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Welcome to INFORM 2020

On behalf of the Organizing and Scientific Committees of INFORM
2020, we thank you for joining the 7th Annual International Network for
Fatty Acid Oxidation Research and Management.

Due to the COVID-19 public health threat, our global scientific
conference was forced to go virtual this year for the safety of all
participants. However, | felt it was very important to bring our FAOD
genetics community together again to learn the latest research and
clinical advances in our field.

Our Network will provide a collaborative framework for ongoing
communication and research in a very open and interactive
symposium format. Our main objective is to make you familiar with
recent advances in the diagnosis and treatment of disorders of fatty
acid oxidation and of the carnitine cycle.

The INFORM scientific committee and | are thankful that you will be
participating in this virtual event wherever you are in the world. Just a
reminder that all lectures are scheduled for the Eastern Standard Time
Zone in the U.S,

We are delighted that you have chosen to participate in INFORM 2020!
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Thank you for joining us!



Organizing Committee

Jerry Vockley, MD, PhD
Co-Chairman
University of Pittsburgh School of Medicine

Ute Spiekerkoetter, MD

Co-Chairman

Department of Pediatrics and Adolescent Medicine,
University Children's Hospital, Freiburg

Dr. Nicola Longo, MD, PhD
University of Utah,
Division of Medical Genetics

Michael Bennett, PhD
Michael J. Palmieri Metabolic Laboratory,
University of Pennsylvania School of Medicine

Jean Bastin, PhD
INSERM-UnviersityHopital Necker-Enfants Malades

Niels Gregersen, PhD

Research Unit for Molecular medicine,
MMF Aarhus University Hospital,
Skejby Brend-strupgaardsvej

Daniela Karall, MD
Department for Child and Adolescent Medicine,
Medical University of Innsbruck

Melanie Gillingham, PhD, RD
Molecular and Medical Genetics Department,
Oregon Health & Science University




Agenda

INFORM 2020 Virtual Meeting

The meeting will be held during the Eastern Standard Time
zone in the USA for those who can attend.

Tuesday October 27, 2020

SESSION 1: WELCOME AND KEYNOTE SPEAKER

8:30-8:45 Welcome & "Tribute to Professor Toshiyuki Fukao®
Jerry Vockley, USA & Jorn Oliver Sass, Germany

8:45-9:45 Transfer of the End Products of Peroxisomal Beta
Oxidation to Mitochondria
Sander Houten, USA

0:45-10:00 Break

SESSION 2: MITO COMMUNICATION

10:00-10:15  Presentation of a Tango 2 Case
Nadja Mingirulli, Germany

10:15-10:45 Mitochondrial Dysfunction Associated with TANGO2

Deficiency
Lina Ghaloul Gonzalez, USA

SESSION 3: NEW INSIGHTS INTO MAAD

10:45-11:15 Natural History of Multiple Acyl-CoA Deficiency (MADD)
Terry Derks, Netherlands

11:15-11:45 New Insights into the Pathophysiology of Multiple
Acyl-CoA Dehydrogenase Deficiency
Rikke Katrine Jentoft Olsen, Denmark

Noon-12:30 Panel Discussion with Researchers from Sessions 2 & 3



Agenda

INFORM 2020 Virtual Meeting

Wednesday October 28, 2020

SESSION 4: BIOCHEM UPDATE

0:30-9:30 FAO in the Gut
Gary Wu, USA

9:30-10:00 Ketone Body Treatment of VLCAD Deficiency
Gepke Visser, Netherlands

SESSION 5: CLINICAL TRIALS/GUIDELINES

10:00-10:30  Overview of Clinical Trials for Fatty Acid Oxidation Disorders
Nicola Longo, USA

10:30-11:00 FAO Treatment Guideline Workgroup Update
Sarah Grunert & Sara Tucci, Germany

11:15-11:45 Panel Discussion with Researchers from Sessions 4 & 5

11:45 Closing Remarks
Jerry Vockley
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Reneo / Best Poster Award

Title: The emerging role of the mitochondrial fatty-acid synthase (mtFASIID) in the
regulation of energy metabolism

Authors: Khaled, Alatibit?, Zeinab Wehbe?? David Watkins?, David Rosenblatt?, Ute
Spiekerkoettert and Sara Tucci'™.

Affiliations: 1-Department of General Pediatrics, Center for Pediatrics and Adolescent
Medicine, Faculty of Medicine and Medical Centre - University of Freiburg, 79106
Freiburg, Germany. 2-University of Freiburg, Faculty of Biology, Schaenzlestrasse 1,
D-79104 Freiburg, Germany. 3-Department of Human Genetics, McGill University and
Research Institute McGill University Health Centre, H4A 3J1, Montreal, Quebec, Canada.

*Corresponding author:

Sara Tucci, PhD

Laboratory of Clinical Biochemistry and Metabolism
Department of Pediatrics and Adolescent Medicine,
Medical Center - University of Freiburg

Faculty of Medicine

Mathildenstrasse 1  D-79106 Freiburg, Germany
Telephone: +49 761 270 43700 Fax: +49 761270 45270
Email: sara.tucci@uniklinik-freiburg.de

Background: Malonyl-CoA synthetase (ACSF3) catalyzes the first step of the
mitochondrial fatty acid biosynthesis (mtFASII). Mutations in ACSF3 cause CMAMMA
a rare inborn error of metabolism. The clinical phenotype is very heterogeneous, with
some patients presenting with neurologic manifestations. In some children, presenting
symptoms such as coma, ketoacidosis and hypoglycemia are suggestive of an
intermediary metabolic disorder. The overall pathophysiological mechanisms are not
understood.

