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Long-chain fatty acid oxidation disorders (LC-FAODs) are a group of 
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by metabolic deficiencies that prevent the body from converting long-
chain fatty acids into energy. The clinical manifestations of these rare 
genetic disorders due to the resultant energy deficiency cause substantial 
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includes nutrition support by avoidance of fasting combined with the 
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clinical trial data for the recently approved therapy and agents under 
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Introduction 
The Role of Fatty Acids in Production of Energy
Fatty acids provide a major energy source for the myocardium, skeletal 

muscle, and liver via β-oxidation, which occurs in the mitochondria.1 

Short-chain and medium-chain fatty acids can enter the mitochon-

dria directly, but long-chain fatty acids (LCFAs) must be transferred 

in via a shuttle involving 3 enzymes/transporters and carnitine.2 

Once inside the mitochondrial matrix, β-oxidation progresses in a 

cycle of 4 steps, which result in the sequential cleavage of 2-carbon 

acetyl-coenzyme A (CoA) from the fatty acid chain and the transfer 

of electrons to the respiratory chain for adenosine triphosphate 

(ATP) production (Figure).2,3 Acetyl-CoA can be utilized as a substrate 

in the tricarboxylic acid (TCA) cycle to create additional reducing 

equivalents for the electron transport chain, or it can be utilized for 

ketone synthesis, an alternate form of energy for the brain, myocar-

dium, muscle, kidney, and other tissues.2 This energy is especially 

critical during periods of fasting when glucose is unavailable and 

during periods of physiologic stress. The metabolism of LCFAs to 

support creation of energy focuses on oxidation of acetyl-CoA in the 

mitochondrial TCA cycle.4 For proper TCA cycle function, inflow of 

substrates (anaplerosis) must be balanced by outflow (cataplerosis).5 

In anaplerosis, intermediates are continuously replenished to sustain 

TCA cycle function and drive ATP production. With cataplerosis, other 

intermediates are removed to drive gluconeogenesis and lipogen-

esis.4,5 This balance is critical to maintaining energy homeostasis.4-6 

Fatty acids can be classified as even-chain or odd-chain based on 

the number of carbons in the α-carbon backbone. Fatty acids having 

an odd number of carbon atoms are minor physiologic species, with 

16 and 18 carbon species predominating in food sources and tissue 

storage. Odd-chain fatty acids are oxidized identically to even-chain 

fatty acids, except that in the final round of β-oxidation, 1 molecule 

of each of acetyl-CoA and anaplerotic propionyl-Co are produced.7 

The production of propionyl-CoA is specific to odd-carbon fatty acids 

and leads to their anaplerotic properties.8 Medium odd-chain fatty 

acids can restore energy production and improve cardiac and skel-

etal muscle function until odd-chain substrates become limiting, 

a problem eliminated by use of anaplerotic odd-chain fats.7,9 

Long-chain fatty acid oxidation disorders (LC-FAODs) are rare, life-

threatening, autosomal recessive genetic disorders characterized 

by acute crises of energy production and chronic energy deficiency. 

Patients may present with rhabdomyolysis induced by exercise; fasting 

or illness; hepatic dysfunction, including severe hypoglycemia and 

hyperammonemia; and cardiomyopathy. These clinical manifestations 

can lead to frequent hospitalizations and premature death. LC-FAODs are 

caused by mutations in nuclear genes encoding mitochondrial enzymes 

involved in the conversion of dietary long-chain fatty acids (LCFAs) into 

energy during times of fasting and physiologic stress. Despite newborn 

screening, current management options leave many patients continuing 

to experience major clinical events, and mortality rates remain elevated. 

The current standard therapy for LC-FAODs is avoidance of fasting and 

supplementation of medium-chain triglyceride oil, an even, medium-

chain fatty acid that does not require the typical steps of LC-FAOD for 

metabolism. Despite this therapy, patients with LC-FAODs continue to 

experience recurring hospitalizations, and high morbidity and mortality 

rates. In recent years, the use of medium, odd-chain fatty acids, such 

as triheptanoin, have been studied as a treatment of LC-FAODs due 

to its anaplerotic properties. Due to favorable safety and efficacy data 

from clinical trials, this novel agent has the potential to transform the 

treatment of LC-FAODs and improve patient outcomes in this patient 

population. This article provides an overview of the epidemiology, 

pathophysiology, clinical manifestations, and current management 

approaches for the diagnosis and management of LC-FAODs. It also 

provides the most recent clinical safety and efficacy data for triheptanoin 

and other therapies under investigation.

Am J Manag Care. 2020;26:S139-S146

For author information and disclosures, see end of text.
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Overview of Long-Chain Fatty Acid 
Oxidation Disorders 
Fatty acid oxidation disorders (FAODs) are a group of more than 

20 life-threatening, inborn errors of metabolism caused by either 

disruption of entry of fatty acid substrates into mitochondria or 

a defect in their β-oxidation in the mitochondrial matrix.10,11 They 

are inherited as autosomal recessive conditions. Historically, they 

have been shown to lead to significant morbidity and mortality.9 

Fatty acid oxidation (FAO) is characterized as long and medium, 

based on the α-carbon chain length of fatty acyl-CoA substrates. 

Long-chain fatty acid oxidation disorders (LC-FAODs) affect the 

metabolism of fats of greater than 8-12 carbons and are caused 

by deficiencies of 1 of 3 enzymes/carriers responsible for entry 

of long-chain fats into mitochondria (the carnitine cycle) or 4 

steps of the mitochondrial β-oxidation spiral in the mitochon-

drial matrix. The end result is a deficit of reducing equivalents for 

mitochondrial oxidative phosphorylation. Symptoms in patients 

with LC-FAODs are driven by acute crises of energy production 

and chronic energy deficiency.8,12,13 In LC-FAODs, the oxidation of 

fatty acids is disrupted by deficiencies in crucial mitochondrial 

enzymes, which in turn compromises energy homeostasis and 

sparks a buildup of potentially toxic fatty acid intermediates.4 

Partial or incomplete oxidation of fatty acids leads to accumula-

tion of elevated concentrations of metabolite intermediates in 

blood and organs as well as systemic effects, such as hypoglycemia, 

hyperammonemia, and acidosis.14 Common symptoms include 

cardiomyopathy and recurrent rhabdomyolysis.

Incidence and Mortality Rates Associated 
With LC-FAODs
LC-FAODs occur with an overall incidence of 1 in 9300 individuals 

in the United States, Australia, and Germany, with a similar inci-

dence in the rest of the world.15 In the United States and many 

developed countries, FAODs are identified by newborn screening 

(NBS). Annually, there are an estimated 100 births with a confirmed 

diagnosis in the United States, with an estimated 2000 to 3500 indi-

viduals currently living with an LC-FAOD.16 Before NBS, mortality 

was as high as 60% to 90%.14 In patients identified by NBS, mortality 

is lower, but morbidity remains high, with recurrent symptoms 

and a negative impact on quality of life.8,10 

FIGURE. Metabolism of LCFAs3

Image obtained from FAOD in Focus website. https://www.faodinfocus.com/hcp/mechanism-of-disease/
Acetyl-CoA, acetyl coenzyme A; ATP, adenosine triphosphate; CACT, carnitine-acylcarnitine translocase deficiency; CPT 1, carnitine palmitoyltransferase I; CPT II, car-
nitine palmitoyltransferase II; LCFA, long-chain fatty acid; LCHAD, long-chain L-3 hydroxyacyl-CoA dehydrogenase deficiency; TCA, tricarboxylic acid; TFP, trifunctional 
protein deficiency; VLCAD, very-long-chain acyl-CoA dehydrogenase deficiency.
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Unlike LCFAs, medium-chain fatty acids:
• Bypass the carnitine shuttle and long-chain β-oxidation spiral
• Freely diffuse into the mitochondria
• Are processed by small- and medium-chain β-oxidation enzymes
• Feed acetyl-CoA directly into the TCA cycle
Once inside the mitochondria, these medium-cell fatty acids are metabolized into 
different TCA cycle substrates depending on their even- or odd-chain characteristics.
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Clinical Symptoms of LC-FAODs
The defects of LC-FAODs include both the carnitine cycle and the 

