide

« Traditional invasive therapies
* Alternative invasive therapies

* Highlight the novel myosin inhibitors
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22,834 results

Number of studies

&
o .........H||||||||HNWO 2 & ——
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Number of patients

= Total = Prospective = Retrospectwe}
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EXPLORERHCM | | REDWOOD HCM
2020: OLIVOTTO 2021: MARON
Mavacamten Aficamten
Timeline of \ \
HCM RCTs N\ AN
‘// //‘ //
/ 2019: HEITNER JF 2021: DYBRO
1993: GILLIGAN Mavacamten Beta-blockers

Beta-blockers and calcium channel blockers PIONEER HCM TEMPO
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Masri JACC 2021;78(25):2533

POST PREMATURE CONTRACTION Amelioration of Angina Pectoris in Idiopathic
BEFORE PROPRANOLS:- AFTER PROPRANOLOL

- Hypertrophic Subaortic Stenosis with

w = i Beta-Adrenergic Blockade

ol - By Lawrence S. CoHEN, M.D., aANp EUGENE BrRaunwarp, M.D.
“ N Propranolol reduced LVOT gradient
- . -

CONTROL POST PVC CONTROL. POST PVC

LV-ARTERIAL GRADIENT (mm Hg)

Figure 5
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Rosing Circ 1979;60:1201

Multicenter Study of the Efficacy
and Safety of Disopyramide in
Obstructive Hypertrophic Cardiomyopathy

Mark V. Sherrid, MD, FACC,* Ivan Barac, MD,* William J. McKenna, MD, FACC,t
Perry M. Elliott, MD, FACC,} Shaughan Dickie, DCR,T Lidia Chojnowska, MD, PHD #
Susan Casey, RN,§ Barry J. Maron, MD, FACC§

New York, New York; London, United Kingdom; Warsaw, Poland; and Minneapolis, Minnesota

« Disopyramide reduces LVOT gradient

Medical Treatment Only Required Non-pharmacologic
(No Invasive Intervention) Invasive Intervention )
oo « 7% stopped disopyramide for dry

200

mouth and prostatism

+ No patients stopped disopyramide
for QT prolongation

Outflow Gradient at Rest (mmHg)
Outflow Gradient at Rest (mmHg)

- No difference in AF

L Initial  Diso

Minneapolis X .
Heart Institu World-Class Cardiovascular Research & Education
Foundation

JACC 2005;45(8):1251
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Randomized Trial of Metoprolol in Patients With Obstructive Hypertrophic Cardiomyopathy
Original Investigation

Anne M. Dybro, Torsten B. Rasmussen, Roni R. Nielsen, Mads J. Andersen, Morten K. Jensen, and Steen H. Poulsen

J Am Coll Cardiol. 2021 Dec, 78 (25) 2505-2517

100 100

* BB reduced avg LVOT gradient 80 2 80
* BB most impactful on provocable £ o E -
gradient £ : g,
* 25-50% of patients saw no change % o i g o
in gradient ; ‘ - .

Rest
Valsalva
Peak Exercise
Postexercise
Rest 4
Valsalva
Peal Exercise 4
Postexercise 4

Gradient Reduction M Gradient Reduction 220%
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Dybro JACC 2021;78:2505

NYHA Classification of HF Severity

Class Description

I Patient with cardiac disease, but no limitation on
ordinary physical activity

I Comfortable at rest, ordinary activity results in
symptoms (slight limitation)

II1 Comfortable at rest, less than ordinary activity results
in symptoms (marked limitation)

v Symptomatic at rest, increased discomfort with any

physical activity

Minneapolis . .
Heart Institute | \World-Class Cardiovascular Research & Education
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KCCQ: Kansas City Cardiomyopathy Questionnaire

* Self-administered questionnaire that measures (in HF patients):
* Symptoms
* Physical and social limitations
- QOL

JACC: Heart Failure

JACG Journals » JACC: Heart Failure » Archives » Vol. 10 No. &

* Scaled 0 -100

Validation of the Kansas City Cardiomyopathy Questionnaire in Symptomatic Obstructive
Hypertrophic Cardiomyopathy

Clinical Research

Michael Nassif, Jennifer T. Fine, Chantal Dolan, Matthew Reaney, Prithvi Addepalli, Veleka D. Allen, Amy J. Sehnert, Kensey Gosch,
and John A. Spertus

J Am Coll Cardiol HF. 2022 Aug, 10 (8) 531-539
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* 10% of patients on metoprolol achieved NYHA class | status
eAverage KCCQ summary score was 3 points higher with metoprolol

A C ( :
407 P<0.01 P=0.039
£ 304 100 - -
g -
B 90 4
%5 20 —
; 5, B0
E E
310+ S 704
g 60
0 <
&Qo o\a' 50 -
Q® &
\‘3‘}' 40 4
W NYHA I 30 T T
W NYHA I & o\c}
B NYHA P &
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Dybro JACC 2021;78:2505
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CLINICAL PRACTICE GUIDELINE

