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INDICATION & USAGE
ONGENTYS® (opicapone) capsules is indicated as adjunctive treatment 
to levodopa/carbidopa in patients with Parkinson’s disease (PD) 
experiencing “off” episodes.

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS
ONGENTYS is contraindicated in patients with:
 •  Concomitant use of non-selective monoamine oxidase (MAO) inhibitors.
 •  Pheochromocytoma, paraganglioma, or other catecholamine 

secreting neoplasms.

WARNINGS & PRECAUTIONS
Cardiovascular Effects with Concomitant Use of Drugs Metabolized 
by Catechol-O-Methyltransferase (COMT)
Possible arrhythmias, increased heart rate, and excessive changes in 
blood pressure may occur with concomitant use of ONGENTYS and 
drugs metabolized by COMT, regardless of the route of administration 

(including inhalation). Monitor patients treated concomitantly with 
ONGENTYS and drugs metabolized by COMT.

Falling Asleep During Activities of Daily Living and Somnolence
Patients treated with dopaminergic medications and medications that 
increase levodopa exposure, including ONGENTYS, have reported falling 
asleep while engaged in activities of daily living, including the operation 
of motor vehicles, which sometimes has resulted in accidents. If a patient 
develops daytime sleepiness or somnolence, consider discontinuing 
ONGENTYS or adjusting other dopaminergic or sedating medications and 
advise patients to avoid driving and other potentially dangerous activities.

Hypotension/Syncope
Monitor patients for hypotension and advise patients about the risk for 
syncope. If these adverse reactions occur, consider discontinuing ONGENTYS 
or adjusting the dosage of other medications that can lower blood pressure.

Dyskinesia
ONGENTYS potentiates the effects of levodopa which may result in 
dyskinesia or exacerbate pre-existing dyskinesia. Reducing the patient’s 

References: 1. ONGENTYS [package insert]. San Diego, CA: Neurocrine Biosciences, Inc; 2020. 2. Data on fi le. Neurocrine Biosciences, Inc. 3. Rocha J-F, Falcão A, Santos A,
et al. Effect of opicapone and entacapone upon levodopa pharmacokinetics during three daily levodopa administrations. Eur J Clin Pharmacol. 2014;70(9):1059-1071.

Under license from

ONGENTYS® (opicapone) capsules is an early 
levodopa/carbidopa partner for off time in PD.1,2

First and only once-daily COMT inhibitor1

As carbidopa protects levodopa from the 
DDC enzyme, ONGENTYS protects levodopa 
from the COMT enzyme in the periphery1,3

Complete the set. Get started at: 
ONGENTYSHCP.com/journal
COMT=catechol-O-methyltransferase; DDC=dopa decarboxylase; 
PD=Parkinson’s disease.

 levodopa dosage or the dosage of another dopaminergic drug may reduce 
dyskinesia that occurs during treatment with ONGENTYS.

Hallucinations and Psychosis
Consider stopping ONGENTYS if hallucinations or psychotic-like behaviors 
occur. Patients with a major psychotic disorder should ordinarily not be 
treated with ONGENTYS.

Impulse Control/Compulsive Disorders
Patients may experience intense urges (eg, gambling, sexual, spending 
money, binge eating) and the inability to control them. It is important 
for prescribers to specifi cally ask patients or their caregivers about the 
development of new or increased urges.
Re-evaluate the patient’s current therapies for Parkinson’s disease and 
consider stopping ONGENTYS if a patient develops such urges while 
taking ONGENTYS.

Withdrawal-Emergent Hyperpyrexia and Confusion
A symptom complex resembling neuroleptic malignant syndrome (elevated 
temperature, muscular rigidity, altered consciousness, and autonomic

instability) has been reported in association with rapid dose reduction or 
withdrawal of drugs that increase central dopaminergic tone. There were no 
reports of neuroleptic malignant syndrome in ONGENTYS controlled clinical 
studies. When discontinuing ONGENTYS, monitor patients and consider 
adjustment of other dopaminergic therapies as needed.

ADVERSE REACTIONS
The most common adverse reactions (incidence at least 4% and greater 
than placebo) were dyskinesia, constipation, blood creatine kinase 
increased, hypotension/syncope, and weight decreased.

You are encouraged to report negative side effects of prescription 
drugs to the FDA. Visit MedWatch at www.fda.gov/medwatch or call 
1-800-FDA-1088.

Please see next page for Brief Summary and 
neurocrine.com/ongentyspi for full Prescribing Information.
©2020 Neurocrine Biosciences, Inc. All Rights Reserved. CP-OPC-US-0021 09/2020

This advertisement and the information contained herein is intended for use by U.S. healthcare professionals 
only. Neurocrine Biosciences rights to promote, offer for sale and sell ONGENTYS is limited to the U.S.
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INDICATION & USAGE
ONGENTYS® (opicapone) capsules is indicated as adjunctive treatment 
to levodopa/carbidopa in patients with Parkinson’s disease (PD) 
experiencing “off” episodes.

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS
ONGENTYS is contraindicated in patients with:
 •  Concomitant use of non-selective monoamine oxidase (MAO) inhibitors.
 •  Pheochromocytoma, paraganglioma, or other catecholamine 

secreting neoplasms.

WARNINGS & PRECAUTIONS
Cardiovascular Effects with Concomitant Use of Drugs Metabolized 
by Catechol-O-Methyltransferase (COMT)
Possible arrhythmias, increased heart rate, and excessive changes in 
blood pressure may occur with concomitant use of ONGENTYS and 
drugs metabolized by COMT, regardless of the route of administration 

(including inhalation). Monitor patients treated concomitantly with 
ONGENTYS and drugs metabolized by COMT.

Falling Asleep During Activities of Daily Living and Somnolence
Patients treated with dopaminergic medications and medications that 
increase levodopa exposure, including ONGENTYS, have reported falling 
asleep while engaged in activities of daily living, including the operation 
of motor vehicles, which sometimes has resulted in accidents. If a patient 
develops daytime sleepiness or somnolence, consider discontinuing 
ONGENTYS or adjusting other dopaminergic or sedating medications and 
advise patients to avoid driving and other potentially dangerous activities.

Hypotension/Syncope
Monitor patients for hypotension and advise patients about the risk for 
syncope. If these adverse reactions occur, consider discontinuing ONGENTYS 
or adjusting the dosage of other medications that can lower blood pressure.

Dyskinesia
ONGENTYS potentiates the effects of levodopa which may result in 
dyskinesia or exacerbate pre-existing dyskinesia. Reducing the patient’s 

References: 1. ONGENTYS [package insert]. San Diego, CA: Neurocrine Biosciences, Inc; 2020. 2. Data on fi le. Neurocrine Biosciences, Inc. 3. Rocha J-F, Falcão A, Santos A,
et al. Effect of opicapone and entacapone upon levodopa pharmacokinetics during three daily levodopa administrations. Eur J Clin Pharmacol. 2014;70(9):1059-1071.

Under license from

ONGENTYS® (opicapone) capsules is an early 
levodopa/carbidopa partner for off time in PD.1,2

First and only once-daily COMT inhibitor1

As carbidopa protects levodopa from the 
DDC enzyme, ONGENTYS protects levodopa 
from the COMT enzyme in the periphery1,3

Complete the set. Get started at: 
ONGENTYSHCP.com/journal
COMT=catechol-O-methyltransferase; DDC=dopa decarboxylase; 
PD=Parkinson’s disease.

 levodopa dosage or the dosage of another dopaminergic drug may reduce 
dyskinesia that occurs during treatment with ONGENTYS.

Hallucinations and Psychosis
Consider stopping ONGENTYS if hallucinations or psychotic-like behaviors 
occur. Patients with a major psychotic disorder should ordinarily not be 
treated with ONGENTYS.

Impulse Control/Compulsive Disorders
Patients may experience intense urges (eg, gambling, sexual, spending 
money, binge eating) and the inability to control them. It is important 
for prescribers to specifi cally ask patients or their caregivers about the 
development of new or increased urges.
Re-evaluate the patient’s current therapies for Parkinson’s disease and 
consider stopping ONGENTYS if a patient develops such urges while 
taking ONGENTYS.

Withdrawal-Emergent Hyperpyrexia and Confusion
A symptom complex resembling neuroleptic malignant syndrome (elevated 
temperature, muscular rigidity, altered consciousness, and autonomic

instability) has been reported in association with rapid dose reduction or 
withdrawal of drugs that increase central dopaminergic tone. There were no 
reports of neuroleptic malignant syndrome in ONGENTYS controlled clinical 
studies. When discontinuing ONGENTYS, monitor patients and consider 
adjustment of other dopaminergic therapies as needed.

ADVERSE REACTIONS
The most common adverse reactions (incidence at least 4% and greater 
than placebo) were dyskinesia, constipation, blood creatine kinase 
increased, hypotension/syncope, and weight decreased.

You are encouraged to report negative side effects of prescription 
drugs to the FDA. Visit MedWatch at www.fda.gov/medwatch or call 
1-800-FDA-1088.

Please see next page for Brief Summary and 
neurocrine.com/ongentyspi for full Prescribing Information.
©2020 Neurocrine Biosciences, Inc. All Rights Reserved. CP-OPC-US-0021 09/2020

This advertisement and the information contained herein is intended for use by U.S. healthcare professionals 
only. Neurocrine Biosciences rights to promote, offer for sale and sell ONGENTYS is limited to the U.S.
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ONGENTYS® (opicapone) capsules, for oral use
The following is a brief summary; for full Prescribing Information and 
Patient Information, refer to package insert.

INDICATIONS AND USAGE
ONGENTYS is indicated as adjunctive treatment to levodopa/carbidopa 
in patients with Parkinson’s disease (PD) experiencing “off” episodes.

CONTRAINDICATIONS
ONGENTYS is contraindicated in patients with:

 •  Concomitant use of non-selective monoamine oxidase  
(MAO) inhibitors.

 •  Pheochromocytoma, paraganglioma, or other catecholamine 
secreting neoplasms.

WARNINGS AND PRECAUTIONS

Cardiovascular Effects with Concomitant Use of Drugs 
Metabolized by Catechol-O-Methyltransferase (COMT)
Possible arrhythmias, increased heart rate, and excessive changes 
in blood pressure may occur with concomitant use of ONGENTYS 
and drugs metabolized by COMT (e.g., isoproterenol, epinephrine, 
norepinephrine, dopamine, and dobutamine), regardless of the route 
of administration (including inhalation). Monitor patients treated 
concomitantly with ONGENTYS and drugs metabolized by COMT.

Falling Asleep During Activities of Daily Living  
and Somnolence 
Patients treated with dopaminergic medications and medications  
that increase levodopa exposure, including ONGENTYS, have  
reported falling asleep while engaged in activities of daily living,  
including the operation of motor vehicles, which sometimes has  
resulted in accidents. Patients may not perceive warning signs,  
such as excessive drowsiness, or they may report feeling alert 
immediately prior to the event.  

Before initiating treatment with ONGENTYS, advise patients of the 
potential to develop drowsiness and specifically ask about factors 
that may increase the risk for somnolence with dopaminergic therapy, 
such as concomitant sedating medications or the presence of a sleep 
disorder. If a patient develops daytime sleepiness or episodes of falling 
asleep during activities that require full attention (e.g., driving a motor 
vehicle, conversations, eating), consider discontinuing ONGENTYS or 
adjusting other dopaminergic or sedating medications. If a decision is 
made to continue ONGENTYS, patients should be advised not to drive 
and to avoid other potentially dangerous activities. 

Hypotension/Syncope 
In Study 1 and Study 2, hypotension (orthostatic and  
non-orthostatic), syncope, and presyncope occurred in 5% of patients  
treated with ONGENTYS 50 mg compared to 1% of patients who 
received placebo. Monitor patients for hypotension (orthostatic and 
non-orthostatic) and advise patients about the risk for syncope and 
presyncope. If these adverse reactions occur, consider discontinuing 
ONGENTYS or adjusting the dosage of other medications that can 
lower blood pressure.

Dyskinesia
ONGENTYS potentiates the effects of levodopa and may cause 
dyskinesia or exacerbate pre-existing dyskinesia.

In controlled clinical trials (Study 1 and Study 2), dyskinesia occurred 
in 20% of patients treated with ONGENTYS 50 mg compared to 6% of 
patients who received placebo. Dyskinesia was also the most common 
adverse reaction leading to discontinuation of ONGENTYS. 

Reducing the patient’s daily levodopa dosage or the dosage of another 
dopaminergic drug may mitigate dyskinesia that occurs during treatment 
with ONGENTYS.

Hallucinations and Psychosis
In Study 1 and Study 2, hallucinations (hallucinations, auditory 
hallucinations, visual hallucinations, mixed hallucinations) occurred 
in 3% of patients treated with ONGENTYS 50 mg compared to 1% 
of patients who received placebo. Delusions, agitation, or aggressive 
behavior occurred in 1% of patients treated with ONGENTYS 50 
mg, and in no patient who received placebo. Consider stopping 
ONGENTYS if hallucinations or psychotic-like behaviors occur.

Patients with a major psychotic disorder should ordinarily not be 
treated with ONGENTYS because of the risk of exacerbating the 
psychosis with an increase in central dopaminergic tone. In addition, 
treatments for psychosis that antagonize the effects of dopaminergic 
medications may exacerbate the symptoms of PD.

Impulse Control/Compulsive Disorders
Patients treated with ONGENTYS can experience intense urges to 
gamble, increased sexual urges, intense urges to spend money, binge 
eating, and/or other intense urges, and the inability to control these 
urges while taking one or more dopaminergic therapies that increase 
central dopaminergic tone. In some cases, these urges were reported 
to have stopped when the dose was reduced, or the medication was 
discontinued. Because patients may not recognize these behaviors as 
abnormal, it is important for prescribers to specifically ask patients or 
their caregivers about the development of new or increased gambling 
urges, sexual urges, uncontrolled spending, or other urges while being 
treated with ONGENTYS.

In Study 1 and Study 2, impulse control disorders occurred in 1% 
of patients treated with ONGENTYS 50 mg, and in no patient who 
received placebo. Re-evaluate the patient’s current therapy(ies) for 
Parkinson’s disease and consider stopping ONGENTYS if a patient 
develops such urges while taking ONGENTYS.

Use with caution in Parkinson’s patients with suspected or diagnosed 
dopamine dysregulation syndrome.

Withdrawal-Emergent Hyperpyrexia and Confusion
A symptom complex resembling neuroleptic malignant syndrome 
(characterized by elevated temperature, muscular rigidity, altered 
consciousness, and autonomic instability), with no other obvious 
etiology, has been reported in association with rapid dose reduction, 
withdrawal of, or changes in drugs that increase central dopaminergic 
tone. In the controlled clinical studies of ONGENTYS, patients 
discontinued ONGENTYS treatment without dose tapering or gradual 
withdrawal. There were no reports of neuroleptic malignant syndrome 
in ONGENTYS controlled clinical studies. When discontinuing 
ONGENTYS, monitor patients and consider adjustment of other 
dopaminergic therapies as needed.

ADVERSE REACTIONS
The following clinically significant adverse reactions are discussed in 
more detail in other sections of the labeling:

 •  Cardiovascular Effects with Concomitant Use of Drugs 
Metabolized by Catechol-O-Methyltransferase (COMT)

 • Falling Asleep During Activities of Daily Living and Somnolence
 • Hypotension/Syncope
 • Dyskinesia
 • Hallucinations and Psychosis
 • Impulse Control/Compulsive Disorders
 • Withdrawal-Emergent Hyperpyrexia and Confusion

Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, 
adverse reaction rates observed in the clinical trials of a drug cannot 
be directly compared to rates in the clinical trials of another drug and 
may not reflect the rates observed in practice.

The safety of ONGENTYS was evaluated in 265 patients with 
Parkinson’s disease (PD) in two 14-15 week placebo- and active-
controlled (Study 1) or placebo-controlled (Study 2) studies. 
All patients were taking a stable dose of levodopa and a DOPA 
decarboxylase inhibitor, alone or in combination with other PD 
medications. In Study 1 and Study 2, the mean age of patients was 
63.6 years, 59% of patients were male, and 89% of patients were 
Caucasian. At baseline, the mean duration of PD was 7.6 years. 

Adverse Reactions Leading to Discontinuation of Treatment

In Study 1 and Study 2, a total of 8% of ONGENTYS 50 mg-treated 
patients and 6% of patients who received placebo discontinued  
due to adverse events. The most common adverse reaction  
leading to discontinuation was dyskinesia, reported in 3% of 
ONGENTYS 50 mg-treated patients and 0.4% of patients who 
received placebo. 

Common Adverse Reactions

Adverse reactions that occurred in the pooled studies at an incidence 
of at least 2% and greater than placebo are presented in Table 1. The 
most common adverse reactions (incidence at least 4% and greater 
than placebo) were dyskinesia, constipation, blood creatine kinase 
increased, hypotension/syncope, and weight decreased. 

Table 1:   Adverse Reactions with an Incidence of at Least 2% in 
Patients Treated with ONGENTYS and Greater than on 
Placebo, in Pooled Study 1 and Study 2 

Adverse Reactions 
 

ONGENTYS 50 mg 
N=265 

%

Placebo 
N=257 

%

Nervous system disorders
Dyskinesia 
Dizziness

 
20 
3

 
6 
1

Gastrointestinal disorders
Constipation 
Dry mouth

 
6 
3

 
2 
1

Psychiatric disorders
Hallucination1 
Insomnia

 
3 
3

 
1 
2

Investigations
Blood creatine kinase increased 
Weight decreased

 
5 
4

 
2 
0

Vascular disorders
Hypotension/syncope2 
Hypertension

 
5 
3

 
1 
2

1  Includes hallucinations, hallucinations visual, hallucinations auditory, and 
hallucinations mixed

2 Includes hypotension, orthostatic hypotension, syncope, and presyncope

DRUG INTERACTIONS 
Non-Selective Monoamine Oxidase (MAO) Inhibitors
Both ONGENTYS and non-selective MAO inhibitors (e.g., phenelzine, 
isocarboxazid, and tranylcypromine) inhibit catecholamine metabolism, 
leading to increased levels of catecholamines. Concomitant use may 
increase the risk of possible arrhythmias, increased heart rate, and 
excessive changes in blood pressure. 

Concomitant use of ONGENTYS with non-selective MAO inhibitors 
is contraindicated. Selective MAO-B inhibitors can be used 
concomitantly with ONGENTYS.

Effect of ONGENTYS on Other Drugs
Drugs Metabolized by Catechol-O-Methyltransferase (COMT)

Concomitant use of ONGENTYS with drugs metabolized by COMT 
may affect the pharmacokinetics of those drugs, which may increase 
the risk of possible arrhythmias, increased heart rate, and excessive 
changes in blood pressure. Drugs known to be metabolized by COMT 
should be administered with caution. Monitor for changes in heart rate, 
rhythm, and blood pressure in patients concomitantly treated with 
ONGENTYS and drugs metabolized by COMT. 

OVERDOSAGE
No specific antidotes for ONGENTYS are known. As a general 
measure, removal of ONGENTYS by gastric lavage and/or inactivation 
by administering activated charcoal should be considered. In 
managing overdose, provide supportive care, including close medical 
supervision and monitoring, and consider the possibility of multiple 
drug involvement. If an over-exposure occurs, call your poison control 
center at 1-800-222-1222 or www.poison.org.

For further information on ONGENTYS, call 1-833-ONGENTYS  
(833-664-3689) or visit www.ongentys.com

Distributed by:  
Neurocrine Biosciences, Inc., San Diego, CA 92130

Under license from BIAL-Portela & Ca, S.A. 
ONGENTYS is a registered trademark of BIAL-Portela & Ca, S.A.

Rx Only
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ONGENTYS® (opicapone) capsules, for oral use
The following is a brief summary; for full Prescribing Information and 
Patient Information, refer to package insert.

INDICATIONS AND USAGE
ONGENTYS is indicated as adjunctive treatment to levodopa/carbidopa 
in patients with Parkinson’s disease (PD) experiencing “off” episodes.

CONTRAINDICATIONS
ONGENTYS is contraindicated in patients with:

 •  Concomitant use of non-selective monoamine oxidase  
(MAO) inhibitors.

 •  Pheochromocytoma, paraganglioma, or other catecholamine 
secreting neoplasms.

WARNINGS AND PRECAUTIONS

Cardiovascular Effects with Concomitant Use of Drugs 
Metabolized by Catechol-O-Methyltransferase (COMT)
Possible arrhythmias, increased heart rate, and excessive changes 
in blood pressure may occur with concomitant use of ONGENTYS 
and drugs metabolized by COMT (e.g., isoproterenol, epinephrine, 
norepinephrine, dopamine, and dobutamine), regardless of the route 
of administration (including inhalation). Monitor patients treated 
concomitantly with ONGENTYS and drugs metabolized by COMT.

Falling Asleep During Activities of Daily Living  
and Somnolence 
Patients treated with dopaminergic medications and medications  
that increase levodopa exposure, including ONGENTYS, have  
reported falling asleep while engaged in activities of daily living,  
including the operation of motor vehicles, which sometimes has  
resulted in accidents. Patients may not perceive warning signs,  
such as excessive drowsiness, or they may report feeling alert 
immediately prior to the event.  

Before initiating treatment with ONGENTYS, advise patients of the 
potential to develop drowsiness and specifically ask about factors 
that may increase the risk for somnolence with dopaminergic therapy, 
such as concomitant sedating medications or the presence of a sleep 
disorder. If a patient develops daytime sleepiness or episodes of falling 
asleep during activities that require full attention (e.g., driving a motor 
vehicle, conversations, eating), consider discontinuing ONGENTYS or 
adjusting other dopaminergic or sedating medications. If a decision is 
made to continue ONGENTYS, patients should be advised not to drive 
and to avoid other potentially dangerous activities. 

Hypotension/Syncope 
In Study 1 and Study 2, hypotension (orthostatic and  
non-orthostatic), syncope, and presyncope occurred in 5% of patients  
treated with ONGENTYS 50 mg compared to 1% of patients who 
received placebo. Monitor patients for hypotension (orthostatic and 
non-orthostatic) and advise patients about the risk for syncope and 
presyncope. If these adverse reactions occur, consider discontinuing 
ONGENTYS or adjusting the dosage of other medications that can 
lower blood pressure.

Dyskinesia
ONGENTYS potentiates the effects of levodopa and may cause 
dyskinesia or exacerbate pre-existing dyskinesia.

In controlled clinical trials (Study 1 and Study 2), dyskinesia occurred 
in 20% of patients treated with ONGENTYS 50 mg compared to 6% of 
patients who received placebo. Dyskinesia was also the most common 
adverse reaction leading to discontinuation of ONGENTYS. 

Reducing the patient’s daily levodopa dosage or the dosage of another 
dopaminergic drug may mitigate dyskinesia that occurs during treatment 
with ONGENTYS.

Hallucinations and Psychosis
In Study 1 and Study 2, hallucinations (hallucinations, auditory 
hallucinations, visual hallucinations, mixed hallucinations) occurred 
in 3% of patients treated with ONGENTYS 50 mg compared to 1% 
of patients who received placebo. Delusions, agitation, or aggressive 
behavior occurred in 1% of patients treated with ONGENTYS 50 
mg, and in no patient who received placebo. Consider stopping 
ONGENTYS if hallucinations or psychotic-like behaviors occur.

Patients with a major psychotic disorder should ordinarily not be 
treated with ONGENTYS because of the risk of exacerbating the 
psychosis with an increase in central dopaminergic tone. In addition, 
treatments for psychosis that antagonize the effects of dopaminergic 
medications may exacerbate the symptoms of PD.

Impulse Control/Compulsive Disorders
Patients treated with ONGENTYS can experience intense urges to 
gamble, increased sexual urges, intense urges to spend money, binge 
eating, and/or other intense urges, and the inability to control these 
urges while taking one or more dopaminergic therapies that increase 
central dopaminergic tone. In some cases, these urges were reported 
to have stopped when the dose was reduced, or the medication was 
discontinued. Because patients may not recognize these behaviors as 
abnormal, it is important for prescribers to specifically ask patients or 
their caregivers about the development of new or increased gambling 
urges, sexual urges, uncontrolled spending, or other urges while being 
treated with ONGENTYS.

In Study 1 and Study 2, impulse control disorders occurred in 1% 
of patients treated with ONGENTYS 50 mg, and in no patient who 
received placebo. Re-evaluate the patient’s current therapy(ies) for 
Parkinson’s disease and consider stopping ONGENTYS if a patient 
develops such urges while taking ONGENTYS.

Use with caution in Parkinson’s patients with suspected or diagnosed 
dopamine dysregulation syndrome.

Withdrawal-Emergent Hyperpyrexia and Confusion
A symptom complex resembling neuroleptic malignant syndrome 
(characterized by elevated temperature, muscular rigidity, altered 
consciousness, and autonomic instability), with no other obvious 
etiology, has been reported in association with rapid dose reduction, 
withdrawal of, or changes in drugs that increase central dopaminergic 
tone. In the controlled clinical studies of ONGENTYS, patients 
discontinued ONGENTYS treatment without dose tapering or gradual 
withdrawal. There were no reports of neuroleptic malignant syndrome 
in ONGENTYS controlled clinical studies. When discontinuing 
ONGENTYS, monitor patients and consider adjustment of other 
dopaminergic therapies as needed.

ADVERSE REACTIONS
The following clinically significant adverse reactions are discussed in 
more detail in other sections of the labeling:

 •  Cardiovascular Effects with Concomitant Use of Drugs 
Metabolized by Catechol-O-Methyltransferase (COMT)

 • Falling Asleep During Activities of Daily Living and Somnolence
 • Hypotension/Syncope
 • Dyskinesia
 • Hallucinations and Psychosis
 • Impulse Control/Compulsive Disorders
 • Withdrawal-Emergent Hyperpyrexia and Confusion

Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, 
adverse reaction rates observed in the clinical trials of a drug cannot 
be directly compared to rates in the clinical trials of another drug and 
may not reflect the rates observed in practice.

The safety of ONGENTYS was evaluated in 265 patients with 
Parkinson’s disease (PD) in two 14-15 week placebo- and active-
controlled (Study 1) or placebo-controlled (Study 2) studies. 
All patients were taking a stable dose of levodopa and a DOPA 
decarboxylase inhibitor, alone or in combination with other PD 
medications. In Study 1 and Study 2, the mean age of patients was 
63.6 years, 59% of patients were male, and 89% of patients were 
Caucasian. At baseline, the mean duration of PD was 7.6 years. 

Adverse Reactions Leading to Discontinuation of Treatment

In Study 1 and Study 2, a total of 8% of ONGENTYS 50 mg-treated 
patients and 6% of patients who received placebo discontinued  
due to adverse events. The most common adverse reaction  
leading to discontinuation was dyskinesia, reported in 3% of 
ONGENTYS 50 mg-treated patients and 0.4% of patients who 
received placebo. 

Common Adverse Reactions

Adverse reactions that occurred in the pooled studies at an incidence 
of at least 2% and greater than placebo are presented in Table 1. The 
most common adverse reactions (incidence at least 4% and greater 
than placebo) were dyskinesia, constipation, blood creatine kinase 
increased, hypotension/syncope, and weight decreased. 

Table 1:   Adverse Reactions with an Incidence of at Least 2% in 
Patients Treated with ONGENTYS and Greater than on 
Placebo, in Pooled Study 1 and Study 2 

Adverse Reactions 
 

ONGENTYS 50 mg 
N=265 

%

Placebo 
N=257 

%

Nervous system disorders
Dyskinesia 
Dizziness

 
20 
3

 
6 
1

Gastrointestinal disorders
Constipation 
Dry mouth

 
6 
3

 
2 
1

Psychiatric disorders
Hallucination1 
Insomnia

 
3 
3

 
1 
2

Investigations
Blood creatine kinase increased 
Weight decreased

 
5 
4

 
2 
0

Vascular disorders
Hypotension/syncope2 
Hypertension

 
5 
3

 
1 
2

1  Includes hallucinations, hallucinations visual, hallucinations auditory, and 
hallucinations mixed

2 Includes hypotension, orthostatic hypotension, syncope, and presyncope

DRUG INTERACTIONS 
Non-Selective Monoamine Oxidase (MAO) Inhibitors
Both ONGENTYS and non-selective MAO inhibitors (e.g., phenelzine, 
isocarboxazid, and tranylcypromine) inhibit catecholamine metabolism, 
leading to increased levels of catecholamines. Concomitant use may 
increase the risk of possible arrhythmias, increased heart rate, and 
excessive changes in blood pressure. 