Methods: In order to study the role of mtFASII in the regulation of energy metabolism
we performed a comprehensive metabolic phenotyping with Seahorse technology in
fibroblasts from healthy controls and ACSF3 patients. SILAC-based proteomics and
lipidomic analysis were performed to investigate the effects of hypofunctional mtFASII
on proteome and lipid homeostasis of complex lipids.

Results: Our data clearly confirmed an impaired mitochondrial flexibility characterized
by reduced mitochondrial respiration and glycolytic flux due to a lower lipoylation
degree. These findings were accompanied by the adaptational upregulation of
B-oxidation and by the reduction of anaplerotic amino acids as compensatory
mechanism to address the required energy need. Finally, lipidomic analysis
demonstrated that the content of the bioactive lipids sphingomyelins and cardiolipins
was strongly increased.

Discussion: Our data clearly demonstrate the role of mtFASII in metabolic regulation.
Moreover, we show that mtFASII acts as mediator in the lipid-mediated signaling
processes in the regulation of energy homeostasis and metabolic flexibility.



Abstracts

Ultragenyx / Best Junior Investigator

Title: A Cardiolipin-Binding Peptide Improves Cellular Bioenergetics In Mitochondrial
Trifunctional-Deficient (Tfp) Mice And Patient Fibroblasts.

Authors: Meicheng Wang, PharmD?; Yudong Wang, PhD?; Eduardo Viera Neto, MD,
PhD®; Xuejun Zhao, MD*; Olivia D’Annibale, MPH? Gregory Varga, MS* Clint Van't Land,
PhD?; Jerry Vockley, MD, PhD*23

Affiliations: 1-Department of Pediatrics, University of Pittsburgh School of Medicine,
Pittsburgh, PA, USA; 2-Department of Human Genetics, University of Pittsburgh
Graduate School of Public Health, Pittsburgh, PA, USA; 3-Center for Rare Disease
Therapy, UPMC Children’s Hospital of Pittsburgh, Pittsburgh, PA, USA

Corresponding Author Contact Information: vockleyg@upmc.edu, (412) 692-7746
Abstract

Background: Current management of long-chain fatty acid oxidation disorders (LC-
FAOD), including TFP deficiency (TFPD), is limited to nutritional management and
triheptanoin.

However, hospitalizations and significant morbidity remain a major problem for patients.
The cardiolipin-binding peptide (CLBP) elamipretide has been shown to improve
mitochondrial dysfunction in various conditions, including diabetes, heart disease, and
mitochondrial respiratory chain (ETC) deficiencies, by stabilizing oxidized cardiolipins
(CL) and thus the FAO/ETC macromolecular energy complex (MEC). TFP has recently
been shown to have a fourth enzymatic activity, functioning in the maturation of CL.

Of note, the clinical picture of TFPD is distinct from other LC-FAODs with peripheral
neuropathy and retinopathy, which overlap those seen in ETC Complex | deficiency. We
propose that CLBPs will stabilize MECs and improve bioenergetics in TFPD mice and
patient fibroblasts.

Methods: Mice with a point mutation in the TFP subunit gene hadhb were treated

with an elamipretide-like CLBP or placebo, and their cold tolerance (a function of
intact cellular bioenergetics) was determined. TFPD and long-chain 3-hydroxyacyl-
CoA dehydrogenase- deficient (LCAHDD) patient fibroblasts were treated in vitro and
cellular bioenergetics were measured, including whole cell FAO and FAO-ETC coupling.
Western blotting of 2D BNGE/SDS-PAGE gels and BNGE in-gel activity stains were
used to study the effect on the MEC.

Results: Treatment of TFPD mice with CLBP led to improved cold tolerance and
prevented hypoglycemia development. Impaired MEC in untreated mice were stabilized
with CLBP as shown by 2D BNGE/SDS-PAGE gels. TFPD and LCHADD patient cells
showed improved cellular bioenergetics with CLBP treatment.

Discussion: These findings identify CLBPs as potential therapeutic agents for TFP/
LCHAD deficiency. Additional studies of CL metabolism in response to this agent will
help clarify the mechanism of action of this compound.
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Ultragenyx / Honorable Mention Poster Award

Title: Defining the structural and functional role of VLCAD in the FAO/ETC-SC through
recombination with VLCAD to VLCAD KO mice heart mitochondria.

Authors: Yudong Wang, PhD?; Gregory Varga, MSt; Johan Palmfeldt, PhD?% Meicheng
Wang, PharmD?; Grant Sykuta, BS?; Jerry Vockley, MD, PhD?®34

Affiliations: 1-Department of Pediatrics, University of Pittsburgh School of Medicine,
Pittsburgh, PA, USA; 2-Research Unit for Molecular Medicine, Aarhus University Hospital,
DK-8200 Aarhus, Denmark; 3-Department of Human Genetics, University of Pittsburgh
Graduate School of Public Health, Pittsburgh, PA, USA; 4-Center for Rare Disease
Therapy, UPMC Children’s Hospital of Pittsburgh, Pittsburgh, PA, USA

Corresponding Author Contact Information: vockleyg@upmc.edu, (412) 692-7746
Abstract:

Background: We have recently shown that fatty acid oxidation (FAO) enzymes
physically and functionally interact with the electron transfer chain supercomplexes
(ETC-SC) at two points to form a multi-protein energy complex (MEC). The FAO
trifunctional protein (TFP) interacts with ETC Complex | and electron transfer
flavoprotein dehydrogenase (ETFDH) interacts with ETC Complex Ill. Very long-chain
acyl-CoA dehydrogenase (VLCAD) physically interacts with TFP. Hypothesis: We
propose that incubation of VLCAD KO heart mitochondria with purified VLCAD wiill
restore MEC structure and function of VLCAD KO.