2020 AHA/ACC Guideline for the
Diagnosis and Treatment of Patients
With Hypertrophic Cardiomyopathy

NO (vEs
Fatigue
Avoid vasodilators and Low mood
high-dose diuretics .
Low libido

Reactive airway disease

Constipation
Swelling

If symptoms persist

UI{U

Urinary retention

Dry mouth l l
QT prolongation
Renal excretion
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Ommen JACC 2020:76(25)e159

Today's Obijectives

* Review history and epidemiology HCM
» Describe the burden of obstructive HCM

* Outline current therapies for obstructive HCM
* Traditional medical therapies
« Traditional invasive therapies: septal myectomy, alcohol septal ablation
* Alternative invasive therapies

* Highlight the novel myosin inhibitors
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gt coronary cusp /

left coronary cusp

Septal Myectomy

anterior leaflet of
mitral valve

7
section of septum
1o be resected
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Kumar JCS 2020;35(11):3120
Ralph-Edwards ACS 2017;6(4):410-415

TABLE 1 Operative Mortality Associated With Septal Myectomy* at North American

Hypertrophic Cardiomyopathy Centers, 2000-2014
‘ A W W W W W W ‘

Operative .
e o o SAFETY \
Institution Myectomies Age (yrs) Male (%) n % .
Mayo Clinic, Rochester, Minnesota 1,41 51+ 14 55 41 03 . Flns I .
Cleveland Clinic, Cleveland, Ohio 1,470§ 55+ 14 55 6 0.4 .
Tufts Medical Center, Boston, 348 52+15 56 4 1.1 S . 2 % S O . B " .
Massachusetts:
Toronto General, Ontario, Canada 306 49 +13 62 2 0.6 <1% 30—d ay Ope rative morta I |ty
Mount Sinai-St. Luke’s and 160 53+ 14 48 1 0.6
Roosevelt, New York, New York
Totals 3,695 54 + 14 55 17 0.4

*Does not include myectomy associated with valve replacement, coronary artery bypass grafting, or resection of
a subaortic membrane. tWithin 30 days of the myectomy. #includes 2 patients with prior alcohol septal ablation;
with these 2 patients considered nonpure myectomies, the Mayo mortality rate would be only 0.15%. §includes
19% of patients with mitral valve repair. || Newest myectomy center with operations performed over only 11 years
with first procedure in 2004, whereas data for the other centers encompass 15 years.
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Maron JACC 2015;66(11)
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Myectomy (Tufts) mortality rate compared to other cardiac surgery (STS) mortality rates

14%
18% T
12% T
1% T
10%
9%
8%
7%
6%
5%
4%
3% T
2% T
1% T
0%

Operative Morality Rate (%)

Common Cardiac Operations
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Rastegar ACTS 2017,6(4):353

Lower volume centers have higher myectomy mortality rates

A | Septal myectomy

18 .Tl’lial
P <.001
A First

~0 16 .
i || Second
W
% " Third | P=12
3 | A
e 12
b=
= 10
=
g 8 |
i |
[= |
' 6 P<.001 |
E 'y
g 4- P=.23
o A |
<

2 n.onll

: N | | B[] |

Death PPM Stroke Bleeding ARF

Minneapolis
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Kim JAMA Card 2016;1(3):324
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NYHA Class NYHA Class
Preoperatively at Follow-Up
a N What are the
(0.5%) s (64.2%)
7 symptom outcomes?
NYHAclass | NYHAclass |
7 o 113 * 98% were NHYA class Ill/IV HF pre-
(1.8%) (29.3%) )
et operatively
NYHAclass Il NYHAclass Il
* 64% achieved NYHA class 1 status
376 n=25 25
(97.6%) (6.5%)
NYTIA cinsa BTV T, * 29% achieved NYHA class 2 status
Figure 1 Comparison of NYHA functional classification for
myectomy patients at preoperative and most-recent follow-up
evaluation. NYHA, New York Heart Association.
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Rastegar ACTS 2017,6(4):353

Figure. Polar Chart of Kansas City Cardiomyopathy Questionnaire Domain Scores From Baseline to Follow-up
Summary
100
@ Baseline

w

80

70

60

50

10

Social limitation 30 Physical limitation

20

10

6 KCCQ post myectomy:
= Mean change was +38 points
= 80% of patients had 20+ point improvement

Quality of life Symptom

Minneapolis . .
Heart Institute | \World-Class Cardiovascular Research & Education
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Desai JAMA Netw Open 2022;5(4)e227293
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Follow-up
A

<5 years, n=4
5-9 years, n=6

129 (93%)
Survived
210 years™

11.322.7 years
post myectomy
11
Aliva;

Missing
Long Term

Clinical FU

Long term myectomy data:

* 93% survived 10+ years
* Most were non-HCM deaths

* Of survivors,
* 54% NYHA class |

9 (8%) With é:;p te 109 (92%)
HCM Clinic F I d
Deaths T~~~ 1 sk * 38% NYHA class I

(NYHA 111

End-stage
Emboli HF Death
Stroke. - Gunise B NYHA NYHA
Death (AF) Transplant fransplant Transplant Class | Class Il