Concomitant use of ONGENTYS with non-selective MAO inhibitors 
is contraindicated. Selective MAO-B inhibitors can be used 
concomitantly with ONGENTYS.

Effect of ONGENTYS on Other Drugs
Drugs Metabolized by Catechol-O-Methyltransferase (COMT)

Concomitant use of ONGENTYS with drugs metabolized by COMT 
may affect the pharmacokinetics of those drugs, which may increase 
the risk of possible arrhythmias, increased heart rate, and excessive 
changes in blood pressure. Drugs known to be metabolized by COMT 
should be administered with caution. Monitor for changes in heart rate, 
rhythm, and blood pressure in patients concomitantly treated with 
ONGENTYS and drugs metabolized by COMT. 

OVERDOSAGE
No specific antidotes for ONGENTYS are known. As a general 
measure, removal of ONGENTYS by gastric lavage and/or inactivation 
by administering activated charcoal should be considered. In 
managing overdose, provide supportive care, including close medical 
supervision and monitoring, and consider the possibility of multiple 
drug involvement. If an over-exposure occurs, call your poison control 
center at 1-800-222-1222 or www.poison.org.

For further information on ONGENTYS, call 1-833-ONGENTYS  
(833-664-3689) or visit www.ongentys.com

Distributed by:  
Neurocrine Biosciences, Inc., San Diego, CA 92130

Under license from BIAL-Portela & Ca, S.A. 
ONGENTYS is a registered trademark of BIAL-Portela & Ca, S.A.
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FROM THE CHAIRMAN

Building Out the 
Neurology Armamentarium
LONG GONE ARE THE DAYS of a singular approach to disease management—one 
drug, one physician, one solution. The growing emphasis on multidisciplinary 
care and the burgeoning therapeutic pipeline have allowed for more expansive 
treatment options for neurologic conditions, many of which can ultimately lead 
to better outcomes for patients. 

In this issue of NeurologyLive®, we examine common neurologic disor-
ders, including headache, sleep apnea, stroke, and Parkinson disease through 
a lens of innovation as we explore newly available and investigational 
approaches to treatment. 

No sub-specialty can quite match the developments coming out of headache 
medicine, where new classes of drugs have paved a much more effective path to 
disease management for migraineurs. It’s more important than ever to under-
stand what’s available and how best to use it. In our cover story, “Building Your 
Acute Migraine Toolbox” on page 32, we review the latest information you need to 
know to provide your patients with a personalized and effective treatment plan. 

On page 54, we address advancements in another condition whose current 
standard of care is ripe for innovation—sleep-disordered breathing. Coming to 
terms with the shortcomings of continuous positive airway pressure therapy, we 
explore the feasibility and evidence surrounding nerve stimulation techniques. 
New technology is also advancing the way we treat both Parkinson disease and 
stroke. On page 66, we explore the use of augmented reality for Parkinson disease 
rehabilitation, and on page 57, we examine the use of advanced imaging to help 
extend the stroke treatment window. 

As we strive to keep you abreast of the latest research and tools to improve 
your clinical practice, we always welcome your feedback. If you have any 
comments or thoughts about our coverage, or would like to contribute to 
NeurologyLive®, please email associate editorial director Alicia Bigica at 
abigica@neurologylive.com.

Thank you for reading. 
Mike Hennessy Sr 

Chairman and Founder
MJH Life Sciences™

®

Follow us on LinkedIn 
for more clinical practice resources.

linkedin.com/company/neurology-live
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For your patients ≥2 years of age 
experiencing seizures associated 
with Dravet syndrome

NOW APPROVED FOR 
DRAVET SYNDROME

© 2020 Zogenix, Inc. All rights reserved. US-FIN1-1900038 August 2020. FINTEPLA is a registered trademark of Zogenix, Inc.

To learn more 
about FINTEPLA, 

visit FinteplaHCP.com.

Among patients taking FINTEPLA 0.7 mg/kg/day over 14 weeks*:

Profound seizure reduction can leave 
 more room for life’s little victories.

•   In this 14-week trial, the placebo-adjusted percent reduction in monthly convulsive seizure frequency was 70.0% for FINTEPLA 0.7 mg/kg/day (P<.001) and 
31.7% for FINTEPLA 0.2 mg/kg/day (P=.043)

•   FlNTEPLA is to be administered orally and may be taken with or without food. The starting dose is 0.1 mg/kg twice daily, which can be increased based on 
e�  cacy and tolerability

 –  The maximum daily maintenance dose of FINTEPLA is 0.35 mg/kg twice daily, not to exceed a total daily dose of 26 mg. When FINTEPLA is coadministered with stiripentol plus 
clobazam, with or without valproate, the maximum daily maintenance dose of FINTEPLA is 0.2 mg/kg twice daily, not to exceed a total daily dose of 17 mg

FINTEPLA to gauge whether it adversely a� ects their ability to drive or operate 
machinery.
Suicidal Behavior and Ideation: Antiepileptic drugs (AEDs) increase the risk of 
suicidal thoughts or behaviors in patients taking these drugs for any indication. 
Patients treated with an AED for any indication should be monitored for the 
emergence or worsening of depression, suicidal thoughts or behaviors, or any 
unusual changes in mood or behavior.
Anyone considering prescribing FINTEPLA or any other AED must balance the risk 
of suicidal thoughts or behaviors with the risks of untreated illness. Epilepsy and 
many other illnesses for which AEDs are prescribed are themselves associated with 
morbidity and mortality and an increased risk of suicidal thoughts and behaviors. 
Should suicidal thoughts and behaviors emerge during treatment, consider whether 
the emergence of these symptoms in any given patient may be related to the illness 
being treated.
Withdrawal of Antiepileptic Drugs: As with most AEDs, FINTEPLA should 
generally be withdrawn gradually because of the risk of increased seizure frequency 
and status epilepticus. If withdrawal is needed because of a serious adverse reaction, 
rapid discontinuation can be considered.
Serotonin Syndrome: Serotonin syndrome, a potentially life-threatening condition, 
may occur with FINTEPLA, particularly during concomitant administration of 
FINTEPLA with other serotonergic drugs, including, but not limited to, selective 
serotonin-norepinephrine reuptake inhibitors (SNRIs), selective serotonin reuptake 
inhibitors (SSRIs), tricyclic antidepressants (TCAs), bupropion, triptans, dietary 
supplements (eg, St. John’s Wort, tryptophan), drugs that impair metabolism 
of serotonin (including monoamine oxidase inhibitors [MAOIs], which are 
contraindicated with FINTEPLA), dextromethorphan, lithium, tramadol, and 
antipsychotics with serotonergic agonist activity. Patients should be monitored 
for the emergence of signs and symptoms of serotonin syndrome, which include 
mental status changes (eg, agitation, hallucinations, coma), autonomic instability 
(eg, tachycardia, labile blood pressure, hyperthermia), neuromuscular signs (eg, 
hyperre§ exia, incoordination), and/or gastrointestinal symptoms (eg, nausea, 

vomiting, diarrhea). If serotonin syndrome is suspected, treatment with FINTEPLA 
should be stopped immediately and symptomatic treatment should be started. 
Increase in Blood Pressure: FINTEPLA can cause an increase in blood pressure. 
Signi  ̈cant elevation in blood pressure, including hypertensive crisis, has been 
reported rarely in adult patients treated with fen§ uramine, including patients 
without a history of hypertension. Monitor blood pressure in patients treated 
with FINTEPLA. In clinical trials of up to 3 years in duration, no patient receiving 
FINTEPLA developed hypertensive crisis.
Glaucoma: Fen§ uramine can cause mydriasis and can precipitate angle closure 
glaucoma. Consider discontinuing treatment with FINTEPLA in patients with acute 
decreases in visual acuity or ocular pain.
ADVERSE REACTIONS
The most common adverse reactions (incidence at least 10% and greater than 
placebo) were decreased appetite; somnolence, sedation, lethargy; diarrhea; 
constipation; abnormal echocardiogram; fatigue, malaise, asthenia; ataxia, 
balance disorder, gait disturbance; blood pressure increased; drooling, salivary 
hypersecretion; pyrexia; upper respiratory tract infection; vomiting; decreased 
weight; fall; status epilepticus.
DRUG INTERACTIONS
Strong CYP1A2 and CYP2B6 Inducers: Coadministration with rifampin or a strong 
CYP1A2 and CYP2B6 inducer will decrease fen§ uramine plasma concentrations. 
Consider an increase in FINTEPLA dosage when coadministered with rifampin or a 
strong CYP1A2 and CYP2B6 inducer. 
USE IN SPECIFIC POPULATIONS
Administration to patients with moderate or severe renal impairment or to patients 
with hepatic impairment is not recommended.
Please see Brief Summary of full Prescribing Information, including Boxed 
Warning, on the following page.

FINTEPLA is indicated for the treatment of seizures associated with Dravet 
syndrome in patients 2 years of age and older.

IMPORTANT SAFETY INFORMATION
BOXED WARNING: VALVULAR HEART DISEASE and PULMONARY ARTERIAL 
HYPERTENSION
• There is an association between serotonergic drugs with 5-HT2B receptor 

agonist activity, including fen� uramine (the active ingredient in FINTEPLA), 
and valvular heart disease and pulmonary arterial hypertension. 

• Echocardiogram assessments are required before, during, and a� er 
treatment with FINTEPLA. 

• FINTEPLA is available only through a restricted program called the 
FINTEPLA REMS.

CONTRAINDICATIONS
FINTEPLA is contraindicated in patients with hypersensitivity to fen§ uramine or 
any of the excipients in FINTEPLA and with concomitant use of, or within 14 days of, 
the administration of monoamine oxidase inhibitors because of an increased risk of 
serotonin syndrome.
WARNINGS AND PRECAUTIONS
Valvular Heart Disease and Pulmonary Arterial Hypertension (see Boxed 
Warning): Because of the association between serotonergic drugs with 5-HT2B 
receptor agonist activity, including fen§ uramine (the active ingredient in FINTEPLA), 
and valvular heart disease and pulmonary arterial hypertension, cardiac monitoring 
via echocardiogram is required prior to starting treatment, during treatment, and 
a  ̄ er treatment with FINTEPLA concludes. Cardiac monitoring via echocardiogram 
can aid in early detection of this condition. In clinical trials of up to 3 years in 
duration, no patient receiving FINTEPLA developed valvular heart disease or 
pulmonary arterial hypertension.

Monitoring: Prior to starting treatment, patients must undergo an echocardiogram 
to evaluate for valvular heart disease and pulmonary arterial hypertension. 
Echocardiograms should be repeated every 
6 months, and once at 3-6 months post treatment with FINTEPLA.
If valvular heart disease or pulmonary arterial hypertension is observed on an 
echocardiogram, the prescriber must consider the bene  ̈ts versus the risks of 
initiating or continuing treatment with FINTEPLA.
FINTEPLA REMS Program (see Boxed Warning): FINTEPLA is available only 
through a restricted distribution program called the FINTEPLA Risk Evaluation 
and Mitigation Strategy (REMS) Program. Prescribers must be certi  ̈ed by enrolling 
in the FINTEPLA REMS. Prescribers must counsel patients receiving FINTEPLA 
about the risk of valvular heart disease and pulmonary arterial hypertension, how 
to recognize signs and symptoms of valvular heart disease and pulmonary arterial 
hypertension, the need for baseline (pretreatment) and periodic cardiac monitoring 
via echocardiogram during FINTEPLA treatment, and cardiac monitoring a  ̄ er 
FINTEPLA treatment. Patients must enroll in the FINTEPLA REMS and comply with 
ongoing monitoring  requirements. The pharmacy must be certi  ̈ed by enrolling 
in the FINTEPLA REMS and must only dispense to patients who are authorized to 
receive FINTEPLA. Wholesalers and distributors must only distribute to certi  ̈ed 
pharmacies. Further information is available at www.FinteplaREMS.com or by 
telephone at 1-877-964-3649.
Decreased Appetite and Decreased Weight: FINTEPLA can cause decreases in 
appetite and weight. Decreases in weight appear to be dose related. Most patients 
resumed the expected measured increases in weight by the end of the open-label 
extension study. Weight should be monitored regularly during treatment with 
FINTEPLA and dose modi  ̈cations should be considered if a decrease in weight is 
observed. 
Somnolence, Sedation, and Lethargy: FINTEPLA can cause somnolence, 
sedation, and lethargy. Other central nervous system (CNS) depressants, 
including alcohol, could potentiate these e� ects of FINTEPLA. Prescribers should 
monitor patients for somnolence and sedation and should advise patients not 
to drive or operate machinery until they have gained su�  cient experience on 

* The safety and e� ectiveness of FINTEPLA for the treatment of seizures associated with Dravet syndrome were established in 2 randomized, double-blind, placebo-controlled trials in 
202 patients 2 to 18 years of age. Study 1 (N=117) compared 0.7 and 0.2 mg/kg/day FINTEPLA with placebo in patients who were inadequately controlled on 1–4 concomitant antiepileptic 
drugs and had a minimum of 6 convulsive seizures during the baseline period. The primary e�  cacy endpoint was the change from baseline in the frequency of convulsive seizures per 28 days 
during the combined 14-week (Study 1) titration and maintenance periods (ie, treatment period). The median longest interval between convulsive seizures was also assessed.

58% of patients had a profound 
(≥75%) reduction in convulsive seizures 
vs 3% in the placebo group (P<.001)

50% of patients achieved a seizure-free 
(0 seizures) interval lasting at least 21 days 
vs 8 days in the placebo group (P<.001)

IMPORTANT SAFETY INFORMATION
Warnings and Precautions (cont.)

INDICATIONS AND USAGE 

50% of patients achieved a seizure-free 
(0 seizures) interval lasting at least 21 days 
vs 8 days in the placebo group (P<.001)

58% of patients had a profound 
(≥75%) reduction in convulsive seizures 
vs 3% in the placebo group (P<.001)



For your patients ≥2 years of age 
experiencing seizures associated 
with Dravet syndrome

NOW APPROVED FOR 
DRAVET SYNDROME

© 2020 Zogenix, Inc. All rights reserved. US-FIN1-1900038 August 2020. FINTEPLA is a registered trademark of Zogenix, Inc.

To learn more 
about FINTEPLA, 

visit FinteplaHCP.com.

Among patients taking FINTEPLA 0.7 mg/kg/day over 14 weeks*:

Profound seizure reduction can leave 
 more room for life’s little victories.

•   In this 14-week trial, the placebo-adjusted percent reduction in monthly convulsive seizure frequency was 70.0% for FINTEPLA 0.7 mg/kg/day (P<.001) and 
31.7% for FINTEPLA 0.2 mg/kg/day (P=.043)

•   FlNTEPLA is to be administered orally and may be taken with or without food. The starting dose is 0.1 mg/kg twice daily, which can be increased based on 
e�  cacy and tolerability

 –  The maximum daily maintenance dose of FINTEPLA is 0.35 mg/kg twice daily, not to exceed a total daily dose of 26 mg. When FINTEPLA is coadministered with stiripentol plus 
clobazam, with or without valproate, the maximum daily maintenance dose of FINTEPLA is 0.2 mg/kg twice daily, not to exceed a total daily dose of 17 mg

FINTEPLA to gauge whether it adversely a� ects their ability to drive or operate 
machinery.
Suicidal Behavior and Ideation: Antiepileptic drugs (AEDs) increase the risk of 
suicidal thoughts or behaviors in patients taking these drugs for any indication. 
Patients treated with an AED for any indication should be monitored for the 
emergence or worsening of depression, suicidal thoughts or behaviors, or any 
unusual changes in mood or behavior.
Anyone considering prescribing FINTEPLA or any other AED must balance the risk 
of suicidal thoughts or behaviors with the risks of untreated illness. Epilepsy and 
many other illnesses for which AEDs are prescribed are themselves associated with 
morbidity and mortality and an increased risk of suicidal thoughts and behaviors. 
Should suicidal thoughts and behaviors emerge during treatment, consider whether 
the emergence of these symptoms in any given patient may be related to the illness 
being treated.
Withdrawal of Antiepileptic Drugs: As with most AEDs, FINTEPLA should 
generally be withdrawn gradually because of the risk of increased seizure frequency 
and status epilepticus. If withdrawal is needed because of a serious adverse reaction, 
rapid discontinuation can be considered.
Serotonin Syndrome: Serotonin syndrome, a potentially life-threatening condition, 
may occur with FINTEPLA, particularly during concomitant administration of 
FINTEPLA with other serotonergic drugs, including, but not limited to, selective 
serotonin-norepinephrine reuptake inhibitors (SNRIs), selective serotonin reuptake 
inhibitors (SSRIs), tricyclic antidepressants (TCAs), bupropion, triptans, dietary 
supplements (eg, St. John’s Wort, tryptophan), drugs that impair metabolism 
of serotonin (including monoamine oxidase inhibitors [MAOIs], which are 
contraindicated with FINTEPLA), dextromethorphan, lithium, tramadol, and 
antipsychotics with serotonergic agonist activity. Patients should be monitored 
for the emergence of signs and symptoms of serotonin syndrome, which include 
mental status changes (eg, agitation, hallucinations, coma), autonomic instability 
(eg, tachycardia, labile blood pressure, hyperthermia), neuromuscular signs (eg, 
hyperre§ exia, incoordination), and/or gastrointestinal symptoms (eg, nausea, 

vomiting, diarrhea). If serotonin syndrome is suspected, treatment with FINTEPLA 
should be stopped immediately and symptomatic treatment should be started. 
Increase in Blood Pressure: FINTEPLA can cause an increase in blood pressure. 
Signi  ̈cant elevation in blood pressure, including hypertensive crisis, has been 
reported rarely in adult patients treated with fen§ uramine, including patients 
without a history of hypertension. Monitor blood pressure in patients treated 
with FINTEPLA. In clinical trials of up to 3 years in duration, no patient receiving 
FINTEPLA developed hypertensive crisis.
Glaucoma: Fen§ uramine can cause mydriasis and can precipitate angle closure 
glaucoma. Consider discontinuing treatment with FINTEPLA in patients with acute 
decreases in visual acuity or ocular pain.
ADVERSE REACTIONS
The most common adverse reactions (incidence at least 10% and greater than 
placebo) were decreased appetite; somnolence, sedation, lethargy; diarrhea; 
constipation; abnormal echocardiogram; fatigue, malaise, asthenia; ataxia, 
balance disorder, gait disturbance; blood pressure increased; drooling, salivary 
hypersecretion; pyrexia; upper respiratory tract infection; vomiting; decreased 
weight; fall; status epilepticus.
DRUG INTERACTIONS
Strong CYP1A2 and CYP2B6 Inducers: Coadministration with rifampin or a strong 
CYP1A2 and CYP2B6 inducer will decrease fen§ uramine plasma concentrations. 
Consider an increase in FINTEPLA dosage when coadministered with rifampin or a 
strong CYP1A2 and CYP2B6 inducer. 
USE IN SPECIFIC POPULATIONS
Administration to patients with moderate or severe renal impairment or to patients 
with hepatic impairment is not recommended.
Please see Brief Summary of full Prescribing Information, including Boxed 
Warning, on the following page.

FINTEPLA is indicated for the treatment of seizures associated with Dravet 
syndrome in patients 2 years of age and older.

IMPORTANT SAFETY INFORMATION
BOXED WARNING: VALVULAR HEART DISEASE and PULMONARY ARTERIAL 
HYPERTENSION
• There is an association between serotonergic drugs with 5-HT2B receptor 

agonist activity, including fen� uramine (the active ingredient in FINTEPLA), 
and valvular heart disease and pulmonary arterial hypertension. 

• Echocardiogram assessments are required before, during, and a� er 
treatment with FINTEPLA. 

• FINTEPLA is available only through a restricted program called the 
FINTEPLA REMS.

CONTRAINDICATIONS
FINTEPLA is contraindicated in patients with hypersensitivity to fen§ uramine or 
any of the excipients in FINTEPLA and with concomitant use of, or within 14 days of, 
the administration of monoamine oxidase inhibitors because of an increased risk of 
serotonin syndrome.
WARNINGS AND PRECAUTIONS
Valvular Heart Disease and Pulmonary Arterial Hypertension (see Boxed 
Warning): Because of the association between serotonergic drugs with 5-HT2B 
receptor agonist activity, including fen§ uramine (the active ingredient in FINTEPLA), 
and valvular heart disease and pulmonary arterial hypertension, cardiac monitoring 
via echocardiogram is required prior to starting treatment, during treatment, and 
a  ̄ er treatment with FINTEPLA concludes. Cardiac monitoring via echocardiogram 
can aid in early detection of this condition. In clinical trials of up to 3 years in 
duration, no patient receiving FINTEPLA developed valvular heart disease or 
pulmonary arterial hypertension.

Monitoring: Prior to starting treatment, patients must undergo an echocardiogram 
to evaluate for valvular heart disease and pulmonary arterial hypertension. 
Echocardiograms should be repeated every 
6 months, and once at 3-6 months post treatment with FINTEPLA.
If valvular heart disease or pulmonary arterial hypertension is observed on an 
echocardiogram, the prescriber must consider the bene  ̈ts versus the risks of 
initiating or continuing treatment with FINTEPLA.
FINTEPLA REMS Program (see Boxed Warning): FINTEPLA is available only 
through a restricted distribution program called the FINTEPLA Risk Evaluation 
and Mitigation Strategy (REMS) Program. Prescribers must be certi  ̈ed by enrolling 
in the FINTEPLA REMS. Prescribers must counsel patients receiving FINTEPLA 
about the risk of valvular heart disease and pulmonary arterial hypertension, how 
to recognize signs and symptoms of valvular heart disease and pulmonary arterial 
hypertension, the need for baseline (pretreatment) and periodic cardiac monitoring 
via echocardiogram during FINTEPLA treatment, and cardiac monitoring a  ̄ er 
FINTEPLA treatment. Patients must enroll in the FINTEPLA REMS and comply with 
ongoing monitoring  requirements. The pharmacy must be certi  ̈ed by enrolling 
in the FINTEPLA REMS and must only dispense to patients who are authorized to 
receive FINTEPLA. Wholesalers and distributors must only distribute to certi  ̈ed 
pharmacies. Further information is available at www.FinteplaREMS.com or by 
telephone at 1-877-964-3649.
Decreased Appetite and Decreased Weight: FINTEPLA can cause decreases in 
appetite and weight. Decreases in weight appear to be dose related. Most patients 
resumed the expected measured increases in weight by the end of the open-label 
extension study. Weight should be monitored regularly during treatment with 
FINTEPLA and dose modi  ̈cations should be considered if a decrease in weight is 
observed. 
Somnolence, Sedation, and Lethargy: FINTEPLA can cause somnolence, 
sedation, and lethargy. Other central nervous system (CNS) depressants, 
including alcohol, could potentiate these e� ects of FINTEPLA. Prescribers should 
monitor patients for somnolence and sedation and should advise patients not 
to drive or operate machinery until they have gained su�  cient experience on 

* The safety and e� ectiveness of FINTEPLA for the treatment of seizures associated with Dravet syndrome were established in 2 randomized, double-blind, placebo-controlled trials in 
202 patients 2 to 18 years of age. Study 1 (N=117) compared 0.7 and 0.2 mg/kg/day FINTEPLA with placebo in patients who were inadequately controlled on 1–4 concomitant antiepileptic 
drugs and had a minimum of 6 convulsive seizures during the baseline period. The primary e�  cacy endpoint was the change from baseline in the frequency of convulsive seizures per 28 days 
during the combined 14-week (Study 1) titration and maintenance periods (ie, treatment period). The median longest interval between convulsive seizures was also assessed.

58% of patients had a profound 
(≥75%) reduction in convulsive seizures 
vs 3% in the placebo group (P<.001)

50% of patients achieved a seizure-free 
(0 seizures) interval lasting at least 21 days 
vs 8 days in the placebo group (P<.001)

IMPORTANT SAFETY INFORMATION
Warnings and Precautions (cont.)

INDICATIONS AND USAGE 

50% of patients achieved a seizure-free 
(0 seizures) interval lasting at least 21 days 
vs 8 days in the placebo group (P<.001)

58% of patients had a profound 
(≥75%) reduction in convulsive seizures 
vs 3% in the placebo group (P<.001)



Brief Summary of FULL PRESCRIBING INFORMATION

FINTEPLA® (fenfluramine) oral solution, CIV

WARNING: VALVULAR HEART DISEASE and PULMONARY ARTERIAL HYPERTENSION

There is an association between serotonergic drugs with 5‑HT2B receptor 
agonist activity, including fenfluramine (the active ingredient in FINTEPLA), and 
valvular heart disease and pulmonary arterial hypertension.

Echocardiogram assessments are required before, during, and after treatment 
with FINTEPLA. The benefits versus the risks of initiating or continuing 
FINTEPLA must be considered, based on echocardiogram findings.

Because of the risks of valvular heart disease and pulmonary arterial 
hypertension, FINTEPLA is available only through a restricted program under a 
Risk Evaluation and Mitigation Strategy (REMS) called the FINTEPLA REMS.

CONTRAINDICATIONS

FINTEPLA is contraindicated in patients with:

• Hypersensitivity to fenfluramine or any of the excipients in FINTEPLA

• Concomitant use of, or within 14 days of the administration of monoamine oxidase 
inhibitors because of an increased risk of serotonin syndrome

WARNINGS AND PRECAUTIONS

Valvular Heart Disease

Because of the association between serotonergic drugs with 5‑HT2B receptor agonist 
activity, including fenfluramine (the active ingredient in FINTEPLA), and valvular heart 
disease, cardiac monitoring is required prior to starting treatment, during treatment, and after 
treatment with FINTEPLA concludes. Cardiac monitoring via echocardiogram can identify 
evidence of valvular heart disease prior to a patient becoming symptomatic, aiding in early 
detection of this condition. In clinical trials of up to 3 years in duration, no patient receiving 
FINTEPLA developed valvular heart disease.

Monitoring

Prior to starting treatment, patients must undergo an echocardiogram to evaluate for valvular 
heart disease.

Echocardiograms should be repeated every 6 months, and once 3‑6 months post‑treatment 
with FINTEPLA.

If valvular heart disease is observed on an echocardiogram, the prescriber must consider the 
benefits versus the risks of initiating or continuing treatment with FINTEPLA.

FINTEPLA is available only through a restricted program under a REMS.

Pulmonary Arterial Hypertension

Because of the association between serotonergic drugs with 5‑HT2B receptor agonist 
activity, including fenfluramine (the active ingredient in FINTEPLA), and pulmonary arterial 
hypertension, cardiac monitoring is required prior to starting treatment, during treatment, 
and after treatment with FINTEPLA concludes. Cardiac monitoring via echocardiogram can 
identify evidence of pulmonary arterial hypertension prior to a patient becoming symptomatic, 
aiding in early detection of this condition. In clinical trials of up to 3 years in duration, no 
patient receiving FINTEPLA developed pulmonary arterial hypertension.

Monitoring

Prior to starting treatment, patients must undergo an echocardiogram to evaluate for 
pulmonary arterial hypertension.

Echocardiograms should be repeated every 6 months, and once 3‑6 months post‑treatment 
with FINTEPLA.

If pulmonary arterial hypertension is observed on an echocardiogram, the prescriber must 
consider the benefits versus the risks of initiating or continuing treatment with FINTEPLA.

FINTEPLA is available only through a restricted program under a REMS.

FINTEPLA REMS Program

FINTEPLA is available only through a restricted distribution program called the 
FINTEPLA REMS program because of the risk of valvular heart disease and pulmonary 
arterial hypertension.

Notable requirements of the FINTEPLA REMS Program include:

• Prescribers must be certified by enrolling in the FINTEPLA REMS program.

• Prescribers must counsel patients receiving FINTEPLA about the risk of valvular heart 
disease and pulmonary arterial hypertension, how to recognize signs and symptoms 
of valvular heart disease and pulmonary arterial hypertension, the need for baseline 
(pretreatment) and periodic cardiac monitoring via echocardiogram during FINTEPLA 
treatment, and cardiac monitoring after FINTEPLA treatment.

• Patients must enroll in the REMS program and comply with ongoing 
monitoring requirements.

• The pharmacy must be certified by enrolling in the REMS program and must only dispense 
to patients who are authorized to receive FINTEPLA.

