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A little about me

Training in Pediatric Cardiology and Clinical Genetics
Pediatric Heart Failure and Heart Transplant

Perspective based on

Clinical interest in genetic and syndromic causes of heart disease in
children

Research in mechanisms of heart failure

Secondary defects in energy metabolism in heart failure (pediatric)

Mechanisms of heart failure in cardiomyopathy in FAOD and other
metabolic cardiomyopathies




OverviewWhere are with treatment of cardiomyopathy
(CM) In FAOD?

A Casesexamples to illustrate following topics

A Basic overview of Cardiomyopathy and how and the FAOD phenotype
A Mechanisms

A Natural history of Cardiomyopathy in FAOD

A Treatment of heart failure in FAGBonventional approaches

A FAODBspecific treatmentg, Triheptanoin(Doljov)

A Cardiologist perspective on heart failure in FAOD

A Future directions and new treatments




Case #1: Infant diagnosed with VLCADD by NBS

A Second child in the family, older brother who is healthy
A Concern for hypoglycemic seizure in newborn nursery, discharged home no

other concerns

A Readmitted to NICU for jaundicBBS on DOL#4 concerning for VLCADD

A Started onEnfaportwith MCT

A Parents are distantly relatec
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A Based on genetic testing, concern for eashset cardiomyopathy type VLCADD

A ECHO screening frequently

In first year of life

A No significant illness, few short hospitalizations



Case #2: Infant male diagnosed with LCHADD

A First child of this couple

A NBS screen most consistent with LCHADD, admitted to NICU at 7 days based on
screen

A HADHAvariants:
I known LCHADD mutation ¢.1538G>C, p.E5100Q
I one variant of unknown significanceHADHAp.G328R)

A Breast feeding and supplemented wiEmfaport+MC
A ECHO showed a small PDA, otherwise normal biventricular size and function
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Cardiomyopathiesdisease of the muscle

Normal Cardiac Anatomy Disorder of diastolic function Disorder of systolic function
(relaxation/filling) (squeeze/pumping)

Superior Vena Cava

Pulmonary Artery

Pulmonary Veins ™ rtic Valt
\ Pulmonary Valve

j“ﬁ\{ Left Atrium
Right Atrium

Left Ventricle

Inferior Vena Cava
Hypertrophic Cardiomyopathy Dilated Cardiomyopathy

Right Ventricle



FAOD CM Phenotype:
Can look like hypertrophic, dilated CM lmoth
andcan reverse remodel

Normal

Hypertrophic CMHCM Dilated CMDCM



Making the diagnosis of CM: what normal looks like

ACXR, ECG (easy to do, inexpensive, but not best)
AECHO (definitive)

Lossy compression - not intended for diagnosis

Freg.: 3.1 MHz/b.2 MHz




Making the diagnosis of CM: what normal looks like

ACXR, ECG (easy to do, inexpensive, but not best) w “
AECHO (definitive) L Fa




PLAX window

Case example:

A What a normal heart looks like:

Lossy compression - not intended for diagnosis

Freg.: 3.1 MHz/b.2 MHz




What Abnormal looks like: making the d|agn08|s of CI\/I

A Other testing:
ANTproBNPor BNP, other labssnd organ function

A Cardiaerole in FAOD is area of research
I Considerations: cost, time, sedation, safety

Lossy compression - not intended for diagnosis

req.: 3.5 iMiHz/6.9 (ViHz




Children with Cardiomyopathy ardeart Failure

Al I NRAZ2Yeé2LJ GKé | SI NI
AHeart Failure= measure of symptoms
ASometimes signs/symptoms are subtle

ASlow changes are hard to recognize

ACan have moderate or severe dysfunction with no
appreciated symptoms
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Cardiomyopathy phenotype in FAOD

A The CM phenotype in FAODs is similar across FAOD types/ genotypes

A Lumping FAODs together

A CM can be mixed type in the same patient or can change over time

A Variability between types of FAOD, and among patients with a specific FAOD
A Genotype not predictive (usually)

Gaps in knowledge
A Predicting who will develop Cardiomyopathy and when
A Incidence of lat®nset CM unknown