Minneapolis
Heart Institute

stit World-Class Cardiovascular Research & Education
Foundation

Maron AJC 2022;163:91

ORIGINAL RESEARCH

Outcomes in Guideline-Based Class |
Indication Versus Earlier Referral for Surgical
Myectomy in Hypertrophic Obstructive
Cardiomyopathy

Alaa Alashi, MD; Nicholas G. Smedira, MD; Kevin Hodges, MD; Zoran B. Popovic, MD, PhD;
Maran Thamilarasan &, MD; Per Wierup, MD, PhD; Harry M. Lever, MD; Milind Y. Desai ®, MD

15
8

Early defined as:
* NYHAclass Il +
* Drug intolerance or
* Symptomatic impairment of exercise
(symptoms before 85% age-predicted
METs with concomitant severe LVOTO)

"l
8

©
&

~
3

Blue: Earlier surgery

Freedom from primary composite events (%)

60 | Red: Surgery for Class | indication s

Black dots: Age-sex  matched US population

p<0.001

” ¢ . : ' : . :
o 2 4 3 8 10 12 14 1 1 1 1
o e Early myectomy associated with improved survival

Numbers at risk
Earlier surgary 950 615 363 130
Surgery for Class | indication 1318 856 402 11

Figure 2. Kaplan-Meier survival curves demonstrating long-term outcomes of the entire study
sample (n=2268), separated on the basis of undergoing surgical relief of LVOT obstruction for
Class I indication vs earlier surgery.

LVOT indicates left ventricular outflow tract.
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Alashi JAHA 2021;10:e016210
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Alcohol Septal Ablation

Minneapolis

Heart Institute | \World-Class Cardiovascular Research & Education
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Liebregts JACC 2017;70(4)

Table 2. Acute Procedural Results and 30-Day Clinical Events

Ablation  Myectomy
Patients Patients
(n=177) (=177 P

No. septal arteries injected, mean+SD  1.1+0.4 . . . .

Volume of ethanol injected, median 1.8(0.5) . . . SAFE I Y .

(IQR), mL .

Residual LVOT gradient at rest, 11(15) 5(9) 0.001 .

median (IQR), mm Hg . .
Reduction in LVOT gradient, % 85+16 8819 .

Procedural and in-hospital 51(28.8) 10(5.6) <0.0001 . . . N N N . W N .

complications, n (%)
| Pacemaker dependency 36(20.3) 4(23) 1% 30_day Operat|ve mortallty

- R R R R R MY

6 (

Cardiac tamponade 6(3.3) 1(0.6)

Sustained ventricular tachycardia 3(1.7) 0

Cartiac surgery 2 209 20% pacemaker dependency
Resuscitated sudden cardiac arrest 2(1.1) 1(0.6)

Pneumothorax 1(0.6) 2(1.1)

Siroke 1 (0.6) 0

Death 2(1.1) 1(0.6) 0.32
Sudden cardiac death 1(0.6) 0
Heart failure 1(0.6) 1(0.6)

10R indicates interquartile range; LVOT, left ventricular outflow tract; and SD,
standard deviation.

Minneapolis X .
Heart Institute | \World-Class Cardiovascular Research & Education
Foundation

Sorajja Circ 2012;126:2374
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No difference in survival between ASA and myectomy

Minneapolis
Heart Institute
Foundation’

£
T
£
£ 401
(7]
—— Myectomy
2091 Alcohol Septal Ablation
---- Expected Survival
0 T T T T 1
0 3 6 9 12 15

Follow-Up (Years)
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Nguyen JTCS 2019;157:306

Mean Predicted LVOT Gradient

(TTE) at Late Follow-Up (mmHg)

60

50

40

30

20

Myectomy

Alcohol Septal Ablation

Myectomy superior for

2) Freedom from re-intervention

1) LVOT gradient reduction (short- and long-term)

100

80

60 -

40 4

20

Freedom from Reintervention (%)

—— Myectomy

Alcohol Septal Ablation

Prelntervention LVOT Gradlent (mmHg)
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ASA was independently associated with increased long-term
mortality compared to septal myectomy

Unadjusted Adjusted

60 5
5 I
>
= 40+ H_/ r
t
5 A
= I f
2 /S
£ 4 v
: Vol o
3 ~ ol

r~ = /
o // j z
0 5 10 15 0 5 10 15

Follow-Up Time, Years
Number at risk
— 3,274 1,903 753 223
- 585 369 142 60
Treatment — Myectomy — ASA
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Cui JACC 2022;79(17):1647

Residual gradient associated with mortality

Residual gradient <10 mmHg

100
801
60- Residual gradient 210 mmHg
Survival p=0.04
(%)
40

201 No. at risk
=130 121 108 105 87 74 56 43 23
o 47 44 40 36 34 31 25 22 17

0 1 2 3 4 5 6 7 8
Follow-up (years)

Figure 4. Residual left ventricular outflow tract (LVOT) gradient
after septal ablation and survival free of all-cause mortality.