• Wholesalers and distributers must only distribute to certified pharmacies.

Further information is available at www.FinteplaREMS.com or by telephone at 
1‑877‑964‑3649.

Decreased Appetite and Decreased Weight

FINTEPLA can cause decreases in appetite and weight. In Study 1 and Study 2 combined, 
approximately 37% of patients treated with FINTEPLA reported, as an adverse reaction, 
decreased appetite and approximately 9% reported decreased weight, as compared to 8% 
and 1%, respectively, of patients on placebo. By the end of the controlled studies, 19% of 
patients treated with FINTEPLA had a measured decrease in weight of 7% or greater from 
their baseline weight, compared to 2% of patients on placebo. This measured decrease in 
weight appeared to be dose‑related, with 26% of patients on FINTEPLA 0.7 mg/kg/day, 
19% of patients on FINTEPLA 0.4 mg/kg/day in combination with stiripentol, and 13% of 
patients taking FINTEPLA 0.2 mg/kg/day experiencing at least a 7% decrease in weight from 
baseline. Most patients resumed the expected measured increases in weight by the end of 
the open‑label extension study. Given the frequency of these adverse reactions, the growth 
of pediatric patients treated with FINTEPLA should be carefully monitored. Weight should 
be monitored regularly during treatment with FINTEPLA and dose modifications should be 
considered if a decrease in weight is observed.

Somnolence, Sedation, and Lethargy

FINTEPLA can cause somnolence, sedation, and lethargy. In Study 1 and Study 2 combined, 
the incidence of somnolence, sedation, and lethargy was 25% in patients treated with 
FINTEPLA, compared with 11% of patients on placebo. In general, these effects may diminish 
with continued treatment.

Other central nervous system (CNS) depressants, including alcohol, could potentiate these 
effects of FINTEPLA. Prescribers should monitor patients for somnolence and sedation and 
should advise patients not to drive or operate machinery until they have gained sufficient 
experience on FINTEPLA to gauge whether it adversely affects their ability to drive or 
operate machinery.

Suicidal Behavior and Ideation

Antiepileptic drugs (AEDs) increase the risk of suicidal thoughts or behavior in patients taking 
these drugs for any indication. Patients treated with an AED for any indication should be 
monitored for the emergence or worsening of depression, suicidal thoughts or behavior, or 
any unusual changes in mood or behavior.

Pooled analyses of 199 placebo‑controlled clinical trials (mono‑ and adjunctive therapy) of 
11 different AEDs that did not include FINTEPLA showed that patients randomized to one 
of the AEDs had approximately twice the risk (adjusted Relative Risk 1.8, 95% CI:1.2, 2.7) 
of suicidal thinking or behavior compared to patients randomized to placebo. In these trials, 
which had a median treatment duration of 12 weeks, the estimated incidence rate of suicidal 
behavior or ideation among 27,863 AED‑treated patients was 0.43%, compared to 0.24% 
among 16,029 placebo‑treated patients, representing an increase of approximately one case 
of suicidal thinking or behavior for every 530 patients treated. There were four suicides in 
drug‑treated patients in the trials and none in placebo‑treated patients, but the number is too 
small to allow any conclusion about drug effect on suicide.

The increased risk of suicidal thoughts or behavior with AEDs was observed as early as 
1 week after starting drug treatment with AEDs and persisted for the duration of treatment 
assessed. Because most trials included in the analysis did not extend beyond 24 weeks, the 
risk of suicidal thoughts or behavior beyond 24 weeks could not be assessed.

The risk of suicidal thoughts or behavior was generally consistent among drugs in the data 
analyzed. The finding of increased risk with AEDs of varying mechanisms of action and across 
a range of indications suggests that the risk applies to all AEDs used for any indication. The 
risk did not vary substantially by age (5‑100 years) in the clinical trials analyzed. Table 2 
shows absolute and relative risk by indication for all evaluated AEDs.

Table 2: Risk of Suicidal Thoughts or Behaviors by Indication for Antiepileptic 
Drugs in the Pooled Analysis

Indication

Placebo 
Patients with 

Events per 
1000 Patients

Drug Patients 
with Events 

per 1000 
Patients

Relative Risk: 
Incidence 

of Events in 
Drug Patients/ 

Incidence 
in Placebo 
Patients

Risk 
Difference: 
Additional 

Drug Patients 
with Events 

per 1000 
Patients

Epilepsy 1.0 3.4 3.5 2.4

Psychiatric 5.7 8.5 1.5 2.9

Other 1.0 1.8 1.9 0.9

Total 2.4 4.3 1.8 1.9

The relative risk for suicidal thoughts or behavior was higher in clinical trials in patients with 
epilepsy than in clinical trials in patients with psychiatric or other conditions, but the absolute 
risk differences were similar for the epilepsy and psychiatric indications.

Anyone considering prescribing FINTEPLA or any other AED must balance the risk of suicidal 
thoughts or behaviors with the risk of untreated illness. Epilepsy and many other illnesses 
for which AEDs are prescribed are themselves associated with morbidity and mortality and 
an increased risk of suicidal thoughts and behavior. Should suicidal thoughts and behavior 
emerge during treatment, consider whether the emergence of these symptoms in any given 
patient may be related to the illness being treated.

Withdrawal of Antiepileptic Drugs

As with most AEDs, FINTEPLA should generally be withdrawn gradually because of the risk 
of increased seizure frequency and status epilepticus. If withdrawal is needed because of a 
serious adverse reaction, rapid discontinuation can be considered.



Serotonin Syndrome

Serotonin syndrome, a potentially life‑threatening condition, may occur with FINTEPLA, 
particularly with concomitant administration of FINTEPLA with other serotonergic drugs, 
including, but not limited to, selective serotonin‑norepinephrine reuptake inhibitors 
(SNRIs), selective serotonin reuptake inhibitors (SSRIs), tricyclic antidepressants (TCAs), 
bupropion, triptans, dietary supplements (e.g., St. John’s Wort, tryptophan), drugs that 
impair metabolism of serotonin (including monoamine oxidase inhibitors [MAOIs], which are 
contraindicated with FINTEPLA), dextromethorphan, lithium, tramadol, and antipsychotics 
with serotonergic agonist activity. Patients should be monitored for the emergence of 
signs and symptoms of serotonin syndrome, which include mental status changes (e.g., 
agitation, hallucinations, coma), autonomic instability (e.g., tachycardia, labile blood 
pressure, hyperthermia), neuromuscular signs (e.g., hyperreflexia, incoordination), and/
or gastrointestinal symptoms (e.g., nausea, vomiting, diarrhea). If serotonin syndrome is 
suspected, treatment with FINTEPLA should be stopped immediately and symptomatic 
treatment should be started.

Increase in Blood Pressure

FINTEPLA can cause an increase in blood pressure. Significant elevation in blood pressure, 
including hypertensive crisis, has been reported rarely in adult patients treated with 
fenfluramine, including patients without a history of hypertension. Monitor blood pressure 
in patients treated with FINTEPLA. In clinical trials of up to 3 years in duration, no patient 
receiving FINTEPLA developed a hypertensive crisis.

Glaucoma

Fenfluramine can cause mydriasis and can precipitate angle closure glaucoma. Consider 
discontinuing treatment with FINTEPLA in patients with acute decreases in visual acuity or 
ocular pain.

ADVERSE REACTIONS

The following clinically significant adverse reactions are described elsewhere in labeling:

• Valvular Heart Disease

• Pulmonary Arterial Hypertension

• Decreased Appetite and Decreased Weight

• Somnolence, Sedation, and Lethargy

• Suicidal Behavior and Ideation

• Withdrawal of Antiepileptic Drugs

• Serotonin Syndrome

• Increase in Blood Pressure

• Glaucoma

Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical 
trials of another drug and may not reflect the rates observed in practice.

In controlled and uncontrolled trials in patients with Dravet syndrome, 341 patients were 
treated with FINTEPLA, including 312 patients treated for more than 6 months, 284 patients 
treated for more than 1 year, and 138 patients treated for more than 2 years.

In placebo‑controlled trials of patients with Dravet syndrome, 122 patients were treated with 
FINTEPLA. The duration of treatment in these trials was 16 weeks (Study 1) or 17 weeks 
(Study 2). In Study 1 and Study 2, the mean age was 9 years (range 2 to 19 years) and 
approximately 46% of patients were female and 74% were White. All patients were receiving 
at least one other AED.

In Study 1 and Study 2, the rates of discontinuation as a result of any adverse reaction were 
13%, 0%, and 7% for patients treated with FINTEPLA 0.7 mg/kg/day, 0.2 mg/kg/day, and 
0.4 mg/kg/day in combination with stiripentol, respectively, compared to 6% for patients on 
placebo. The most frequent adverse reaction leading to discontinuation in the patients treated 
with any dose of FINTEPLA was somnolence (n=3, 3%).

The most common adverse reactions that occurred in patients treated with FINTEPLA 
(incidence at least 10% and greater than placebo) were decreased appetite; somnolence, 
sedation, lethargy; diarrhea; constipation; abnormal echocardiogram; fatigue, malaise, 
asthenia; ataxia, balance disorder, gait disturbance; blood pressure increased; drooling, 
salivary hypersecretion; pyrexia; upper respiratory tract infection; vomiting; decreased weight; 
fall; status epilepticus.

Table 3 lists the adverse reactions that were reported in 5% or more of patients treated with 
FINTEPLA and at a rate greater than those on placebo during the titration and maintenance 
phases of Study 1 and Study 2.

Table 3:  Adverse Reactions in 5% or More of Patients Treated with FINTEPLA and 
Greater Than Placebo in Placebo‑Controlled Trials

FINTEPLA Dose Group

Combined 
Placebo 
Group(2)

Study 1 Study 2

0.2 mg/
kg/day

0.7 mg/
kg/day

0.4 mg/
kg/day(1)

N=39 
%

N=40 
%

N=43 
%

N=84 
%

Decreased appetite 23 38 49 8

Somnolence, sedation, lethargy 26 25 23 11

Abnormal echocardiogram(3) 18 23 9 6

Diarrhea 31 15 23 6

Constipation 3 10 7 0

Fatigue, malaise, asthenia 15 10 30 5

Ataxia, balance disorder, gait disturbance 10 10 7 1

Abnormal behavior 0 8 9 0

Blood pressure increased 13 8 0 5

Drooling, salivary hypersecretion 13 8 2 0

Hypotonia 0 8 0 0

Rash 8 8 5 4

Blood prolactin increased 0 5 0 0

Chills 0 5 2 0

Decreased activity 0 5 0 1

Dehydration 0 5 0 0

Insomnia 0 5 5 2

Pyrexia 15 5 21 14

Stereotypy 0 5 0 0

Upper respiratory tract infection 21 5 7 10

Vomiting 10 5 5 8

Weight decreased 13 5 7 1

Croup 5 3 0 1

Ear infection 8 3 9 5

Gastroenteritis 8 3 2 0

Increased heart rate 5 3 0 2

Irritability 0 3 9 2

Rhinitis 8 3 7 2

Tremor 3 3 9 0

Urinary incontinence 5 3 0 0

Decreased blood glucose 0 0 9 1

Bronchitis 3 0 9 1

Contusion 5 0 0 0

Eczema 0 0 5 0

Enuresis 5 0 0 0

Fall 10 0 0 4

Headache 8 0 0 2

Laryngitis 0 0 5 0

Negativism 5 0 0 0

Status epilepticus 3 0 12 2

Urinary tract infection 5 0 5 0

Viral infection 0 0 5 1

(1) 0.4 mg/kg/day was not an intermediate dose. Patients on the 0.4 mg/kg/day dose were also taking 
concomitant stiripentol plus clobazam, which increases exposure of FINTEPLA.

(2) Patients in placebo groups from Studies 1 and 2 were pooled.
(3) Consisted of trace and mild mitral regurgitation, and trace aortic regurgitation, which are 

considered physiologic. 

Echocardiographic Safety Assessments of Valvular Heart Disease and Pulmonary 
Arterial Hypertension

Valvular heart disease and pulmonary arterial hypertension were evaluated in the placebo‑
controlled and open‑label extension studies via echocardiography for up to 3 years in duration.

No patient developed echocardiographic findings consistent with either valvular heart disease 
or pulmonary arterial hypertension in the placebo‑controlled studies or during the open‑label 
extension study of up to 3 years in duration. In Study 1 and Study 2, 16% of patients taking 
FINTEPLA compared to 6% of patients taking placebo were reported to have trace mitral 
regurgitation, and 3% of patients taking FINTEPLA and no patients taking placebo were 
found to have trace aortic regurgitation. During the open‑label extension study, trace mitral 
regurgitation and trace aortic regurgitation were reported in 14% and 0.4%, respectively, of 
patients taking FINTEPLA. Trace and mild mitral regurgitation, and trace aortic regurgitation 
are considered physiologic in the absence of structural valve abnormalities.



DRUG INTERACTIONS

Effect of Other Drugs on FINTEPLA

Stiripentol Plus Clobazam

Coadministration of FINTEPLA with stiripentol plus clobazam, with or without valproate, 
increases fenfluramine plasma concentrations and decreases its metabolite, norfenfluramine, 
because of the inhibition of the metabolism of fenfluramine. If FINTEPLA is coadministered 
with stiripentol plus clobazam, the maximum daily dosage of FINTEPLA is 0.2 mg/kg twice 
daily ( maximum daily dosage of 17 mg).

Strong CYP1A2 and CYP2B6 Inducers

Coadministration with rifampin or strong CYP1A2 and CYP2B6 inducers will decrease 
fenfluramine plasma concentrations, which may lower the efficacy of FINTEPLA.

Consider an increase in FINTEPLA dosage when coadministered with rifampin or a strong 
CYP1A2 and CYP2B6 inducer; however, do not exceed the maximum daily dosage.

Effects of Serotonin Receptor Antagonists

Cyproheptadine and potent 5‑HT1A, 5‑HT1D, 5‑HT2A, and 5‑HT2C serotonin receptor 
antagonists may decrease the efficacy of FINTEPLA. If cyproheptadine or potent 5‑HT1A, 
5‑HT1D, 5‑HT2A, or 5‑HT2C serotonin receptor antagonists are coadministered with 
FINTEPLA, patients should be monitored appropriately.

Serotonergic Drugs

Concomitant administration of FINTEPLA and drugs (e.g., SSRIs, SNRIs, TCAs, MAO 
inhibitors, trazodone, etc.), over‑the‑counter medications (eg, dextromethorphan), or herbal 
supplements (e.g., St. John’s Wort) that increase serotonin may increase the risk of serotonin 
syndrome. Concomitant use of FINTEPLA with MAOIs is contraindicated. Use FINTEPLA with 
caution in patients taking other medications that increase serotonin.

USE IN SPECIFIC POPULATIONS

Pregnancy

Pregnancy Exposure Registry

There is a pregnancy exposure registry that monitors pregnancy outcomes in women exposed 
to antiepileptic drugs (AEDs), such as FINTEPLA, during pregnancy. Encourage women 
who are taking FINTEPLA during pregnancy to enroll in the North American Antiepileptic 
Drug (NAAED) Pregnancy Registry by calling the toll‑free number 1‑888‑233‑2334 or 
visiting http://www.aedpregnancyregistry.org.

Risk Summary

There are no adequate human or animal data on the developmental risks associated with the 
use of FINTEPLA in pregnant women.

In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2 to 4% and 15 to 20%, respectively. 
The background risks of major birth defects and miscarriage for the indicated populations 
are unknown.

Lactation

Risk Summary

There are no data on the presence of fenfluramine or its metabolites in human milk, the 
effects on the breastfed infant, or the effects on milk production.

The developmental and health benefits of breastfeeding should be considered along with the 
mother’s clinical need for FINTEPLA and any potential adverse effects on the breastfed infant 
from FINTEPLA or from the underlying maternal condition.

Pediatric Use

The safety and effectiveness of FINTEPLA for the treatment of seizures associated with 
Dravet syndrome have been established in patients 2 years of age and older.

Safety and effectiveness in patients less than 2 years of age have not been established.

Juvenile Animal Data

Oral administration of fenfluramine (0, 3.5, 9, or 20 mg/kg/day) to young rats for 10 weeks 
starting on postnatal day 7 resulted in reduced body weight and neurobehavioral changes 
(decreased locomotor activity and learning and memory deficits) at all doses tested. 
Neurobehavioral effects persisted after dosing was discontinued. Bone size was decreased 
at the mid and high doses; brain size was decreased at the highest dose. Partial or complete 
recovery was seen for these endpoints. A no‑effect dose for postnatal developmental toxicity 
was not identified. The lowest dose tested (3.5 mg/kg/day) was associated with plasma 
fenfluramine exposures (AUC) less than that in humans at the maximum recommended 
human dose (MRHD of 30 mg/day) and norfenfluramine (metabolite) exposures (AUC) 
approximately 3 times that in humans at the MRHD.

Geriatric Use

Clinical studies of FINTEPLA for the treatment of Dravet syndrome did not include patients 
65 years of age and over to determine whether they respond differently from younger 
patients. In general, dose selection for an elderly patient should be cautious, usually starting 
at the low end of the dosing range, reflecting the greater frequency of decreased hepatic, 
renal, or cardiac function, and of concomitant disease or other drug therapy.

Renal Impairment

Administration of FINTEPLA to patients with moderate or severe renal impairment is 
not recommended.

Hepatic Impairment

Administration of FINTEPLA to patients with hepatic impairment is not recommended.

DRUG ABUSE AND DEPENDENCE

Controlled Substance

FINTEPLA contains fenfluramine, a Schedule IV controlled substance.

OVERDOSAGE

Overdose has not been observed in the FINTEPLA clinical trial program. However, overdose 
of fenfluramine, the active ingredient in FINTEPLA, has been reported at higher doses than 
those included in the clinical trial program. Some of the cases were fatal. Events reported 
after overdose include mydriasis, tachycardia, flushing, tremors/twitching/muscle spasms, 
agitation/restlessness/anxiety, increased muscle tone/rigor/opisthotonos, respiratory distress 
or failure, and seizure. Seizure, coma, and cardiorespiratory arrest were reported in most of 
the fatal overdoses.

There is no available specific antidote to the overdose reactions of FINTEPLA. In the event of 
overdose, standard medical practice for the management of drug overdosage should be used. 
An adequate airway, oxygenation, and ventilation should be ensured; monitoring of cardiac 
rhythm and vital sign measurement is recommended. A certified poison control center should 
be contacted for updated information on the management of overdose with FINTEPLA.

PATIENT COUNSELING INFORMATION

Advise the patient to read the FDA‑approved patient labeling (Medication Guide and 
Instructions for Use).

Administration Information

Advise patients who are prescribed FINTEPLA to use the oral dosing syringes provided by the 
pharmacy. Instruct patients to discard any unused FINTEPLA 3 months after first opening the 
bottle or if the “discard after” date on the dispensing bottle has passed, whichever is sooner.

Valvular Heart Disease and Pulmonary Arterial Hypertension

Advise patients that cardiac monitoring must be performed using echocardiography to 
monitor for serious heart valve changes or high blood pressure in the arteries of the lungs.

FINTEPLA REMS Program

FINTEPLA is available only through a restricted program called the FINTEPLA REMS program. 
Inform the patient of the following notable requirements:

• Patients must enroll in the program and comply with ongoing echocardiogram 
monitoring requirements.

FINTEPLA is only prescribed by certified health care providers and only dispensed from 
certified pharmacies participating in the program. Therefore, provide patients with the 
telephone number and website for information on how to obtain the product.

Decreased Appetite and Decreased Weight

Advise patients that decreased appetite is frequent during treatment with FINTEPLA, which 
can cause decrease in weight.

Somnolence, Sedation, and Lethargy

Inform patients that FINTEPLA can cause somnolence, sedation, and lethargy. Caution 
patients about operating hazardous machinery, including motor vehicles, until they are 
reasonably certain that FINTEPLA does not affect them adversely (eg, impair judgment, 
thinking, or motor skills.

Suicidal Thinking and Behavior

Counsel patients, their caregivers, and their families that antiepileptic drugs may increase 
the risk of suicidal thoughts and behavior and advise them to be alert for the emergence 
or worsening of symptoms of depression, any unusual changes in mood or behavior, or 
the emergence of suicidal thoughts, behavior, or thoughts of self‑harm. Instruct patients, 
caregivers, and families to report behaviors of concern immediately to healthcare providers.

Withdrawal of Antiepileptic Drugs (AEDs)

Advise patients not to discontinue use of FINTEPLA without consulting with their healthcare 
provider. FINTEPLA should normally be gradually withdrawn to reduce the potential for 
increased seizure frequency and status epilepticus.

Serotonin Syndrome

Inform patients about the risk of serotonin syndrome, which can be life‑threatening. Advise 
patients on the signs and symptoms of serotonin syndrome and that certain over‑the‑counter 
and herbal supplements can increase this risk.

Increase in Blood Pressure

Inform patients that FINTEPLA can cause an increase in blood pressure.

Glaucoma

Inform patients that FINTEPLA can cause mydriasis and can precipitate angle closure 
glaucoma. Instruct patients to contact their healthcare provider if they have any acute 
decreases in visual acuity or ocular pain.

Pregnancy Registry

Advise patients to notify their healthcare provider if they become pregnant or intend to 
become pregnant during FINTEPLA therapy. Encourage women who are taking FINTEPLA to 
enroll in the North American Antiepileptic Drug (NAAED) Pregnancy Registry if they become 
pregnant. This registry is collecting information about the safety of antiepileptic drugs 
during pregnancy.
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Telemedicine: An Opportunity to Bring 
Better Care to All
THERE IS LITTLE DOUBT that 2020 will be a year that lives in infamy. 
Unique to it has been the distinct politicization of medicine unfor-
tunately to the disservice of the greater good. With political divide, 
civil unrest, and the awakening of our country to discussions about 
inequality in regard to race, gender, and financial means, telemedicine 
landed at the forefront of a global pandemic as a way to forge through 
all barriers and provide care to patients. As quickly as telehealth was 
accepted by governing agencies that had put limits to its use in the 
past, barriers to providing patient care using this platform were made 
clear to practicing clinicians.1 Telemedicine is an effective way to 
provide care to patients who cannot be present in the clinic or office,2 
thus it is important that we continue to improve this offering so we can 
provide safe and effective care to all patients.  

Current challenges and considerations  
for telemedicine include the following:
  Barriers to internet and device use must be recognized. 

Studies show that elderly patients, those with physical or mental 
disabilities, Black or Latinx patients, and those with lower socio-
economic status are less likely to have access to a reliable, secure 
internet source or a device capable of connecting to a video plat-
form or the ability to use these resources on their own without 
a third party.3,4 To provide the best care to all patients, limits to 
internet and device use must be recognized and considerations 
should be made on how to provide telehealth services to patients 
with limited access. One possibility would be to have telehealth 
hubs centered in local communities where patients could book 
an appointment to connect via a telehealth platform. These hubs 
could be located in pharmacies and grocery stores or even local 
libraries. Privacy considerations would have to be taken into 
account, as would a way to continue to service and run these 
stations either by public or private grants.

  Initial and annual physicals need to be conducted in person. 
At this time, telemedicine exams cannot replace in-person exams. 
Although there are available devices that can connect to telehealth 
platforms to assist with collecting vital signs and performing EKGs 
and limited eye assessments, their cost and questionable secu-
rity will likely continue to limit their use to those who can afford 
it. Ultimately, nothing will replace a physical exam that evalu-
ates for nodules, lumps, edema, reflexes, papilledema, motor 
strength, and so on.  

  Patient education on telehealth platforms is vital. 
If a patient is interested in using telehealth, they need to be 
educated on using the telehealth platform and how to prepare for 
a visit. Telemedicine leaves a lot for the patient to coordinate and if 
they are not prepared for this, it can make the visit less efficient and 
lead to higher rates of dissatisfaction and lower rates of adherence.

  Use of ancillary staff provides a sustainable infrastructure. 
In clinical practice, we rely on staff to create a smooth visit flow; this 
is no different with telemedicine. Using a medical assistant to start 
the visit and update the record can improve practice efficiency and 
allow clinicians to see a greater volume of patients.

  Clinician training on telehealth platforms and conducting  
telehealth visits is essential.  
We were not trained in medical school to stare at the eye of the 
camera rather than the image on the screen in front of us; on how 
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to speak with warmth to a computer screen; and on how to provide 
compassion without a gentle touch. It takes a unique skill set to 
translate warmth and humanity over a televisit and without this, 
virtual visits can lead to decreased adherence to medication regi-
mens, decreased patient satisfaction, and ultimately, difficulty in 
building long-lasting, trusting relationships. Telehealth skill training 
should be a required module for all clinicians who implement tele-
health into their practice.

  Telehealth platforms must be HIPAA compliant. 
There is no substitute for a secure, private interaction between a 
clinician and their patient. Security for both parties should be a 
priority regardless of the nature of the visit, therefore standard-
ized HIPAA-compliant safety measures should always be employed 
across telehealth platforms. 

Ultimately, the lessons learned from the rapid uptake of telemed-
icine should help us build a stronger, more sustainable future for 
the platform. 
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should help us build a stronger, more 
sustainable future for the platform.

—JESSICA AILANI, MD, FAHS, FAAN



Sumifilam Improves Multiple Alzheimer 
Disease Biomarkers in Phase 2b Study
Cassava Sciences’ lead drug candidate, sumifilam, 
significantly improved a panel of validated Alzheimer 
disease (AD) biomarkers in patients with a clinical 

diagnosis of AD in a phase 2b study, something that no drug has shown 
the ability to do to date.

Patients with AD who were administered sumifilam in the random-
ized, placebo-controlled, double-blind, multicenter clinical study 
(NCT04079803) showed improvements in tests of episodic and spatial 
working memory compared with patients who received placebo. 
Additionally, improvements in cognition correlated most strongly with 
decreases in phosphorylated tau181 (P-tau181), of which an 8% to 11% 
reduction was recorded versus placebo.

The phase 2b study included 64 patients with mild to moderate AD, 
aged 50 to 85 years, who were randomized 1:1:1 to 50- or 100-mg oral 
sumifilam or matching placebo twice daily for 28 days. Sumifilam is 
a small molecule drug that restores the normal shape and function of 
altered filamin A, a scaffolding protein. Upon conclusion of the trial, 
both active treatment doses showed statistically significant (P < .05) 
improvements in biomarkers of disease pathology, neurodegeneration, 
and neuroinflammation compared with placebo.

Core markers of AD pathology including total tau decreased by 15% 
and 18% for patients in the 50- and 100-mg groups, respectively (all  
P < .01). P-tau decreased by 8% for patients in the 50-mg group and 
11% in the 100-mg group (all P < .01), whereas amyloid β-42 increased 
by 17% and 14% in the 50- and 100-mg groups, respectively (all P < .01). 
Elevated cerebrospinal fluid levels of neurogranin and neurofilament 
light chain, which indicate neurodegeneration, decreased by 36% and 
28% in the 50-mg group, respectively, and by 43% and 34% in patients 
in the 100-mg group, respectively.

Proinflammatory interleukin 6, produced in response to tissue 
stress and injury, decreased by 10% in the 50-mg group and 11% in the 
100-mg group (all P < .01). Investigators also noted that patients in the 
50-mg group had decreased levels of YKL-40 by 10% (P < .01). Those in 
the 100-mg group had similar results, with decreases of 12% (P < .01). 
sTREM2, a neuroinflammation biomarker, decreased by 43% and 46% 
in the 50- and 100-mg groups, respectively (all P < .01).

Cognition, which was assessed via the Cambridge 
Neuropsychological Test Automated Battery at baseline and day 28, 
showed directional improvements on tests of episodic memory and 
spatial memory in patients treated with sumifilam compared with 
placebo, with an effect size of 46% to 17%. Episodic memory improved 
by –5.7 and –4.3 for patients with AD in the 50- and 100-mg groups, 
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OUTSOURCING YOUR PRACTICE’S BILLING: 
WHEN, WHY, AND WHY NOT
BY JORDAN ROSENFELD

BILLING IS A CRUCIAL PART of every physician practice, no matter the 
size. To do it right requires dedicated billers and coders and constant over-
sight of claims and reimbursements. Dan Schulte, senior vice president of 
health care at HGS, a global business outsourcing company, offers some 
pros and cons for outsourcing.