Methods: VLCAD KO mitochondria were isolated from heart and permeabilized with
digitonin. Blue native polyacrylamide gel electrophoresis (BNGE) followed by in-gel
enzyme activity stains, 2D BNGE/SDS-PAGE followed by western blotting, and FAO and
ETC enzyme activity and flux assays were performed.

Results: VLCAD KO heart mitochondria exhibited a reduction of the MEC and decreases
in the amount of the individual proteins TFPg, TFPRB3, ETF3, and Com | NDUFV2. Addition
of VLCAD to VLCAD KO mitochondria led to reconstitution of the MEC. Electron
transfer from palmitoyl-CoA to ETC Com Il was significantly decreased in KO heart
mitochondria, as were the activities of individual ETC enzymes and ATPase activity.
However, all recovered significantly with the addition of purified VLCAD. Of note, the
total amount of these proteins did not decrease in VLCAD KO heart mitochondria.

Conclusions: VLCAD KO mice led to reduced MECs in intact mitochondria along with
impairment in flux from FAO to the ETC but normal amounts of FAO and ETC proteins,
suggesting that assembly of the MEC is impaired. MEC assembly, in turn, is restored

by addition of exogenous VLCAD in VLCAD KO mitochondria, demonstrating the
dependence of this process on VLCAD. Impairment of the MEC likely plays a secondary
role in many of the primary disorders of FAO or ETC and suggests new options for
therapy.
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Ultragenyx / Honorable Mention Poster Award

Title: A stochastic model of mitochondrial B-oxidation suggests a role for free
mitochondrial coenzyme A depletion in MCADD disease aetiology

Authors: Johannes C.W. Odendaal', MSc; Anne-Claire M.F. Martines?, PhD; Fentaw A.
Yazew?!, PhD; Karen van Eunen?, PhD; Terry G.J. Derks'?4, MD PhD; Barbara M. Bakker 1,
PhD

Affiliations: 1-Laboratory of Paediatrics, Centre of Liver, Digestive and Metabolic
Diseases, University of Groningen, Groningen, University Medical Centre Groningen,
Groningen, The Netherlands, 2-Department of Paediatrics, University Medical Centre
Groningen, University of Groningen, Groningen, The Netherlands 3-Department of
Laboratory Medicine, University of Groningen, University Medical Centre Groningen,
The Netherlands 4-Section of Metabolic Diseases, Beatrix Children’s Hospital, University
Medical Centre of Groningen, University of Groningen.

Correspondence: Barbara M. Bakker (b.m.bakkerOl@umcg.nl)

Background: Identical medium-chain acyl-CoA dehydrogenase (MCAD) deficiencies
(MCADD) can cause a deadly hypoglycaemia in some, while others are asymptomatic
all their lives. Downstream biochemical factors must therefore account for clinical
heterogeneity. In silico work from our group has shown that high substrate
concentrations in conjunction with a loss of MCAD might lead to the accumulation

of pathway intermediates in the mitochondrial 3-oxidation (MmFAO) and the depletion
of free mitochondrial coenzyme A (CoASH). Depletion of this integral cofactor of
mitochondrial metabolism could reduce gluconeogenic capacity by limiting ATP and
NADH production and precipitate in a hypoglycaemia.

Methods: We evaluated the priors of this hypothesis with a stochastic model of

human mFAQO. Parameter sets were pseudo-randomly picked from literature-derived
distributions. This yielded a probabilistic, instead of a deterministic, outcome. To explore
the role of MCADD in CoASH depletion, MCADD and wild-type models were generated,
as well as models with and without an acyl-CoA thioesterase (ACOT), which liberates
CoASH from their acylated form.

Results: Stochastic simulations show that MCADD tends to yield lower fluxes and lower
steady-state mitochondrial CoASH. The addition of ACOT does not increase the steady-
state CoASH, but it does substantially increase NADH production at low substrate
concentrations, while the same is not seen in high substrate.

Discussion: The increased tendency for lower CoASH in the MCADD stochastic model
points towards higher degrees of COASH sequestration in MCADD. Moreover, increased
MFAO flux in the presence of ACOT only at low substrate concentrations suggests that
MFAO flux switches from a demand- to a supply-driven pathway as substrate increases.
If the depletion of CoOASH were shown to underly the hypoglycaemia, this would
suggest reactions higher up in the B-oxidation spiral as sites to protect an MCADD
patient from pathway intermediates build-up.
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Title: Long-term experience with triheptanoin in 12 Austrian patients with long-chain
fatty acid oxidation disorders

Authors: Thomas Zdggelert, M.D.; Katharina Stock?, M.D.; Monika Jorg-Streller?;
Johannes Spenger?, M.D.; Vassiliki Konstantoupoulou?, M.D.; Miriam Hufgard-Leitner?,
M.D., M.Sc; Sabine Scholl-Burgit, M.D*; Daniela Karallt, M.D.*

*shared senior authorship
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Abstract

Background: Long-chain fatty acid oxidation disorders (LC-FAOD) are a group of

rare inborn errors of metabolism with autosomal recessive inheritance that may cause
life-threatening events. Treatment with triheptanoin, a synthetic seven-carbon fatty
acid triglyceride compound with an anaplerotic effect, seems beneficial, but clinical
experience is limited. We report our long-term experience in an Austrian cohort of LC-
FAOD patients.

Methods: We assessed clinical outcome by reviewing medical records of 12 Austrian LC-
FAOD patients.

Results: For 12 Austrian LC-FAOD patients at three metabolic centers, triheptanoin was
started shortly after birth in 3/12, and between 7.34 and 353.3 (median 44.5; mean 81.1)
months of age in 9/12 patients.