Minneapolis

Heart Institute | \World-Class Cardiovascular Research & Education
Foundation

Sorajja Circ 2012;126:2374
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S Post siaion What are the
" symptom outcomes?
80
» 98, 100% were NHYA class llI/IV HF
wip: L "1 pre-operatively
patients o
64 | 57% achieved NYHA class 1 status
20 -
2 29y | 34% achieved NYHA class 2 status
0 {—==m

IV 1l I
NYHA functional class

T

Myectomy

Minneapolis . X
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Sorajja Circ 2012;126:2374

Myectomy Alcohol Septal Ablation

= Operator dependent outcomes = Operator dependent outcomes

+ Low mortality + Low mortality
+ Highest efficacy + Less invasive, shorter recovery
+ Not dependent on anatomy - Higher rate of reintervention

- Higher pacemaker rates

= Anatomy dependent

Minneapolis

Heart Institute | \World-Class Cardiovascular Research & Education
Foundation

25 of 41



MHIF Cardiovascular Grand Rounds
September 19, 2022

Today's Objectives

» Review history and epidemiology HCM
* Describe the burden of obstructive HCM

» Outline current therapies for obstructive HCM
* Traditional medical therapies
+ Traditional invasive therapies: septal myectomy, alcohol septal ablation
 Alternative invasive therapies

* Highlight the novel myosin inhibitors
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Percutaneous Transcatheter
TEER intramyocardial myotomy with
septal RFA septal scoring

AT

Minneapolis . .
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Foundation’ Liu JACC 201

Khan Circ Int
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Today's Objectives

» Review history and epidemiology HCM
* Describe the burden of obstructive HCM

» Outline current therapies for obstructive HCM
* Traditional medical therapies

+ Traditional invasive therapies: septal myectomy, alcohol septal
ablation

* Alternative invasive therapies
 Highlight the novel myosin inhibitors
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Myosin modulation

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

A

| vavacamion 4

Normal HCM HCM Sarcomere
Sarcomere Sarcomere with Mavacamten

Mavacamten is a targeted inhibitor of cardiac myosin that reduces the
number of myosin-actin cross-bridges and decreases contractility
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Ho Circ HF 2020;13:6

ORIGINAL ARTICLE

Cardiac Myosin Activation with Omecamtiv Mecarbil in Systolic Heart Failure

John R. Teerlink, M.D., Rafael Diaz, M.D., G. Michael Felker, M.D., M.H.S., John J.V. McMurray, M.D., Marco Metra, M.D., Scott D. Solomon, M.D., Kirkwood F. Adams, M.D.,
Inder Anand, M.D., D.Phil., Alexandra Arias-Mendoza, M.D., Tor Biering-Serensen, M.D., Michael Bshm, M.D., Diana Bonderman, M.D., et al., for the GALACTIC-HF
Investigators®

Placebo  — Omecamtiv mecarbil
A Primary Outcome B Cardiovascular Death
Hazard ratio, 0.92 (95% CI, 0.36-0.99)
501 p=0.03 50 Hazard ratio, 1.01 (95% C1, 0.92-1.11)
45 45
40 40.
35 35
1004 39 1007 30
904 23 S04 =
ol 2 20
g s g ¥
g 704 10 s od 10
5 5 s =
T 9 o E- I I
E s 0 6 12 18 24 30 36 E sof 0 & 12 18 24 30 3
£ 404 2 a0
k] k!
g 304 LS
H 3
v o204 O 204
10 104
T T T g T T T T T T T T
6 12 18 24 30 3% 6 12 18 24 30 3%
Months since Randomization Months since Randomization
No. at Risk No. at Risk
Placebo 4112 3310 2889 2102 1349 647 141 | Placebo 4112 3821 3560 2722 1788 885 201
Omecamtivmecarbil 4120 3381 2953 2158 1430 700 164 | Omecamtivmecarbil 4120 3838 3556 2710 1838 903 224
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Olivotto Lancet 2020;396(10253):759
Desai JACC 2022;80(2):95

““““‘

Mavacamten| Placebo ~ SAFETY \
EXPLORER n=123 n=128 \
Transient LVEF < 50% 7 (12%) 2 (3%) : FIHST \
Temporary RX hold for EF < 50% |3 (5%) 2 (3%) T eawwwwwuwwuwul
At end of trial EF < 50% 4 (7%) 0 3-12% risk of systolic dysfunction
|Mavacamten Placebo
VALOR (n - 56) (n - 55)
Safety endpoints
LV ejection fraction <50% 2(3.6) 0 (0.0)
Permanent discontinuation for LV ejection fraction <30% 0 (0.0) 0 (0.0)
Death, myocardial infarction or stroke 0 (0.0) 0 (0.0)
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Patients (%)

NYHA functional class

@ @0 ON [ Missing
100+ = 13 1 I3
65
G0 155
285 258
o What are the
- 423
" symptom outcomes?
60
0 AL 578
. 089 | 29% were NHYA class Il at enrollment
= 715 742 [
309 106 64 50% on mavacamten achieved NYHA
0,
20| T ] % | class 1 status (versus 21% on placebo)
104 211
0T gaseline ' Week1s | Week3o |'  Baselne ' Week14 | weeko |'
e — e —
Mavacamten (n=123) Placebo (n=128)