When
• If they are unsure whether to outsource billing, physician practices can 

use the follow circumstances as guidelines:
• The patient accounting system is old and needs replacing.
• Chronic problems exist with credentialing issues.
• Reimbursement models are constantly changing.
• The practice has weak net revenues and poor cash recoveries based on 

its expectations.
• If any or all of these trigger events apply to a practice, it’s probably a 

good idea to outsource. Although the cost of outsourcing is a concern 
for many physicians, not outsourcing leaves less money on the table 
in many cases. 

Why
The most significant point in favor of outsourcing billing is having “a trusted 
partnership…that a professional revenue cycle partner can bring,” Schulte 

said. This includes being able to give a practice clear direction to improve 
revenue and having a comprehensive knowledge of regulatory issues from 
the federal government and payers.

Additionally, an outsourcing partner can offer helpful analytics that allow 
the practice to have a clear picture of what is happening with their accounts. 
Although Schulte agrees that practices can “grow their own talent” by hiring 
and training billing and coding staff, he points out a significant barrier. 
“People change jobs and careers. When you have a small staff working for 
you and one of them leaves, you have to start from scratch to replace them.” 
In an outsourcing relationship, there’s always a team of people available to 
make sure your claims are handled.

Why Not
Not every situation allows for outsourcing, however. Some specialists may 
have more complex billing procedures that require clinical review, such as 
cardiothoracic surgeons, Schulte noted. “That’s not something that can be 
outsourced very easily because you need to have a high degree of knowl-
edge of the discipline itself.”

Any other situation in which “an intimate relationship between case 
management and care planning for a particular patient requires a closer 
touch,” such as mental health services, wouldn’t be a great fit for an 
outsourcing service. 
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respectively, compared with –1.5 for patients in the placebo group. 
Spatial memory also improved by –1.6 for patients with AD in the 
50-mg group and –3.3 for patients in the 100-mg group compared with 
–0.4 in the placebo group. 

The investigators noted that improvements in cognition correlated 
most strongly (statistical R2 = 0.5) with decreases in cerebrospinal 
fluid P-tau181, with decreases of 8% to 11% recorded in the treatment 
groups compared with placebo.

There is currently an ongoing long-term, open-label study of sumi-
filam 100 mg twice-daily for 12 months. The study is at 50% enroll-
ment, with a target enrollment of approximately 100 patients with mild 
to moderate AD.
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Midazolam Is Underused for Status 
Epilepticus in EMS Setting Despite  
High Efficacy
A cross-sectional analysis examining the use of midaz-
olam (Nayzilam; UCB) by an emergency medical 

services (EMS) agency for the treatment of adults with status epilepticus 
showed a significant deviation from evidence-based benzodiazepine use, 
contributing to the need for rescue therapy and respiratory support.

In total, 2494 cases of status epilepticus in adults were included 
in the analysis, with 1537 patients receiving midazolam at any dose 
(39.4% received 5 mg or more), yielding an administration rate of 62%.

Led by Elan L. Guterman, MD, assistant professor of neurology, 
University of California, San Francisco, the data published in Neurology 
showed that undertreatment with midazolam was associated with an 
increased need for rescue therapy, with 282 (18%) patients needing 
a second dose. Those who received rescue therapy were less likely to 
have received an initial midazolam dose of 5 mg or more, were more 
frequently tachycardic, had lower Glasgow Coma Scale (GCS) scores, 
and were evaluated by providers who had seen a higher number of 
patients with status epilepticus during the study period.

National guidelines state that first-line, evidence-based treatment 
with midazolam requires administering the medication intramuscu-
larly as a single 10-mg dose, and do not recommend the intranasal, 
intravenous, or intraosseous route of administration. Notably, no 
patients included in the study received the guideline-based dose of 10 
mg, and only 5 patients received a dose greater than 5 mg. Intranasal 
and intravenous injection accounted for 47% and 38.3% of midazolam 
administration, respectively, followed by intramuscular (13.7%) and 
intraosseous (1%) administration.

Guterman and colleagues wrote that “this finding identifies an 
important gap in the treatment of status epilepticus and carries 
important clinical implications if EMS agencies nationally parallel this 

single site experience. The next challenge will be evaluating the true 
scope of the problem and identifying effective interventions to correct it.”

Higher midazolam doses were associated with lower odds of needing 
rescue therapy (odds ratio [OR], 0.8; 95% CI, 0.7-0.9) and were not asso-
ciated with increased respiratory support, the primary and secondary 
end points of the study, respectively. In fact, higher doses of midazolam 
were associated with a decreased need for respiratory support after 
adjustment (OR, 0.9; 95% CI, 0.8-1.0). Notably, receiving a midazolam 
dose of 5 mg or more was associated with lower odds of needing respi-
ratory support (OR, 0.8; 95% CI, 0.7-1.0).

Six hundred seventy-eight (44.1%) of the 1537 patients who received 
any dose of midazolam ultimately required respiratory support, with 
517 (33.6%) requiring ventilatory support. Those who required respira-
tory support were more likely to be male, have comorbid alcohol and 
drug use, were tachycardic, had lower oxygen saturation, had lower 
GCS scores, and were evaluated by providers who had seen a higher 
number of patients with total seizure and status epilepticus during 
the study period.

REFERENCE

Guterman EL, Sanford JK, Betjemann JP, et al. Prehospital midazolam use and outcomes among patients 

with out-of-hospital status epilepticus. Neurology. Published online September 17, 2020. doi:10.1212/

WNL.0000000000010913

AMX0035 Slows Functional Decline  
in ALS in Phase 2/3
Full data from the phase 2/3 CENTAUR trial 
(NCT03127514) of AMX0035 (Amylyx Pharmaceuticals) 
suggest that the combination drug of sodium phenyl-

butyrate–taurursodiol slows functional decline in patients with amyo-
trophic lateral sclerosis (ALS) compared with placebo.

In a study population of 135 patients with ALS who were randomly 
assigned in a 2:1 fashion to active treatment or placebo, those treated 
with AMX0035 (n = 87) reported an average ALS Functional Rating 
Scale-Revised (ALSFRS-R) score of 2.32 points higher than the placebo 
group (n = 48; P = .03) in the primary prespecified analysis after 24 
weeks. Results were published in the New England Journal of Medicine.

An analysis of the change from baseline showed a 2.92-point higher 
mean ALSFRS-R score for the AMX0035 group (P = .01). The total mean 
rates of change per month on ALSFRS-R total score was –1.24 points 
per month with AMX0035 compared with −1.66 points per month with 
placebo (difference, 0.42 points per month; 95% CI, 0.03-0.81; P = .03).

“This is a milestone in our fight against ALS,” principal investigator 
Sabrina Paganoni, MD, PhD, of the Sean M. Healey & AMG Center for 
ALS at Massachusetts General Hospital, told NeurologyLive®. “Patients 
tell us that their number one desire is to be able to maintain physical 
function for as long as possible. For example, they want to continue to 
be able to walk, or to continue to be able to negotiate stairs. They want 
to be able to use their hands so they can cut their food, or type emails, 
or use the phone. That’s exactly what we measured in the trial.”

Notably, 77% of patients assessed in the trial were receiving an 
approved ALS therapy—either riluzole (n = 96), edaravone (Radicava, 
MT Pharma America; n = 46), or both (n = 38)—during and/or before 
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trial entry. When Paganoni and colleagues conducted sensitivity anal-
yses to correct for this, their findings were similar, with an estimated 
between-group difference in ALSFRS-R total scores of 2.15 points  
(95% CI, −0.05 to 4.35) for those on edaravone and 2.34 points (95% CI, 
0.19-4.48) for those on riluzole.

“This tells us that AMX0035 can be safely combined with these 
methods of treatment, and actually leads to improvement over the 
standard of care. Ultimately, we think we might need a combination of 
different treatments to fight ALS most effectively,” Paganoni explained. 
She noted that it is her belief that as long as therapies are proven safe in 
their combined use, it makes sense to use a combination of agents that 
target the various cellular and molecular mechanisms at play in ALS.

The investigators also assessed a number of secondary outcomes 
for AMX0035, including lung function (percent predicted slow vital 
capacity [SVC]), decline in muscle strength (Accurate Test of Limb 
Isometric Strength [ATLIS]), and hospitalization rates, although the 
study was not powered for these outcomes.

Percent predicted SVC showed that the progression in lung func-
tion deterioration was numerically slower in patients taking AMX0035 
(–3.10 [± 0.31] per month; least-squares mean, 66.17 [± 2.81]) compared 
with placebo (–4.03 [± 0.42]; least-squares mean, 61.06 [± 2.81]) for a 
least-squares mean difference of 5.11 points (P = .08).

Additionally, the rate of decline in overall muscle strength was 
numerically slower in those taking AMX0035 (–3.03 [± 0.19] per month; 

least-squares mean, 39.08 [± 1.99]) compared with placebo (–3.54  
[± 0.26] per month; least-squares mean, 36.26 [± 2.22]), for a least-
squares mean difference of 2.82 points (P = .12). When assessing the 
effect of AMX0035 on progression for the upper- and lower-limb scores, 
investigators found that the combination agent was nominally statisti-
cally significant for the upper limb measurements (least-squares mean 
difference, 4.27 points; P = .04).

Hospitalization rates for those treated with AMX0035 (17.5% [± 4.1]) 
were numerically lower than those treated with placebo (29.7% [± 6.6]), 
for a hazard ratio of 0.54 (95% CI, 0.27–1.12; P = .09).

As for safety, the rate of treatment-emergent adverse events (AEs) 
was 96% (46 of 48) for the placebo group and 97% (86 of 89) for the 
AMX0035 group. Most AEs were not serious, did not lead to modifi-
cation or interruption of study drug dosing, and were not considered 
related to the study drug. There were fewer serious AEs in the active 
group (12%; 11 of 89) compared with the placebo group (19%; 9 of 
48). Gastrointestinal AEs, generally characterized as mild, were more 
frequently reported in the AMX0035 group (28.1%) compared with 
placebo (12.5%) in the first 3 weeks of the trial, although the levels were 
comparable to placebo at time points thereafter.
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INDICATION AND USAGE

REYVOW is indicated for the acute treatment  
of migraine with or without aura in adults.

LIMITATIONS OF USE

REYVOW is not indicated for the preventive treatment of migraine.

IMPORTANT SAFETY INFORMATION 

WARNINGS AND PRECAUTIONS

Driving Impairment
REYVOW may cause significant driving impairment. In a driving 
study, administration of single 50 mg, 100 mg, or 200 mg doses of 
REYVOW significantly impaired subjects’ ability to drive. Additionally, 
more sleepiness was reported at 8 hours following a single dose of 
REYVOW compared to placebo. Advise patients not to engage in 
potentially hazardous activities requiring complete mental alertness, 
such as driving a motor vehicle or operating machinery, for at least 
8 hours after each dose of REYVOW. Patients who cannot follow this 
advice should not take REYVOW. Prescribers and patients should 
be aware that patients may not be able to assess their own driving 
competence and the degree of impairment caused by REYVOW. 

Central Nervous System Depression
REYVOW may cause central nervous system (CNS) depression, 
including dizziness and sedation. Because of the potential for 
REYVOW to cause sedation, other cognitive and/or neuropsychiatric 
adverse reactions, and driving impairment, REYVOW should be 
used with caution if used in combination with alcohol or other CNS 
depressants. Patients should be warned against driving and other 
activities requiring complete mental alertness for at least 8 hours after 
REYVOW is taken.

Serotonin Syndrome
In clinical trials, reactions consistent with serotonin syndrome were 
reported in patients treated with REYVOW who were not taking 
any other drugs associated with serotonin syndrome. Serotonin 
syndrome may also occur with REYVOW during coadministration 
with serotonergic drugs. Serotonin syndrome symptoms may include 
mental status changes, autonomic instability, neuromuscular signs, 
and/or gastrointestinal signs and symptoms. The onset of symptoms 
usually occurs within minutes to hours of receiving a new or a greater 
dose of a serotonergic medication. Discontinue REYVOW if serotonin 
syndrome is suspected.
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UP TO 39% OF PATIENTS ACHIEVED COMPLETE ELIMINATION OF MIGRAINE PAIN1

Medication Overuse Headache
Overuse of acute migraine drugs may lead to exacerbation of 
headache. Medication overuse headache may present as migraine-
like daily headaches or as a marked increase in frequency of migraine 
attacks. Detoxification of patients including withdrawal of the 
overused drugs and treatment of withdrawal symptoms (which often 
includes a transient worsening of headache) may be necessary.

ADVERSE REACTIONS

The most common adverse reactions associated with REYVOW (≥2% 
and greater than placebo in clinical studies) were dizziness, fatigue, 
paresthesia, sedation, nausea and/or vomiting, and muscle weakness.

DRUG ABUSE AND DEPENDENCE

REYVOW contains lasmiditan, a Schedule V controlled substance. 

Abuse
In a human abuse potential study in recreational poly-drug users 
(n=58), single oral therapeutic doses (100 mg and 200 mg) and a 
supratherapeutic dose (400 mg) of REYVOW were associated with 
statistically significantly higher “drug liking” scores than placebo, 
indicating that REYVOW has abuse potential. At all doses, REYVOW 

was associated with statistically significantly lower “drug liking” 
scores than alprazolam. Euphoric mood occurred to a similar extent 
with REYVOW 200 mg, REYVOW 400 mg, and alprazolam 2 mg 
(43-49%). A feeling of relaxation was noted in more subjects on 
alprazolam (22.6%) than with any dose of REYVOW (7-11%). Phase 2 
and 3 studies indicate that, at therapeutic doses, REYVOW produced 
adverse events of euphoria and hallucinations to a greater extent than 
placebo. However, these events occur at a low frequency (about 1% of 
patients). Evaluate patients for risk of drug abuse and observe them 
for signs of lasmiditan misuse or abuse.

Dependence
Physical withdrawal was not observed in healthy subjects following 
abrupt cessation after 7 daily doses of lasmiditan 200 mg or 400 mg.
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Please see Brief Summary of 
Prescribing Information on next pages.

Results from 2 studies, % of patients who  
achieved pain freedom at 2 hours vs placebo1

Study Designs1-7

REYVOW, a ditan, a high-affinity 5-HT1F receptor agonist, is a tablet 
that was evaluated in 2 randomized, double-blind, placebo-
controlled, single-attack trials. 4439 patients age 18 and older 
were dosed (REYVOW: 3177; placebo: 1262), including those 
with ≥2 cardiovascular risk factors (41%), concomitant use of 
migraine preventive drugs (22%), concomitant use of serotonergic 
medication (22%), and prior triptan exposure within the past  
3 months (37%). All patients had a history of migraine for at least  
1 year, 3-8 migraine attacks/month, and MIDAS‡ score ≥11 (pooled 
median was 25). Patients were instructed to take the study drug 
within 4 hours of headache onset when the pain was moderate to 
severe. Patients were allowed to take a rescue medication 2 hours 
after taking study drug; however, opioids, barbiturates, triptans, 
and ergots were not allowed within 24 hours of study drug 
administration. The primary endpoint in both studies was pain 
freedom, defined as a reduction of moderate or severe migraine 
pain to no pain at 2 hours. Doses evaluated: 100 mg, 200 mg 
(SAMURAI); 50 mg, 100 mg, 200 mg (SPARTAN)

References:
1. REYVOW [Prescribing Information]. Indianapolis, IN: Lilly USA, LLC. 2. Kuca B, Silberstein SB, 
Wietecha L, Berg PH, Dozier G, Lipton RB. Lasmiditan is an effective acute treatment for migraine: a 
phase 3 randomized study. Neurology. 2018;91:e2222-e2232. 3. Goadsby PJ, Wietecha LA, Dennehy 
EB, et al. Phase 3 randomized, placebo-controlled, double-blind study of lasmiditan for acute 
treatment of migraine. Brain. 2019;142:1894-1904. 4. Shapiro RE, Hochstetler HM, Dennehy EB, et 
al. Lasmiditan for acute treatment of migraine in patients with cardiovascular risk factors: post-hoc 
analysis of pooled results from 2 randomized, double-blind, placebo-controlled, phase 3 trials.  
J Headache Pain. 2019;20:90. 5. Data on File. Indianapolis, IN: Lilly USA, LLC. DOF-LM-US-0018.  
6. Data on File. Indianapolis, IN: Lilly USA, LLC. DOF-LM-US-0005. 7. Data on File. Indianapolis, IN: 
Lilly USA, LLC. DOF-LM-US-0012.

‡Migraine Disability Assessment.

Explore more at REYVOW.COM/HCP
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REYVOW (lasmiditan) C-V tablets
Brief Summary: Consult the package insert for complete prescribing information.      
INDICATIONS AND USAGE 
REYVOW™ is indicated for the acute treatment of migraine with or without aura in adults.
Limitations of Use: REYVOW is not indicated for the preventive treatment of migraine.      
CONTRAINDICATIONS 
None      
WARNINGS AND PRECAUTIONS    
Driving Impairment 
REYVOW may cause significant driving impairment. In a driving study, administration of single 50 mg, 
100 mg, or 200 mg doses of REYVOW significantly impaired subjects’ ability to drive. Additionally, more 
sleepiness was reported at 8 hours following a single dose of REYVOW compared to placebo. Advise 
patients not to engage in potentially hazardous activities requiring complete mental alertness, such 
as driving a motor vehicle or operating machinery for at least 8 hours after each dose of REYVOW. 
Patients who cannot follow this advice should not take REYVOW. Prescribers and patients should 
be aware that patients may not be able to assess their own driving competence and the degree of 
impairment caused by REYVOW.   
Central Nervous System Depression
REYVOW may cause central nervous system (CNS) depression, including dizziness and sedation [see 
Adverse Reactions]. Because of the potential for REYVOW to cause sedation, other cognitive and/or 
neuropsychiatric adverse reactions, and driving impairment, REYVOW should be used with caution if 
used in combination with alcohol or other CNS depressants. Patients should be warned against driving 
and other activities requiring complete mental alertness for at least 8 hours after REYVOW is taken 
[see Warnings and Precautions].   
Serotonin Syndrome
In clinical trials, reactions consistent with serotonin syndrome were reported in patients treated 
with REYVOW who were not taking any other drugs associated with serotonin syndrome. Serotonin 
syndrome may also occur with REYVOW during coadministration with serotonergic drugs [e.g., 
selective serotonin reuptake inhibitors (SSRIs), serotonin norepinephrine reuptake inhibitors (SNRIs), 
tricyclic antidepressants (TCAs), and monoamine oxidase (MAO) inhibitors]. Serotonin syndrome 
symptoms may include mental status changes (e.g., agitation, hallucinations, coma), autonomic 
instability (e.g., tachycardia, labile blood pressure, hyperthermia), neuromuscular signs (e.g., 
hyperreflexia, incoordination), and/or gastrointestinal signs and symptoms (e.g., nausea, vomiting, 
diarrhea). The onset of symptoms usually occurs within minutes to hours of receiving a new or a 
greater dose of a serotonergic medication. Discontinue REYVOW if serotonin syndrome is suspected.   
Medication Overuse Headache
Overuse of acute migraine drugs (e.g., ergotamines, triptans, opioids, or a combination of these drugs 
for 10 or more days per month) may lead to exacerbation of headache (i.e., medication overuse 
headache). Medication overuse headache may present as migraine-like daily headaches or as a 
marked increase in frequency of migraine attacks. Detoxification of patients including withdrawal 
of the overused drugs and treatment of withdrawal symptoms (which often includes a transient 
worsening of headache) may be necessary.      
ADVERSE REACTIONS   
Clinical Trials Experience
Because clinical studies are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical studies of a drug cannot be directly compared to rates in the clinical studies of 
another drug and may not reflect the rates observed in practice.   
The safety of REYVOW has been evaluated in 4,878 subjects who received at least one dose of 
REYVOW. In 2 placebo-controlled, Phase 3 trials in adult patients with migraine (Studies 1 and 2), a 
total of 3,177 patients received REYVOW 50, 100, or 200 mg. Of the REYVOW-treated patients in these 
2 studies, approximately 84% were female, 78% were White, 18% were Black, and 18% were of 
Hispanic or Latino ethnicity. The mean age at study entry was 42.4 years (range 18 to 81).   
Long-term safety was assessed for 2,030 patients, dosing intermittently for up to 12 months in 
a long-term safety study. Of these, 728 patients were exposed to 100 mg or 200 mg for at least 
3 months, 361 patients were exposed to these doses for at least 6 months, and 180 patients were 
exposed to these doses for at least 12 months, all of whom treated at least 2 migraine attacks per 
month on average. In that study, 14% (148 out of 1,039) in the 200 mg dose group, and 11% (112 out 
of 991) in the 100 mg dose group withdrew from the trial because of an adverse event. The most 
common adverse event resulting in discontinuation in the long-term safety study (greater than 2%) 
was dizziness.   
Table 1 shows adverse reactions that occurred in at least 2% of patients treated with REYVOW and 
more frequently than in patients who received placebo in Studies 1 and 2. The most common adverse 
reactions (at least 5%) were dizziness, fatigue, paresthesia, and sedation.      

Table 1: Adverse Reactions Occurring in ≥2%  
and at a Frequency Greater than Placebo in Studies 1 and 2

Adverse Reaction REYVOW 50 mg 
N=654  

%

REYVOW 100 mg 
N=1265  

%

REYVOW 200 mg 
N=1258  

%

Placebo 
N=1262  

%
Dizziness 9 15 17 3
Fatiguea 4 5 6 1
Paresthesiab 3 7 9 2

Adverse Reaction REYVOW 50 mg 
N=654  

%

REYVOW 100 mg 
N=1265  

%

REYVOW 200 mg 
N=1258  

%

Placebo 
N=1262  

%
Sedationc 6 6 7 2
Nausea and/or Vomiting 3 4 4 2
Muscle Weakness 1 1 2 0
a Fatigue includes the adverse reaction related terms asthenia and malaise.
b  Paresthesia includes the adverse reaction related terms paresthesia oral, hypoesthesia, and 

hypoesthesia oral.
c Sedation includes the adverse reaction related term somnolence.      

Less Common Adverse Reactions   
The following adverse reactions occurred in less than 2% of REYVOW-treated patients but more 
frequently than in patients receiving placebo: vertigo, incoordination, lethargy, visual impairment, 
feeling abnormal, palpitations, anxiety, tremor, restlessness, sleep abnormalities including sleep 
disturbance and abnormal dreams, muscle spasm, limb discomfort, cognitive changes, confusion, 
euphoric mood, chest discomfort, speech abnormalities, dyspnea, and hallucinations.   
Hypersensitivity
Events of hypersensitivity, including angioedema, rash and photosensitivity reaction, occurred 
in patients treated with REYVOW. In controlled trials, hypersensitivity was reported in 0.2% of 
patients treated with REYVOW compared to no patients who received placebo. If a serious or 
severe hypersensitivity reaction occurs, initiate appropriate therapy and discontinue administration 
of REYVOW.   
Vital Sign Changes   
Heart Rate Decrease
REYVOW was associated with mean decreases in heart rate of 5 to 10 beats per minute (bpm) while 
placebo was associated with mean decreases of 2 to 5 bpm. Consider evaluating heart rate after 
administration of REYVOW in patients for whom these changes may not be tolerated, including patients 
taking other medications that lower heart rate [see Drug Interactions].
Blood Pressure Increase
REYVOW may increase blood pressure following a single dose. In non-elderly healthy volunteers 
there was a mean increase from baseline in ambulatory systolic and diastolic blood pressure of 
approximately 2 to 3 mm Hg one hour after administration of 200 mg REYVOW compared to a 
mean increase of up to 1 mm Hg for placebo. In healthy volunteers over 65 years of age, there was 
a mean increase from baseline in ambulatory systolic blood pressure of 7 mm Hg one hour after 
administration of 200 mg REYVOW compared to a mean increase of 4 mm Hg for placebo. By 2 hours, 
there were no increases in mean blood pressure with REYVOW compared to placebo. REYVOW has not 
been well studied in patients with ischemic heart disease. Consider evaluating blood pressure after 
administration of REYVOW in patients for whom these changes may not be tolerated.      
DRUG INTERACTIONS   
CNS Depressants
Concomitant administration of REYVOW and alcohol or other CNS depressant drugs has not been 
evaluated in clinical studies. Because of the potential of REYVOW to cause sedation, as well as other 
cognitive and/or neuropsychiatric adverse reactions, REYVOW should be used with caution if used in 
combination with alcohol or other CNS depressants [see Warnings and Precautions].   
Serotonergic Drugs
Concomitant administration of REYVOW and drugs (e.g., SSRIs, SNRIs, TCAs, MAO inhibitors, trazodone, 
etc.), over-the counter medications (e.g., dextromethorphan), or herbal supplements (e.g., St. John’s 
Wort) that increase serotonin may increase the risk of serotonin syndrome [see Warnings and 
Precautions]. Use REYVOW with caution in patients taking medications that increase serotonin.   
Heart Rate Lowering Drugs
REYVOW has been associated with a lowering of heart rate [see Adverse Reactions]. In a drug 
interaction study, addition of a single 200 mg dose of REYVOW to propranolol decreased heart rate by 
an additional 5 beats per minute compared to propranolol alone, for a mean maximum of 19 beats per 
minute. Use REYVOW with caution in patients taking concomitant medications that lower heart rate if 
this magnitude of heart rate decrease may pose a concern.   
P-gp and Breast Cancer Resistant Protein (BCRP)
REYVOW inhibits P-gp and BCRP in vitro. Concomitant use of REYVOW and drugs that are P-gp or 
BCRP substrates should be avoided.      
USE IN SPECIFIC POPULATIONS   
Pregnancy   
Risk Summary   
There are no adequate data on the developmental risk associated with the use of REYVOW in 
pregnant women. In animal studies, adverse effects on development (increased incidences of fetal 
abnormalities, increased embryofetal and offspring mortality, decreased fetal body weight) occurred at 
maternal exposures less than (rabbit) or greater than (rat) those observed clinically (see Data).
In the U.S. general population, the estimated background risk of major birth defects and of miscarriage 
in clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively. The estimated rates of 
major birth defects (2.2% to 2.9%) and miscarriage (17%) among deliveries to women with migraine 
are similar to rates reported in women without migraine.