intramitochondrial β-oxidation cycle. They include carnitine palmi-

toyltransferase (CPT I or CPT II) deficiency, very long-chain acyl-coA 

dehydrogenase (VLCAD) deficiency, long-chain 3-hydroxy-acyl-coA 

dehydrogenase (LCHAD) deficiency, and trifunctional protein (TFP) 

deficiency (Table 12,13,17-22). Of these, VLCAD deficiency is the most 

common.4 In general, clinical symptoms are more similar than 

different among the disorders and, as discussed above, include 

hypoglycemia, hyperammonemia, recurrent rhabdomyolysis, and 

TABLE 1. Summary of Select Long-Chain Fatty Acid Oxidation Disorders2,13,17-22 

Type Causes Incidence Clinical presentation

Carnitine 
palmitoyltransferase I 
(CPT I) deficiency

Caused by mutations in 
the CPT1A gene encoding 
CPT IA, a liver isoform, 
preventing long-chain 
acyl-CoAs from entering 
mitochondria for fatty 
acid β-oxidation.

Fewer than 50 affected 
individuals have been identified; 
may be more common in the 
Hutterite and Inuit populations.

Birth to 18 months: related to liver metabolism 
and include hepatic encephalopathy, 
hypoketotic hypoglycemia, seizures, and 
sudden unexpected death in infancy; muscle 
and heart symptoms are absent.

Carnitine 
palmitoyltransferase II 
(CPT II) deficiency

Caused by mutations in 
the CPT2 gene encoding 
CPT II. Prevents long-
chain acyl-CoAs from 
being transported into 
mitochondria for fatty 
acid β-oxidation.

The lethal neonatal form has 
been described in at least 18 
families, whereas the severe 
infantile hepatocardiomuscular 
form has been identified in 
about 30 families. There have 
been more than 300 cases of the 
myopathic form. The late-onset 
form is the most frequent, with 
a common mutation in the 
Ashkenazi Jewish population.

Symptoms range from lethal neonatal 
to onset of muscular symptoms in 
adolescence or adulthood. A severe infantile 
hepatocardiomuscular form is usually caused 
by one severe mutation and one mild. Major 
symptoms include hypoketotic hypoglycemia 
and cardiomyopathy in infantile and recurrent 
rhabdomyolysis in adolescents or young 
adults. Cardiomyopathy does not occur in 
late-onset disease.

Very long-chain  
acyl-CoA 
dehydrogenase 
(VLCAD) deficiency

Mutations in the ACADVL 
gene cause VLCAD 
deficiency. VLCAD 
catalyzes the first 
intramitochondrial step 
of fatty acid β-oxidation.

VLCAD was originally described 
in 1992 and is now recognized 
as having an incidence of 1 in 
40,000 to 120,000 individuals, 
depending on the population.

Clinically heterogeneous, with phenotypes 
varying from severe symptoms early in 
childhood, including hypoglycemia and 
hyperammonemia with high mortality; 
to adolescent- or adult-onset of skeletal 
muscle involvement including recurrent 
rhabdomyolysis and myoglobinuria. Symptoms 
transition from early to muscular in mid-
childhood (ages 4-6 years). Cardiomyopathy 
can occur at any age. Symptoms are typically 
triggered by physiologic stress or fasting.
In patients with VLCAD, specifically, the rate of 
sudden death has been reported at 52%, with 
an overall mortality of 60%.

Long-chain 
3-hydroxy-acyl-CoA 
dehydrogenase 
(LCHAD) deficiency

Caused by a common 
mutation in the HADHA 
gene encoding the 
α subunit of TFP. It 
catalyzes the third 
step of fatty acid 
β-oxidation in the 
mitochondrial matrix.

Incidence is unknown. One 
estimate, based on a Finnish 
population, indicates that 1 in 
62,000 pregnancies is affected 
by this disorder. In the United 
States, the incidence is likely 
much lower.

Symptoms include infantile hypoketotic 
hypoglycemia with or without cardiomyopathy. 
As in VLCAD deficiency, recurrent 
rhabdomyolysis is a later symptom. 
Early death was common prior to newborn 
screening. In surviving patients, 65% 
experience skeletal myopathy with or 
without recurrent rhabdomyolysis, 21% 
develop peripheral neuropathy, and 43% 
have retinopathy.

Trifunctional protein 
(TFP) deficiency

Genetically 
heterogeneous, with 
mutations identified in 
both the HADHA and 
HADHB genes, leading 
to defects in all 3 of the 
enzymes that comprise 
the TFP complex.

Probably much less than 1 in 
100,000 births; its true incidence 
is undetermined.

Early symptoms similar to LCHAD deficiency 
but often more severe. Peripheral neuropathy 
is generalized, severe, and can be devastating. 
Pigmentary retinopathy is less dramatic than 
in LCHAD deficiency.
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acute or chronic cardiomyopathy (Table 24). Cardiomyopathy can be 

dilated or hypertrophic. The cardinal finding of hypoketotic hypo-

glycemia is variable and may not manifest in the milder forms of 

each disease. Hypoglycemia tends to dominate the clinical picture 

in infants and younger children, with rhabdomyolysis becoming 

more common in older children (>6 years of age). Cardiomyopathy 

can occur at any age. Peripheral neuropathy and retinal degenera-

tion are unique to LCHAD/TFP deficiencies.10 

NBS of LC-FAODs
Historically, LC-FAODs could only be diagnosed symptomatically, 

often after sudden or near death, as all clinical parameters returned 

to normal when patients were well. A retrospective analysis of 187 

clinically diagnosed patients with LC-FAODs concluded that mortality 

rates had not changed overall during the 3 decades before the publi-

cation.14 Even with an increased understanding of pathophysiology 

and evolving standard of care, overall there was greater than 50% 

mortality in each decade in patients who received a diagnosis symp-

tomatically. The development of acylcarnitine analysis via mass 

spectrometry allowed identification of many patients who were 

asymptomatic, but some level of clinical suspicion was necessary 

before the test was ordered. More recently, the United States and 

many developed nations have incorporated FAODs into expanded 

NBS using tandem mass spectrometry,13,23 allowing identification 

of affected infants before the development of symptoms.4 NBS and 

early intervention have diminished mortality rates for patients with 

FAODs; however, most continue to experience substantial morbidity 

due to episodes of metabolic decompensation despite treatment.4,9,10 

Clinical Management of LC-FAODs
Even though the understanding of the pathophysiology of LC-FAODs 

has expanded considerably in the past few decades, treatments 

for LC-FAODs have largely involved nutritional and symptomatic 

management. Historically, treatment has been consensus based 

as evidence-driven outcomes are limited.13 In June 2020, an agent 

specifically indicated for the treatment of pediatric and adult 

patients with LC-FAOD, triheptanoin (Dojolvi), was approved and 

will be discussed below along with agents under investigation.24 

The primary goal of nutrition management of LC-FAODs is to 

limit long-chain fat as a substrate for energy production, both by 

preventing β-oxidation and catabolism and by restricting the amount 

of dietary long-chain fat while still providing adequate nutrients for 

normal growth and development.10 The level to which fat is limited is 

reliant on the individual patient’s gene mutation and disease severity. 