Arrythmia phenotype in FAOD:
Often accompanies CM

FAO defect | # patients |ECGbnl | Arrhythmia First CM (+£) Outcome
type symptom
CPTI 4 2/4 VT, VF 4/4 1/4 1 alive
4d- 17mo
CACT 6 5/6 SVT, VTIVE | 6/6 0/6 1 alive
3d-2mo
TFP 3 2/3 SVT, VT 3/3 3/3 11d-1mo
VLCAD |5 1/5 VT/VF 2/5 4/5 1 alive
3- 9mo
|l CHAD |2 1/2 SVT, VT, VF | 1/2 2/2 10mo 18y
MADD 3 0/3 SVT, VT 2/3 0/3 7mo- 4y

- Small groups of patients from 20+ years ago

- ~25% of patients in cohort had arrhythmia a presenting feature

- Some differences may exist between FAOD, association of CM

- Early presentation of arrhythmia may have implication on prognosis

Bonnet et al, Arrhythmias and Conduction Defects as Presenting Symptoms of Fatty Acid Oxidation Disorders in Children, Circ 1999.




Case #1: Young child with VLCADD:
Early Signs of Cardiomyopathy

A Few hospitalizations in toddler years, no signifiadratbdoor hypoglycemia
A Clues on echo suggest early cardiomyopathy

Dctave Octave
req.: 2.4 MHz/4.8 MHz ¢ req.: 2.4 MHz/4.8 MHz
PS: 59.7 N PS: 54.2




Case #1: Child with VLCADD: 3 yedds
Some worsening of heart function after winter URIs

A Sudden change observed by echo
A Guidelinecdirected medical therapy (GDMT) started (carvedilc

A Continued work with metabolic RD to maximize daily calorie
goals

CE CE
FPS: 107 FPS: 89
: 2.9 MHz/5.8 MHz N f: 2.9 MHz/5.8 MHz
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Case #2: Male diagnosed with LCHADD

A 5 hospitalizationsprecautionary in first 10 years of life

A Very active and interested in sports: baseball, basketball and football
A Has some muscle symptom with mire intense exercise

A No evidence of cardiomyopathy, normal ECG

Octave Octave
‘req.: 2.7T MHz/5.4 MHz ‘req.: 2.7T MHz/5.4 MHz

PS: 691 PS: 691
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Why the heart Is affected by FAOD

A Fuel (ATP) source needed constantly
A Heart uses fatty acids as a preferred fuel
A 95% of ATP generated in mitochondria
A Heart needs fuel for 2 major functions:
I Muscle contraction (fueling the pump)
I Conduction system (the electrical)

A Therapy should treat cardiac muscle and
conduction problems

Adult Heart Fetal Heart T Workload
Fasting Hypertrophy Ischemia
Diabet
SElabio Glucose &= Glycogen
Fatty Acids : ATP
Exercise (<5%) Fasting .
DGAT \ Lactate €=——p Pyruvate Ketosis Stanvation
TAG T/ Acyl CoAs l Ketone Bodies Amino Acids
ATGL \

CPon
Acet; CoA

4
* Occupy 1/3 cell volume

« Synthesize 6kg ATP/day
in a human heart
X = - \

0, ATP (>95%)

Cardiac Mitochondria
“the power plant”

Kolwicz Jr et al, Cardiac Metabolism and its Interactions With Contraction, Growth, and
Survival of Cardiomyocytes, Circ Res 2013



FAODs: Mechf\nism ofA CardiacVDisease A
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Nature Reviews | Cardiology

Brown, D et al, Mitochondrial function as a therapeutic target in Heart Failure,
Nat Rev Cardiol 2016



Fatty Acid Oxidation Disorder:
Mechanism of Cardiac Disease

Fatty acid Amino acids Glucose

Otherpossible mechanisms: @
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dySfU N Ctl on IW‘ FA((;A Amino acids \ . :ate %

Acetyl COA = Pyruvate

ADecreased respiratory capacity
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Alncreased reactive oxygen species

A Altered mitochondrial phospholipic
Cardiolipin

CPT1

B-oxidation
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NADH+H+ FADH2 FAD*