Table 1: Adverse Reactions Occurring in ≥2%  
and at a Frequency Greater than Placebo in Studies 1 and 2 (Cont.)
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Clinical Considerations   
Disease-Associated Maternal and/or Embryo/Fetal Risk
Published data have suggested that women with migraine may be at increased risk for preeclampsia 
and gestational hypertension during pregnancy.   
Data   
Animal Data
Oral administration of lasmiditan (0, 100, 175, or 250 mg/kg/day) to pregnant rats throughout 
organogenesis resulted in increases in skeletal variations at the mid and high doses and reduced fetal 
body weight at the high dose. The high dose was associated with maternal toxicity. At the no-effect 
dose (100 mg/kg/day) for adverse effects on embryofetal development in rats, plasma exposure (AUC) 
was approximately 10 times that in humans at the MRHD.   
Oral administration of lasmiditan (0, 50, 75, or 115 mg/kg/day) to pregnant rabbits throughout 
organogenesis resulted in malformations (skeletal and visceral), increases in skeletal variations 
and embryofetal mortality, and decreased fetal body weight at the highest dose tested, which was 
associated with maternal toxicity. Plasma exposure (AUC) at the no-effect dose (75 mg/kg/day) for 
adverse effects on embryofetal development in rabbits was less than that in humans at the MRHD.   
Oral administration of lasmiditan (0, 100, 150, or 225 mg/kg/day) to rats throughout pregnancy and 
lactation resulted in increases in stillbirth and neonatal mortality at the highest dose tested, which was 
associated with maternal toxicity and delayed parturition. Plasma exposure (AUC) at the no-effect dose 
(150 mg/kg/day) for adverse effects on pre- and postnatal development was approximately 16 times 
that in humans at the MRHD.   
Lactation   
Risk Summary   
There are no data on the presence of lasmiditan in human milk, the effects of lasmiditan on the 
breastfed infant, or the effects of lasmiditan on milk production. Excretion of lasmiditan and/or 
metabolites into milk, at levels approximately 3 times those in maternal plasma, was observed in 
lactating rats following oral administration of lasmiditan.   
The developmental and health benefits of breastfeeding should be considered along with the mother’s 
clinical need for REYVOW and any potential adverse effects on the breastfed infant from REYVOW or 
from the underlying maternal condition.   
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.   
Geriatric Use
In controlled clinical trials, dizziness occurred more frequently in patients who were at least 65 years 
of age (19% for REYVOW, 2% for placebo) compared to patients who were less than 65 years of 
age (14% for REYVOW, 3% for placebo). A larger increase in systolic blood pressure also occurred in 
patients 65 years of age and older compared to patients who were less than 65 years of age. Clinical 
studies of REYVOW did not include sufficient numbers of subjects aged 65 and over to determine 
whether there is a difference in efficacy in these patients compared to younger subjects. However, in 
clinical pharmacology studies, no clinically relevant effect on exposure to REYVOW was observed in 
elderly subjects. In general, dose selection for an elderly patient should be cautious, usually starting 
at the low end of the dosing range, reflecting the greater frequency of decreased hepatic, renal, or 
cardiac function, and of concomitant disease or other drug therapy.   
Hepatic Impairment
No dosage adjustment is needed for patients with mild or moderate hepatic impairment (Child-Pugh A 
or B). REYVOW has not been studied in patients with severe hepatic impairment (Child-Pugh C) and its 
use in these patients is not recommended.      
DRUG ABUSE AND DEPENDENCE   
Controlled Substance
REYVOW contains lasmiditan, a Schedule V controlled substance.    
Abuse
Abuse is the intentional, non-therapeutic use of a drug, even once, for its desirable psychological or 
physiological effects. In a human abuse potential (HAP) study in recreational poly-drug users (n=58), 
single oral therapeutic doses (100 and 200 mg) and a supratherapeutic dose (400 mg) of REYVOW 
were compared to alprazolam (2 mg) (C-IV) and placebo. With all doses of REYVOW, subjects reported 
statistically significantly higher “drug liking” scores than placebo, indicating that REYVOW has 
abuse potential. In comparison to alprazolam, subjects who received REYVOW reported statistically 
significantly lower “drug liking” scores. In the HAP study, euphoric mood occurred to a similar extent 
with REYVOW 200 mg, REYVOW 400 mg, and alprazolam 2 mg (43-49%). A feeling of relaxation was 
noted in more subjects on alprazolam (22.6%) than with any dose of REYVOW (7-11%).
Phase 2 and 3 studies indicate that, at therapeutic doses, REYVOW produced adverse events of 
euphoria and hallucinations to a greater extent than placebo. However these events occur at a low 
frequency (about 1% of patients).
Evaluate patients for risk of drug abuse and observe them for signs of lasmiditan misuse or abuse.   
Dependence
Physical withdrawal was not observed in healthy subjects following abrupt cessation after 7 daily 
doses of lasmiditan 200 mg or 400 mg.      
DOSAGE AND ADMINISTRATION
The recommended dose of REYVOW is 50 mg, 100 mg, or 200 mg taken orally, as needed. No more 
than one dose should be taken in 24 hours, and REYVOW should not be taken unless the patient 
can wait at least 8 hours between dosing and driving or operating machinery [see Warnings and 

Precautions]]. A second dose of REYVOW has not been shown to be effective for the same migraine 
attack. The safety of treating an average of more than 4 migraine attacks in a 30-day period has not 
been established.
REYVOW may be taken with or without food.      
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
Driving Impairment – Advise patients not to engage in potentially hazardous activities requiring 
complete mental alertness, such as driving a motor vehicle or operating machinery for at least 8 hours 
after taking each dose of REYVOW. Patients who cannot follow this advice should not take REYVOW. 
Patients may not be able to assess their own driving competence and the degree of impairment 
caused by REYVOW [see Warnings and Precautions].
CNS Depression – Inform patients that REYVOW may cause dizziness and sedation. Advise patients 
to use caution if taking REYVOW in combination with alcohol or other CNS depressants [see Warnings 
and Precautions and Drug Interactions].
Serotonin Syndrome – Caution patients about the risk of serotonin syndrome with the use of REYVOW, 
particularly during combined use with serotonergic medications such as SSRIs, SNRIs, TCAs, or MAO 
inhibitors [see Warnings and Precautions and Drug Interactions].
Medication Overuse Headache – Inform patients that use of drugs to treat migraine attacks for 10 or 
more days per month may lead to an exacerbation of headache, and encourage patients to record 
headache frequency and drug use (e.g., by keeping a headache diary) [see Warnings and Precautions].
Hypersensitivity – Advise patients to seek immediate medical attention if they experience any 
symptoms of serious or severe hypersensitivity reaction [see Adverse Reactions].
Abuse and Dependence – Advise patients that REYVOW is a federally controlled substance because 
it has the potential to be abused [see Drug Abuse and Dependence]. Advise patients to keep their 
medication secure.
Pregnancy – Advise patients to notify their healthcare provider if they become pregnant during 
treatment or plan to become pregnant [see Use in Specific Populations].
Nursing Mothers – Inform patients to notify their healthcare provider if they are breastfeeding or plan 
to breastfeed [see Use in Specific Populations].   
Additional information can be found at www.REYVOW.com or call 1-833 REYVOW (1-833-739-8691)
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Clinical Considerations   
Disease-Associated Maternal and/or Embryo/Fetal Risk
Published data have suggested that women with migraine may be at increased risk for preeclampsia 
and gestational hypertension during pregnancy.   
Data   
Animal Data
Oral administration of lasmiditan (0, 100, 175, or 250 mg/kg/day) to pregnant rats throughout 
organogenesis resulted in increases in skeletal variations at the mid and high doses and reduced fetal 
body weight at the high dose. The high dose was associated with maternal toxicity. At the no-effect 
dose (100 mg/kg/day) for adverse effects on embryofetal development in rats, plasma exposure (AUC) 
was approximately 10 times that in humans at the MRHD.   
Oral administration of lasmiditan (0, 50, 75, or 115 mg/kg/day) to pregnant rabbits throughout 
organogenesis resulted in malformations (skeletal and visceral), increases in skeletal variations 
and embryofetal mortality, and decreased fetal body weight at the highest dose tested, which was 
associated with maternal toxicity. Plasma exposure (AUC) at the no-effect dose (75 mg/kg/day) for 
adverse effects on embryofetal development in rabbits was less than that in humans at the MRHD.   
Oral administration of lasmiditan (0, 100, 150, or 225 mg/kg/day) to rats throughout pregnancy and 
lactation resulted in increases in stillbirth and neonatal mortality at the highest dose tested, which was 
associated with maternal toxicity and delayed parturition. Plasma exposure (AUC) at the no-effect dose 
(150 mg/kg/day) for adverse effects on pre- and postnatal development was approximately 16 times 
that in humans at the MRHD.   
Lactation   
Risk Summary   
There are no data on the presence of lasmiditan in human milk, the effects of lasmiditan on the 
breastfed infant, or the effects of lasmiditan on milk production. Excretion of lasmiditan and/or 
metabolites into milk, at levels approximately 3 times those in maternal plasma, was observed in 
lactating rats following oral administration of lasmiditan.   
The developmental and health benefits of breastfeeding should be considered along with the mother’s 
clinical need for REYVOW and any potential adverse effects on the breastfed infant from REYVOW or 
from the underlying maternal condition.   
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.   
Geriatric Use
In controlled clinical trials, dizziness occurred more frequently in patients who were at least 65 years 
of age (19% for REYVOW, 2% for placebo) compared to patients who were less than 65 years of 
age (14% for REYVOW, 3% for placebo). A larger increase in systolic blood pressure also occurred in 
patients 65 years of age and older compared to patients who were less than 65 years of age. Clinical 
studies of REYVOW did not include sufficient numbers of subjects aged 65 and over to determine 
whether there is a difference in efficacy in these patients compared to younger subjects. However, in 
clinical pharmacology studies, no clinically relevant effect on exposure to REYVOW was observed in 
elderly subjects. In general, dose selection for an elderly patient should be cautious, usually starting 
at the low end of the dosing range, reflecting the greater frequency of decreased hepatic, renal, or 
cardiac function, and of concomitant disease or other drug therapy.   
Hepatic Impairment
No dosage adjustment is needed for patients with mild or moderate hepatic impairment (Child-Pugh A 
or B). REYVOW has not been studied in patients with severe hepatic impairment (Child-Pugh C) and its 
use in these patients is not recommended.      
DRUG ABUSE AND DEPENDENCE   
Controlled Substance
REYVOW contains lasmiditan, a Schedule V controlled substance.    
Abuse
Abuse is the intentional, non-therapeutic use of a drug, even once, for its desirable psychological or 
physiological effects. In a human abuse potential (HAP) study in recreational poly-drug users (n=58), 
single oral therapeutic doses (100 and 200 mg) and a supratherapeutic dose (400 mg) of REYVOW 
were compared to alprazolam (2 mg) (C-IV) and placebo. With all doses of REYVOW, subjects reported 
statistically significantly higher “drug liking” scores than placebo, indicating that REYVOW has 
abuse potential. In comparison to alprazolam, subjects who received REYVOW reported statistically 
significantly lower “drug liking” scores. In the HAP study, euphoric mood occurred to a similar extent 
with REYVOW 200 mg, REYVOW 400 mg, and alprazolam 2 mg (43-49%). A feeling of relaxation was 
noted in more subjects on alprazolam (22.6%) than with any dose of REYVOW (7-11%).
Phase 2 and 3 studies indicate that, at therapeutic doses, REYVOW produced adverse events of 
euphoria and hallucinations to a greater extent than placebo. However these events occur at a low 
frequency (about 1% of patients).
Evaluate patients for risk of drug abuse and observe them for signs of lasmiditan misuse or abuse.   
Dependence
Physical withdrawal was not observed in healthy subjects following abrupt cessation after 7 daily 
doses of lasmiditan 200 mg or 400 mg.      
DOSAGE AND ADMINISTRATION
The recommended dose of REYVOW is 50 mg, 100 mg, or 200 mg taken orally, as needed. No more 
than one dose should be taken in 24 hours, and REYVOW should not be taken unless the patient 
can wait at least 8 hours between dosing and driving or operating machinery [see Warnings and 

Precautions]]. A second dose of REYVOW has not been shown to be effective for the same migraine 
attack. The safety of treating an average of more than 4 migraine attacks in a 30-day period has not 
been established.
REYVOW may be taken with or without food.      
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
Driving Impairment – Advise patients not to engage in potentially hazardous activities requiring 
complete mental alertness, such as driving a motor vehicle or operating machinery for at least 8 hours 
after taking each dose of REYVOW. Patients who cannot follow this advice should not take REYVOW. 
Patients may not be able to assess their own driving competence and the degree of impairment 
caused by REYVOW [see Warnings and Precautions].
CNS Depression – Inform patients that REYVOW may cause dizziness and sedation. Advise patients 
to use caution if taking REYVOW in combination with alcohol or other CNS depressants [see Warnings 
and Precautions and Drug Interactions].
Serotonin Syndrome – Caution patients about the risk of serotonin syndrome with the use of REYVOW, 
particularly during combined use with serotonergic medications such as SSRIs, SNRIs, TCAs, or MAO 
inhibitors [see Warnings and Precautions and Drug Interactions].
Medication Overuse Headache – Inform patients that use of drugs to treat migraine attacks for 10 or 
more days per month may lead to an exacerbation of headache, and encourage patients to record 
headache frequency and drug use (e.g., by keeping a headache diary) [see Warnings and Precautions].
Hypersensitivity – Advise patients to seek immediate medical attention if they experience any 
symptoms of serious or severe hypersensitivity reaction [see Adverse Reactions].
Abuse and Dependence – Advise patients that REYVOW is a federally controlled substance because 
it has the potential to be abused [see Drug Abuse and Dependence]. Advise patients to keep their 
medication secure.
Pregnancy – Advise patients to notify their healthcare provider if they become pregnant during 
treatment or plan to become pregnant [see Use in Specific Populations].
Nursing Mothers – Inform patients to notify their healthcare provider if they are breastfeeding or plan 
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MIND MOMENTS SPOTLIGHT
Multimedia highlights from our coverage of neurologic disorders

Mary Schroth, and others from Cure SMA, recently contrib-
uted to @neurology_live, providing guidance for caring for 
patients with #SMA during the ongoing COVID-19 pandemic.

@neurology_live thank you for reporting on research pre-
sented during #AAIC20 exploring if seasonal flu vaccine may 
be associated with a reduced risk of Alzheimer’s disease

One of the #ADDF’s funded researchers, Dr. Giacomo Koch, 
discussed the recent data from his phase 2 study of  
#rotigotine, which may be able to improve frontal cognitive 
function in #Alzheimer’s patients, in a recent article from  
@neurology_live

Thank you @neurology_live for always being an advocate 
for patients with #epilepsy. Every patient with uncontrolled 
#seizures needs a detailed evaluation with an epilepsy  
specialist. @ClevelandClinic @AmEpilepsySoc @IlaeWeb

For #WorldAlzheimersDay, @neurology_live highlights Dr. Jim 
Kupiec’s perspective on #aducanumab #alzheimersresearch 
#biotech #dementia

  MORE ONLINE   twitter.com/neurology_live

In an ideal world, we would 
have brain health clinics, in 
which you’re going to have a 
cardiologist, a geriatrician, a 
neurologist, dietary specialists, 
etc...where the health of the 
brain is going to be seen in the 
context of the health of the 
other organs of the body.” 

—Costantino Iadecola, MD
Titzell Professor of Neurology and Neuroscience 

Director, Feil Family Brain and Mind Institute,  

Weill Cornell Medicine

  WATCH   neurologylive.com/ 
constantino-iadecola

It’s as bad for you to be 
lonely with Parkinson disease 
as it is beneficial for you to 
exercise 7 days a week for 30 
minutes per day. It’s a huge 
determinant of wellness in this 
population, and it’s all the more 
important to think about this 
due to COVID-19.”

—Indu Subramanian, MD
Director, VA Southwest Parkinson’s Disease  

Research, Education, and Clinical Centers 

Faculty, Department of Neurology, UCLA

  WATCH   neurologylive.com/indu-subramanian

@ProMISinc

@TheADDF

@CureSMA

@LaraJehiMD

@alzassociation
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NEUROLOGYLIVE VIDEOS
There are people [with 

migraine] who appropriately 
self-treat with OTCs and have 

no unmet needs, but there are 
also people using OTCs who 

have never seen a doctor. There 
are barriers at the level of seek-

ing care and at the level of 
diagnosis, and then if you seek 

care and get a diagnosis, are 
you getting minimally effective 

treatment?” 
—Richard B. Lipton, MD

Edwin S. Lowe Professor of Neurology,  

Albert Einstein College of Medicine 

Director, Montefiore Headache Center

  READ   neurologylive.com/richard-lipton

BLOOD TESTS AS A DIAGNOSTIC INNO-
VATION IN ALZHEIMER DISEASE

Jonathan Graff-Radford, MD, a neurologist at 
Mayo Clinic, details the promising diagnostic 
tools in development for Alzheimer disease, 
including the revelation of blood-based 
screening panels that could be a much more 
accessible diagnostic method.

  VIEW VIDEO   
neurologylive.com/blood-tests-AD

THE METAMORPHOSIS OF MIGRAINE: 
DISCOVERY AND DEVELOPMENT

Stewart Tepper, MD, director of research, 
Dartmouth Headache Clinic, and professor 
of neurology, Dartmouth Geisel School of 
Medicine, brings his more than 30 years of 
experience as a physician and headache 
specialist to the forefront as he explores the 
metamorphosis that has taken place in the 
treatment of migraine.

  LISTEN   neurologylive.com/podcast-17

THE LATEST DEVELOPMENTS IN THE SMA 
TREATMENT LANDSCAPE

Richard Finkel, MD, pediatric neurolo-
gist, and head, Center for Experimental 
Neurotherapeutics, St Jude Children’s 
Research Hospital, offers an in-depth look 
at how the recent FDA approval of oral 
risdiplam (Evrysdi; Roche) might impact 
the spinal muscular atrophy therapeutic 
landscape. 

  LISTEN   neurologylive.com/podcast-15

PERSONALIZING OUR APPROACH TO 
MEDICATION ADHERENCE IN PARKIN-
SON DISEASE

Rajesh Pahwa, MD, chief, Parkinson’s and 
Movement Disorder Division; and director, 
Parkinson’s Foundation Center of Excel-
lence, University of Kansas Medical Center, 
discusses the challenges of medication 
adherence in Parkinson disease and how it 
impacts OFF episode management.

  LISTEN   neurologylive.com/podcast-16

FENEBRUTINIB AND BTK INHIBITION IN 
PROGRESSIVE MULTIPLE SCLEROSIS

Stephen L. Hauser, MD, director of the 
UCSF Weill Institute for Neuroscience, 
discusses the advantages of having 
agents that can be used across the 
spectrum of MS and the role that disease 
progression plays early on.

  VIEW VIDEO   
neurologylive.com/fenebrutinib-ms

FOLLOW US ON SOCIAL MEDIA for more clinical practice resources. 
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Opicapone Improves ON, OFF Time in Levodopa-
Treated Patients With Parkinson Disease
The COMT inhibitor, which was approved in April 2020, may be a worthwhile option as a first-line  
adjunctive treatment for those with Parkinson disease with motor fluctuations.
By Matt Hoffman

DATA FROM AN EXPLORATORY POST-HOC ANALYSIS of the BIPARK I and 
BIPARK II trials (NCT01568073 and NCT01227655) suggest that 50-mg 
opicapone (Ongentys; Neurocrine Biosciences) is a viable option as 
a first-line adjunctive treatment for patients with Parkinson disease 
treated with levodopa who experience motor fluctuations.1

The assessment included 68 patients given the once-daily, oral, 
selective catechol-O-methyltransferase (COMT) inhibitor and 59 
administered placebo, all of whom were treated only with levodopa. 
In total, the changes from baseline in absolute OFF and ON time were 
significantly greater for the opicapone group (OFF time, P = .0161; ON 
time, P = .0049).

The data were compiled by Joaquim J. Ferreira, MD, PhD, professor 
of neurology and clinical pharmacology at the 
University of Lisbon, Portugal, and colleagues, and 
presented in a poster at the International Parkinson 
and Movement Disorder Society (MDS) Virtual 
Congress 2020, September 12 to 16.

“Levodopa still remains the most effective symp-
tomatic treatment for Parkinson disease,” Ferreira 
and colleagues wrote, noting that after oral admin-
istration of levodopa, the drug is extensively metab-

olized in the periphery by dopa decarboxylase and COMT, opening a 
window for opicapone to fill that need.

At baseline, the mean daily OFF time reported by patients was  
6.6 hours (standard deviation [SD], 2.3) for both groups, with the 
opicapone and placebo groups reporting an average of 2.4 years (SD, 

2.6) and 1.8 years (SD, 1.4) of duration of motor fluctuations. The base-
line daily ON time with troublesome dyskinesia was 0.5 hours (SD, 1.4) 
for the opicapone group and 0.5 hours (SD, 1.2) for the placebo group. 
Mean daily levodopa doses were 730.3 mg (SD, 347) and 718.3 mg (SD, 
359.1) for the opicapone and placebo groups, respectively.

The least-squares mean reduction from baseline in absolute OFF 
time was 109.2 minutes (95% CI, –147.9 to –70.4) for the opicapone 
group compared with 40.3 minutes (95% CI, –80.7 to 0) for the placebo 
group, an absolute difference of 68.8 minutes (95% CI, –124.8 to 
–12.8). Similarly, the least-squares mean increase in absolute ON time 
from baseline was 96.7 minutes (95% CI, 58.1-135.3) for the opicapone 
group, whereas the placebo group experienced a gain of 16.9 minutes 
(95% CI, –23.3 to 57.0). The absolute difference between groups was 
79.8 minutes (95% CI, 24.3-135.4).

The safety data set revealed that the overall incidence of adverse 
events (AEs) possibly related to treatment was higher for the opica-
pone group (44.1%; n = 30) compared with placebo (22%; n = 13), 
although the incidence of these AEs that led to treatment discon-
tinuation was comparable for the groups (opicapone, 7.4% [n = 
5]; placebo, 8.5% [n = 5]). No more than 1 patient in each group 
reported any serious AEs possibly related to treatment. The placebo 
group reported 1 patient with a cognitive disorder, acute hepatitis, 
and acute pancreatitis, whereas the opicapone group had 1 patient 
with dyskinesia.

Opicapone was FDA approved as an add-on treatment in April 
2020,2 with 50-mg capsules of the drug recently becoming available 
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by prescription in the United States.3 The agency granted the approval 
based on the BIPARK I and BIPARK II trials, which included approx-
imately 1000 patients with Parkinson disease who were randomly 
assigned to 1 of 3 doses of the study drug (5 mg, 25 mg, or 50 mg), 
placebo, or the active comparator for 14 or 15 weeks.4

BIPARK I results revealed a placebo-adjusted OFF time reduction 
of 60.8 minutes in the 50-mg group, a 51% greater reduction than 
what was observed in the active comparator group (40.3 minutes).4 
In the open-label extension study, patients who switched from 

placebo or entacapone experienced a 65-minute and 39-minute 
decrease in mean OFF time, respectively, and ON time without 
dyskinesia increased by 43 minutes and 46 minutes, respectively.5 In 
BIPARK II, opicapone was associated with a significant 54.3-minute 
reduction in OFF time versus placebo in the 50-mg group, with daily 
OFF time reduced by 126.3 minutes over 1-year follow-up.6 

For a full list of references, see the article on NeurologyLive.com.

Bilateral Focused Ultrasound Thalamotomy Is Safe, 
Effective in Essential Tremor
Significant improvements in tremor, task performance, and independence for activities  
of daily living were recorded 6 months after the second thalamotomy.
By Marco Meglio

PRELIMINARY RESULTS PRESENTED at the International Parkinson 
and Movement Disorder Society (MDS) Virtual Congress 2020, 
September 12 to 16, demonstrated that bilateral magnetic resonance–
guided focused ultrasound (MRgFUS) thalamotomy is safe and effec-
tive for the treatment of essential tremor (ET).1

In efforts to prove whether MRgFUS bilateral thalamic ablation can 
be tolerated, investigators assessed 5 patients who underwent a second 
thalamotomy on the contralateral hemisphere for nontreated tremor 
after receiving unilateral MRgFUS thalamotomy at least 1 year prior.

According to Raul Martínez-Fernández, MD, PhD, 
of University Hospital HM Puerta del Sur, CEU San 
Pablo University, Madrid, Spain, all patients had 
achieved tremor control in the treated hand and 
did not show any permanent adverse effects from 
the first thalamotomy. Investigators then observed 
the safety of the second lesion based on an evalua-
tion of observed and/or reported treatment-related 
adverse effects.

No permanent adverse effects were registered. 
Additionally, bilateral MRgFUS thalamotomy 
resolved mild and transient gait instability within the first few weeks 
posttreatment in all 5 patients. Notably, 1 patient reported having 
dysgeusia for a few days following bilateral thalamic ablation.

Change from baseline before first thalamotomy, baseline before second 
thalamotomy, and 6 months after second thalamotomy were observed 
throughout the study. After the second thalamotomy, no worsening on 
neuropsychological assessment or voice and kinematic analysis were 
reported compared with baseline status before second thalamotomy.

Benefit assessment of the second treatment, measured with the 
Clinical Rating Scale for Tremor (CRST), included the examination 
of tremor in each body part, task performance, and independence 
for activities of daily living. CRST scores for examination of tremor in 
each body part and task performance improved by 71% from baseline 

before first thalamotomy to 6 months after second thalamotomy (31.8 
[± 9.8] to 6.4 [± 9.6]).

Martínez-Fernández and colleagues noted that overall improve-
ment in independence for daily living activities increased by 87% (13.8 
[± 1.0] to 1.8 [± 2.9]). Improvements from baseline before second thal-
amotomy to 6 months after second thalamotomy were 55% for exam-
ination of tremor in each body part and task performance, and 35% 
for independence for daily living activities.

The investigators noted that further studies with a larger population 
are warranted to confirm these preliminary data.

Focused ultrasound has become a key therapy for patients with 
treatment-refractory ET. Findings from a study published in 
Neurology in November 2019 revealed that the benefits of focused 
ultrasound thalamotomy in patients with ET, including vast improve-
ments in hand tremor, disability, postural tremor, and quality of life, 
were still realized 3 years after treatment.2 

For a full list of references, see the article on NeurologyLive.com.RAUL MARTÍNEZ- 
FERNÁNDEZ, MD, PHD

More on N E U R O LO GY L I V E . C O M

THE MAGNITUDE OF EFFECT FOR  
OPICAPONE IN PARKINSON DISEASE

Joaquim Ferreira, MD, PhD, the head of the 
Laboratory of Clinical Pharmacology and 
Therapeutics at the University of Lisbon, gave 
his perspective on the importance of the study 
population of this analysis.

View video: neurologylive.com/joaquim-ferreira
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Levodopa-Carbidopa Intestinal Gel Is Superior 
to Immediate-Release Capsules for ON Time 
Without Dyskinesia
The effects of levodopa-carbidopa intestinal gel lasted throughout the day, demonstrating the benefits of  
continuous dopaminergic stimulation for disease control.
By Marco Meglio

RESULTS FROM A POST-HOC ANALYSIS of a double-dummy, double-
blind, randomized, controlled trial showed that patients with 
Parkinson disease (PD) who were treated with levodopa-carbidopa 
intestinal gel (LCIG) experienced a faster time to ON without trou-
blesome dyskinesia (ON-woTD) compared with patients treated with 
immediate-release levodopa-carbidopa oral capsules (LCIR).1

The data were presented at the International 
Parkinson and Movement Disorder Society (MDS) 
Virtual Congress 2020, September 12 to 16, by Rajesh 
Pahwa, MD, the Laverne and Joyce Rider Professor 
of Neurology, chief of the Parkinson’s and Movement 
Disorder Division, and director of the Parkinson 
Foundation Center of Excellence at the University of 
Kansas Medical Center, Kansas City.

Pahwa and colleagues assessed patient daily diary 
data that recorded motor state changes at 30-minute intervals over 3 
days each at baseline and 12 weeks posttreatment. At baseline, 11.3% 
of patients receiving LCIG and 20.0% of those receiving LCIR experi-
enced ON-woTD within 30 minutes of waking up.

Prior analyses have established the greater efficacy of LCIG in 
reducing total patient OFF time relative to LCIR but have not fully 
demonstrated hour-by-hour benefits. Realizing these differences may 
provide more predictability for patients to perform their daily activi-
ties without difficulty.

At the conclusion of 12 weeks of treatment, 32.8% of patients treated 
with LCIG (P < .05) achieved ON-woTD within 30 minutes of waking 
up compared with 26.7% (P = .39) of patients treated with LCIR oral 
capsules. Notably, 65.5% of the LGIC group experienced ON-woTD 
within 1.5 hours after turning the pump on, whereas at 2.5-hours post 
wake up, only 61.7% of the LCIR group achieved ON-woTD. This effect 
on ON time was maintained throughout the 16-hour wake period.

Status assessed at 4-hour intervals after 12 weeks of treatment 
showed significant reductions in OFF time and improvements in 
ON-woTD (all P < .05) that were sustained throughout the day in the 
LCIG group compared with the LCIR group. 

Additional data presented at the congress from the phase 3b 
DYSCOVER study (NCT02799381) showed that treatment with LCIG 
significantly improved dyskinesia compared to optimized medical 
treatment (OMT), supporting the idea that LCIG can be an effective 
treatment for dyskinesia in patients with advanced PD.2

In that study, the primary end point of mean change from baseline 
in dyskinesia, as measured by the Unified Dyskinesia Rating Scale, was 
significantly improved in the LCIG group (n = 24; –17.4 [± 2.8]) 
compared with the OMT group (n = 26; –2.3 [± 2.6]) at week 12 (mean 
difference, –15.1; 95% CI, –21.5 to –8.6; P < .001). 

For a full list of references, see the article on NeurologyLive.com.

RAJESH  
PAHWA,MD

For more direct access to expert insight 
into Parkinson disease, go to the 
NeurologyLive “Movement Disorders” 
Clinical Focus page.
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INDU SUBRAMANIAN, MD
Director, VA Southwest Parkinson’s Disease Research, Education  
and Clinical Centers
Faculty, Department of Neurology, University of California, Los Angeles

Addressing Social Isolation in Parkinson Disease
By Matt Hoffman

ALTHOUGH MOTOR SYMPTOMS are often cited as the most impactful 
on the daily lives of people with Parkinson disease (PD), their 
impact on other aspects of well-being are often under-recognized. 
At the International Parkinson and Movement Disorder Society 
(MDS) Virtual Congress 2020, September 12 to 16, a presentation 
shed light on the correlation of loneliness and social isolation with 
worse PD severity. 