Patients with LC-FAODs in mild or moderate forms typically expe-

rience intermittent symptoms at times of augmented β-oxidation, 

such as while exercising or fasting.10 Routine fasting overnight is 

safe for most patients, with a maximum of 8 to 10 hours recom-

mended by most guidelines.10,25 Medium-chain triglyceride (MCT) 

oil given 30 to 45 minutes before strenuous exercise decreases accu-

mulation of long-chain fats. Additional intake of carbohydrates and 

fluids should occur every 2 hours. Early implementation of sick-day 

protocol is recommended when symptoms of an intercurrent illness 

are present or with the development of rhabdomyolysis.25 Sick-day 

protocol can often be implemented at home with increased fluid and 

caloric intake to prevent catalysis, especially during febrile illnesses. 

However, if intake is inadequate or if myoglobinuria develops as 

detected with standard urinalysis dipsticks, then admission to the 

hospital is necessary. In the hospital, maintenance of caloric intake 

via an intravenous dextrose solution containing 10% dextrose with 

appropriate electrolytes at 1.5 times maintenance fluid infusion rate 

will provide 8 mg/kg/min of glucose, usually sufficient to suppress 

catabolism. Serum electrolytes, creatinine, and creatinine phospho-

kinase (CPK) should be monitored and treatment continued until 

the CPK is trending down. Decision to transition to enteral feeds 

and discharge from the hospital must be personalized.10,26 

The use of carnitine supplementation in LC-FAODs has not 

been well studied and is controversial.13 Supplementation is often 

considered if secondary carnitine deficiency develops; however, 

some rodent studies have suggested that long-chain hydroxyl-

acylcarnitines may induce arrhythmias.10 Patients require at least 

10% of dietary calories from long-chain fats to maintain normal 

essential fatty acid levels and may need essential fatty acid supple-

mentation if levels are low. Docosahexaenoic acid (DHA) is crucial 

for brain, visual, and immune functions and prevention of fat-

soluble vitamin deficiencies and should be supplemented in 

LCHAD/TFP deficiency.10 

Management in Infancy

Some age-specific management issues should be considered in 

LC-FAODs. Nutritional management in infancy should deliver 40% 

TABLE 2. Common Clinical Manifestations Associated With 
LC-FAODs4 

• Hypoketotic hypoglycemia, often with hepatomegaly, 
increased transaminases, and hyperammonemia, possibly 
resulting in convulsions, coma, and brain damage, typically in 
infants and young pediatric patients.

• Cardiomyopathy, with initial hypertrophy of the left ventricle, 
and sometimes accompanied by pericardial effusion. 
Arrhythmias have been observed in all LC-FAODs, except 
those caused by CPT-IA deficiency, and may occur without 
cardiomyopathy.

• Myopathy, presenting with myalgia, muscle weakness, 
exercise intolerance, myoglobinuria, and recurrent 
rhabdomyolysis. Myopathy can manifest in young children, but 
is more typical in puberty or adulthood, triggered by heavy 
exercise, post-anesthesia, or a viral infection.

CPT-IA, carnitine palmitoyltransferase IA; LC-FAOD, long-chain fatty acid 
oxidation disorder. 
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to 45% of total energy from fat, with a minimum of 10% from long-

chain fat (often increased to 20% in mild disease).10,27 Breast milk 

is high in fat content and breastfeeding may need to be halted in 

symptomatic infants.10 Infants with mild or asymptomatic disease 

may be able to breastfeed, but alternating breastfeeding with meta-

bolic formula containing MCTs or supplementing pumped breast 

milk with metabolic formula may be considered. These formulas 

are often prescribed by a metabolic physician/specialist.10

Childhood and Adult Management

In childhood and adulthood, reduction of calories from fat to 30% to 

35% of total energy is appropriate. In severe disease, the patient may 

still need to limit long-chain fat to 10% of total energy and provide 

MCTs for the remainder of the energy requirement.10,27 However, a 

10% long-chain fat diet is difficult to follow and relaxation to 20% 

is often allowed, similar to that of patients with milder disease. As 

formulas for infants with FAODs are enriched with essential fatty 

acids, essential fats may need to be supplemented when infant 

formula is halted.10 Linoleic acid (C18:2n6) and α-linolenic acid 

(C18:3n3) should comprise 3% and 1% of energy and energy intake, 

respectively, typically through supplementation with specific oils, 

such as walnut or flaxseed oil.10,27 Patients are at risk for becoming 

deficient in fat-soluble vitamins and may need supplementation. 

Additionally, fasting limitations of 8 to 10 hours are often employed.10,28 

Proper Use of MCT Oils 
Commercially available MCT oils consist of a mix of octanoate 

(C8:0), decanoate (C10:0), and some dodecanoate (C12:0) fatty acids 

esterified to a glycerol backbone with the proportions of these fatty 

acids varying from lot to lot.28 Prescription forms of MCT are essen-

tially pure trioctanoylglycerol. In general, the daily dose of MCTs 

should be equally divided across all meals, sometimes with a dose 

reserved before excessive physical activity. Infants on metabolic 

formula typically tolerate MCT oil without symptoms, but older 

patients starting treatment for the first time experience gastroin-

testinal symptoms, including abdominal discomfort, cramping, 

flatulence, bloating, and diarrhea. In this instance, reducing the 

daily dose and increasing slowly to the desired final dose usually 

resolves symptoms. MCTs can be mixed into a variety of foods 

and beverages. Additional recommendations for using MCT oils 

are found in Table 3.29

Recently Approved Therapy
Triheptanoin
Following the discovery of LC-FAODs, it was generally assumed that 

supplementation for these patients with MCT oil would prevent 

clinical symptoms, as the even-chain fats it contained could 

completely bypass the metabolism. However, clinical symptoms 

persisted in patients, and is now recognized to be due at least in 

part to depletion of odd-chain TCA cycle intermediates and subse-

quent persistent energy deficiency. In recognition of this deficit, 

triheptanoin, a food-grade supplemental heptanoyl-triglyceride, was 

proposed as a more physiologically balanced MCT as 2 cycles of FAO 

produced both 2- and 3-carbon intermediates. Early case reports on 

efficacy led to a significant compassionate-use experience with the 

medication. Two retrospective studies demonstrated considerable 

improvement in treated patients, specifically reductions in episodes 

and hospital days related to hypoglycemia, cardiomyopathy, and 

rhabdomyolysis.12,30 This, in turn, led to the development and FDA 

approval of pharmaceutical-grade triheptanoin. Triheptanoin is 

available commercially as an oral liquid supplied in a 500-mL bottle 

(supplying 8.3 kcal/mL). The target daily dose is up to 35% of the 

patient’s total prescribed daily caloric intake divided into 4 or more 

doses administered at mealtimes or with snacks. Initial doses are 

10% of the daily caloric intake and slowly increased to the target 

of 35% over 2 to 3 weeks.24 Upon ingestion, triheptanoin is rapidly 

digested to heptanoate in the small intestine and absorbed into 

the circulation. As with other medium-chain fats, heptanoate can 

diffuse across the mitochondrial membrane and be metabolized by 

the medium-chain–specific enzymes of FAO, bypassing the need 

for the carnitine cycle, the long-chain transport, and long-chain–

specific enzymes.8 The 3-carbon propionyl-CoA product of FAO is 

further metabolized to succinyl-CoA and succinate, resupplying the 

TCA cycle intermediates that are secondarily deficient in patients 

and restoring the ATP production necessary for gluconeogenesis.8,31 

Clinical Trials of Triheptanoin/UX007

Clinical trials have assessed the safety and efficacy of triheptanoin 

in the treatment of LC-FAODs. The first was a double-blinded, 

randomized controlled study that compared changes in physiologic 

function after treatment with pharmaceutically pure octanoyl or 

TABLE 3. Recommended Guidelines for Using MCT Oil29 

• Do not surpass 4-7 tablespoons per day (60-100 mL/day) 
for gastrointestinal tolerance. 

• Divide the daily dosage equally between all meals. If eating 
3 meals a day, this can be 1 or 2 tablespoons per meal. 

• Do not heat MCT oil over 150o C (302o F); otherwise, it will 
affect the flavor of the food. 