HO H
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Turner N et al, Fatty acid metabolism, energy expenditure and insulin resistance in
muscle, Journal of Endocrinology Vol 220:T61, 2014



RARE DISEASES

— FAST FACTS & IMPACT —

10,000+

rare diseases recognized by the MIH!
The estimated average global
prevalence of rare diseases is

1in 2,500

- : ~80%
Some evidence of these concepts In

mouse models

Several mechanisms of cardiac ps
p at h 0O I 0 g y ittt
Lacking data specific teeartand In

humans

. 5%

¢ of rare dizezses have an
I FD&-spproved trestment®
,

2 2 00 0+ Rare dizeases are a leading cause of
’ INFANT
Biochemicals, assay kits, antibodies,
and proteins for life science ressarch - 34
MORTALITY

granted to rare disease research through
CABRI, our non-profit affiliate.




Case #1: Child with VLCADD: 3 ye#ds
Resolution with GDMT

A Sudden change observed by echo
A Guidelinecdirected medical therapy (GDMT) started (carvedilol)
A Continued work with metabolic RD to maximize daily calorie goals

Dctave Dctave
req.: 2.4 MHz/4.8 MHz & req.: 2.4 MHz/4.8 MHz
PS: 59.7 D, PS: 59.7
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A Continues to participate in sports, more bothersome muscle pain and elevations in
CK with exercise.
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Influence of conventional therapies?
Mechanism of Beta blocker

PROTECTIVE EFFECTS OF BETA BLOCKERS

> | HR and contractility Y e

o | VO2

o | apoptosis signallin increased
l P_p _ J g. / ﬁﬁ.’.‘,'

> Anti-ischemic and anti- P ( ‘ b
arrhythmic effects - | VF ot . PO o T

o Anti-inflammatory - , Y < e sguam 7§

> Increase synthesis of § Coremcrin \l/ W/
myocardial proteins §O mastae ’l\\y

o Shift from FFA to glucose l s BN
metabolism e ath

o Peripheral antioxidant effect M—

> Reduce catecholamine >
release @

https:// pt.slideshare.néDrVivekBaligal/betdlockersin-stemi5



Cardiologist perspective on CM In F/ W

ANot all children respond to Doljovi
Aln some cases severe disease may not be reversibl
Aln some cases delivery of compound may be a factc

A Conventional heart failure therapies are still
employed/required for recover

AHeart transplantwhen and when not?
AVAD bridge to recovery vs. transplant
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Triheptanoin versus trioctanoin for long-chain fatty acid
oxidation disorders: a double blinded, randomized controlled
trial

Melanie B. Gillingham', Stephen B. Heitner?, Julie Martin', Sarah Rose'-3, Amy Goldstein?,
Areeg Hassan El-Gharbawy®, Stephanie Deward®-®, Michael R. Lasarev’, Jim Pollaro®,
James P. DeLany®, Luke J. Burchill?, Bret Goodpaster®'?, James Shoemaker'!, Dietrich
Matern’2, Cary O. Harding', and Jerry Vockley?



FDA approval of Doljovi U‘Tr Ugeliyn

pharmaceufical

June 30, 2020

Therapy utilization

Biochemical Geneticists /Genetics providers

Dieticians

Cardiologyslow acceptance of therapy
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Gillingham:Study population

(n=5) (n=6)
CP¥2 Age 2t 64 Age 843

(n=4) (n=5)
VLCAD Age 38 Age 2342; 2231

(n=7) (n=5)
LCHAD/TFP Age 29 Age 817
TOTAL: n=16 n=16
Participant Characteristics Triheptanoin C7 MCT C8
Age (years) 7-64 8-43
Males (n) 6 6
Females (n) 10 10

History of Cardiac Complications 4 0

Gillingham MB, et al. J Inherit Metab Dis. 2017;40(6):831-843.