Survey data from Indu Subramanian, MD, director of the VA 
Southwest Parkinson’s Disease Research, Education and Clinical 
Centers, and a faculty member in the Department of Neurology 
at the University of California, Los Angeles, showed worrisome 
signs among those with idiopathic PD who reported feeling lonely 
To learn more about the importance of recognizing loneliness as 
a risk factor for worsened disease severity, NeurologyLive® spoke 
with Subramanian. 

Q: What prompted you to explore these relationships 
in patients with PD?

I’ve been a Parkinson disease doctor for about 20 years, and I’ve 
been really interested in looking at what makes patients have [a] 
better quality of life and reduce their symptoms. Although I have 
been Western-trained, I have a background in integrative medicine 
where I learned about these social determinants of health that were 
really unknown to me from medical school, and I was really fasci-
nated by the concept of loneliness and social isolation.

There are about 2000 patients involved in our study, 1800 of whom 
have PD. We have a host of questions that we ask them about things 
that they can modify that might have something to do with how their 
quality of life is currently. When we looked at the data, we saw that 
loneliness is actually a hugely bad prognostic indicator for these 
patients. It’s as bad for you to be lonely with Parkinson disease as it 
is beneficial for you to exercise 7 days a week for 30 minutes a day. 
It’s a huge determinant of wellness in this population, and I think it’s 
all the more important to care about this due to COVID-19 [corona-
virus disease 2019].

Q: Do you feel that this perspective fits into  
the current comprehensive care model?

That’s probably why somebody like me got interested in some of 

these things. It’s really important to think about disease and health 
in a very different way. The World Health Organization talks about 
diseases not just as the absence of wellness, but actually this holistic 
model of true mental, spiritual, and physical well-being.

The VA has been quite cutting edge in that regard. They have this 
program called Whole Health where the patient is in the middle, and 
then all the things that make a difference for a patient’s health are 
around them; things like what they would eat, the people who are in 
their lives, all these different factors. 

The pandemic has really made us think outside the box. We’re used 
to seeing a patient in our office with our white coat and the patient 
sitting in a chair. Now I’m seeing them at home, seeing what’s in the 
background. I’ve really been so interested in the sort of stuff that’s 
in my patients’ homes, or what’s down the street for them to access, 
and all the things that make them healthy and well. It’s really made 
me pause and think about what really matters, and it’s an important 
time for a lot of these things to be highlighted. People are becoming 
more open-minded to the concept of health as this sort of holistic 
kind of approach, and thinking about the determinants of health in a 
very different way. I’m excited to see what the future holds.

Q: What does inquiring about loneliness look like  
in real-world practice?

One of the things that I’ve been really interested in is the fact that 
I’ve never actually asked about that. If a patient comes into my office 
with a partner and they seem to be getting along, I just assume that 
person is not lonely. But, in order to be not lonely, it’s important for 
you to have quality relationships in 3 spheres. One is the intimate 
sort of sphere, maybe being connected to a partner or a spouse. The 
second is the sort of relational loneliness of having people that are in 
your circle of friends that care about you, and that you can confide 
in. The third is that you’re connected to a collective group in society 
that has a purpose that you share. For my PD patients, it might be 
joining a support group. These things each have to be quite fulfilling 
for people to not feel lonely, and so I think we have to ask patients 
in a different way. We have to say, “How are you doing?” and “Are you 
lonely?” We have to ask, “Do you have people in these 3 spheres?” 
I think it’s quite powerful to care about patients this way. It’s a very 
different way than [the one] we may have [used] in the past. 



Individual results may vary based on several factors, including severity of disease, initiation of treatment, and duration of therapy.Individual results may vary based on several factors, including severity of disease, initiation of treatment, and duration of therapy.

ADVERTISEMENT

CAMERON // AGE 4
EARLY-ONSET SMA, TREATED WITH SPINRAZA

ASHLEY // AGE 7
LATER-ONSET SMA, TREATED WITH SPINRAZA

STEPHEN // AGE 38
LATER-ONSET SMA, TREATED WITH SPINRAZA

Victories are personal for the 10,000+
who have been treated with SPINRAZA worldwide.1*

– FOR US PATIENTS TAKING SPINRAZA –

INDICATION
SPINRAZA is indicated for the treatment of spinal muscular atrophy (SMA) in pediatric and adult patients.

IMPORTANT SAFETY INFORMATION
Coagulation abnormalities and thrombocytopenia, including acute severe thrombocytopenia, have been observed after administration of 
some antisense oligonucleotides. Patients may be at increased risk of bleeding complications.

In the sham-controlled studies for patients with infantile-onset and later-onset SMA, 24 of 146 SPINRAZA-treated patients (16%) with high, 
normal, or unknown platelet count at baseline developed a platelet level below the lower limit of normal, compared to 10 of 72 sham-
controlled patients (14%). Two SPINRAZA-treated patients developed platelet counts <50,000 cells per microliter, with the lowest level of 
10,000 cells per microliter recorded on study day 28.

Renal toxicity, including potentially fatal glomerulonephritis, has been observed after administration of some antisense oligonucleotides. 
SPINRAZA is present in and excreted by the kidney. In the sham-controlled studies for patients with infantile-onset and later-onset SMA, 71 of 
123 SPINRAZA-treated patients (58%) had elevated urine protein, compared to 22 of 65 sham-controlled patients (34%).

>40% of patients taking 
SPINRAZA are adults†

40%
>90% of patients who started 

SPINRAZA remain on treatment1†

90%
Has treated SMA in patients 
3 days‡ to 80 years old1,2†§

DAYS YEARS
3-80

Learn more at SPINRAZA-hcp.com

©2020 Biogen. All rights reserved. 03/20 SPZ-US-3294
225 Binney Street, Cambridge, MA 02142

IMPORTANT SAFETY INFORMATION (continued)
Laboratory testing and monitoring to assess safety should be conducted. Perform a platelet count, coagulation laboratory testing, and 
quantitative spot urine protein testing at baseline and prior to each dose of SPINRAZA and as clinically needed.

Severe hyponatremia was reported in an infant treated with SPINRAZA requiring salt supplementation for 14 months.

Cases of rash were reported in patients treated with SPINRAZA.

SPINRAZA may cause a reduction in growth as measured by height when administered to infants, as suggested by observations from the 
controlled study. It is unknown whether any effect of SPINRAZA on growth would be reversible with cessation of treatment.

The most common adverse reactions (≥20% of SPINRAZA-treated patients and ≥5% more frequently than in control patients) that occurred 
in the infantile-onset controlled study were lower respiratory infection and constipation. Serious adverse reactions of atelectasis were more 
frequent in SPINRAZA-treated patients (18%) than in control patients (10%). Because patients in this controlled study were infants, adverse 
reactions that are verbally reported could not be assessed. The most common adverse reactions that occurred in the later-onset controlled 
study were pyrexia, headache, vomiting, and back pain. Post-lumbar puncture syndrome has also been observed after the administration of 
SPINRAZA.

Please see full Prescribing Information at SPINRAZA-hcp.com.

As a courtesy, our full Prescribing Information is also available en Español. For prescribing decisions, please refer to offi cial approved labeling.

References: 1. Biogen Data on File [as of 12/19]. 2. SPINRAZA [prescribing information]. 
Cambridge, MA: Biogen; 2019.

M
March 10, 2020 2:31 PM

MECHANICAL

18.5” x 10.5”

19” x 11”

0.125” all sides

n/a

n/a

100 

4c

DB

n/a

Studio

Print

Art

Copy

ED

AT

Med.

PM

FILE NAME:

NOTES / INSTRUCTIONS:

TODAY’S DATE / TIME:

SCALE %:

COLOR:

PUBLICATION:

DUE DATE:

LIVE:

TRIM:

BLEED:

FLAT:

FOLDED:

BIOSPI 302407 Neuro April Print Ad_M7 APPROVALS

*Based on commercial patients, early access patients, and clinical trial participants through December 2019. 
†Based on commercial patients in the US (including Puerto Rico) through December 2019.
‡Includes clinical trial patients.
§Clinical studies of SPINRAZA did not include suffi cient numbers of subjects aged 65 and over to determine whether they respond differently from younger patients.



Individual results may vary based on several factors, including severity of disease, initiation of treatment, and duration of therapy.Individual results may vary based on several factors, including severity of disease, initiation of treatment, and duration of therapy.

ADVERTISEMENT

CAMERON // AGE 4
EARLY-ONSET SMA, TREATED WITH SPINRAZA

ASHLEY // AGE 7
LATER-ONSET SMA, TREATED WITH SPINRAZA

STEPHEN // AGE 38
LATER-ONSET SMA, TREATED WITH SPINRAZA

Victories are personal for the 10,000+
who have been treated with SPINRAZA worldwide.1*

– FOR US PATIENTS TAKING SPINRAZA –

INDICATION
SPINRAZA is indicated for the treatment of spinal muscular atrophy (SMA) in pediatric and adult patients.

IMPORTANT SAFETY INFORMATION
Coagulation abnormalities and thrombocytopenia, including acute severe thrombocytopenia, have been observed after administration of 
some antisense oligonucleotides. Patients may be at increased risk of bleeding complications.

In the sham-controlled studies for patients with infantile-onset and later-onset SMA, 24 of 146 SPINRAZA-treated patients (16%) with high, 
normal, or unknown platelet count at baseline developed a platelet level below the lower limit of normal, compared to 10 of 72 sham-
controlled patients (14%). Two SPINRAZA-treated patients developed platelet counts <50,000 cells per microliter, with the lowest level of 
10,000 cells per microliter recorded on study day 28.

Renal toxicity, including potentially fatal glomerulonephritis, has been observed after administration of some antisense oligonucleotides. 
SPINRAZA is present in and excreted by the kidney. In the sham-controlled studies for patients with infantile-onset and later-onset SMA, 71 of 
123 SPINRAZA-treated patients (58%) had elevated urine protein, compared to 22 of 65 sham-controlled patients (34%).

>40% of patients taking 
SPINRAZA are adults†

40%
>90% of patients who started 

SPINRAZA remain on treatment1†

90%
Has treated SMA in patients 
3 days‡ to 80 years old1,2†§

DAYS YEARS
3-80

Learn more at SPINRAZA-hcp.com

©2020 Biogen. All rights reserved. 03/20 SPZ-US-3294
225 Binney Street, Cambridge, MA 02142

IMPORTANT SAFETY INFORMATION (continued)
Laboratory testing and monitoring to assess safety should be conducted. Perform a platelet count, coagulation laboratory testing, and 
quantitative spot urine protein testing at baseline and prior to each dose of SPINRAZA and as clinically needed.

Severe hyponatremia was reported in an infant treated with SPINRAZA requiring salt supplementation for 14 months.

Cases of rash were reported in patients treated with SPINRAZA.

SPINRAZA may cause a reduction in growth as measured by height when administered to infants, as suggested by observations from the 
controlled study. It is unknown whether any effect of SPINRAZA on growth would be reversible with cessation of treatment.

The most common adverse reactions (≥20% of SPINRAZA-treated patients and ≥5% more frequently than in control patients) that occurred 
in the infantile-onset controlled study were lower respiratory infection and constipation. Serious adverse reactions of atelectasis were more 
frequent in SPINRAZA-treated patients (18%) than in control patients (10%). Because patients in this controlled study were infants, adverse 
reactions that are verbally reported could not be assessed. The most common adverse reactions that occurred in the later-onset controlled 
study were pyrexia, headache, vomiting, and back pain. Post-lumbar puncture syndrome has also been observed after the administration of 
SPINRAZA.

Please see full Prescribing Information at SPINRAZA-hcp.com.

As a courtesy, our full Prescribing Information is also available en Español. For prescribing decisions, please refer to offi cial approved labeling.

References: 1. Biogen Data on File [as of 12/19]. 2. SPINRAZA [prescribing information]. 
Cambridge, MA: Biogen; 2019.
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*Based on commercial patients, early access patients, and clinical trial participants through December 2019. 
†Based on commercial patients in the US (including Puerto Rico) through December 2019.
‡Includes clinical trial patients.
§Clinical studies of SPINRAZA did not include suffi cient numbers of subjects aged 65 and over to determine whether they respond differently from younger patients.



ADVERTISEMENT
SPINRAZA® (nusinersen) injection, for intrathecal use

Brief Summary of Full Prescribing Information

1 INDICATIONS AND USAGE
SPINRAZA is indicated for the treatment of spinal muscular atrophy (SMA) in pediatric and adult patients.

2 DOSAGE AND ADMINISTRATION
2.1 Dosing Information
SPINRAZA is administered intrathecally by, or under the direction of, healthcare professionals experienced in performing lumbar punctures.

Recommended Dosage
The recommended dosage is 12 mg (5 mL) per administration.

Initiate SPINRAZA treatment with 4 loading doses. The first three loading doses should be administered at 14-day intervals. The 4th loading dose should 
be administered 30 days after the 3rd dose. A maintenance dose should be administered once every 4 months thereafter

Missed Dose
If a loading dose is delayed or missed, administer SPINRAZA as soon as possible, with at least 14-days between doses and continue dosing as prescribed. 
If a maintenance dose is delayed or missed, administer SPINRAZA as soon as possible and continue dosing every 4 months.

2.2 Important Preparation and Administration Instructions
SPINRAZA is for intrathecal use only.

Prepare and use SPINRAZA according to the following steps using aseptic technique. Each vial is intended for single dose only.

Preparation
 • Store SPINRAZA in the carton in a refrigerator until time of use.
 • Allow the SPINRAZA vial to warm to room temperature (25ºC/77ºF) prior to administration. Do not use external heat sources.
 • Inspect the SPINRAZA vial for particulate matter and discoloration prior to administration. Do not administer SPINRAZA if visible    
    particulates are observed or if the liquid in the vial is discolored. The use of external filters is not required.
 • Withdraw 12 mg (5 mL) of SPINRAZA from the single-dose vial into a syringe and discard unused contents of the vial.
 • Administer SPINRAZA within 4 hours of removal from vial.

Administration
 • Consider sedation as indicated by the clinical condition of the patient.
 • Consider ultrasound or other imaging techniques to guide intrathecal administration of SPINRAZA, particularly in younger patients.
 • Prior to administration, remove 5 mL of cerebrospinal fluid.
 • Administer SPINRAZA as an intrathecal bolus injection over 1 to 3 minutes using a spinal anesthesia needle [see Dosage and    
    Administration (2.1)]. Do not administer SPINRAZA in areas of the skin where there are signs of infection or inflammation [see Adverse Reactions (6.3)].

2.3 Laboratory Testing and Monitoring to Assess Safety
Conduct the following laboratory tests at baseline and prior to each dose of SPINRAZA and as clinically needed [see Warnings and Precautions (5.1, 5.2)]:
 • Platelet count
 • Prothrombin time; activated partial thromboplastin time
 • Quantitative spot urine protein testing

3 DOSAGE FORMS AND STRENGTHS
Injection: 12mg/5mL (2.4mg/mL) nusinersen as a clear and colorless solution in a single-dose vial.

4 CONTRAINDICATIONS
None.

5 WARNINGS AND PRECAUTIONS
5.1 Thrombocytopenia and Coagulation Abnormalities
Coagulation abnormalities and thrombocytopenia, including acute severe thrombocytopenia, have been observed after administration of some antisense 
oligonucleotides.

In the sham-controlled studies for patients with infantile-onset and later-onset SMA, 24 of 146 (16%) SPINRAZA-treated patients with high, normal, or 
unknown platelet count at baseline developed a platelet level below the lower limit of normal, compared to 10 of 72 (14%) sham-controlled patients. 

In the sham-controlled study in patients with later-onset SMA (Study 2), two SPINRAZA-treated patients developed platelet counts less than 50,000 cells 
per microliter, with a lowest level of 10,000 cells per microliter recorded on study day 28.

Because of the risk of thrombocytopenia and coagulation abnormalities from SPINRAZA, patients may be at increased risk of bleeding complications.
Perform a platelet count and coagulation laboratory testing at baseline and prior to each administration of SPINRAZA and as clinically needed.

5.2 Renal Toxicity
Renal toxicity, including potentially fatal glomerulonephritis, has been observed after administration of some antisense oligonucleotides.

SPINRAZA is present in and excreted by the kidney [see Clinical Pharmacology (12.3)]. In the sham-controlled studies for patients with infantile-onset and 
later-onset SMA, 71 of 123 (58%) of SPINRAZA-treated patients had elevated urine protein, compared to 22 of 65 (34%) sham-controlled patients. Conduct 
quantitative spot urine protein testing (preferably using a first morning urine specimen) at baseline and prior to each dose of SPINRAZA. For urinary 
protein concentration greater than 0.2 g/L, consider repeat testing and further evaluation.

6 ADVERSE REACTIONS
The following serious adverse reactions are described in detail in other sections of the labeling:
 • Thrombocytopenia and Coagulation Abnormalities [see Warnings and Precautions (5.1)]
 • Renal Toxicity [see Warnings and Precautions (5.2)]

6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials of SPINRAZA cannot be directly 
compared to rates in clinical trials of other drugs and may not reflect the rates observed in practice.

The data described below reflect exposure to SPINRAZA in 260 patients (48% male, 80% Caucasian), including 227 exposed for at least 6 months and 181 
exposed for at least 1 year. The safety of SPINRAZA was studied in presymptomatic infants with SMA; pediatric patients (approximately 3 days to 16 years of 
age at first dose) with symptomatic SMA; in a sham-controlled trial in infants with symptomatic SMA (Study 1; n=80 for SPINRAZA, n=41 for control); in a sham-
controlled trial in children with symptomatic SMA (Study 2; n=84 for SPINRAZA, n=42 for control); in open-label studies in presymptomatic and symptomatic 
infants (n=40); and in open-label studies in later-onset patients (n=56). In Study 1, 58 patients were exposed for at least 6 months and 28 patients were 
exposed for at least 12 months. In Study 2, 84 patients were exposed for at least 6 months and 82 patients were exposed for at least 12 months.

Clinical Trial in Infantile-Onset SMA (Study 1)
In Study 1, baseline disease characteristics were largely similar in the SPINRAZA-treated patients and sham-control patients except that SPINRAZA-treated 
patients at baseline had a higher percentage compared to sham-control patients of paradoxical breathing (89% vs 66%), pneumonia or respiratory 
symptoms (35% vs 22%), swallowing or feeding difficulties (51% vs 29%) and requirement for respiratory support (26% vs 15%).

The most common adverse reactions that occurred in at least 20% of SPINRAZA-treated patients and occurred at least 5% more frequently than in control 
patients were lower respiratory infection and constipation. Serious adverse reactions of atelectasis were more frequent in SPINRAZA-treated patients (18%) 
than in control patients (10%). Because patients in Study 1 were infants, adverse reactions that are verbally reported could not be assessed in this study.

1 Loading doses followed by 12 mg (5 mL) once every 4 months
2  Includes adenovirus infection, bronchiolitis, bronchitis, bronchitis viral, corona virus infection, influenza, lower respiratory tract infection, lower 

respiratory tract infection viral, lung infection, parainfluenzae virus infection, pneumonia, pneumonia bacterial, pneumonia influenzal, pneumonia 
moraxella, pneumonia parainfluenzae viral, pneumonia pneumococcal, pneumonia pseudomonal, pneumonia respiratory syncytial viral, pneumonia 
viral, and respiratory syncytial virus bronchiolitis

Table 1.   Adverse Reactions that Occurred in at Least 5% of SPINRAZA Patients and Occurred at Least 5% More Frequently or At Least  
2 Times as Frequently Than in Control Patients with Infantile-Onset SMA

Adverse Reactions
SPINRAZA 12 mg1 

N=80 
%

Sham-Procedure Control
N=41 

%

Lower respiratory infection2 55 37

Constipation 35 22

Teething 18 7

Urinary tract infection 9 0

Upper respiratory tract congestion 8 2

Ear infection 6 2

Flatulence 5 2

Decreased weight 5 2
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ADVERTISEMENT
SPINRAZA® (nusinersen) injection, for intrathecal use

Brief Summary of Full Prescribing Information

1 INDICATIONS AND USAGE
SPINRAZA is indicated for the treatment of spinal muscular atrophy (SMA) in pediatric and adult patients.

2 DOSAGE AND ADMINISTRATION
2.1 Dosing Information
SPINRAZA is administered intrathecally by, or under the direction of, healthcare professionals experienced in performing lumbar punctures.

Recommended Dosage
The recommended dosage is 12 mg (5 mL) per administration.

Initiate SPINRAZA treatment with 4 loading doses. The first three loading doses should be administered at 14-day intervals. The 4th loading dose should 
be administered 30 days after the 3rd dose. A maintenance dose should be administered once every 4 months thereafter

Missed Dose
If a loading dose is delayed or missed, administer SPINRAZA as soon as possible, with at least 14-days between doses and continue dosing as prescribed. 
If a maintenance dose is delayed or missed, administer SPINRAZA as soon as possible and continue dosing every 4 months.

2.2 Important Preparation and Administration Instructions
SPINRAZA is for intrathecal use only.

Prepare and use SPINRAZA according to the following steps using aseptic technique. Each vial is intended for single dose only.

Preparation
 • Store SPINRAZA in the carton in a refrigerator until time of use.
 • Allow the SPINRAZA vial to warm to room temperature (25ºC/77ºF) prior to administration. Do not use external heat sources.
 • Inspect the SPINRAZA vial for particulate matter and discoloration prior to administration. Do not administer SPINRAZA if visible    
    particulates are observed or if the liquid in the vial is discolored. The use of external filters is not required.
 • Withdraw 12 mg (5 mL) of SPINRAZA from the single-dose vial into a syringe and discard unused contents of the vial.
 • Administer SPINRAZA within 4 hours of removal from vial.

Administration
 • Consider sedation as indicated by the clinical condition of the patient.
 • Consider ultrasound or other imaging techniques to guide intrathecal administration of SPINRAZA, particularly in younger patients.
 • Prior to administration, remove 5 mL of cerebrospinal fluid.
 • Administer SPINRAZA as an intrathecal bolus injection over 1 to 3 minutes using a spinal anesthesia needle [see Dosage and    
    Administration (2.1)]. Do not administer SPINRAZA in areas of the skin where there are signs of infection or inflammation [see Adverse Reactions (6.3)].

2.3 Laboratory Testing and Monitoring to Assess Safety
Conduct the following laboratory tests at baseline and prior to each dose of SPINRAZA and as clinically needed [see Warnings and Precautions (5.1, 5.2)]:
 • Platelet count
 • Prothrombin time; activated partial thromboplastin time
 • Quantitative spot urine protein testing

3 DOSAGE FORMS AND STRENGTHS
Injection: 12mg/5mL (2.4mg/mL) nusinersen as a clear and colorless solution in a single-dose vial.

4 CONTRAINDICATIONS
None.

5 WARNINGS AND PRECAUTIONS
5.1 Thrombocytopenia and Coagulation Abnormalities
Coagulation abnormalities and thrombocytopenia, including acute severe thrombocytopenia, have been observed after administration of some antisense 
oligonucleotides.

In the sham-controlled studies for patients with infantile-onset and later-onset SMA, 24 of 146 (16%) SPINRAZA-treated patients with high, normal, or 
unknown platelet count at baseline developed a platelet level below the lower limit of normal, compared to 10 of 72 (14%) sham-controlled patients. 

In the sham-controlled study in patients with later-onset SMA (Study 2), two SPINRAZA-treated patients developed platelet counts less than 50,000 cells 
per microliter, with a lowest level of 10,000 cells per microliter recorded on study day 28.

Because of the risk of thrombocytopenia and coagulation abnormalities from SPINRAZA, patients may be at increased risk of bleeding complications.
Perform a platelet count and coagulation laboratory testing at baseline and prior to each administration of SPINRAZA and as clinically needed.

5.2 Renal Toxicity
Renal toxicity, including potentially fatal glomerulonephritis, has been observed after administration of some antisense oligonucleotides.

SPINRAZA is present in and excreted by the kidney [see Clinical Pharmacology (12.3)]. In the sham-controlled studies for patients with infantile-onset and 
later-onset SMA, 71 of 123 (58%) of SPINRAZA-treated patients had elevated urine protein, compared to 22 of 65 (34%) sham-controlled patients. Conduct 
quantitative spot urine protein testing (preferably using a first morning urine specimen) at baseline and prior to each dose of SPINRAZA. For urinary 
protein concentration greater than 0.2 g/L, consider repeat testing and further evaluation.

6 ADVERSE REACTIONS
The following serious adverse reactions are described in detail in other sections of the labeling:
 • Thrombocytopenia and Coagulation Abnormalities [see Warnings and Precautions (5.1)]
 • Renal Toxicity [see Warnings and Precautions (5.2)]

6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials of SPINRAZA cannot be directly 
compared to rates in clinical trials of other drugs and may not reflect the rates observed in practice.

The data described below reflect exposure to SPINRAZA in 260 patients (48% male, 80% Caucasian), including 227 exposed for at least 6 months and 181 
exposed for at least 1 year. The safety of SPINRAZA was studied in presymptomatic infants with SMA; pediatric patients (approximately 3 days to 16 years of 
age at first dose) with symptomatic SMA; in a sham-controlled trial in infants with symptomatic SMA (Study 1; n=80 for SPINRAZA, n=41 for control); in a sham-
controlled trial in children with symptomatic SMA (Study 2; n=84 for SPINRAZA, n=42 for control); in open-label studies in presymptomatic and symptomatic 
infants (n=40); and in open-label studies in later-onset patients (n=56). In Study 1, 58 patients were exposed for at least 6 months and 28 patients were 
exposed for at least 12 months. In Study 2, 84 patients were exposed for at least 6 months and 82 patients were exposed for at least 12 months.

Clinical Trial in Infantile-Onset SMA (Study 1)
In Study 1, baseline disease characteristics were largely similar in the SPINRAZA-treated patients and sham-control patients except that SPINRAZA-treated 
patients at baseline had a higher percentage compared to sham-control patients of paradoxical breathing (89% vs 66%), pneumonia or respiratory 
symptoms (35% vs 22%), swallowing or feeding difficulties (51% vs 29%) and requirement for respiratory support (26% vs 15%).

The most common adverse reactions that occurred in at least 20% of SPINRAZA-treated patients and occurred at least 5% more frequently than in control 
patients were lower respiratory infection and constipation. Serious adverse reactions of atelectasis were more frequent in SPINRAZA-treated patients (18%) 
than in control patients (10%). Because patients in Study 1 were infants, adverse reactions that are verbally reported could not be assessed in this study.

1 Loading doses followed by 12 mg (5 mL) once every 4 months
2  Includes adenovirus infection, bronchiolitis, bronchitis, bronchitis viral, corona virus infection, influenza, lower respiratory tract infection, lower 

respiratory tract infection viral, lung infection, parainfluenzae virus infection, pneumonia, pneumonia bacterial, pneumonia influenzal, pneumonia 
moraxella, pneumonia parainfluenzae viral, pneumonia pneumococcal, pneumonia pseudomonal, pneumonia respiratory syncytial viral, pneumonia 
viral, and respiratory syncytial virus bronchiolitis

Table 1.   Adverse Reactions that Occurred in at Least 5% of SPINRAZA Patients and Occurred at Least 5% More Frequently or At Least  
2 Times as Frequently Than in Control Patients with Infantile-Onset SMA

Adverse Reactions
SPINRAZA 12 mg1 

N=80 
%

Sham-Procedure Control
N=41 

%

Lower respiratory infection2 55 37

Constipation 35 22

Teething 18 7

Urinary tract infection 9 0

Upper respiratory tract congestion 8 2

Ear infection 6 2

Flatulence 5 2

Decreased weight 5 2
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In an open-label clinical study in infants with symptomatic SMA, severe hyponatremia was reported in a patient treated with SPINRAZA requiring salt 
supplementation for 14 months.

Cases of rash were reported in patients treated with SPINRAZA. One patient, 8 months after starting SPINRAZA treatment, developed painless red macular 
lesions on the forearm, leg, and foot over an 8-week period. The lesions ulcerated and scabbed over within 4 weeks, and resolved over several months. 
A second patient developed red macular skin lesions on the cheek and hand ten months after the start of SPINRAZA treatment, which resolved over 3 
months. Both cases continued to receive SPINRAZA and had spontaneous resolution of the rash.