• Mix MCT oil into a variety of foods and beverages (eg, hot 
cereals, soups, sauces, broth, smoothies, fruit/vegetable 
juices, hot chocolate, coffee, tea). 

• If administered through a feeding tube, 1 tablespoon of MCT 
oil can be given with a water flush of 30 mL before and after 
its administration. 

• MCT supplementation should never be the only source of fat 
>3 weeks. After 3 weeks, high EFA-containing vegetable oil 
should be included in the diet to reduce risk of EFA deficiency. 

EFA, essential fatty acid; MCT, medium-chain triglyceride.
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heptanoylglycerol in a double-blind fashion in 32 participants. 

Patients in the C7 (triheptanoin) group experienced increased left 

ventricular (LV) ejection fraction by 7.4% (P = .046) while experi-

encing a 20% (P = .041) decrease in LV wall mass on their resting 

echocardiogram. They also required a lower heart rate (average = 6.98 

beats per minute [bpm]) for the same amount of work during 

a moderate-intensity exercise stress test when compared with 

patients taking C8 (trioctanoin) (95% CI, 0.34-13.63 bpm; P = .040) 

There was no significant difference in total energy expenditure, 

phosphocreatine recovery with acute exercise, body composition, 

incidence of rhabdomyolysis, or any secondary outcome measures 

between the groups. There were no significant differences in 

adverse effects (AEs) between C7 and C8, and the majority were 

minor and gastrointestinal in nature. The improvement in cardiac 

function in hearts with no obvious dysfunction is in keeping with 

improved cardiac outcomes in other clinical trials, whereas the 

lack of a difference in clinical outcomes reflects the short dura-

tion of the study and the relative stability of patients entering the 

study.28 The second trial was a retrospective analysis of data from 

20 of a total of 24 patients with LC-FAOD who were enrolled in a 

compassionate use protocol and treated with triheptanoin for up 

to 13 years. Hospitalization event rates, number of hospitalization 

days per year, and event rates for rhabdomyolysis, hypoglycemia, 

and cardiomyopathy were collected and compared before and after 

triheptanoin initiation (Table 412). A total of 320 hospitalizations 

were documented for 20 subjects from birth through the end of 

the study period. Mean hospitalization days per year decreased 

significantly by 67% after triheptanoin initiation (17.55 vs 5.76; 

P = .0242). Additionally, hypoglycemia events were nearly elimi-

nated with a significant reduction in events per year and hospital 

days per year. Rhabdomyolysis events and hospitalization days 

trended down but were non-significantly changed with addition 

of triheptanoin. The data collected related to cardiomyopathy 

symptoms were insufficient to assess for impact of triheptanoin 

administration. AEs related to treatment with triheptanoin in the 

20 patients included diarrhea (60%), gastrointestinal upset (55%), 

frequent loose stools (15%), and lethargy (10%).12 

Results of a study for FDA registration of triheptanoin have also 

been published. This study was a single-arm, open-label, multicenter 

phase 2 safety and efficacy study evaluating patients with severe 

LC-FAOD evidenced by ongoing related musculoskeletal, cardiac, 

and/or hepatic events despite treatment; end points were at 24 

and 78 weeks. Patients acted as their own control. After a 4-week 

run-in on current therapy, triheptanoin was titrated to a target dose 

TABLE 4. Impact of Triheptanoin/UX007 on Major Medical 
Events12

Major medical events n
Pre UX007 vs with UX007; 

% change (P value)

Mean total  
hospitalizations/yeara 16

1.94 vs 1.26;
-35% (P = .1126)

Mean total hospital  
days/yeara,b 15

17.55 vs 5.76;
-67% (P = .0242)

Mean hypoglycemia  
events/yeara,b,c 9

0.92 vs 0.04;
-96% (P = .0091)

Mean hypoglycemia total 
hospital days/yeara,c 9

8.42 vs 0.18;
-98% (P = .0257)

Mean rhabdomyolysis 
events/yeara,d 11

1.05 vs 0.68;
-35% (P = .4604)

Mean rhabdomyolysis  
total hospital days/yeara,d 9

5.94 vs 2.36;
-60% (P = .1224)

a Excludes data for 4 infants dosed within first 6 months of life.
b Excludes hospitalizations with unknown discharge dates.
c Includes only those patients with hypoglycemia events prior to treatment.
d Includes only those patients with rhabdomyolysis events prior to treatment.

TABLE 5. Impact of Triheptanoin/UX007 on Major Clinical Events8,13 

Major clinical events 
(MCEs) at 78 weeks 
(n = 29)

Annualized event rate
(number of events/year)

Annualized duration rate
(number of days/year) Total events

Pre UX007 vs with UX007; 
% change (P value)

Pre UX007 vs with UX007; 
% change (P value)

Pre UX007 vs with UX007;
 % change 

All MCEs (mean)
1.69 vs 0.88; 

-48.1% (P = .021)
5.96 vs 2.96; 

-50.3% (P = .028)
70 vs 39
-44.3%

All hospitalization 
events (mean)

1.39 vs 0.65; 
-53.1% (P = .016)

5.66 vs 2.74; 
-51.6% (P = .032)

57 vs 29
-49.1%

Rhabdomyolysis 
(mean of all events)

1.30 vs 0.83;
-36.1% (P = .119)

3.95 vs 2.79; 
-29.3% (P = .204)

55 vs 37
-32.7%

Hypoglycemia 
(mean of all events)

0.32 vs 0.02; 
-92.8% (P = .068)

1.41 vs 0.02; 
-98.4% (P = .085)

12 vs 1
-91.7%

Cardiomyopathy 
(mean of all events)

0.07 vs 0.02; 
-69.6% (P = .309)

0.60 vs 0.15; 
-75.1% (P = .288)

3 vs 1
-66.7%
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of 25% to 35% of total daily caloric intake. The incidence of and 

hospitalizations related to hypoglycemia, cardiomyopathy, and 

rhabdomyolysis were captured and compared with the year prior 

to starting in the study. Patients also were evaluated on several age/

condition-eligible end points, including submaximal exercise tests 

to assess muscle function/endurance 12-minute walk test (12MWT), 

exercise tolerance (cycle ergometry), and health-related quality of 

life (HRQOL). Twenty-nine patients (0.8-58 years) were enrolled; 

most qualified based on severe musculoskeletal disease. Twenty-

five patients (86%) completed the 24-week treatment period. At 

week 18, eligible patients (n = 8) demonstrated a 28% increase (LS 

mean = +181.9 meters; P = .087) from baseline (673.4 meters) in 

12MWT distance. At week 24, eligible patients (n = 7) showed a 60% 

increase in watts (W) generated (LS mean = +409.3W; P = .149) over 

baseline (744.6W) for the exercise tolerance test. Improvements 

in exercise tests were supported by significant improvements 

from baseline in the adult (n = 5) self-reported SF-12v2 physical 

component summary score (LS mean = +8.9; P <.001). In patients 

with severe LC-FAOD, triheptanoin interim study results revealed 

enhanced exercise endurance and tolerance and was linked with 

positive changes in self-reported HRQOL.9 At 78 weeks, there was 

a demonstrated persistent reduction of the incidence of major 

clinical events and related hospital days related to rhabdomyolysis, 

hypoglycemia, and cardiomyopathy. The composite end points of 

annualized event rate and annualized duration rate for all events 

were significantly reduced as noted in Table 5.8,13 The majority 

of AEs over both studies were mild to moderate gastrointestinal 

symptoms, including diarrhea (44%), vomiting (44%), nausea (14%), 

and abdominal pain (including abdominal discomfort, abdominal 

distention, upper abdominal pain, and gastrointestinal pain (60%). 