For 11 pediatric patients, mean duration of triheptanoin intake was 5.28 (median 3.87,
range 1.18 to 15.72) years and triheptanoin was well tolerated. Total hospitalization days
per year before and after trineptanoin treatment decreased by 82.3% from 27.1 (range
1N-65) days per year to 4.8 (range 0-13) days per year, and hospitalization days in the
one year pre- compared to the one year post-triheptanoin decreased by 69.8% from 27.1
(range 4-75) days to 8.2 (range 0-25) days. All patients are in good clinical condition,
show normal psychomotor development and no impairment in daily life activities.

Conclusion: In this retrospective observational study in an Austrian LC-FAOD cohort,
triheptanoin data show improvement in disease course. Triheptanoin appears to be a
safe and beneficial treatment option in LC-FAOD. For further clarification, additional

prospective randomized controlled trials are needed.

(The full paper is currently under review at Orphanet J Rare Dis.)
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Title: Primary carnitine deficiency - diagnosis after heart transplantation: Better late
than never!

Authors: Sarah C. GrUnert®™, Sara Tucci!, Anke Schumann?, Meike Schwendt?, Gwendolyn
Gramer?®, Georg F. Hoffmann?, Michelle Erbel*, Brigitte Stiller?, Ute Spiekerkoetter!
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Communicating author:
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Background: Primary carnitine deficiency due to mutations in the OCTN2 gene is
a rare but well-treatable metabolic disorder that puts patients at risk for metabolic
decompensations, skeletal and cardiac myopathy and sudden cardiac death.

Results: We report on a 7-year-old boy diagnosed with primary carnitine deficiency

2 years after successful heart transplantation thanks his younger sister’s having been
identified via expanded newborn screening during a pilot study evaluating an extension
of the German newborn screening panel.

Conclusion: As L-carnitine supplementation can prevent and mostly reverse clinical
symptoms of primary carnitine deficiency, all patients with cardiomyopathy should be
investigated for primary carnitine deficiency even if newborn screening results were
unremarkable.
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Title: Neonatal carnitine concentrations in relation to gestational age and weight.
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Background: Free carnitine is measured in the Dutch newborn screening (NBS) program
since 2007 with a referral threshold of <5 ymol/| regardless of gestational age or
birthweight. However, several studies suggest that carnitine concentrations may depend
on gestational age and birth weight. We evaluated the differences in postnatal day-to-day
carnitine concentrations in newborns based on gestational age (GA) and/or weight for
gestational age (WfGA).

Methods: A retrospective study was performed using data from the Dutch NBS. Dried
blood spot (DBS) carnitine concentrations, collected between the 3rd and 10th day of life,
of nearly 2 million newborns were included. Individuals were grouped based on GA and
WIfGA. Median carnitine concentrations were calculated for each group. Mann-Whitney U
tests and chi-square tests were applied to test for significant differences between groups.

Results: Preterm, postterm and SGA newborns have higher carnitine concentrations at the
3rd day of life compared to term newborns. The median carnitine concentration of preterm
newborns declines from day 3 onwards, and approximates that of term newborns at the 6th
day of life, while median concentrations of postterm and SGA newborns remain elevated at
least throughout the first 10 days of life. Carnitine concentrations <5 ymol/I, were found less
frequently in SGA newborns and newborns born between 32 and 37 weeks of gestation,
compared to term newborns.

Discussion: Median carnitine concentrations in NBS DBS vary with day of blood sampling,
gestational age and weight for gestational age. It is important to take these variables into
account when interpreting NBS-results.



Abstracts

Title: Marked Increase of A9 Fatty Acid Desaturation Index in Patients with Glycogen
Storage Diseases

Authors: Soraia Polonit, Dora Lucia Vallejo-Ardila4, Vaneisse Monteiro*, Sarah C.
GrUnert?, Sara Tucci?, David A. Weinstein3, Carolina F.M. de Souza*, Bruna B. dos
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Affiliations: 1-Graduate Program in Medicine: Medical Sciences, Universidade Federal
do Rio Grande do Sul,Brazil. 2-Center of Pediatrics and Adolescent Medicine, University
Hospital Freiburg, Germany. 3-Glycogen Storage Disease Program, University of
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Introduction: The endogenous metabolism of fatty acids will strongly influence their
effects in the body. Stearoyl-CoA desaturase-1 (SCD-1) is key lipogenic enzyme that
catalyzes the biosynthesis of monounsaturated fatty acids. Higher hepatic SCD-

1 activity has been associated with obesity, metabolic syndrome, insulin resistance,
bone fractures and mortality. Disturbed lipid metabolism and overweight are common
features in patients with hepatic glycogen storage diseases (GSDs), but the role of
endogenous metabolism of fatty acids has not been explored in this disease.

Aim: To describe SCD-1 indices in patients with hepatic GSDs and to explore the
association of SCD-1 indices with body composition.

Methods: Cross-sectional study. The sample included 14 patients with hepatic GSD
(type la=11; type l11=3; 50% male, median age: 9 years) and 16 healthy controls with
similar age, BMI and gender. Body composition was evaluated by bioelectrical
impedance. Blood samples were taken to measure free fatty acids in plasma by GC-MS/
MS. To estimate liver SCD-1 activity, SCD-16 [16:1(n=7)/16:0] and SCD-18 [18:1(n—-9)/18:0]
desaturation indices were determined.