Cardiac function in Study Population

Cardiac function
- LCHAD/TFP Patients
- Three/12 had significant heart manifestations at the time of presentation that we resolved w diagnosis and
treatment
- 1 patient had a recent history of sudden cardiac arrest w/ resuscitation
- At the time of the study, all had normal cardiac function
- VLCAD Patients
- 1 patient presented in infancy w/ severe cardiac complications that resolved after diagnosis and treatment
but cardiac function subsequently deteriorated and was abnormal at the time of the study
- CPT2 Patients
- None of the patients had a history of cardiac disease

Gillingham MB, et al. J Inherit Metab Dis. 2017;40(6):831-843.



LV Ejection Fraction and LV End Systolic Volume

Change from baseline in LV ejection fraction and LV

A Patients treated with triheptanoin had 7.4% end systolic volume after 4 months of treatment
greater relative left ventricular (LV)

ejection fraction compared with patients LV ejection fraction LV end systolic volume
treated with trioctanoin (P=0.046) | P=0.046 |
10 1 40
. . . . ()
A Patients treated with triheptanoin had a 7% oo 30 .
: . )
decrease in LV end systolic volume 5 0 o _. 20
compared while those treated with gs i ﬁf‘ E 2E
. . . . ) (e}
trioctanoin experienced an increase S 3 > g 10 O
. 2 3 . —OHOO- 2 3
(P=0.114) measure of dilation £= 28 0 o 0 oo
g - L 10 oo’ L
. O %
-10 [ -20
Triheptanoin Trioctanoin Triheptanoin Trioctanoin

(n=10) (n=11) (n=10) (n=11)

Gillingham MB, et al. J Inherit Metab Dis. 2017;40(6):831-843.



Gillingham: LV Wall Mass and Percent Ejection Fraction

Change from baseline in LV wall mass
and percent ejection fraction

A Patients treated with triheptanoin for 4
months experienced a 20% decrease LV wall mass Ejection fraction percent
In LV wall mass compared with P=0.041
patients treated with trioctanoin for 4 10 | 80
months who experienced increased LV
wall mass (P=0.041)
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A All but 1 patient had a normal ejection
fraction percent at baseline and most
observed changes occurred within the
normal range for LV ejection fraction.
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Triheptanoin Trioctanoin Baseline 4-Month Baseline 4-Month

(n=10) (n=11) . . . .
Triheptanoin Trioctanoin

Gillingham MB, et al. J Inherit Metab Dis. 2017;40(6):831-843.
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Triheptanoin treatment in patients with pediatric cardiomyopathy
associated with long chain-fatty acid oxidation disorders

. Vockleya* J. Charrow °, ]. Ganesh €, M. Eswara ¢, G.A. Diaz ¢, E. McCracken , R. Conway |, G.M. Enns & ]. Starr ™,
R. Wang ", |.E. Abdenur , . Sanchez- de—Toledo DL l\/[arsden

J. Vockley et allriheptanoin treatment in patients with pediatric cardiomyopathy associated with long -¢aiynacid oxidation disorderddolecular Genetics and Metabolism 119 (2016) &231.



Patient characteristicsaall with CM

A Case reports from 10 patients (8 infants) with moderate or severe cardiomyopathy associated-with LC
FAOD

U VLCARN=4);,CACTn=2) TFR2);, n=LCHAIN=2)
A Moderately to severely impaired ejection fraction (EF) ranging frog#3% at baseline

A All patients were managed with standard treatment, including medium chain triglyceride (MCT) oil

U While on this regimen, they presented with acute heart failure requiring hospitalization and cardiac
support (ventilation, ECMO, vasopressors) and, in some cases, resuscitation

A The patients discontinued MCT oil and began treatment witieptanoin (UX007)

I UXO007 target dose was @55% of total calories, as tolerated, which is equivalent to approximatehg/Rg in infants
and young children, decreasing te21g/kg for older children and adolescents, and 1 g/kg for adults. (Range in these
cases were-1 g/kg/day based on age and tolerability)

J. Vockley et alriheptanoin treatment in patients with pediatric cardiomyopathy associated with long -€aiynacid oxidation disorderddolecular Genetics and Metabolism 119 (2016) 23l



Baseline Characteristics of-EEOD Patients

J. Vockley et alriheptanoin treatment in patients with pediatric cardiomyopathy associated with long-¢atiynacid oxidation disorderddolecular Genetics and Metabolism 119 (2016) Z2AL.