AEs led to dose reductions in 35% of patients in the first study and 

12% of patients in the extension study. AEs were often managed 

with smaller, frequent doses mixed with food.8,24  

Subsequently, 75 patients from previous studies were enrolled 

in a long-term safety extension and efficacy open-label phase 2 

study. Patients will begin or continue treatment with triheptanoin 

while maintaining other dietary restrictions. Primary outcome 

measures of this study include annualized LC-FAOD major clin-

ical events (rhabdomyolysis, hypoglycemia, and cardiomyopathy) 

through 84 months on treatment and monitoring for number of 

treatment-emergent AEs or serious AEs. This study is underway 

with an estimated completion date of September 2021.32  

Agents Under Development
The peroxisome proliferator-activated receptors (PPARs) are members 

of the nuclear receptor superfamily, ligand-modulated transcription 

factors that regulate gene expression of many cellular processes. 

The 3 PPARs, α, γ, and δ, are activated by lipids and are targets 

for current drug therapies.33 PPARα is primarily expressed in the 

liver, where it upregulates genes involved in lipid oxidation in the 

fasted state.34-36 PPARγ is highly expressed in adipose tissue and 

regulates adipogenesis and insulin sensitivity.37 PPARδ controls 

genes involved in cellular metabolic processes, such as glucose 

homeostasis, fatty acid mobilization and oxidation, and electron 

transport chain. PPARδ is expressed in metabolically active tissues, 

including liver, muscle, and fat.38

Bezafibrate, a relatively broad-spectrum PPAR agonist that 

increases expressions of a number of FAO genes, has been investi-

gated as a treatment for FAODs.25 Three clinical trials of bezafibrate 

have produced contradictory findings. The first trial, which was an 

open-label, 6-month pilot study with a 3-year extension, showed 

increased level of whole-body fat oxidation, improved QOL scores, 

reduced creatinine kinase levels, and diminished occurrence of 

rhabdomyolysis with bezafibrate.39,40 Results of a double-blind, 

randomized, placebo-controlled study failed to demonstrate a 

benefit of bezafibrate over placebo in clinical symptoms or FAO 

capacity during exercise.41 Finally, frequency of myopathic attacks 

was not reduced in an open-label study; however, QOL scores were 

improved.25,42 To date, there are no active trials for bezafibrate.

In September 2019, the FDA granted orphan drug designation 

to REN001, a selective PPARγ agonist, for the treatment of FAODs. 

REN001 is currently being investigated in a phase 1b trial involving 

12 patients with confirmed FAODs. The primary outcome measure 

of the study is to assess the safety and tolerability of REN001.43 

Conclusions
LC-FAODs are a heterogeneous group of disorders that have seen 

some improvement in clinical outcomes through early identifi-

cation of patients with NBS but remain problematic, nonetheless. 

Traditional therapies still leave patients at risk for episodes of 

hypoglycemia, cardiomyopathy, and rhabdomyolysis common to 

all LC-FAODs, along with peripheral neuropathy and pigmentary 

retinopathy in LCHAD/TFP deficiencies. The recent FDA approval of 

triheptanoin is likely to improve—but not eliminate—these clinical 

problems. Available clinical studies demonstrate that triheptanoin 

directly addresses TCA cycle deficiencies that arise in LC-FAODs and 

improves clinical outcomes with reduction in clinical symptoms 

and hospital days. As such, triheptanoin represents a substantial 

breakthrough that will greatly improve the treatment and manage-

ment of LC-FAODs. Thus, patients will continue to need careful 

monitoring by a team of experienced metabolic care providers 

working in close collaboration with patients’ primary care providers. 

Patients’ access to educational, financial, and support resources are 

also clear needs, given the long-term implications and the need for 

chronic access to the healthcare system. n
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The Burden of Long-Chain Fatty Acid 
Oxidation Disorders
The oxidation of fatty acids provides almost 80% of the energy 

required by body organs, including the heart, liver, and skeletal 

muscle, especially during periods of fasting when tissue glycogen 

stores decrease. During fasting or periods of moderate exercise 

or stress, the oxidation of fatty acids provides energy for cardiac 

and skeletal muscle while sparing glucose for use by the brain and 

central nervous system. Fatty acid oxidation disorders (FAODs) 

comprise more than 20 defects in mitochondrial β-oxidation and 

fatty acid transport and are inherited in an autosomal recessive 

pattern.1,2 Newborn testing for FAODs varies from state to state in 

the United States, but experience over time with this screening 

has demonstrated that the overall combined incidence of FAODs 

within the United States, Australia, and Germany encompasses a 

total of 5,256,999 newborns, delineated as a combined incidence 

of approximately 1:9300 live births.3,4  

Long-chain fatty acids (LCFAs) encompass most fatty acids in 

both the human diet and body stores, with more than 15 enzymes 

involved in their oxidation processes. Genetic mutations in genes 

encoding these enzymes lead to long-chain fatty acid oxidation 

disorders (LC-FAODs), resulting in derangements in energy homeo-

stasis. LC-FAODs are now more easily screened for after birth and 

many asymptomatic individuals with these disorders are identified, 

but many patients still develop symptoms. These symptoms appear 

during catabolic situations, such as fasting, leading to a heteroge-

neous variety of presentations, including hypoketotic hypoglycemia, 

liver dysfunction, rhabdomyolysis, cardiomyopathy, and even early 

death.5 Dietary therapy is used most frequently to manage patients 

with LC-FAODs, but treatment varies depending on the individual 

disorder and severity of the underlying enzyme deficiency. The actual 

effectiveness of therapy is typically reported on a case-by-case basis 

instead of controlled clinical trials. However, one retrospective study 

of 187 patients diagnosed with LC-FAODs demonstrated that overall 

mortality rates have not changed significantly over the past 3 decades, 

even with improvements in patient management. Overall, mortality 

remains greater than 50% in each decade, and some indications have 

Long-chain fatty acid oxidation disorders (LC-FAODs) represent a group 

of rare inborn errors of metabolism characterized by acute crises of 

energy metabolism and severe energy deficiency. Clinical manifestations 

include rhabdomyolysis, liver dysfunction, severe hypoglycemia, and 

cardiomyopathy. The symptoms associated with these genetic disorders 

may result in frequent hospitalizations and early death. Many patients 

with LC-FAODs experience major clinical events and significant morbidity 

and mortality that portends a substantial need for better therapeutic 

options for these disorders. Triheptanoin was recently approved for 

the treatment of LC-FAODs. As with any novel agent for rare diseases, 

the treatment adoption and coverage criteria for rare disease therapy 

such as this presents challenges for managed care decision makers. 

Both managed care decision makers and specialty pharmacists must 

ensure that healthcare professionals provide appropriate patient 

and caregiver education surrounding the management of LC-FAODs, 

including vital information on adopting emerging agents into the therapy 

armamentarium for these disorders.

Am J Manag Care. 2020;26:S139-S145

For author information and disclosures, see end of text.