Results: Patients had shorter stature than controls (median: 1.34 vs 1.56 m, p=0.012).
According BMI, 64% of patients had excess weight (n=9). Regarding body composition,
patients had higher body fat percentage (median: 27 vs 20%, p=0.039) and lower fat
free mass than controls (median: 73 vs 80%, p=0.039). SCD-16 index was 5 times higher
and SCD-18 index was 4 times higher in GSD patients (p<0.001). SCD-1 indices, however,
were not statistically associated with body fat percentage.

Conclusions: Patients with GSDs presented higher body adiposity and increased SCD-
1 activity. A high carbohydrate diet is known to increase hepatic SCD-1 expression
resulting in increased biosynthesis of monounsaturated fatty acids, what could explain
our findings. Increased SCD-1 activity might be responsible for some clinical and
biochemical features observed in GSDs.



Abstracts
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Background: Energy deficiency resulting from LC-FAOD affects many tissues, including
the nervous, cardiac, hepatic, and musculoskeletal systems, causing substantial impact
on the quality of life of patients (pts) and caregivers (cgs), including physical, social,
emotional, and mental health. Understanding this impact beyond clinical features
remains a significant unmet need.

Methods: Ongoing, open, and unstructured discussions with pts, cgs, physicians, and
medical affairs provided qualitative input regarding the daily impact of LC-FAOD based
on personal experiences of those affected.

Results: The impact of LC-FAOD lifestyle management on pts and cgs changes as new
life milestones are reached. Routines for infants and young children must be altered

as children develop social lives. Cgs must monitor nutrition, manage physical exertion,
and avoid illness in social settings and family events. In school, this becomes difficult as
cgs are not present to supervise pts, adding stress. They must rely on the vigilance of
others and the pt’s maturity to manage the disease properly. College generally brings
independence, increased social opportunities, responsibility, and pressure for students.
This pressure is amplified for pts with LC-FAOD, requiring management of nutrition,
stress, exertion, rest, and illness, and informing teachers and classmates of their
disorder. Moving for school or work can be restricted by overall health, and may require
finding a new physician or specialist where qualified choices may be scarce. Often,

the burden of managing health records falls on pts or cgs, who are often more familiar
with LC-FAOD than the physician. At any point in a pt’s life, emergency medical events
require pts or cgs to advocate and educate unfamiliar medical staff.

Discussion: LC-FAOD impacts more than the energy metabolism of pts: it affects
nearly every decision a pt or cg makes in life, requiring constant vigilance to minimize
potentially life-threatening metabolic decompensations.



Abstracts

Title: Understanding the Burden of Long-Chain Fatty Acid Oxidation Disorders for
Patients and Caregivers
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Background: Long-chain fatty acid oxidation disorders (LC-FAOD) are a group of rare,
autosomal recessive genetic disorders that impair conversion of long-chain fatty acids
into energy. Here we describe the burden of LC-FAOD in terms of physical activity and
participation in social activities on patients (Pts) with LC-FAOD and their caregivers
(CGs) as determined from an online survey.

Methods: A convenience sample of Pts with LC-FAOD (=18 years) and CGs of Pts
with LC-FAOD was invited to take the online survey (Confirmit). Pts must have been
receiving medical care from a healthcare provider for their LC-FAOD, and CGs must
not have been compensated for their care. Degree of physical activity, represented
by metabolic equivalents (METs), was calculated using NHANES Physical Activity
Questionnaire.

Results: A total of 14 adult Pts and 30 CGs reporting on 37 Pts responded to the survey,
representing 51 unique patients (UPts). The 37 Pts reported on by CGs ranged in age
from 8 months to 27 years, with only 6 Pts =18 years old. Due to symptoms of LC-FAOD,
45% of UPts had much difficulty or complete inability to perform moderately strenuous
activities, i.e., standing on their feet for 2 hours (43%), walking 1/4 mile (33%), pushing
or pulling large objects (29%), or lifting or carrying objects up to 10 pounds (29%). For
social events, 31% of UPts reported requiring special accommodations (such as special
dietary options or use of a motor chair) most or all of the time. Among UPts >5 y/o
(N=40), half (50%) did not meet World Health Organization (WHO) Recommendations
on Physical Activity in the past week (600 METs of activity). Among those who have a
job (N=7 Pts, 19 CGs), 43% of Pts and 53% of CGs were unable to meet expectations for
weekly hours set by employers because of LC-FAOD.

Discussion: LC-FAOD impart a high disease burden on Pts and their CGs. Activities that
may be considered normal for many people can prove to be very difficult or impossible
for Pts with LC-FAOD.
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Background: Triheptanoin (UX0Q07) is the first FDA-approved treatment for patients
with long-chain fatty acid oxidation disorders (LC-FAOD). Triheptanoin is administered
enterally or orally and is mixed with either beverages, standard foods, or medical foods
(metabolic formula, including single nutrient modulars), to provide propionyl-CoA as an
anaplerotic and gluconeogenic energy source in addition to acetyl-CoA. The purpose
of this research was to test the chemical and physical stability of triheptanoin when
combined with beverages, foods, and medical foods often consumed by patients with
LC-FAOD.

Methods: The chemical stability of triheptanoin was evaluated using gas
chromatography under the following conditions: mixed with skim milk or applesauce,
baked in muffins, and as part of a formula recipe using protein and carbohydrate
single nutrient modules. Visual observations monitored the stability of triheptanoin in
additional mixtures over time.

Results: No significant increases of related impurities or differences in content of
triheptanoin were observed when mixed with beverages or foods for up to 4 hours at
25°C and 40°C or when held for 48 hours at 2°C to 8°C, or when baked in muffins at
200°C and held for 7 days.

Discussion: Triheptanoin is a liquid formulation recommended to be mixed with
beverages or foods to reduce gastrointestinal side effects. This study showed

stability of triheptanoin in different beverages and foods, and when used in baking.