SPINRAZA may cause a reduction in growth as measured by height when administered to infants, as suggested by observations from the controlled study. 
It is unknown whether any effect of SPINRAZA on growth would be reversible with cessation of treatment.

Clinical Trial in Later-Onset SMA (Study 2)
In Study 2, baseline disease characteristics were largely similar in the SPINRAZA-treated patients and sham-control patients except for the proportion of 
SPINRAZA-treated patients who had ever achieved the ability to stand without support (13% vs 29%) or walk with support (24% vs 33%).

The most common adverse reactions that occurred in at least 20% of SPINRAZA-treated patients and occurred at least 5% more frequently than in control 
patients were pyrexia, headache, vomiting, and back pain.

 
Post-lumbar puncture syndrome has also been observed after administration of SPINRAZA.

6.2 Immunogenicity
As with all oligonucleotides, there is potential for immunogenicity. The detection of antibody formation is highly dependent on the sensitivity and 
specificity of the assay. Additionally, the observed incidence of antibody (including neutralizing antibody) positivity in an assay may be influenced by 
several factors, including assay methodology, sample handling, timing of sample collection, concomitant medications, and underlying disease. For these 
reasons, comparison of the incidence of antibodies to nusinersen in the studies described below with the incidence of antibodies in other studies or to 
other products may be misleading.

The immunogenic response to nusinersen was determined in 249 patients with post-baseline plasma samples evaluated for anti-drug antibodies (ADAs). 
Sixteen patients (6%) developed treatment-emergent ADAs, of which 3 were transient,13 were considered to be persistent. Persistent was defined as 
having one positive test followed by another one more than 100 days after the first positive test. In addition, “persistent” is also defined as having one or 
more positive samples and no sample more than 100 days after the first positive sample. Transient was defined as having one or more positive results 
and not confirmed to be persistent. There are insufficient data to evaluate an effect of ADAs on clinical response, adverse events, or the pharmacokinetic 
profile of nusinersen.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
There are no adequate data on the developmental risk associated with the use of SPINRAZA in pregnant women. When nusinersen was administered 
by subcutaneous injection to mice throughout pregnancy and lactation, developmental toxicity (long-term neurobehavioral impairment) was 
observed at all doses tested (see Data). In the U.S. general population, the estimated background risk of major birth defects and miscarriage in 
clinically recognized pregnancies is 2 to 4% and 15 to 20%, respectively. The background risk of major birth defects and miscarriage for the indicated 
population is unknown.

Data
Animal Data
When nusinersen (0, 3, 10, or 25 mg/kg) was administered subcutaneously to male and female mice every other day prior to and during mating and 
continuing in females throughout organogenesis, no adverse effects on embryofetal development were observed. Subcutaneous administration 
of nusinersen (0, 6, 12.6, or 25 mg/kg) to pregnant rabbits every other day throughout organogenesis produced no evidence of embryofetal 
developmental toxicity

When nusinersen (1.4, 5.8, or 17.2 mg/kg) was administered to pregnant female mice by subcutaneous injection every other day throughout 
organogenesis and continuing once every six days throughout the lactation period, adverse neurobehavioral effects (alterations in locomotor activity, 
learning and memory deficits) were observed when offspring were tested after weaning or as adults. A no-effect level for neurobehavioral impairment 
was not established.

8.2 Lactation
Risk Summary
There are no data on the presence of nusinersen in human milk, the effects on the breastfed infant, or the effects of the drug on milk production.  
The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical need for SPINRAZA and any potential 
adverse effects on the breastfed infant from SPINRAZA or from the underlying maternal condition.

8.4 Pediatric Use
The safety and effectiveness of SPINRAZA in pediatric patients from newborn to 17 years have been established [see Clinical Studies (14.1)].

Juvenile Animal Toxicity Data
In intrathecal toxicity studies in juvenile monkeys, administration of nusinersen (0, 0.3, 1, or 3 mg/dose for 14 weeks and 0, 0.3, 1, or 4 mg/dose for 53 
weeks) resulted in brain histopathology (neuronal vacuolation and necrosis/cellular debris in the hippocampus) at the mid and high doses and acute, 
transient deficits in lower spinal reflexes at the high dose in each study. In addition, possible neurobehavioral deficits were observed on a learning and 
memory test at the high dose in the 53-week monkey study. The no-effect dose for neurohistopathology in monkeys (0.3 mg/dose) is approximately 
equivalent to the human dose when calculated on a yearly basis and corrected for the species difference in CSF volume.

8.5 Geriatric Use
Clinical studies of SPINRAZA did not include sufficient numbers of subjects aged 65 and over to determine whether they respond differently from 
younger subjects.

17 PATIENT COUNSELING INFORMATION
Thrombocytopenia and Coagulation Abnormalities
Inform patients and caregivers that SPINRAZA could increase the risk of bleeding. Inform patients and caregivers of the importance of obtaining blood 
laboratory testing at baseline and prior to each dose to monitor for signs of increased potential for bleeding. Instruct patients and caregivers to seek 
medical attention if unexpected bleeding occurs [see Warnings and Precautions (5.1)].

Renal Toxicity
Inform patients and caregivers that SPINRAZA could cause renal toxicity. Inform patients and caregivers of the importance of obtaining urine testing at 
baseline and prior to each dose to monitor for signs of potential renal toxicity [see Warnings and Precautions (5.2)].

Manufactured for:
Biogen Inc.
Cambridge, MA 02142
SPINRAZA is a trademark of Biogen.
© 2016-2019 Biogen
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Table 2.   Adverse Reactions that Occurred in at Least 5% of SPINRAZA Patients and Occurred at Least 5% More Frequently or At Least  
2 Times as Frequently Than in Control Patients with Later-Onset SMA (Study 2)

Adverse Reactions
SPINRAZA 12 mg1 

N=84 
%

Sham-Procedure Control
N=42 

%

Pyrexia 43 36

Headache 29 7

Vomiting 29 12

Back pain 25 0

Epistaxis 7 0

Fall 5 0

Respiratory tract congestion 5 2

Seasonal allergy 5 2

1 Loading doses followed by 12 mg (5 mL) once every 6 months



In an open-label clinical study in infants with symptomatic SMA, severe hyponatremia was reported in a patient treated with SPINRAZA requiring salt 
supplementation for 14 months.

Cases of rash were reported in patients treated with SPINRAZA. One patient, 8 months after starting SPINRAZA treatment, developed painless red macular 
lesions on the forearm, leg, and foot over an 8-week period. The lesions ulcerated and scabbed over within 4 weeks, and resolved over several months. 
A second patient developed red macular skin lesions on the cheek and hand ten months after the start of SPINRAZA treatment, which resolved over 3 
months. Both cases continued to receive SPINRAZA and had spontaneous resolution of the rash.

SPINRAZA may cause a reduction in growth as measured by height when administered to infants, as suggested by observations from the controlled study. 
It is unknown whether any effect of SPINRAZA on growth would be reversible with cessation of treatment.

Clinical Trial in Later-Onset SMA (Study 2)
In Study 2, baseline disease characteristics were largely similar in the SPINRAZA-treated patients and sham-control patients except for the proportion of 
SPINRAZA-treated patients who had ever achieved the ability to stand without support (13% vs 29%) or walk with support (24% vs 33%).

The most common adverse reactions that occurred in at least 20% of SPINRAZA-treated patients and occurred at least 5% more frequently than in control 
patients were pyrexia, headache, vomiting, and back pain.

 
Post-lumbar puncture syndrome has also been observed after administration of SPINRAZA.

6.2 Immunogenicity
As with all oligonucleotides, there is potential for immunogenicity. The detection of antibody formation is highly dependent on the sensitivity and 
specificity of the assay. Additionally, the observed incidence of antibody (including neutralizing antibody) positivity in an assay may be influenced by 
several factors, including assay methodology, sample handling, timing of sample collection, concomitant medications, and underlying disease. For these 
reasons, comparison of the incidence of antibodies to nusinersen in the studies described below with the incidence of antibodies in other studies or to 
other products may be misleading.

The immunogenic response to nusinersen was determined in 249 patients with post-baseline plasma samples evaluated for anti-drug antibodies (ADAs). 
Sixteen patients (6%) developed treatment-emergent ADAs, of which 3 were transient,13 were considered to be persistent. Persistent was defined as 
having one positive test followed by another one more than 100 days after the first positive test. In addition, “persistent” is also defined as having one or 
more positive samples and no sample more than 100 days after the first positive sample. Transient was defined as having one or more positive results 
and not confirmed to be persistent. There are insufficient data to evaluate an effect of ADAs on clinical response, adverse events, or the pharmacokinetic 
profile of nusinersen.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
There are no adequate data on the developmental risk associated with the use of SPINRAZA in pregnant women. When nusinersen was administered 
by subcutaneous injection to mice throughout pregnancy and lactation, developmental toxicity (long-term neurobehavioral impairment) was 
observed at all doses tested (see Data). In the U.S. general population, the estimated background risk of major birth defects and miscarriage in 
clinically recognized pregnancies is 2 to 4% and 15 to 20%, respectively. The background risk of major birth defects and miscarriage for the indicated 
population is unknown.

Data
Animal Data
When nusinersen (0, 3, 10, or 25 mg/kg) was administered subcutaneously to male and female mice every other day prior to and during mating and 
continuing in females throughout organogenesis, no adverse effects on embryofetal development were observed. Subcutaneous administration 
of nusinersen (0, 6, 12.6, or 25 mg/kg) to pregnant rabbits every other day throughout organogenesis produced no evidence of embryofetal 
developmental toxicity

When nusinersen (1.4, 5.8, or 17.2 mg/kg) was administered to pregnant female mice by subcutaneous injection every other day throughout 
organogenesis and continuing once every six days throughout the lactation period, adverse neurobehavioral effects (alterations in locomotor activity, 
learning and memory deficits) were observed when offspring were tested after weaning or as adults. A no-effect level for neurobehavioral impairment 
was not established.

8.2 Lactation
Risk Summary
There are no data on the presence of nusinersen in human milk, the effects on the breastfed infant, or the effects of the drug on milk production.  
The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical need for SPINRAZA and any potential 
adverse effects on the breastfed infant from SPINRAZA or from the underlying maternal condition.

8.4 Pediatric Use
The safety and effectiveness of SPINRAZA in pediatric patients from newborn to 17 years have been established [see Clinical Studies (14.1)].

Juvenile Animal Toxicity Data
In intrathecal toxicity studies in juvenile monkeys, administration of nusinersen (0, 0.3, 1, or 3 mg/dose for 14 weeks and 0, 0.3, 1, or 4 mg/dose for 53 
weeks) resulted in brain histopathology (neuronal vacuolation and necrosis/cellular debris in the hippocampus) at the mid and high doses and acute, 
transient deficits in lower spinal reflexes at the high dose in each study. In addition, possible neurobehavioral deficits were observed on a learning and 
memory test at the high dose in the 53-week monkey study. The no-effect dose for neurohistopathology in monkeys (0.3 mg/dose) is approximately 
equivalent to the human dose when calculated on a yearly basis and corrected for the species difference in CSF volume.

8.5 Geriatric Use
Clinical studies of SPINRAZA did not include sufficient numbers of subjects aged 65 and over to determine whether they respond differently from 
younger subjects.

17 PATIENT COUNSELING INFORMATION
Thrombocytopenia and Coagulation Abnormalities
Inform patients and caregivers that SPINRAZA could increase the risk of bleeding. Inform patients and caregivers of the importance of obtaining blood 
laboratory testing at baseline and prior to each dose to monitor for signs of increased potential for bleeding. Instruct patients and caregivers to seek 
medical attention if unexpected bleeding occurs [see Warnings and Precautions (5.1)].

Renal Toxicity
Inform patients and caregivers that SPINRAZA could cause renal toxicity. Inform patients and caregivers of the importance of obtaining urine testing at 
baseline and prior to each dose to monitor for signs of potential renal toxicity [see Warnings and Precautions (5.2)].
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Table 2.   Adverse Reactions that Occurred in at Least 5% of SPINRAZA Patients and Occurred at Least 5% More Frequently or At Least  
2 Times as Frequently Than in Control Patients with Later-Onset SMA (Study 2)

Adverse Reactions
SPINRAZA 12 mg1 

N=84 
%

Sham-Procedure Control
N=42 

%

Pyrexia 43 36

Headache 29 7

Vomiting 29 12

Back pain 25 0

Epistaxis 7 0

Fall 5 0

Respiratory tract congestion 5 2

Seasonal allergy 5 2

1 Loading doses followed by 12 mg (5 mL) once every 6 months



32    Vol. 3 | No. 5 | October 2020 NeurologyLive.com

COVER STORY HEADACHE AND MIGRAINE

Building Your Acute Migraine Toolbox
Plagued by a long history of under- and inadequate treatment, clinicians have more options  
than ever to craft a personalized, effective plan for their patients. 

By Duren Michael Ready, MD, FAHS; and Evelyn Sbar, MD
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MIGRAINE IS A CHRONIC CONDITION with episodic attacks of disabling 
pain and associated symptoms. Chronicity represents an innate sensi-
tivity that may modulate but not resolve over time. This innate sensi-
tivity has been described as a hypersensitive nervous system that is 
poorly tolerant of change. The “migraine brain” perceives sensory 
input at a lower threshold and retains that input, 
often leading to pain sensitization. The hypersensi-
tive nervous system predisposes susceptible patients 
to disabling painful attacks. The Global Burden of 
Disease Study 2016 identified migraine as the leading 
cause of neurological disability in people under the 
age of 50 and the second leading cause of worldwide 
disability (based on years lived with disability).1 With 
39 million Americans with migraine and a prevalence 
peaking between 18 and 55 years of age, there is a high economic cost 
with diminished productivity due to absenteeism and presentism.2,3

Why focus on acute therapy 
The most visible aspects of migraine are painful attacks and asso-
ciated symptoms. Acute pharmacological treatment is a necessary 
component for effective migraine management, with 98% of people 
with migraine reporting using at least 1 acute medication during an 
attack.4 Failure to resolve an attack may prolong the activation of the 
pain processing network, leading to central sensitization with hyperal-
gesia (observed clinically as cutaneous allodynia, a marker for intrac-
tability and progression).5 Inadequate acute treatment is associated 
with a 2-fold risk of progression to chronic migraine.6 Various research 
results have shown that 55% of patients received insufficient relief 
from prior acute migraine treatments,7 40% of were dissatisfied with 
how fast relief came,8 and about half required a second medication 

dose.8 In addition, adverse events (AEs) were reported by 43% of 
patients within 24 hours of dosing,9 and pain and associated symptom 
recurrence occurred within 24 hours in 17% to 40%.10 

Prescription and over-the-counter medications are often used for 
acute migraine treatment. One pharmacy data survey of 138,004 
migraineurs enrolled in 10 health plans showed 
substantial medication use, including triptans (38%), 
short-acting opioids (50%), long-acting opioids 
(4%), and butalbital compounds (10%, averaging 10 
monthly doses).11

An Italian study found that only 25% of patients 
were initially offered a triptan.12 When there was an 
inadequate triptan response, a problematic medi-
cation was commonly added (opiate, 54%; nonste-
roidal anti-inflammatory drug (NSAID), 24%; butalbital, 18%) or the 
triptan changed for one (opiate, 50%; butalbital, 25%; NSAID, 25%).13

It is also important to note that among the estimated 31 million 
adults in the United States with migraine, 2.6 million have a triptan 
cardiovascular contraindication. Thus, it is not surprising that almost 
80% of those patients appear willing to try another acute medica-
tion.8 The current treatment landscape suggests that acute migraine 
treatment should be based on a patient’s unmet needs and prior and 
present treatments.5

Why a “Migraine Toolbox?” Migraine is a heterogenous condi-
tion and as such there are no “one-size-fits-all” options. Accordingly, 
optimal outcomes are likely to require different options, hence 
multiple tools. Similar to what might be kept for home repair, a good 
migraine tool kit will contain a variety of instruments to help restore 
order,  returning the system to baseline. Patients with episodic head-
aches may require only a few tools, whereas the patient with chronic 
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migraine is likely to require a more substantial armamentarium of 
medications and devices. By analyzing headache patterns, degree 
of sensitization, contraindications, tolerance to adverse effects, and 
affordability, physicians can help build individualized tool kits and 
give patients the expertise to treat their pain when and where they 
need it. 

Addressing migraine complexity with a framework
Migraine is complex, and such systems require a framework that allow 
mapping (structuring acquired knowledge in a way that directs appro-
priate action). The Managing Migraine book series presents a frame-
work that bases treatment needs on migraine attack frequency.14,15

Education is primary at all stages. Essential patient information for 
acute migraine should include recognizing when an attack is coming; 
treating mild pain (preferably with a migraine-specific medication16); 
using stratified (not stepped) care17; and recognizing that the goal is 
pain freedom. Different attacks may require different interventions, 
and with more frequent attacks, the acute treatments may not work as 
well or may require more aggressive interventions (FIGURE).

Essential provider knowledge includes reviewing patient diaries and 
providing feedback for optimization, having available appropriate 
interventions, and recognizing that the presence of allodynia requires 
more aggressive treatment. 

Education creates expectations for actions and results. Patient 
actions may include setting goals for treatment outcomes, keeping a 
diary, and active (not passive) participation in care. These activities 
are associated with better outcomes.  When patients are not getting 
the results they would like, ask them why? If they say they don’t know, 
that means they don’t know enough about their condition and more 
education is required. 

Optimal acute migraine treatment is a “one and done” approach 
with the application of minimal necessary tools. This requires recog-
nizing the severity of the attack and determining the most appro-
priate intervention. Prior acute migraine treatment was often based 
on stepped care. Stratified care has demonstrated both a higher mean 
effectiveness and lower mean cost than stepped care, as well as a 
higher patient satisfaction rate.17

The American Headache Society’s acute migraine treatment goals18 

call for rapid and consistent pain freedom with restored function, 
limited recurrence, and limited need for repeat dosing or rescue medi-
cations, as well as a reduction in health care resource utilization, with 
minimal or no AEs.

Migraine treatment optimization 
To measure progress toward the acute treatment goal, physicians can 
use the Migraine Treatment Optimization Questionnaire (M-TOQ). 
This 6-item clinical tool is designed to assess and optimize acute treat-
ment19 and has demonstrated excellent psychometric properties in a 
wide range of treatment option optimization distribution.  

Optimized acute treatment increases self-efficacy and internal locus 
of control.5 The M-TOQ can identify weak links in acute migraine care. 
The best outcomes are associated with increasing patient engage-
ment; thus, as migraine complexity increases, so does the need for 
patient engagement.

Adherence to an appropriate plan is associated with the best clin-
ical outcomes.20 Feedback addressing weak links in patient deci-
sion-making (choosing when to treat, time to treat, and what to treat 
with) regarding their acute migraine treatment plan is essential. 
Common barriers to acute migraine treatment may include distin-
guishing between migraine and other headache types early in the 
attack; no available medication while in mild pain; role conflicts (work 
and home obligations); and social influence (stigma).21 Negative factors 
affecting optimization include chronic migraine, cutaneous allodynia, 
depression, NSAID use, ergot use, and no migraine prophylaxis.5

Filling the tool kit
After increasing knowledge about the why and how of migraine 
management, the focus shifts to tool acquisition. These tools include 

FIGURE. Acute Migraine Treatment Plan Worksheet

Troubleshooting concepts
Stratified care: suit treatment to attack

Mild disability

Moderate disability

Severe disability

Goals: Restore function; 2-hour pain freedom; relief

Record the attack, treatment, and response in your 
diary. 

Tools
NSAID: 

Triptan 1: 

Triptan 2: 

Nausea 1: 

Nausea 2: 

Other 1: 

Other 2: 

Injectable 1: 

Injectable 2: 

Nonpharmacological: 

Rescue: 
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a migraine diary, in addition to pharmacological, nonpharmacolog-
ical, and, potentially, behavioral interventions.  

The migraine diary (paper or electronic) is an essential tool. A 
patient’s recall may be influenced by the most recent attack or past 
experiences, and spontaneous recall often overestimates attack 
severity. The diary should at least allow for the recording of the date, 
time, treatment used, and response. Several smart phone app–based 
diaries are available, including Migraine Buddy, Migraine Monitor, 
and N1-Headache. A recent app, BonTriage Headache Compass, is a 
new addition that uses artificial intelligence to develop a diagnosis 
and improve self-monitoring. 

Patients are more likely to achieve acute migraine resolution when 
the type of attack is recognized. Is it a mild, moderate, or severe 
attack? Is it secondary to a prolonged provocation (such as menses or 
altitude)? Is it associated with nausea or vomiting, suggesting the need 
for a parenteral intervention? An accurate diary can be invaluable in 
helping to recognize attack pattern and response. Unfortunately, it is 
most helpful in identifying suboptimal responses. 

Pharmacological interventions
Since the early 1990s, triptans have been the leading evidence-based 
acute therapy for migraines. Triptans are 5HT1B/1D receptor agonists, 
and one of their many actions is to inhibit calcitonin gene-related 
peptide (CGRP) release.22 As all triptans are generic, they are afford-
able for most patients.23 Results from a recent meta-analysis of trip-
tans showed that they produced pain relief (moderate or severe 
pain reduced to mild or no pain) in 43% to 76% of patients, 2-hour 
pain freedom (moderate or severe pain to no pain) in 15% to 50% 
of patients, and sustained 24-hour pain freedom in 29% to 50% of 
patients.24 These findings are consistent with the Canadian Headache 
Society guidelines, which gave a strong recommendation for triptans, 
NSAIDs, ASA, and acetaminophen but did not recommend ergots for 
routine use in acute migraine management.25 Parental triptans (SQ 
or IN) were superior to oral formulations.24 Recent guidance from the 
UK’s National Institute for Health and Care Excellence recommends 
combining an oral triptan with an aspirin or acetaminophen.26

Concerns arose with triptan use when the FDA placed a black 
box warning regarding the concomitant use of triptans and several 
antidepressants (principally the SSRIs and SNRIs). The American 
Headache Society’s position paper on the FDA action27 recom-
mended physician vigilance due to the seriousness of serotonin 
syndrome but concluded that current evidence does not support 
limiting triptan use in monotherapy or with SSRIs or SNRIs over 
serotonin syndrome concerns, noting that the risk is a theo-
retical and not a practical one.27 Cardiovascular risks regarding 
triptan 5HT1B vasoconstriction have also created concerns. A 2004 
consensus panel reviewing the data concluded that the chest symp-
toms occurring with triptan use are generally nonserious and are not 
explained by ischemia.28 The incidence of triptan-induced serious 
cardiovascular AEs in clinical trials and clinical practice appears to 
be extremely low, and absent contraindications, the cardiovascular 
risk‐benefit profile of triptans favors their use. However, the panel 
pointed out that most of the triptan data were derived from patients 
without known coronary artery disease. 

ACUTE MIGRAINE CASE STUDY
Background
The patient is a woman, age 27, complaining of disabling 
headaches. Headache onset was at menarche, with occur-
rence more prominent during menstruation and when 
stressed. The headache is unilateral, throbbing, and accom-
panied by nausea and photophobia. There is a family history 
of migraine. She has only used over-the-counter treatments 
with poor results. She is presently experiencing 6 attacks per 
month, with 4 daily attacks during her menstruation cycle. 
On average, she misses 2 workdays per month and feels she 
cannot be counted on for many familial engagements. She is 
more likely to miss work when she awakens with a headache 
or when it is accompanied by nausea.  

Diagnosis and Treatment
The patient is diagnosed with migraine and you assess her 
treatment needs to be prevention, acute, and rescue. You 
recommend magnesium for initial prevention, which may 
also be used acutely to overcome migraine-associated gast-
roparesis. Her acute treatment is likely to require different 
interventions. You prescribe naratriptan taken twice daily for 
her migraines experienced during her menstruation cycle. 
She may also augment this with a nonsteroidal anti-inflam-
matory drug (NSAID). For her awakening migraines, you 
recommend that she take naratriptan with metoclopramide 
and a fast-acting NSAID (such as effervescent aspirin). She is 
to keep a migraine diary and follow up. 

Follow-up
Two months later, the patient reports that she is now expe-
riencing 4 migraine days per month. The naratriptan has 
managed her menstruation-related migraine but it has not 
been very helpful for her awakening migraine. She is still 
missing work with her severe attacks. You alter her awak-
ening migraine plan to offer a triptan nasal spray or injectable 
sumatriptan or ketorolac.  

At a subsequent follow-up, she reports that her work absen-
teeism has improved but she is now having to leave work early 
at least once a month; she is more likely to leave work on the 
days when she is needing to repeat the triptan dose. At this 
time, you prescribe a gepant instead of a second dose triptan.  

At 1-year follow, the patient reports that she is doing very 
well. It has been several months since she has missed work, 
and her migraine frequency is down to about 3 attacks per 
month. However, she says that she would like to conceive 
during the next year and is wondering how this might impact 
her acute treatment plans. You share with her that while 
sumatriptan is thought to be safe in pregnancy, it may still 
represent a risk, and instead suggest that she consider a 
neuromodulation device. 



 Vol. 3 | No. 5 | October 2020   35NeurologyLive.com

COVER STORYHEADACHE AND MIGRAINE

New options for acute care
Three new acute pharmacological migraine treatments have recently 
become available —lasmiditan (Reyvow; Eli Lilly and Company), 
ubrogepant (Ubrelvy; AbbVie), and rimegepant (Nurtec ODT; 
Biohaven). These new medications have demonstrated therapeutic 
gain over placebo, with good safety and tolerability, and can be used 
by people who could not use triptans.29

Lasmiditan (ditan), a 5HT1F receptor agonist, does not affect the 
5-HT1B receptor that mediates vasoconstriction and as such has no 
cardiovascular contraindications. Long-term safety was demon-
strated in the GLADIATOR trial (NCT02565186) that included  
data from 814 patients observed over a medium duration of  
288 days.30 The most frequent AE was dizziness (18.6%), followed by 
somnolence (8.5%), paresthesia (6.8%), fatigue (5.5%), and nausea 
(4.7%).30 Lasmiditan is thought to cross the blood-brain barrier, and 
this likely accounts for some of the central adverse effects. Notably, 
lasmiditan is a Schedule V medication and has an 8-hour post-dose 
driving prohibition. 

As elevated CGRP levels became associated with an acute migraine 
attack, blocking CGRP became an attractive target. It is expressed in 
neurons in both the central and peripheral nervous systems and is 
widely dispersed throughout the nervous system.31 Newly released 
ubrogepant and rimegepant (gepants) are attractive options for indi-
viduals who cannot use triptans for medical reasons such as uncon-
trolled hypertension or coronary artery disease and for those who 
do not tolerate or respond to triptans.31 Gepants have been tested in 
patients with coronary artery disease and showed good tolerability 
with no 24 EKG changes.32 

Ubrogepant’s pivotal trials demonstrated pain freedom in 20.5% of 
patients in the 50-mg group and 21.2% in the 100-mg group, repre-
senting a therapeutic gain of approximately 8% over placebo.33 The 
secondary end point of pain relief was achieved by 61.7% in the 50-mg 
group and 61.7% in the 100-mg group, a therapeutic gain of 13% over 
placebo. There was also superior relief for most bothersome symptom. 
In those patients who did not achieve pain freedom and elected to 
redose, pain freedom was achieved in 54.7% in the 50-mg group and 
51.6% in the 100-mg group, representing a therapeutic gain of 21% 
and 18% over placebo, respectively.33 

The pivotal phase 3 trial evaluating 75-mg rimegepant showed a 
2-hour pain freedom achieved in 21.2% of patients and pain relief 
in 59.3%, representing a therapeutic gain of 10.3% and 16% over 
placebo, respectively.34 The investigators also recorded a sustained 
pain response between 2 to 24 hours in 47.8% of patients and 2 to 48 
hours in 42.7% of patients. Notably, 85.2 % of the participants did not 
use a rescue medication within 24 hours of dosing versus 70.8% in the 
placebo arm, and 38.1% of patients taking rimegepant thought they 
were able to resume functioning within 2 hours versus 25.8% in the 
placebo arm.34

Although it is exciting to have additional entries in the acute 
migraine tool kit, these newer medications should not be seen as 
replacements for current medications but instead as options for 
patients in whom current medications are contraindicated or ineffec-
tive. There are foreseeable scenarios in which a patient may have 
2 different triptans, an NSAID, and a ditan or gepant in their tool kit.