R E P O R T

Long-Chain Fatty Acid Oxidation Disorders:  
Managed Care and Specialty 

Pharmacy Implications 
Alan Pannier, PharmD, MBA

ABSTRACT



S140  AUGUST 2020 www.ajmc.com

R E P O R T

shown higher mortality rates ranging from 60% to 95% during the 

review period. Newborn screening and early treatment may reduce 

mortality and improve outcomes but data from long-term studies 

are not available and patients with LC-FAODs continued to experi-

ence a major decompensation rate of about 25% despite diagnosis 

and standard treatment in the 2 years post birth in one study.6-8  

Previous data have outlined the hospitalization burden associ-

ated with LC-FAODs. For example, data on long-term outcomes in 

patients with LC-FAODs demonstrated that patients averaged 1.94 

hospitalizations annually for their disease, with 17.55 mean total 

hospital days per year. Hospitalization for rhabdomyolysis events 

was estimated at 1.05 events annually and hospitalization for hypo-

glycemia events was estimated at 0.92 events per year.6 More recent 

data from the triheptanoin Early Access Program (EAP) showed that 

among 91 patients with LC-FAODs who were critically ill before 

receiving triheptanoin therapy, 51% had rhabdomyolysis, 37% had 

cardiomyopathy, and 15% had hypoglycemia. Most patients also 

experienced multiple events and recurrent metabolic crises despite 

other treatment before administration of the protocol drug.9 Other 

data have linked LC-FAODs to a chronic cardiac disease phenotype 

and hypertrophic remodeling of the heart triggered by a mild yet 

chronic energy deficiency.10 These data emphasize a need for better 

and more individualized treatment strategies to prevent this type 

of decompensation that can result in hospitalization and signifi-

cant morbidity and mortality.6,9  

Quality of Life Impact
There is limited information regarding the impact of the symp-

toms associated with LC-FAODs on quality of life (QOL) in affected 

patients and families compared with healthy peers.11 However, 

various publications have revealed that patients with LC-FAODs 

experience substantially diminished health-related QOL (HRQOL) 

with negative impacts on physical, mental/emotional, and social 

functioning.12,13 In one study, Siddiq et al investigated the care-

giver experiences of those with children with inherited metabolic 

diseases, its impact on child and family health, and interactions 

with the healthcare system.14 Investigators determined that many 

patients and caregivers experience increased stress and anxiety 

and have uncertainty and fear about the condition itself as well 

as long-term consequences.14 It is important to note that parents 

and caregivers of a chronically ill child are at greater risk of a lower 

HRQOL, experience more posttraumatic stress symptoms, and report 

higher levels of distress than parents of healthy children. Studies 

indicate that parental psychosocial problems affect the well-being 

of the child.11 In addition, although there are some limited data from 

early attempts at patient follow-up, more systematic monitoring 

of HRQOL and the psychosocial impact of LC-FAODs is needed in 

the future, including the functioning of patients in daily practice 

and comparison of their QOL to that of the general population.11 

The Economic Burden of Rare Diseases and Their 
Management
Rare Disease Numbers and Statistics
Although the approximate incidence and prevalence of LC-FAODs 

has been enumerated, data surrounding the economic burden 

presented by these disorders are markedly lacking. An indirect 

comparison exploring rare disease in general can be made to assess 

the economic burden and costs of care associated with such disor-

ders, including potential new therapies in development. Statistics 

compiled by America’s Biopharmaceutical Companies notes that 

more than 30 million individuals in the United States are living 

with some form of rare disease. Rare disease is usually defined as 

affecting fewer than 200,000 people in the United States and may 

be acute or chronic in nature. The compiled statistics outline the 

challenging nature of these diseases.15 

• Approximately 7000 rare diseases have been identified; however, 

just 5% of them have documented treatments available. Most 

of these diseases are life-threatening, emphasizing the need 

for new pharmacologic agents for therapy.

• More than 600 orphan drugs have been approved by the FDA 

since the passage of the Orphan Drug Act in 1983. This is in 

comparison to the fact that fewer than 10 agents had been 

approved for rare diseases in the decade prior to this legislation. 

• A critical factor impacting new drug development is that 

80% of rare diseases are genetic in origin. Progress in delin-

eating these diseases at the molecular and genetic levels is 

crucial to drug development and advances in therapy, but it 

is important to note that the underlying causes of many rare 

diseases remain unclear. 

• Approximately 560 agents are currently undergoing devel-

opment for the treatment of rare diseases, encompassing a 

variety of disorders and organ systems.

The Economic Burden of Rare Diseases: Minimal 
Data and Potential Frameworks for Analysis
Data surrounding the economic burden of rare diseases are lacking, 

which is also the case for LC-FAODs. One European analysis, the Social 

Economic Burden and Health-Related Quality of Life in patients with 

Rare Diseases in Europe study, assessed direct and indirect costs of 

10 rare diseases ranging from the more common cystic fibrosis to 

the rarer Prader-Willi syndrome. The results showed that the cost 

evidence on rare diseases is very scarce. The more common rare 

conditions (eg, cystic fibrosis, hemophilia) were better studied, but 

others had very limited cost information available. Total lifetime 

costs were found across 4 diseases and 5 disorders. Data availability 

correlated with the existence of a pharmacologic therapy for the 

disease, and indirect costs accounted for a substantial portion of 

the total healthcare costs. Additionally, most of the rare diseases 
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studied were associated with significant direct and indirect costs 

in terms of economic burden.16  

Delineating the actual economic burden of rare disease goes 

beyond looking at direct and indirect costs incurred, as seen 

with many more common disorders. Rare diseases have fiscal 

impacts beyond healthcare costs. A study of the disorder heredi-

tary transthyretin-mediated amyloidosis outlined a significant 

public health burden beyond the standardly measured healthcare 

costs. This study developed a fiscal cost model based on frame-

works used to evaluate both disease burden and investments 

in healthcare technologies. Using a model evaluating patient 

income and subsequent tax payments, they assessed different 

scenarios based on disease onset, diagnosis, progression, and 

survival in terms of healthcare costs, government benefits paid 

to the patient, and the patient’s tax payment contributions over 

their lifetime. Different scenarios provided different economic 

results. As an example, a patient who received an early diagnosis 

and then exhibited median disease progression but an early death 

paid fewer taxes but received more in terms of pensions, disability 

payments, and healthcare than the general population. Such fiscal 

models can inform stakeholders how changes in morbidity and 

mortality from different patient scenarios can impact costs and 

expenditures, including public costs beyond the usually analyzed 

healthcare costs.17,18 

Evaluating the Economics for Rare Disease 
Management: The Rise of Specialty Therapies
Over the past few years, the FDA has approved a substantial number 

of treatments for rare diseases. Most healthcare stakeholders want 

to see a continual progression of rare disease research and therapy 

development; however, treatment of these disorders, especially those 

with an underlying genetic basis, can have prohibitively high costs. 

These costs can make investment in research and development 

difficult at best, and the debate surrounding payment strategies 

and pricing models to address the high cost of rare disease therapy 

is ongoing.19 

The overall global market for orphan drugs is in a period of 

marked acceleration. Worldwide sales of orphan drugs reached a 

peak of $100 billion in 2015, and that value is expected to more than 

double by 2022. By that point, these drugs will represent more than 

one-fifth of all prescription drug sales.20,21 More recent data from the 

annual analysis done by EvaluatePharma predicts approximately 

$217 billion in sales from orphan drugs in 2024.22 One key factor that 

drives orphan drug spending has been the higher acquisition costs 

associated with these agents. A recent study showed the annual 

costs for orphan agents to be as much as 5 times higher than for 

nonorphan drugs, estimated at $140,443 versus $27,756, respec-

tively.20,21 In the United States, the use of orphan agents has been 

enhanced by legislative and regulatory incentives. Additionally, 

orphan therapies have not always been associated with barriers to 

insurance coverage due to the small patient population impacted 

and the lack of alternative therapies.20 However, while the patient 

populations may be small, it remains that billions of dollars are 

invested into performing clinical trials, regulatory approval, and 

marketing and commercialization of new agents for treatment 

of rare diseases. Payers and health systems in the United States 

have not actually made enough effort to understand if and how 

rare diseases require special considerations or how to adapt more 

standard methods of health technology assessment and economic 

evaluation to fit rare disease management. Multiple factors come 

into play when considering a new agent or technology, including20:

• Nature of the rare disease, including impact on patients 

and caregivers

• Impact of the new technology (eg, benefits vs risks, robust-

ness of research evidence)

• Budget impact for specialized services

• Impact of the new technology beyond health benefits (eg, 

personal social services)

• Impact of the new technology on delivery of specialized services 

(eg, staff training to use the new technology)