Myectomy
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Patients Who Improved
by 0, 21, or 22 NYHA Class

79%

=]
]

~
T

63% 98%

93% NYHA Class Il at enrollment

[

NYHA Class Improvement (%)
v
ad

7% 64% ~27% on mavacamten achieved NHYA class | status
27% (versus ~2% on placebo)
o [
25 21%
2%
Mavacamten Placebo
(n=56) (n=56)

None [ z1Class 22 Class
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CAMZYOS"™ REMS

Program Overview

Welcome, Robert Fraser

el July 2022 P

Mon Toe Wed

Start Patient on Therapy

1. Prescriber
2. Patient
3. Dispensing pharmacy

Patient Status Form

farm @

Craate New Status Form
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Echocardiogram Requirements for CAMZYOS

S% % % & Y .

Before At 4 weeks At 8 weeks At 12 weeks Every 12 weeks
treatment after treatment after treatment after treatment thereafter
starts is started is started is started

Echocardiograms may also be needed:
- 4 weeks after a change in the dose of CAMZYOS
- After a break in treatment (as directed by your healthcare provider)
- 4 weeks and 12 weeks after starting certain medicines that are known to affect CAMZYOS

Your healthcare provider will let you know if these echocardiograms are required.

Minneapolis . .
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Fgure 1:  Initiation Phase

Week 4* Week 8* Week 12*
Valsalva LVOT
gradient
1. Restart on 2.5 mg if LVEF >50% and
Valsalva LVOT Withhold drug ‘mmmw status and ECHO in
gradient <20mmHg | andretum at —
Week 12 2. Maintain same dose for the next
o commy |- DW&"E’“” 8 weeks, consistent with Figure 2,
mmH onoe dally uniess LVEF <50%.
220 mmHg
5 mg once daily, 25
intiate onlyif  — mg L
LVEF 255% ScaDay
<20 mmHg See Figure 2.
M%nwn at
| 220mmHg [— mg Maintain at
once daily 5mg —
220 mmHg once dally
* Interrupt treatment if LVEF <50% at any clinic visit; restart

treatment after 4 weeks if LVEF >50%. See Figure 3.
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Metoprolol Mavacamten* ASA Myectomy
% NYHA 1 3% 27% 57% 67%
Change in KCCQ 3 16 25 38
Changein | .33 mmHg | -33 mmHg | -49 mmHg | -64 mmHg
resting LVOT 7 )
gradient ( ero

* Using VALOR data, most comparable to invasive septal reduction cohorts

50% achieved NYHA class | status in EXPLORER but 72% were NYHA Class |l at baseline
(versus 93% in VALOR)

Therapies are not compared head-to-head
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Metoprolol Mavacamten  Septal Ablation Myectomy
Safety Excellent Short term Good Excellent
Access Easy Evolving Fair Poor
Hemodynamic Effect  Fair Fair Good Best
Symptom Effect Little Good Very good Excellent

Minneapolis
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* DISCOVER Registry -  Obstructive HCM patients
* MAVA-LTE Registry - Long term mavacamten data
- SEQUOIARCT-  Phase lll Aficamten in obstructive HCM

70
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Take Home

HCM is not uncommon and can be a progressive disease

LVOT obstruction is the primary cause of HCM HF symptoms and predicts poor
outcomes

* There are multiple treatment strategies for symptomatic LVOT obstruction and the
best option is patient-dependent and best chosen via shared-decision

* Mavacamten is a novel myosin inhibitor that is an effective treatment for
obstructive HCM but requires FDA-mandated monitoring via REMS program
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Mavacamtengroup  Placebo group
(n=123) (n=128)

Age, years sB5(122) 565 (118)

Sex

Wormen 45035%

Men 8365%)

Race

White 115(53%) 114 (89%) Muvacaintengroup  Placebo geoup
Black or Afican American 11%) 5% (ne123) {re128)
Mative Ameican or Alaskan Hative o 10%) ot

Asian 202%) Diastoiie blosd pressure, rm He

Unknown 6% NYHA functional class 1
Region NYHA functionsl ¢

UsA 199(49)
Spain s ric mean, ng/L (CV) 616 (108)
- ‘::1" ity cardiac troponin |, geometric mean, 125373
Hypertraphic cardiomyopathy geneti testing 100 78%)

phic parametecs
parfrmad s

Pathogenic or lkely path,
cardiomyegpathy gene varian

hypertrophic

221100 (22%) el s

Medical history 2, mm Hg
Farmly history of hypertrophic cardiomyopsthy 36 (28%)
Atralfieillation 23 (18 post-exercise, men HgS
peal recuction therapy 8(6%) lumeindes, miLfary s0(12)
Hypertemion 53 (41 l diameter, mmi| 42(5) 42(6)
Hyperlipidaria

Coronary antery disexse

Data are mean (SD]. n (5], or /N (%), unkess otherwise indicatecd IVEF-left vertricular gection fraction. (VOT-ieft

tract. NYHA=New ¥

PO, ~pesk cuygen ecnsumption, *Other comprised kracl, Germany,

NT-proBNP=N-tesminal pro B-type natriuretc peptide.
France, Canch Republic, Denmmark, Metherlands,