In conclusion, chemical and/or physical stability of triheptanoin in combination with
representative beverages and foods was demonstrated. These findings inform dietitians,
patients, and caregivers and broadens the options for administration of triheptanoin to
patients with LC-FAOD.
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Background: This study explored the continuing education (CE) needs and preferences
of dietitians in managing patients with long-chain fatty acid oxidation disorders (LC-
FAOD).

Methods: A case-based survey developed in collaboration with a dietitian with clinical
expertise in LC-FAOD was distributed via email to 672 US-practicing dietitians during
September 2019.

Results: Fifty-two dietitians completed the survey, of which 20% had previously
managed a patient with LC-FAOD.

When presented with a case-vignette of a patient with LC-FAOD, 75% would make
dietary recommendations rather than deferring to another specialist. Of those, the
majority would recommend avoidance of fasting; however, less than half would
recommend a low-fat diet, medium-chain triglyceride oil, or carnitine. Dietitians report
placing more importance on an individualized approach to dietary management than on
following a standard protocol.

Less than half of respondents were familiar with LC-FAOD pathophysiology, and even
fewer would discuss disease pathophysiology or genetics with a patient or family. The
most significant barrier to managing patients with LC-FAOD was felt to be lack of
education on LC-FAOD during training.

About half of respondents reported attending national meetings for CE while 98%
reported accessing CE online. Further, 64% prefer content that is directed to dietitians
while 36% prefer multidisciplinary content.

Conclusions: LC-FAOD management relies heavily on management by dietitians.

This study supports the need for CE on the topic of LC-FAOD, including disease
pathophysiology and dietary approaches to managing patients. Results support that CE
should be designed to address differences in dietitians’ learning preferences.
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Background: LC-FAOD are rare genetic disorders characterized by impaired fatty acid
metabolism that lead to frequent metabolic crises, hospitalizations, and high mortality.
Triheptanoin, an odd-carbon, medium chain triglyceride, is the only FDA-approved LC-
FAOD treatment.

Methods: Triheptanoin has been provided to patients (pts) with LC-FAOD since 2013
through a global EAP. Eligible pts had serious/life-threatening disease, were failing
current management and/or were unable to participate in a clinical trial. As of 31 May
2020, 118 patients have been treated through EAP. As of 1 September 2018, physician-
completed patient narratives on clinical history, manifestations, and outcomes were
obtained.

Results: As of 1 September 2018, 67 pts with LC-FAOD started triheptanoin under the
EAP, with narratives available for 60% (40/67) of pts; a majority had major clinical
events (MCEs) of cardiomyopathy (n=22) and rhabdomyolysis (n=13). Nineteen (out of
40) were hospitalized and critically ill at the time of the triheptanoin request.

Before triheptanoin, 77% (17/22) of pts with cardiomyopathy were hospitalized, and
50% (11/22) required intensive care unit (ICU) level of care, including cardiopulmonary
support. After triheptanoin, 65% (11/17) of hospitalized pts were discharged, and 64%
(7/11) of ICU pts improved and cardiopulmonary support was weaned. Overall, 73%
(16/22) showed improvements in acute cardiomyopathy MCEs.

In pts with rhabdomyolysis, 85% (11/13) showed improvement in acute rhabdomyolysis
MCEs after triheptanoin. Reductions in the frequency of rhabdomyolysis events and
lower creatine kinase levels were reported for 61% (8/13) of pts; notably, 6 of these
pts had a history of multiple events per year and reported no further episodes after
triheptanoin.

Discussion: Based on physician-reported data, triheptanoin treatment may contribute
beneficial effects in reducing acute cardiac events, improving cardiac function, and
reducing rhabdomyolysis events in pts with LC-FAOD.
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Background: LC-FAOD are a group of rare genetic disorders stemming from inborn
errors of metabolism. These chronic diseases present across a broad clinical spectrum,
punctuated by episodes of acute, life-threatening decompensation. Here we analyze
the rates of major clinical events (MCEs) that occur across all types of LC-FAOD:
rhabdomyolysis (rhabdo), hypoglycemia (hypo), and cardiomyopathy (cardio).

Methods: This was a retrospective cohort study using the PearlDiver commercial
claims database leveraging the Mariner research set. Patients were included if they
were diagnosed with LC-FAOD and had =12 months continuous enrollment in insurance
between October 2015 and June 2018. MCEs were identified via ICD-10 diagnosis
codes. Episodes of care were defined as a continuum of events associated with each
MCE diagnosis code with <28 days between each event. Baseline demographics, MCEs,
episodes of care, hospitalization, and length of stay (LOS) for inpatient events were
investigated.

Results: A total of 348 patients were included; 242 were <18 yrs of age, and 106 were
=18 yrs of age. Half (50.3%) were female. Mean duration of enrollment in commercial
insurance was 1.74 yrs (median 1.96 yrs). Among all patients, 37 (10.6%) experienced =1
rhabdo event, 27 (7.8%) experienced =1 hypo event, and 27 (7.8%) experienced =1 cardio
event. MCEs were more common among pediatric patients (Table). Hospitalization was
required for 197/804 (24.5%) rhabdo episodes of care, 134/547 (24.5%) hypo episodes
of care, and 241/418 (57.7%) cardio episodes of care. Mean inpatient LOS was 7.1 days for
rhabdo, 11.7 days for hypo, and 13.1 days for cardio.