One such rare disease evaluation framework was developed in 

Canada for use in making decisions surrounding rare disease and 

associated therapy funding. The framework created by the Ontario 

Public Drug Program consists of 7 steps, with sustainability based on 

adequate evidence from clinical studies about the emerging agent, 

including the feasibility of clinical trials given the disease rarity and 

a threshold for rarity of the disorder itself (Figure23). The natural 

history of the disease must be reviewed along with the purported 

effectiveness of the new agent to fully delineate elements of the 

agent’s effect. Potential long-term effectiveness can then be inte-

grated into the disease model to assess uncertainty and costs can 

be incorporated via a budget impact model.23-25 

There is also updated information available from the Institute 

for Clinical and Economic Review (ICER) surrounding treatments 

for ultrarare diseases (defined as affecting fewer than 10,000 indi-

viduals in a population). Although they will neither change their 

approach to rating evidence using their own matrix nor require 

different standards of evidence, ICER will provide specific content 

surrounding potential challenges of generating evidence for treat-

ments for these rare conditions. These may include challenges to 

conducting randomized clinical trials, validating surrogate outcome 

measures, and obtaining long-term efficacy and safety data on a 

particular therapy. ICER will attempt to produce a cost-effectiveness 

model for every new treatment that acknowledges and highlights 

the additional uncertainty in translating patient outcomes into 

the standard quality-adjusted life-year (QALY) or equal value of life 
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gained (evLYG) measures. ICER will work to provide willingness-to-

pay threshold results per QALY/evLYG over a specific range and will 

also investigate to find mapping studies that may allow surrogate 

outcomes to be translated into QOL measurement.26 

Applying an Economic Model to LC-FAOD Therapy
Looking at an emerging therapy through such a lens, one can 

consider triheptanoin. Evaluating this new therapy through the lens 

of value assessment, triheptanoin is intended to provide patients 

with medium-length, odd-chain fatty acids that can be metabolized 

to increase intermediate substrates in the metabolic process. The 

drug can also be converted to new glucose, providing a potential 

additional therapeutic effect.27 

Considering the early data on the effects of this agent on patient 

hospitalizations for LC-FAODs noted previously, triheptanoin 

therapy resulted in a 35% reduction in mean hospitalizations 

annually, decreasing from 1.94 hospitalizations per year to 1.26; 

P = .1126). There was also a 67% reduction in mean total hospital 

days annually (5.76 days vs 17.55 days before treatment; P = .0242). 

Hospitalization event rates for rhabdomyolysis changed from 1.05 

events annually at baseline to 0.68 events per year after treatment 

(P = .4604) and the hypoglycemia event rate decreased by 96% (0.92 

at baseline vs 0.04 following triheptanoin administration; P = .0091).6 

More recent efficacy data exist from an open-label phase 2 study 

assessing the agent by its impact on the frequency and duration of 

major clinical events (eg, hospitalizations, emergency department 

visits, and emergency home visitations for symptoms related to 

LC-FAODs). Results demonstrated that triheptanoin decreased mean 

annualized event rates by almost half from 1.69 to 0.88 events per 

year (P = .021), with the mean annualized duration rate decreasing 

from 5.96 to 2.96 days annually (P = .028). Data such as these show 

the drug’s potential benefit in reducing disease burden and direct 

medical costs associated with symptomatic events. As a result of 

the efficacy and medical cost offsets, the newly approved product 

has an annual therapy costing approximately $138,000 per patient 

per year.27 It must also be noted that in April 2019, triheptanoin was 

granted a fast-track designation and rare pediatric disease designa-

tion by the FDA for treatment of LC-FAODs, further commenting on 

the potential overall value of this therapy.28 This fast-track status 

led to the recent FDA approval of triheptanoin in June 2020.29 

Managed Care Considerations in Treatment of 
Rare Diseases, Including Emerging Therapies
Managed Care Providers and Patient 
Population Data
Health plans and payers who can provide information surrounding 

patient population data can also provide a 

more in-depth view into the management of 

patients with rare diseases. Rare diseases in 

general take longer to diagnose, incur greater 

rates of hospitalization, require oversight by 

both primary care providers and specialists, and 

usually require a greater volume of diagnostic 

tests and procedures for optimal management. 

In addition, rare diseases, especially those with 

symptoms of variable severity and appearance, 

may incur substantial healthcare resource 

utilization, complicated by uncertainty around 

technologies needed for diagnosis and espe-

cially for options surrounding treatment.30-32 

In a managed care setting, intensive analysis 

of population health data surrounding a rare 

disease can help further educate providers 

to gain a better and more comprehensive 

understanding of symptoms, treatments, 

and procedures needed for optimal disease 

management. A clearer and more complete 

understanding of risk factors and treatment 

options for patients with rare diseases will 

help support health plans in optimizing the 

overall health of their patient population. Such 

an inclusive approach and data analysis could 

FIGURE. Ontario Policy Framework for Funding Rare-Disease Interventions23

Adapted from: Value Health, Vol. 15/No. 6; Winquist E, Bell CM, Clarke JT, et al, “An evaluation framework 
for funding drugs for rare diseases,” pages 982-986 © 2012, with permission from Elsevier.
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improve patient outcomes and even patient QOL while reducing 

the economic burden associated with rare disease.30 

Managed care professionals have several considerations when 

determining access to orphan drugs. Necessary considerations for 

new agents in development and their potential future coverage and 

availability include33:

• Timing: when will payers be impacted?

• Clinical effectiveness: is this agent better than other avail-

able options?

• Patient experience: will this positively or negatively impact 

patients? 

• Payer impact: will this influence prescription spend? 

Addressing the High Treatment Costs for Rare 
Disease in the Managed Care Setting
Managed care providers and organizations continue to debate 

the best strategies to address the high costs of rare disease treat-

ment to provide optimal care for patients with these conditions. 

One recent managed care pharmacy survey by the publication 

Managed Healthcare Executive asked managed care consultants, 

health plans, and pharmacy benefit managers to identify the 

best long-term approach to managing rare disease costs. Results 

demonstrated that 28% of participants called for a more inte-

grated health approach by benefit managers surrounding the 

total cost of care across the healthcare continuum. In addition, 

22% of participants called for a National Institute for Health and 

Care Excellence-based approach or even ICER-based limitations 

for some therapy access that would center on a measure of cost-

benefit (eg, cost or impact on QALY). Data also showed that 19.6% 

of respondents suggested better assessment of treatment risk 

versus benefit and discontinuation when clinically appropriate. 

However, the National Organization for Rare Disorders (NORD) 

offered cautionary statements on implementing such stringent 

procedures. Per the vice president of Regulatory and Government 

Affairs at NORD, the FDA is approving a record number of orphan 

therapies with a corresponding increase in record prices set for 

these agents. Utilization management strategies are the cornerstone 

to controlling overall healthcare costs when multiple brand-name 

agents, generics, or biosimilar alternatives are available. However, 

many patients with rare diseases often have just 1 option for 

treatment. More aggressive utilization management techniques 

will not work in these circumstances.19 Recognizing the need for 

rare disease treatments, managed care organizations have begun 

expanding medical necessity criteria to go beyond simple physi-

cian attestation of disease alone. The shift is to require testing and 

rigorous documentation to support the diagnosis and confirm the 

medical necessity of these high-cost therapies. In some instances, 

organizations have moved to stringent criteria that limit therapy 

strictly to p specific patient populations who were studied in 

clinical trials  as opposed to standard FDA-approved indications. 

The goal of this shift in management approach is to better manage 

cost by ensuring appropriate utilization in the absence of lower 

cost alternative therapies. 