Portugal sy, Begium, and the UK ¥ of patients). ata mizsing patients inthe
11(9%) inéacarmten grou and o paticnts in the plzeho qroup The variation rumber (V%) i the coefcient of aiaticn,
which s defined 5 the ratic o the St the mean. §Data missing o thes patients in the mavazameen group and
e obntructive pulmonary disease 3 (2%
g for ane patientin the o patientinthe
Background hypertrophic ¢ myopathy therapy placebe group. g for ane patient |JData missing for five patients in cach group.
B blocker. 95 (74%) —
Caloum charnel blocker 17(3%) Sl )
Implantabe cariovenerdefibrillator 29(33%)
Bcy.mass index, kgfm’ 292(56)
Heas cats per i 63(10) 2(106)
Systalic blood pressure, men Hg 28062 128 (246)

(Table 1 continues on next page)
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Mavacamten group  Placebo group Difference” (95%Cl), pvalue
(A=123) {n=128)
Primary endpointt
Either &1.5 rmilfkg per min increase in pVi0, with =1 NYHA dass 45 (37%) 22 (17%) 194 (£7 1o
impravement or =3-0 milfkg per min incresse in pV0, with o wardening
af NYHA class
5 mLfkg per min increase in pW0, with =1 NYHA class improverment 41[33%) 181 19.3 (9-0 ta 25-6)
=30 mLikg per min increase in pW0, with no waorsening of NYHA class 29 [24%) 14 (11%) 126 (34 te210)
Both =30 mlfkg per min increase in pW0, and =1 NYHA class 5 [20%) 10 [Bw) 125 (40t 21-0)

mprrvement
Secondary endpointsd
Post-exerdse LVOT gradient ll\_‘l'ql‘rltiln basedine to week 30, mmHg =10 {30}, n=122 =356 [-422 to-28-1; p=00001)
1.4 (06 to2-1; p=0-0006)
4% (22 to 45; p<0-0001)
91 (55 ta 12 7, p<0-0001)

-1.8 24 o -1.2; p=0-0001)

PO change frem baseline to week 30, miLikg per min 3-0), n=125

=1 MYHA class improvement fram bassline to wesk 30§ 40 [31%
42{137). n=B8

-89 (24}, n-B&

136 (14-4), n=02
-28(27).n=85

Change Fraem bassline to week 30 in KCOQ-C55§

Change from baseline toweek 30 in HCMS0-50B8

[Craka are n (%) or mean (S0 HCME0-508 -Hypertraphic Candiomyopat by Symptom Questionnaine Shortness-of -Ereath subscore. KOCQ-C55=Karmas City Cardiomyopatiny
CQuestionnaire-Clinical Symptom Soore. LW0T=keft ventriosdar cutflow tract. pV 0L =peak cuygen consumption. N HA=Mew York Heart Assocation. *Model estimated |east-square
mean differences were reported for continuows variables. t Fatients with a non-evaluable primary endpoing and NYHA secondary endpaoint were considened a5 non-responders.
The response rates were caloulated with the N value s the denamirator. #M was the number analysable for secondary endpoints based on availability of both baseline and week
I0vakes. §0ue to the smaller numbers evaluable for patient-reported cutcome endpoints, additional post-hoc anakyses compared the reasons for missing data.

Table 2: Primary and secondary endpaints
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Mavacamten group  Placeba group

Differcnneliﬁ‘!& )

=50 mm Hgt

=30 rmm Hg$

Complete response”

Data are nfM %), unless of

Port-exercie LVOT peak gradient

Pest-exercie LVOT peak gradient

32117 (27%)

TS0 (74%)

1126 (1%)
221106 [21%)

B4/113 (57%) BH14 (7%)

26-6(18-3-34.8)
535 {42-0-65:0)

49-6(39:3-59-9)

herwise indicabed. IVOT=left ventricolar cutflow tract. *Defined s Mew York Heart
Mssociation class |and all LVOT peak gradients kess than 30 mm Hyg (post exercise, resting, and Valsahal). 1Theeshold
fior quidelire -based irvasive intenvention. Only patients with baseline post-exerdise LWOT peak gradient of at least
50 mm Hg were assessed. £ Threshold for guideline-based diagnosis of obstruction. Only patients with baseline
post-exercise LVOT peak gradient of at keast 30 mm Hg were assessed.