Discussion: LC-FAOD is associated with a substantial burden of iliness for patients and
the health care system. In our study, a significant proportion of patients had MCEs,
many requiring hospitalization and 1- to 2-week hospital stays. Pediatrics

Pediatrics All

N=242 N=348
Rhabdo 28 (11.6%) 37 (10.6%)
Hypo 23 (9.5%) 27 (7.8%)
Cardio 21 (8.7%) 27 (7.8%)

Table shows number and % of patients experiencing =1 MCE. Data are only reported
when >11 patients experienced the MCE.
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Abstract: Carnitine-acylcarnitine translocase deficiency (CACTD) is a rare disorder of
long- chain fatty acid oxidation. We describe a case of a male infant who presented
on day two of life with hypoglycaemia, hyperammonaemia ("NH4) and cardiac arrest.
Triheptanoin (C7) has been very successful in our patient especially in terms of NH4
control. Background: Our patient presented at 30hrs of life with an out of hospital
cardiac arrest needing CPR, undetectably low blood glucose level, metabolic acidosis,
hyperkalaemia, hypocalcaemia, rhabdomyolysis, and "NH4. The acylcarnitine profile
demonstrated increased long chain acylcarnitines with an increased (C16 +C18:1)/C2
ratio. Pathogenic variants were identified in the SLC25A20 gene (c.326+1delG, and
c.691G>C (p.Asp23His)) (Invitae, USA). Initial management (0.75kCal/mL Monogen

+ 1% Polyjoule) provided 64% energy from carbohydrates, 11% from protein and only
25% from fat (84% MCT and 16% LCT), carnitine 50mg/kg/d and sodium-D,L-3-
hydroxybutrate 800mg/kg/d. He had 19 admissions in the first 18/12 of life including 4
acute PICU admissions, one of which required haemofiltration.

Methods: Compassionate C7 (UX007) was supplied by Ultragenyx. Dose was escalated
over 3 weeks to 2grams/kg/day in 6 divided doses. Results: Within 2 weeks of C7
commencing NH4 levels fell from a refractory base line of 120-130 (<50) umol/I to
normal levels. He had one acute admission in the last 6/12 during an intercurrent illness
with “"NH4 that responded rapidly to IV 10% dextrose infusion. Discussion: "NH4 is a
common feature of CACTD, and the mechanism is not understood. Historically various
treatments have been employed including high-dose glucose infusions, ammonium-
scavenging medications, and carbamyl- glutamate supplementation, with mixed results.
C7 has been highly effective in preventing resistant chronic "NH4 to with acute "NH4
which responds rapidly to IV dextrose.
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Abstract

Background: The most common pathogenic variants associated with long chain
3-hydroxyacyl-CoA dehydrogenase (LCHADD), medium-chain acyl-CoA dehydrogenase
deficiency (MCADD) and carnitine palmitoyltransferase Il (CPT2D) deficiencies are
c.1528G>C (gene HADHA), c.985A>G (gene ACADM) and ¢.338C>T (gene CPT2),
respectively. Since fatty acid oxidation disorders (FAOD) are not included in the
Brazilian newborn screening program, population-based studies are essential to
prevalence, early diagnosis, treatment, and neonatal screening considerations.
Objectives: To assess the frequency of ¢.1528G>C (HADHA), c.985A>G (ACADM) and
c.338C>T (CPT2) in a healthy population from Rio Grande do Sul (RS)/Brazil and to
estimate the prevalence of their associated FAOD in the state.

Methods: A thousand blood donors from RS/Brazil were included. DNA was extracted

from blood samples in EDTA using commercial kit. Genotyping was performed by real-
time PCR through Tagman® system. Exceptionally, a total of 970/1,000 individuals were
screened for c.985A>G by RFLP-PCR using the Styl enzyme.

Results: c.1528C was detected in heterozygosis in two subjects (1:500), c.985G in three
(1:323) and ¢.338T in one (1:1,000). The resulting allele frequencies were 0.001, 0.0015
and 0.0005, respectively. LCHADD, MCADD and CPT2D estimated prevalence due

to ¢.1528G>C, ¢c.985A>G and ¢.338C>T were 1:1,000,000, 1:444,444 and 1:4,000,000
individuals.

Discussion: c.1528C (HADHA) and ¢.985G (ACADM) carrier frequencies were found

to be lower than for most European countries (1:173-680 and 1:79-149). The ¢.985G
frequency was also inferior to the one related for a northern Brazilian population (1:246).
CPT2D is a rare disorder and there was no record about ¢.338T (CPT2) prevalence in a
healthy population. Our results denote the rarity of these disorders in RS, highlighting
the need to expand FAOD investigation within the country. Nevertheless, both size of
the sample cohort and allele heterogeneity should be considered.
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Background: Genetic Metabolic Dietitians International (GMDI) and the Southeast
Regional Genetics Network (SERN) have partnered under a grant from HRSA (Grant
#UH7MC30772) to create web-based nutrition management guidelines and toolkits for
inherited metabolic disorders.

Objective: Establish harmonization in treatment and monitoring to guide nutrition
therapy and to improve outcomes for individuals with very-long chain acyl Co-A
dehydrogenase deficiency (VLCAD).

Methods: Review, critical appraisal, and abstraction of 93 peer-reviewed studies and
26 gray literature (unpublished) documents, along with expert Delphi survey feedback,
nominal group process, and external review by metabolic physicians and dietitians to
develop VLCAD nutrition management recommendations. Recommendations were
graded using a rigorous system derived from the Academy of Nutrition and Dietetics.