The Role of the Specialty Pharmacist in Rare 
Disease Management
The Specialty Pharmacist as Part of the 
Interprofessional Healthcare Team 
Specialty pharmacies play a critical role at the center of pharma-

ceutical treatments for rare diseases. Often, specialty pharmacies 

utilize a team of clinicians and administrative staff to manage 

these patients. Activities include coordination with payers through 

the authorization process, drug and disease education to patients, 

and coordination of medication delivery and administration as 

well as alternative coverage opportunities using patient assistance 

programs. This can be a period of high anxiety for the patients and 

those assisting in their care. Having the support from the specialty 

pharmacy team is critical in ensuring appropriate use of these 

extremely high-cost medications.34

Specialty pharmacists must work in concert with other members 

of the multidisciplinary and interprofessional healthcare team 

to help mitigate the impact of rare diseases in both patients with 

these disorders as well as their families and caregivers. This type 

of support requires precise coordination among the patient, care-

givers, physicians, specialists, pharmacists, payers, and drug 

manufacturers. The patient-centered approach that is needed 

extends well beyond dispensing therapies. Specialty pharmacists 

must focus on all the fundamentals involved in patient manage-

ment in rare diseases, especially compassionate and effective 

communication surrounding the administration and use of the 

prescribed agent, the nature of the disease itself, and any concomi-

tant patient conditions and comorbidities. Many patients with rare 

diseases require multiple therapeutic agents, and the treatment 

regimens to manage their symptoms and prevent or limit adverse 

effects can be quite complex. The intensive skills of the specialty 

pharmacist may be needed around the clock to provide the neces-

sary patient and caregiver education and support that enhances 

patient–prescriber interactions.35 

Triheptanoin is supplied as an oral liquid in a 500-mL glass 

bottle and requires the patient or caregiver to draw appropriate 

doses and self-administer either orally or enterally. Specialty phar-

macists can help clarify administration questions and coordinate 

with the healthcare team to optimize care. If a patient has diffi-

culty tolerating a quarter of the total dose 4 times daily, the dose 

can be further reduced and given more frequently. If the patient 

experiences gastrointestinal adverse effects, the total daily dose 

can be reduced and more slowly increased back to target. It can 
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be mixed with semi-solid food or liquids such as plain or artifi-

cially sweetened fat-free yogurt, fat-free milk, formula or cottage 

cheese, whole grain hot cereal, and fat-free low-carbohydrate 

pudding, smoothies, applesauce or baby food and given orally or 

through a feeding tube. It should be prepared and administered 

in compatible containers, syringes, or measuring cups made of 

stainless steel, glass, high-density polyethylene, polypropylene, 

low-density polyethylene, polyurethane, and silicone. It should 

not be administered using plastics made of polystyrene or poly-

vinyl chloride. Triheptanoin should be thoroughly mixed into the 

desired food or liquid and can be stored refrigerated for up to 24 

hours after being mixed.29 

In addition to helping patients with rare diseases with both 

their general and specific needs, the specialty pharmacist can 

increase the prescriber’s visibility into factors affecting therapy 

access, adherence, and outcomes by providing actionable updates 

to improve the overall management pathways.35 Advances in drug 

development in precision medicine require delicate and careful 

management, considering the overall costs to patients, payers, and 

society. In the case of rare diseases, the smaller the patient popula-

tion affected, the higher likelihood of having a semi-exclusive or 

exclusive specialty pharmacy dispensing channel, thus allowing 

better data management, flexibility, and ability to identify and 

manage therapy results and trends in affected patients.35 As more 

pharmacies enter the rare disease market, they must put in place 

the structure and technology to assist every individual patient 

using these potentially complex therapies. Pharmacy programs 

will need to incorporate specialized teams with the ability to use 

program-specific technologies that will lead them through the 

patient management process and collect and analyze data on the 

use of these new agents. Overall, pharmacies must develop and 

implement programs that differ substantially from those for other 

specialty drugs to provide optimal patient management in the rare 

disease landscape.36 The specialty pharmacist will be at the center 

of managing patients and therapies that require high-touch, greater 

distribution control, and more real-time data. These pharmacists 

must help channel rare disease treatments to those who need them 

the most, and in their specialty setting, they are the practitioners 

most ideally suited to meet this need.35 

Conclusions
LC-FAODs are rare diseases, and the symptoms associated with these 

genetic disorders may result in significant morbidity and mortality, 

including frequent hospitalizations and even early death. With the 

potential for a novel agent on the horizon to treat LC-FAODs, new 

challenges in managing both the clinical and economic burdens 

of these disorders will arise for managed care decision makers 

and specialty pharmacists. These healthcare professionals must 

thoroughly assess emerging agents for therapy in terms of efficacy, 

safety, and cost-effectiveness, using evolving algorithms and path-

ways for determining their optimal use in individual patients. They 

must also provide appropriate patient and caregiver education on 

adopting emerging agents into therapy plans in concert with the 

multidisciplinary and interprofessional healthcare team to optimize 

patient therapy and improve outcomes in patients with LC-FAODs. n
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Sample of Online Posttest
Choose the best answer for each of the following:

1.  Which of the following are clinical manifestations 
related to long-chain fatty acid oxidation disorders 
(LC-FAODs)?  
A. Cardiomyopathy and hyperglycemia 

B. Cardiomyopathy and diabetes 

C. Hyponatremia and hyperammonemia 

D. Hypoketotic hypoglycemia and rhabdomyolysis 

2. LC-FAODs are inborn errors of metabolism due to a 
disruption of fatty acid substrates into which part of the 
cell structure? 
A. Golgi apparatus 

B. Mitochondria 

C. Nucleus  

D. Ribosomes

3. Parents/caregivers of chronically ill children who are 
at a greater risk of a lower health-related quality of life 
often experience which of the following issues?
A. Posttraumatic stress

B. Neuropathy

C. Insomnia

D. Myocardial infarction

4. When using even medium-chain triglyceride (MCT) oil, it 
is important that patients do not exceed:
A. 2-3 tablespoons per day

B. 3-5 tablespoons per day

C. 4-7 tablespoons per day

D. 5-8 tablespoons per day 
 
 

5. Which of the following correctly describes the properties 
of triheptanoin?
A. It is an odd-chain fatty acid that can directly enter the 

mitochondria where it is metabolized into acetyl-CoA 
and anaplerotic propionyl-CoA.

B. It is an odd-chain fatty acid that requires a carnitine 
shuttle to enter the mitochondria where it is metabo-
lized into acetyl-CoA.

C. It is an even-chain fatty acid that can directly enter the 
mitochondria where it is metabolized into acetyl-CoA 
and cataplerotic propionyl-CoA.

D. It is an even-chain fatty acid that requires a carnitine 
shuttle to enter the mitochondria where it is metabo-
lized into acetyl-CoA and anaplerotic propionyl-CoA.

6. Which of the following is a common adverse effect  
associated with triheptanoin administration?
A. Abdominal pain 

B. Constipation 

C. Headache

D. Hyperglycemia

7. An 18-year-old girl who received a diagnosis of LC-FAOD 
presents with increasingly recurrent gastrointestinal 
(GI) issues including abdominal discomfort, bloating, and 
diarrhea. During clinical assessment, it is revealed that 
the patient has been taking the total daily dose of MCT oil 
at breakfast. What recommendation can be suggested to 
reduce or alleviate her GI issues? 
A. Discontinue MCT oil 

B. Supplement with carnitine 

C. Take MCT oil on empty stomach 

D. Equally divide the daily dosage of MCT oil among all 
meals during the day
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8. A newborn male child has been diagnosed with an 
LC-FAOD. What is the estimated rate for substantial 
decompensation in terms of his illness in his first  
2 years of life? 
A. 15%

B. 20%

C. 25%

D. 30%

9. Per current estimates, what is the approximate monetary 
value predicted for sales of orphan drugs in 2024?
A. $167 billion

B. $217 billion

C. $267 billion

D. $317 billion

10. In the Managed Healthcare Executive managed care 
pharmacy survey on rare diseases, what percentage 
of participants requested a more integrated approach 
by benefit managers surrounding the total cost of care 
across the healthcare continuum? 
A. 18%

B. 23%

C. 28%

D. 33% 
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