Table 3: Key exploratory efficacy endpaints

Minneapolis . .
ute | World-Class Cardiovascular Research & Education
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A Mavacamten Placeha Mean percentage
n[%]) in[%]) difference (95% CI)
Age, years
49 27 (37%) .
50-64 51415 ——
65 45(31 e
Sex
Women ——
Men ——
Bady-mass index, kg/m?
<30 [ |
30 e
LVEF at baseline
<T5% [
«75 I
NYHA class at baseline
1 95{17%) —a—
i 33 (18%) ey
B blacker usage at baseline
es 95({21%) H——
Ko 336 .
Type of exercise testing
Bicycle —_
Treadmil ——
NT-proBNP at baseline, ng/L
J L 55(33%) H——
65 (37 [ |
HCM genetic testing result
Pathogenic or ety pathagenic _
certain significance —_——
—
o ] 0 W 8 B
Favours Favours
placcha mavacamten
B .
Mavacamten Placebo Mean difference,
{n[mean]) {n [mean]} mm Mg (95% 1)
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Mavacamten Placebo group

group (n=123)  (n=128)
Patients with =1 trestment- 108 (B8%) 10 (79%)
emengent adverse event

Total number of serious adverse 1 i)
events

Patients with =1 seriows adverse 20 (B%)
event

Atrial fibrillation

Syncope

Stress cardiomyopathy

Sudden death i}

Transient ischaemic attack a

Cardiac faibure congsstive 0

Diverticulitis

al gastrosnteritis 0
Liimary tract infection [
Infection o
Rheurnatadd arthritis i}
Contusion o
Forearm fracturs o

Dehydration [

Wocal cord potyp

Prastate cancer

[}
Cholesteatoma [}
o

Data are n {%).

Table d: Summary of -eme: d o serious
adverse events
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TABLE 1 Characteristics of Patients Enrolled in the Trial (N = 112)
‘Mavacamten Placebo
(n - 56) n - 56)
Y YSTF] 5091105 Background hypertrophic cardiomyopathy therapy
Beta-blocker monotherapy 26 (46.4) 25 (44.6)
29 (51.8) 28 (50.0) Mmdill‘yjdmwulina caleium-channel blocker 7(125) 10 (17.9)
27 (482) 28 (50.0) fenarierapy
Disopyramide monotherapy 0 (0.0 236
Beta-blocker and calcium-channel blocker 6010.7) 10 (17.9)
White: 48 (85.7) 52 (92.9) e 3 :
Black S e Beta-blocker and disopyramide (9.6 3(54
Calcium-channel blocker and disopyramide 10.8) 2(36)
Asian 2(3.6) 0 (0.0
Beta-blocker, calcium-chanmel blocker, 2036 10.8)
Unspecified or other 354 40 and disopyramide
Vital signs None, medication intolerance 3(5.4) 3(s.4)
Body mass index,” kg/m® 293+ 48 39 +62 Echocardiographic parameters
Systolic blood pressure, mm Hg 130.4 +165 12+166 LVOT gradient, mm Hg
Diastolic blood pressure, mm Hg 740 105 742489 Resting S2134 463+ 305
Duration of obstructive hypertrophic 75+94 67+74 Valealva 34308 24399
cardiomyopathy disease, y e
Post-exercise 8254347 8524 37.0
Medical history
. LV ejection fraction, % 679 +37 683 +32
Family history of hypertrophic cardiomyopathy 17 (30.4) 15 (26.8)
Left atrial volume index, mL/m® 4134165 40941152
Atrial fibrillation 09.6) 8(14.3) -
Hypertansion 643 11607 KCCO-23 C55.° points. 695+ 163 656 +19.9
Laboratory measurements
Syncope or presyncope 29 (51.8) 30 (53.6) "
Internal cardioverter defibrillator 9(16a) 10 (17.9) NI:"JBNF. 4 724 91191 43 271.196)
Cardiac tr L ng/L 173 (7.0-316) 12.9 {6.1-26.0
New York Heart Association functional class rdiac troponin |, no/ ¢ ) ¢ )
Cardiac troponin T, pg/L 0.014 (0.01-0.02)  0.01 (0.008-0.02)
Class Il with exertional syncope 400 40
Class Il or higher 52 (92.9) 52 (92.9)
Type of septal reduction therapy recommended
Alcohol septal ablation 8(14.3) 7025
Myectomy 48 (85.7) 49 (87.5)

Minneapol
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TABLE 2 Primary and Secondary Efficacy Endpoints at Week 16

Mavacamten Placebo Treatment
(n - 56) in - 56) Difference (35% O)* P value
Primary efficacy composite endpoint’ 10 (17.9) 43 (76.8) 589 (44.0 1o 73.9) <0.001
Patient decision to proceed with SRT 2(36) 2(36)
SRT-eligible based on guideline criteria 8(14.3) 39 (69.6)
SRT status not evaluable, imputed as meeting crites 0(0.0) 2(36)
Secondary efficacy endpoints listed in hierarchical testing order
Change from baseline in post-exercise LVOT gradient, mm Hg -390 4365 -1.8+ 288 -37.2(—48.1t0 -262)
At least 1 class of NYHA improvement 35 (62.5) 12 @8 411 (245 W0 57.7)
Change from baseline in KCCQ-23 55, points 10.4 (16.1) 19 (12.0) 9.4 (4.9 10 14.0)
Change from baseline in NT-proBNP, ng/L -399 (1146 10 —138) 40 (155 10 203) 0.33 (0.26 0 0.42)
Change from baseline in cardiac troponin 1, ng/L —82 (18110 -1.8) 0.07 (-20 0 33) 0.53 (0.41 to 0.70)°
Exploratory endpoints
Change from baseline in hemodynamic parameters
LVOT gradient at rest -36.0 + 28.8 -15 4265 ~33.4(42.3 to —245)
LVOT gradient induced by Valsalva 452 + 285 0.4 +297 —47.6 (-582 to —37.0)
LV ejection fraction 34162 03+42 —40(-551t0-25)
LV filling pressures, Efe’ -35456 07438 -33(-4910 -18)
LV stroke volume index 14+ 66 014 +57 -19 (-43 10 05)
Left atrial volume index -524+78 -05+81 ~44 (7110 -17)
LV end-systolic volume index 14437 01+33 (-031026)
LV end-diastolic volume index 001 +83 019 + 83 ~07(-4.0 to 2.5)
LV mass index -19+127 -19 £ 166 -65 (-132 10 O.)