Results/Discussion: Recommendations address topics such as the diet composition
based on disease severity, nutrition management during illness, pregnancy and lactation
and monitoring parameters. The guidelines reflect new directions in practice: allowing
breastfeeding, especially in mild and moderate phenotypes; not restricting long chain
fat < 10% of total energy for severe phenotype supplementing L-carnitine only if free
carnitine is < 10 umol/L; encouraging exercise as tolerated, establishing routine and
conditional laboratory monitoring; and careful monitoring during pregnancy and post-
partum. An accompanying online toolkit utilizes case studies to provide a practical and
accessible approach to management for professionals and consumer summaries to
empower patients. The guidelines and toolkit are available at www.gmdi.org and https://
southeastgenetics.org/ngp.
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Background: Very long chain acyl-CoA dehydrogenase (VLCAD) deficiency is an
autosomal recessive fatty acid B-oxidation disorder that results from a block in

the first intramitochondrial step of long chain fatty acid B-oxidation. The current
treatment includes avoiding fasting and maintaining a low-fat, high-carbohydrate diet
that replaces long chain triglycerides with medium chain triglycerides (MCT). Novel
messenger RNA (mMRNA) therapies enable cells to produce replacement proteins,
which affords the possibility to reverse the enzyme defect. Our previous findings
demonstrate the potential therapeutic value of this mMRNA treatment approach in
restoring mitochondrial fatty acid oxidation in VLCAD deficient cells. In this study, we
investigated the effect of therapeutic human VLCAD mRNA to rescue VLCAD activity in
VLCAD knockout mice. METHODS: VLCAD knockout mice were injected intravenously
with a single dose (0.5 mg/kg or 1.0 mg/kg) of lipid nanoparticle (LNP)-formulated
hVLCAD mRNA. 24h after injection, livers were assessed for VLCAD protein presence
using western blots and enzyme activity using the ETF fluorescence reduction assay.
Blue native gel electrophoresis (BN-PAGE) was performed on liver extracts after
hVLCAD mRNA treatment. The effects of hWVLCAD mRNA treatment on cold tolerance
in VLCAD knockout mice were also examined. Acylcarnitine profile assays in mouse
blood and liver tissues were measured by Tandem mass spectrometry.

Results: Systemic administration of LNP encapsulated VLCAD mRNA in VLCAD
knockout mice produced VLCAD protein expression which was detected 24 hours after
injection. Livers from treated mice had increased VLCAD activity and the mice were
more resistant to cold stress than untreated animals. hVLCAD mRNA treatment also
improves mouse serum acylcarnitine profile. These findings provide a first view of the
potential therapeutic value of mMRNA treatment for VLCAD deficiency. DISCUSSION:
Our findings demonstrate the potential therapeutic value of this novel mMRNA treatment
approach in restoring mitochondrial fatty acid oxidation in animal models of VLCAD
deficiency.
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Background/Objectives: Individuals with FAOD experience muscle symptoms that vary
in type, frequency and severity and severely impact physical function and quality of life.
RENOOT1 is an investigational peroxisome proliferator-activated receptor delta (PPARS)
agonist that controls genes involved in mitochondrial biogenesis and activity. RENOO1
improves energy metabolism in muscles by enhancing mitochondrial function and

may increase number of mitochondria, thus improving endurance and fatigue. Reneo

is conducting 2 studies to better understand FAOD in adults and evaluate safety and
efficacy of RENOOI.

Methods: A Phase 1B open-label study (RENOO1-102) is open in the US, soon in
Europe, to evaluate safety and tolerability of 12 weeks treatment with oral RENOO1

QD in adults with long chain FAOD. Endpoints include distance walked in 12 minutes,
symptom questionnaires and a sub-study to evaluate whole body fatty acid oxidation
and submaximal exercise tests. A second study, the FORWARD Study, is a 4-month
prospective multicenter, multinational, non-interventional study to investigate the
disease characteristics, functional and biochemical parameters and symptoms related
to FAOD using a newly developed muscle symptom questionnaire in ~90 patients with
LC-FAOD.

Discussion: Both studies will inform the development of future RENOOT1 clinical trials in
patients with LC-FAOD. Results should be available in 2021.
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Background: Mitochondrial fatty acid B-oxidation disorders (FAOD) are a
heterogeneous group of defects in fatty acid transport chain and mitochondrial
B-oxidation, affecting energy homeostasis mainly in the liver, heart and skeletal
muscles and often present with multi-system involvement, including life-threatening
manifestations. This study aims to characterize phenotypically a series of patients with
FAOD managed at three centers from Southern Brazil.

Methods: Retrospective observational descriptive multicenter case series study. Twelve
individuals assisted in three Public Health centers, with biochemical and/or genetic
diagnosis of FAOD were included.

Results: Six female and six male individuals were evaluated, with mean age at
inclusion 14.31 years (six months to 46 years) and mean age of presentation 1.5 years
(18 hours to 14 years). The most frequent diagnosis was Medium-chain acyl-CoA
dehydrogenase deficiency (n=3). Mean age at diagnosis was 8.5 years (20 days to 45
years). Genotype was confirmed in nine cases. All patients had unspecific presenting
symptoms: Hypoglycemia was the initial symptom in 83.3% of cases. Other findings
included elevated transaminases (7/12); hypotonia (7/12); developmental delay (4/12);
unspecific dysmorphisms (4/12); hepatomegaly (4/12); seizures (4/12); coma (3/12);
cardiomyopathy and arrhythmia (1/12). Two patients with CPT Il deficiency had mitral
valve prolapse and regurgitation. One patient had MADD diagnosed at age 36 and
presented symptomatic rhabdomyolysis, hypoglycemia and deep vein thrombosis. One
individual was oligosymptomatic by age 45. There was a report of HELLP syndrome in
two pregnancies. Four patients (36.3%) had siblings with previous history of sudden
death.

Conclusions: This series emphasizes the multisystemic, severe and life-threatening
character of FAOD. Larger studies should be done to better understand those
symptoms in Brazilian patients, as well as unified studies on a national basis.
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