Values are n (%), mean £ 50, or median (08, “Treatment difference and 95% €1 were generated in analysis of covariance model including baseline variabie as 3 covariate and baseline
stratification factors for type of SRT recommended (alcohol septal ablation or myectomy) and NYHA functional lass (class Il or lass IYIV). HCochian-Mantel-Hoenszel (CMH) method
stratified by baseline KYHA criteria (11 vs higher) and type of SRT recommended (myectomy vs alcohol septal ablation). Difference in proportions estimated a5 placeho fate mins mavacanmiten
rate, where  positive valise indicates a beneficial treatment effect. “The guideline criteria are based of the 2011 ACTF/AHA HCM clinical and hemodynamic criteria, Patients with maximim
LVOT =50 mim Hg gradient (From rest, Valsalva, or post-exercise) and no imgrovement in NYHA functional class at week 16 are considesed eligible for SRT. “If assumed that both patients in
the mest the p , the result sh difference of sirmilar magnitude to the primary analysis with same level of significance. Treatment difference
5536 (5% C1: 40.02-70.68); P < 0.0001. "Genmelric mean faties 1.0 represent an «-fold decrease for mavacamten compared with placebo.
SRT - septal reduction thesapy, other abbreviations a5 in Table 1

Heart Institute | \World-Class Cardiovascular Research & Education

Foundation
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TABLE 3 Safety Endpoints and Adverse Events
Mavacamten Placebo
n—56) (- s5)
Safety endpoints
LV ejection fraction <50% 266 0(0.0)
Permanent discontinuation for LV ejection fraction <30% 0(0.0) 0(0.0)
Death, myocardial infarction or stroke 000 0(0.0)
On-treatment adverse events
Total number of on-treatment adverse events E] a
Total number of subjects with at least one (22 34(618)
on-treatment adverse even
Serious on-Lreatment adverse events.
Number of serious on-treatment adverse events” 4 1
Numiber of subjects with serious adverse events 34 108)
Atrial fibrillation 2028 0(0.0)
Coronavinus disease 2019 108) 0(0.0)
Aleohol poisoning 0(0.0) 108
Nonserious o treatiment adverse events
Number of nonserious on-treatment adverse events ng 92
Cardiovascular, number of subjects
Chest pain 266 365
Falpitations 208 266
Presyncope 10.8) 0(0.0)
Syncope 108) 0(0.0)
Atrial fibiillation 2038 0(0.0)
Monsustained ventricular tachycardia 000 50
Bradycardia 208 0(0.0)
Atrioventricular block second degree 108) 0(0.0)
Other adverse events of interest
Fatigue 5.9 268
Headache 20636 50
Dyspiea 40 3(55)
Digziness 4070 365
Nausea R 108
Rash 40 0(0.0)
Coronavinss disease 2019 108) 266
Valies are n (96) o . 4
LV - left ventricutar
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LAVI max: 61 mL/m’

wmi B  Max LV wall thickness
10 =158 g/m’ (~22.6,-9.0; P<0.0001)* 4 =24 mm (-3.9,-0.9; P=0.0079)*
51 £
o § 21
= £
£ z
= Z o4
[ Z
g 5] 3
e E o
¢ <254 g
5 £ -
230 H
S €
354 SO
-
40 H
S
-a5.d g—x
Mavacamten  Placebo Mavacamten  Placebo
n=17 n=18 n=17 n=18
Mavacamten
F Baseline Week 30
WM 93 g/m?
Max LYWT: 16 mm
LVEF:87%

C LAVI max D LGE 6SD E LVEF
20 - ~10.3 g/m* (~16.0, 4.6; P=0.0004)* 6+ 098 (-0.3,2.0; P=0.8854)* 15 - =6.4% (=103, =2.4; P=0.0025)*
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Mavacamten  Placebo Mavacamten  Placebo Mavacamten  Placebo
n=17 n=18 n=17 n=17 n=17 =13
Placebo
G Baseline Week 30
LVMI: 65 g/m’ LVMI: 96 g/’ WMI: 97 g/m?
Max LVWT: 13 mm Max LWT: 14 mm Max LVWT: 16 mm
LVEF: 79% LVEF: 77% WVEF: 77%

LAVI max; 42 mb/m LAV max; 57 mL/m’

LAVI max: 59 mL/m
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