Neuromodulation 
Neuromodulation devices offer an alternative option for individuals 
interested in effective nonpharmacological interventions. Currently, 
4 devices are FDA-approved for migraine: supraorbital stimulation 
(Cefaly), transcranial magnetic stimulation (eNeura), noninvasive 
vagus nerve stimulation (gammaCore), and remote electrical neuro-
modulation (Nerivio). The low adverse effect profile makes neuro-
modulation attractive in pregnancy and in other vulnerable groups.35 
Notably, all of the devices are contraindicated in individuals with 
other implanted devices, such as pacemakers or cochlear implants. 
Unfortunately, commercial insurance does not cover these devices 
well, although their cost may be applied toward an insurance deduct-
ible in many cases or paid for by a flexible spending account. Veterans 
Affairs also appears to be offering some coverage for the Cefaly and 
gammaCore devices.  

Nonpharmacologic tools
Some additional patient-specific tools that may help patients manage 
acute migraine include migraine sunglasses, pressure-relieving 
earplugs, and cooling wraps or cold caps, though evidence supporting 
these therapies is scarce to limited. Many patients suffer from photo-
phobia, which can be a trigger or most bothersome symptom. FL-41–
tinted sunglasses can help with this trigger or provide symptom 
relief. The FL-41 tint can be placed on prescription glasses by most 
optometrists, but nonprescription versions can be purchased over 
the internet through reliable vendors. Additionally, some patients are 
very sensitive to barometric pressure changes. When using WeatherX 
earplugs with the associated app, patients are notified of impending 
pressure changes, allowing them the opportunity to proactively place 
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METAMORPHOSIS OF MIGRAINE: OUTCOMES AND OUTLOOKS

Jessica Ailani, MD, director of the Georgetown Headache Center, 
shares her perspective on current patient care and what the future 
holds for migraine treatment in this special 3-part series. 

View video: neurologylive.com/migraine-metamorphosis
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INDICATION
Acthar® Gel (repository corticotropin injection) is indicated for the treatment of acute exacerbations of multiple sclerosis in adults. 
Controlled clinical trials have shown Acthar to be eff ective in speeding the resolution of acute exacerbations of multiple sclerosis. 
However, there is no evidence that it aff ects the ultimate outcome or natural history of the disease.4

•  Acthar is clinically demonstrated to speed recovery 
from MS relapse symptoms in adults1

• Safety profile has been demonstrated over 30 years

• A range of support services for your patients

•   Acthar is believed to have a multimodal mechanism of 
action (immunomodulatory and anti-inflammatory properties) 
and may offer a different approach to targeting MS relapses2,3*

* While the exact mechanism of action of Acthar is unknown, further 
investigation is being conducted. This information is based on 
nonclinical data and the relationship to clinical benefit is unknown.

References: 1. Rose AS, Kuzma JW, Kurtzke JF, Namerow NS, Sibley WA, Tourtellotte WW. Cooperative study in the evaluation of therapy in multiple sclerosis: ACTH vs. placebo—fi nal report. Neurology. 1970;20(5):1-59. 2. Berkovich R, Agius MA. Mechanisms of action of ACTH in the 
management of relapsing forms of multiple sclerosis. Ther Adv Neurol Disord. 2014;7(2):83-96. 3. Arnason B, Berkovich R, Catania A, Lisak RP, Zaidi M. Mechanisms of action of adrenocorticotropic hormone and other melanocortins relevant to the clinical management of patients with 
multiple sclerosis. Mult Scler. 2013;19(2):130-136. 4. Acthar Gel [package insert]. Hazelwood, MO: Mallinckrodt ARD LLC; 2019

IMPORTANT SAFETY INFORMATION
Contraindications
 • Acthar should never be administered intravenously.
• Administration of live or live attenuated vaccines is 

contraindicated in patients receiving 
immunosuppressive doses of Acthar.

• Acthar is contraindicated where congenital infections 
are suspected in infants.

• Acthar is contraindicated in patients with scleroderma, 
osteoporosis, systemic fungal infections, ocular herpes 
simplex, recent surgery, history of or the presence of a 
peptic ulcer, congestive heart failure, uncontrolled 
hypertension, primary adrenocortical insuffi  ciency, 
adrenocortical hyperfunction or sensitivity to proteins 
of porcine origins.

Warnings and Precautions
• The adverse eff ects of Acthar are related primarily to its 

steroidogenic eff ects.
• Acthar may increase susceptibility to new infection or 

reactivation of latent infections.
• Suppression of the hypothalamic-pituitary-axis (HPA) 

may occur following prolonged therapy with the 
potential for adrenal insuffi  ciency after withdrawal of 
the medication. Adrenal insuffi  ciency may be minimized 
by tapering of the dose when discontinuing treatment. 
During recovery of the adrenal gland patients should be 
protected from the stress (e.g. trauma or surgery) by the 
use of corticosteroids. Monitor patients for eff ects of 
HPA suppression after stopping treatment.

• Cushing’s syndrome may occur during therapy but 
generally resolves after therapy is stopped. Monitor 
patients for signs and symptoms.

• Acthar can cause elevation of blood pressure, salt 
and water retention, and hypokalemia. Blood pressure, 
sodium and potassium levels may need to 
be monitored.

• Acthar often acts by masking symptoms of other 
diseases/disorders. Monitor patients carefully during 
and for a period following discontinuation of therapy.

• Acthar can cause GI bleeding and gastric ulcer. There 
is also an increased risk for perforation in patients 
with certain gastrointestinal disorders. Monitor for 
signs of bleeding.

• Acthar may be associated with central nervous 
system eff ects ranging from euphoria, insomnia, 
irritability, mood swings, personality changes, and 
severe depression, and psychosis. Existing conditions 
may be aggravated.

• Patients with comorbid disease may have that disease 
worsened. Caution should be used when prescribing 
Acthar in patients with diabetes and myasthenia gravis.

• Prolonged use of Acthar may produce cataracts, 
glaucoma and secondary ocular infections. Monitor for 
signs and symptoms.

• Acthar is immunogenic and prolonged administration 
of Acthar may increase the risk of hypersensitivity 
reactions. Neutralizing antibodies with chronic 
administration may lead to loss of endogenous 
ACTH activity.

• There is an enhanced eff ect in patients with 
hypothyroidism and in those with cirrhosis of the liver.

• Long-term use may have negative eff ects on growth 
and physical development in children. Monitor 
pediatric patients.

• Decrease in bone density may occur. Bone density 
should be monitored for patients on long-term therapy.

• Pregnancy Class C: Acthar has been shown to have an 
embryocidal eff ect and should be used during 
pregnancy only if the potential benefi t justifi es the 
potential risk to the fetus.

Adverse Reactions
• Common adverse reactions for Acthar are similar to 

those of corticosteroids and include fl uid retention, 
alteration in glucose tolerance, elevation in blood 
pressure, behavioral and mood changes, increased 
appetite and weight gain.

• Specifi c adverse reactions reported in IS clinical trials in 
infants and children under 2 years of age included: 
infection, hypertension, irritability, Cushingoid 
symptoms, constipation, diarrhea, vomiting, pyrexia, 
weight gain, increased appetite, decreased appetite, 
nasal congestion, acne, rash, and cardiac hypertrophy. 
Convulsions were also reported, but these may actually 
be occurring because some IS patients progress to 
other forms of seizures and IS sometimes mask other 
seizures, which become visible once the clinical spasms 
from IS resolve.

Other adverse events reported are included 
in the full Prescribing Information.
Please see Brief Summary of full Prescribing 
Information on the adjacent page.
Learn more at www.TreatMSRelapse.com.

MKMS20PTAP2448_M3_MS_Neurology_Live_Journal_Ad_FM.indd   1 8/25/20   11:22 AM



Perigord US
www.perigord-as.com
MNKdesignteam@perigord-as.com

Proof #: 1   17 Jun 2019   Part no.: US-1900861
Size: 10 in x 12 in
Fonts: Helvetica Neue Lt Std Condensed, Condensed Oblique, Bold Condensed;  
Symbol Regular
Minimum font size: 5.2 point

PGD #: 507551

Acthar Gel Brief Summary    Language(s): English Black

BRIEF SUMMARY - Consult full 
prescribing information before use.

Acthar® Gel (repository corticotropin injection) INJECTION, GEL for INTRAMUSCULAR 
| SUBCUTANEOUS use
Initial U.S. Approval: 1952

INDICATIONS AND USAGE
Infantile spasms:
Acthar Gel (repository corticotropin injection) is indicated as monotherapy for the treatment 
of infantile spasms in infants and children under 2 years of age.

Multiple Sclerosis:
Acthar Gel (repository corticotropin injection) is indicated for the treatment of acute 
exacerbations of multiple sclerosis in adults. Controlled clinical trials have shown 
Acthar Gel to be effective in speeding the resolution of acute exacerbations of multiple 
sclerosis. However, there is no evidence that it affects the ultimate outcome or natural 
history of the disease.

Rheumatic Disorders:
As adjunctive therapy for short-term administration (to tide the patient over an acute 
episode or exacerbation) in: Psoriatic arthritis; Rheumatoid arthritis, including juvenile 
rheumatoid arthritis (selected cases may require low-dose maintenance therapy), 
Ankylosing spondylitis.

Collagen Diseases:
During an exacerbation or as maintenance therapy in selected cases of: systemic lupus 
erythematosus, systemic dermatomyositis (polymyositis).

Dermatologic Diseases:
Severe erythema multiforme, Stevens-Johnson syndrome.

Allergic States:
Serum sickness.

Ophthalmic Diseases:
Severe acute and chronic allergic and inflammatory processes involving the eye and its 
adnexa such as: keratitis; iritis, iridocyclitis, diffuse posterior uveitis and choroiditis, optic 
neuritis, chorioretinitis; anterior segment inflammation.

Respiratory Diseases:
Symptomatic sarcoidosis.

Edematous State:
To induce a diuresis or a remission of proteinuria in the nephrotic syndrome without 
uremia of the idiopathic type or that due to lupus erythematosus.

CONTRAINDICATIONS
Acthar Gel is contraindicated for intravenous administration.

Acthar Gel is contraindicated where congenital infections are suspected in infants.

Administration of live or live attenuated vaccines is contraindicated in patients receiving 
immunosuppressive doses of Acthar Gel.

Acthar Gel is contraindicated in patients with scleroderma, osteoporosis, systemic 
fungal infections, ocular herpes simplex, recent surgery, history of or the presence of a 
peptic ulcer, congestive heart failure, uncontrolled hypertension, primary adrenocortical 
insufficiency, adrenocortical hyperfunction or sensitivity to proteins of porcine origin.

WARNINGS AND PRECAUTIONS
The adverse effects of Acthar Gel are related primarily to its steroidogenic effects. Not all 
of the adverse events described below have been seen after treatment with Acthar Gel, 
but might be expected to occur. [see Adverse Reactions (6.3)]

Infections
Acthar Gel may increase the risks related to infections with any pathogen, including viral, 
bacterial, fungal, protozoan or helminthic infections. Patients with latent tuberculosis 
or tuberculin reactivity should be observed closely, and if therapy is prolonged, 
chemoprophylaxis should be instituted.

Cushing’s Syndrome and Adrenal Insufficiency Upon Withdrawal
Treatment with Acthar Gel can cause hypothalamic-pituitary-axis (HPA) suppression and 
Cushing’s syndrome. These conditions should be monitored especially with chronic use.

Suppression of the HPA may occur following prolonged therapy with the potential for 
adrenal insufficiency after withdrawal of the medication. Patients should be monitored 
for signs of insufficiency such as weakness, hyperpigmentation, weight loss, hypotension 
and abdominal pain.

The symptoms of adrenal insufficiency in infants treated for infantile spasms can be 
difficult to identify. The symptoms are non-specific and may include anorexia, fatigue, 
lethargy, weakness, excessive weight loss, hypotension and abdominal pain. It is critical 
that parents and caregivers be made aware of the possibility of adrenal insufficiency when 
discontinuing Acthar Gel and should be instructed to observe for, and be able to recognize, 
these symptoms. [see Patient Counseling Information (17)]
The recovery of the adrenal gland may take from days to months so patients should be 
protected from the stress (e.g. trauma or surgery) by the use of corticosteroids during 
the period of stress.

The adrenal insufficiency may be minimized in adults and infants by tapering of the dose 
when discontinuing treatment.

Signs or symptoms of Cushing’s syndrome may occur during therapy but generally resolve 
after therapy is stopped. Patients should be monitored for these signs and symptoms such 
as deposition of adipose tissue in characteristics sites (e.g., moon face, truncal obesity), 
cutaneous striae, easy bruisability, decreased bone mineralization, weight gain, muscle 
weakness, hyperglycemia, and hypertension.

Elevated Blood Pressure, Salt and Water Retention and Hypokalemia
Acthar Gel can cause elevation of blood pressure, salt and water retention, and 
increased excretion of potassium and calcium. Dietary salt restriction and potassium 
supplementation may be necessary. Caution should be used in the treatment of patients 
with hypertension, congestive heart failure, or renal insufficiency.

Vaccination
Administration of live or live attenuated vaccines is contrain dicated in patients receiving 
immunosuppressive doses of Acthar Gel. Killed or inactivated vaccines may be 
administered; however, the response to such vaccines can not be predicted. Other 
immunization procedures should be undertaken with caution in patients who are receiving 
Acthar Gel, especially when high doses are administered, because of the possible hazards 
of neurological complications and lack of antibody response. 

Masking Symptoms of Other Diseases
Acthar Gel often acts by masking symptoms of other diseases/disorders without altering 
the course of the other disease/disorder. Patients should be monitored carefully during and 
for a period following discontinuation of therapy for signs of infection, abnormal cardiac 
function, hypertension, hyperglycemia, change in body weight and fecal blood loss.

Gastrointestinal Perforation and Bleeding
Acthar Gel can cause GI bleeding and gastric ulcer. There is also an increased risk for 
perforation in patients with certain gastrointestinal disorders. Signs of gastrointestinal 
perforation, such as peritoneal irritation, may be masked by the therapy. Use caution where 
there is the possibility of impending perforation, abscess or other pyogenic infections, 
diverticulitis, fresh intestinal anastomoses, and active or latent peptic ulcer.

Behavioral and Mood Disturbances
Use of Acthar Gel may be associated with central nervous system effects ranging from 
euphoria, insomnia, irritability (especially in infants), mood swings, personality changes, 
and severe depression, to frank psychotic manifestations. Also, existing emotional 
instability or psychotic tendencies may be aggravated.

Comorbid Diseases
Patients with a comorbid disease may have that disease worsened. Caution should 
be used when prescribing Acthar Gel in patients with diabetes and myasthenia gravis.

Ophthalmic Effects
Prolonged use of Acthar Gel may produce posterior subcapsular cataracts, glaucoma with 
possible damage to the optic nerves and may enhance the establishment of secondary 
ocular infections due to fungi and viruses.

Immunogenicity Potential 
Acthar Gel is immunogenic. Limited available data suggest that a patient may develop 
antibodies to Acthar Gel after chronic administration and loss of endogenous ACTH 
and Acthar Gel activity. Prolonged administration of Acthar Gel may increase the risk 
of hypersensitivity reactions. Sensitivity to porcine protein should be considered before 
starting therapy and during the course of treatment should symptoms arise.

Use in Patients with Hypothyroidism or Liver Cirrhosis
There is an enhanced effect in patients with hypothyroidism and in those with cirrhosis 
of the liver.

Negative Effects on Growth and Physical Development
Long-term use of Acthar Gel may have negative effects on growth and physical 
development in children. Changes in appetite are seen with Acthar Gel therapy, with the 
effects becoming more frequent as the dose or treatment period increases. These effects 
are reversible once Acthar Gel therapy is stopped. Growth and physical development of 
pediatric patients on prolonged therapy should be carefully monitored.

Decrease in Bone Density
Decrease in bone formation and an increase in bone resorption both through an effect 
on calcium regulation (i.e. decreasing absorption and increasing excretion) and inhibition 
of osteoblast function may occur. These, together with a decrease in the protein matrix 
of the bone (secondary to an increase in protein catabolism) and reduced sex hormone 
production, may lead to inhibition of bone growth in children and adolescents and to the 
development of osteoporosis at any age. Special consideration should be given to patients 
at increased risk of osteoporosis (i.e., postmenopausal women) before initiating therapy, 
and bone density should be monitored in patients on long term therapy.

Use in Pregnancy
Acthar Gel has been shown to have an embryocidal effect. Apprise women of potential 
harm to the fetus. [see Use in Specific Populations (8.1)]

ADVERSE REACTIONS 
Please refer to Adverse Reactions in Infants and Children Under 2 Years of Age (Section 
6.1.1) for consideration when treating patients with Infantile Spasms. The adverse 
reactions presented in Section 6.2 are primarily provided for consideration in use in adults 
and in children over 2 years of age, but these adverse reactions should also be considered 
when treating infants and children under 2 years of age.

Acthar Gel causes the release of endogenous cortisol from the adrenal gland. Therefore 
all the adverse effects known to occur with elevated cortisol may occur with Acthar Gel 
administration as well. Common adverse reactions include fluid retention, alteration in 
glucose tolerance, elevation in blood pressure, behavioral and mood changes, increased 
appetite and weight gain.

Clinical Studies Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction 
rates observed in the clinical trials of a drug cannot be directly compared to rates in the 
clinical trials of another drug, and may not reflect the rates observed in practice.

Adverse Reactions in Infants and Children Under 2 Years of Age
While the types of adverse reactions seen in infants and children under age 2 treated for 
infantile spasms are similar to those seen in older patients, their frequency and severity 
may be different due to the very young age of the infant, the underlying disorder, the 
duration of therapy and the dosage regimen. Below is a summary of adverse reactions 
specifically tabulated from source data derived from retrospective chart reviews and 
clinical trials in children under 2 years of age treated for infantile spasms. The number of 
patients in controlled trials at the recommended dose was too few to provide meaningful 
incidence rates or to permit a meaningful comparison to the control groups.

TABLE: Incidence (%) of Treatment Emergent Adverse 
Events Occurring in ≥ 2% of Acthar Gel 

(repository corticotropin injection) Infants and 
Children under 2 years of Age 

System Organ Class

Recommended
75 U/m2 bid
n=122, (%)

150 U/m2 qd
n=37 (%)

Cardiac disorders

  Cardiac Hypertrophy 3 0

Endocrine disorders

  Cushingoid 3 22

Gastrointestinal disorders

  Constipation 0 5

  Diarrhea 3 14

  Vomiting 3 5

General disorders and administration site conditions

  Irritability 7 19

  Pyrexia 5 8

Infections and infestations

  Infection* 20 46

Investigations

  Weight gain 1 3

Metabolism and nutrition disorders

  Increased appetite 0 5

  Decreased appetite 3 3

Nervous system disorders

  Convulsion† 12 3

Respiratory, thoracic and mediastinal disorders

  Nasal Congestion 1 5

Skin and subcutaneous tissue disorders

  Acne 0 14

  Rash 0 8

Vascular disorders

  Hypertension 11 19

*Specific infections that occurred at ≥2% were candidiasis, otitis media, pneumonia and 
upper respiratory tract infections. †In the treatment of Infantile Spasms, other types of 
seizures/convulsions may occur because some patients with infantile spasms progress 
to other forms of seizures (for example, Lennox-Gastaut Syndrome). Additionally the 
spasms sometimes mask other seizures and once the spasms resolve after treatment, 
the other seizures may become visible.

These adverse reactions may also be seen in adults and children over 2 years of age when 
treated for other purposes and with different doses and regimens.

Postmarketing Experience
The following adverse reactions associated with the use of Acthar Gel have been identified 
from postmarketing experience with Acthar Gel. Only adverse events that are not listed 
above as adverse events reported from retrospective chart reviews and non-sponsor 
conducted clinical trials and those not discussed elsewhere in labeling, are listed in this 
section. Because the adverse reactions are reported voluntarily from a population of 
uncertain size, it is not always possible to estimate their frequency or establish a causal 
relationship to use with Acthar Gel. Events are categorized by system organ class. Unless 
otherwise noted these adverse events have been reported in infants, children and adults.

Allergic Reactions
Allergic responses have presented as dizziness, nausea and shock (adults only).

Cardiovascular
Necrotizing angitis (adults only) and congestive heart failure.

Dermatologic
Skin thinning (adults only), facial erythema and increased sweating (adults only). 

Endocrine
Decreased carbohydrate tolerance (infants only) and hirsutism.

Gastrointestinal
Pancreatitis (adults only), abdominal distention and ulcerative esophagitis.

General Disorders and Administration Site Conditions
Injection site reactions.

Metabolic
Hypokalemic alkalosis (infants only).

Musculoskeletal 
Muscle weakness and vertebral compression fractures (infants only).

Neurological
Headache (adults only), vertigo (adults only), subdural hematoma, intracranial hemorrhage 
(adults only), and reversible brain shrinkage (usually secondary to hypertension) (infants only).

Possible Additional Steroidogenic Effects
Based on steroidogenic effects of Acthar Gel certain adverse events may be expected due 
to the pharmacological effects of corticosteroids. The adverse events that may occur but 
have not been reported for Acthar Gel are:

Dermatologic
Impaired wound healing, abscess, petechiae and ecchymoses, and suppression of skin 
test reactions.

Endocrine
Menstrual irregularities.

Metabolic
Negative nitrogen balance due to protein catabolism.

Musculoskeletal
Loss of muscle mass and aseptic necrosis of femoral and humeral heads.

Neurological
Increased intracranial pressure with papilledema, (pseudo-tumor cerebri) usually after 
treatment, and subdural effusion. 

Ophthalmic
Exophthalmos.

DRUG INTERACTIONS
Formal drug-drug interaction studies have not been performed.

Acthar Gel may accentuate the electrolyte loss associated with diuretic therapy.

USE IN SPECIFIC POPULATIONS
Pregnancy
Pregnancy Class C: Acthar Gel has been shown to have an embryocidal effect. There 
are no adequate and well-controlled studies in pregnant women. Acthar Gel should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus.

Nursing Mothers
It is not known whether this drug is excreted in human milk. Because many drugs are 
excreted in human milk and because of the potential for serious adverse reactions in 
nursing infants from Acthar Gel, when treating a nursing mother, a decision should be 
made whether to discontinue nursing or to discontinue the drug, considering the risk 
and benefit to the mother.

Pediatric Use 
Acthar Gel is indicated as monotherapy for the treatment of infantile spasms in infants 
and children less than 2 years of age. Both serious and other adverse reactions in this 
population are discussed in Warnings and Adverse Reactions in Infants and Children Under 
2 Years of Age [see Sections 5 and 6.1.1].
The efficacy of Acthar Gel for the treatment of infantile spasms in infants and children less 
than 2 years of age was evaluated in a randomized, single blinded (video EEG interpreter 
blinded) clinical trial and an additional active control supportive trial [see Clinical Studies 
(14)]. A responding patient was defined as having both complete cessation of spasms and 
elimination of hypsarrhythmia.

Safety in the pediatric population for infantile spasms was evaluated by retrospective 
chart reviews and data from non-sponsor conducted clinical trials [see Adverse Reactions 
(6.1.1)]. While the types of adverse reactions seen in infants and children under 2 years 
of age treated for infantile spasms are similar to those seen in older patients, their 
frequency and severity may be different due to the very young age of the infant, the 
underlying disorder, the duration of therapy and the dosage regimen. Effects on growth 
are of particular concern [see Warnings and Precautions (5.12)]. Serious adverse reactions 
observed in adults may also occur in children [see Warnings and Precautions (5)].

OVERDOSAGE 
While chronic exposure to Acthar Gel at high doses can be associated with a variety of 
potential serious adverse effects, it is not expected that a single high dose, or even several 
large doses, has the potential for serious adverse effects compared to a standard dose. 
There have been no reports of death or acute overdose symptoms from Acthar Gel in 
clinical studies or in the published literature.

The intramuscular route of administration makes it unlikely that an inadvertent acute 
overdose will occur. The typical daily dose of Acthar Gel to treat an infant that has a BSA of 
0.4 m2 would be 60 U/day. Using the 1-cc syringe supplied with Acthar Gel, the maximum 
amount that can be injected is 80 U/injection, which is a well-tolerated single dose.

HOW SUPPLIED / STORAGE AND HANDLING
Acthar Gel (repository corticotropin injection) is supplied as 5 mL multi-dose vial 
(63004-8710-1) containing 80 USP Units per mL. Acthar Gel (repository corticotropin 
injection) should be warmed to room temperature before using. Do not over pressurize the 
vial prior to withdrawing the product.

Store Acthar Gel (repository corticotropin injection) under refrigeration between 2° to 8°C 
(36° to 46°F). Product is stable for the period indicated on the label when stored under 
the conditions described.

PATIENT COUNSELING INFORMATION
Caretakers of patients with infantile spasms should be informed of the availability of 
a Medication Guide, and they should be instructed to read the Medication Guide prior 
to administering Acthar Gel. Patients should be instructed to take Acthar Gel only as 
prescribed. They should not stop treatment suddenly unless instructed by their physician 
to do so.

Patients, their caregivers and families should be advised as to the importance of the need 
for careful monitoring while on and during titration from Acthar Gel treatment and the 
importance of not missing scheduled doctor’s appointments.

Patients, their caregivers and families should be advised that if the patient develops an 
infection or fever they should contact their physician. They should be educated that a fever 
may not necessarily be present during infection. The patient should also try to limit contact 
with other people with infections to minimize the risk of infection while taking Acthar Gel. 
[see Warnings and Precautions (5.1) and Adverse Reactions (6.1.1)]
Patients, their caregivers and families should be advised that if the patient experiences 
an increase in blood pressure they should contact their physician. [see Warnings and 
Precautions (5.3) and Adverse Reactions (6.1.1)]
Patients, their caregivers and families should be advised that if the patient or the caregiver 
notices blood or a change in color of the patient’s stool they should contact their physician. 
[see Warnings and Precautions (5.6)]
Caregivers and families of infants and children treated with Acthar Gel should be informed 
that the patient may show signs of irritability and sleep disturbances. These effects are 
reversible once Acthar Gel therapy is stopped. [see Warnings and Precautions (5.7) and 
Adverse Reactions (6.1.1)]
Patients, their caregivers and families should be advised that changes in appetite, most 
often leading to weight gain, are seen with Acthar Gel therapy, becoming more frequent 
as the dose or treatment period increases. These effects are reversible once Acthar Gel 
therapy is stopped. [see Warnings and Precautions (5.12) and Adverse Reactions (6.1.1)]
Patients, their caregivers and families should be advised that the patient may be monitored 
for signs of adrenal insufficiency such as weakness, fatigue, lethargy, anorexia, weight 
loss, hypotension, abdominal pain or hyperpigmentation (adults only) after treatment has 
stopped. Since the recovery of the adrenal gland varies from days to months, patients may 
need to be protected from the stress of trauma or surgery by the use of corticosteroids 
during the period of stress. [see Warnings and Precautions (5.2)]
Patients should be advised not to be vaccinated with live or live attenuated vaccines during 
treatment with Acthar Gel. Additionally, other immunization procedures in patients or in 
family members who will be in contact with the patient should be undertaken with caution 
while the patient is taking Acthar Gel. [see Warnings and Precautions (5.4)]
Patients, their caregivers and families should be advised that prolonged use of Acthar 
Gel in children may result in Cushing’s syndrome and associated adverse reactions, 
may inhibit skeletal growth, and may cause osteoporosis and decreased bone density. 
If prolonged use is necessary, Acthar Gel should be given intermittently along with 
careful observation. [see Warnings and Precautions (5.2), (5.12), and (5.13) and Adverse 
Reactions (6.1.1)]
Patients, their caregivers and families should be informed that Acthar Gel may mask 
symptoms of other diseases/disorders without altering the course of the other disease/
disorder. The patient will need to be monitored carefully during and for a period 
following discontinuation of therapy for signs of infection, abnormal cardiac function, 
hypertension, hyperglycemia, change in body weight, and fecal blood loss. [see Warnings 
and Precautions (5.5)]
In the treatment of Infantile Spasms, other types of seizures may occur because some 
patients with infantile spasms progress to other forms of seizures (for example, Lennox-
Gastaut Syndrome). Additionally the spasms sometimes mask other seizures and once the 
spasms resolve after treatment with Acthar Gel, the other seizures may become visible. 
Parents and caregivers should inform their physician of any new onset of seizures so that 
appropriate management can then be instituted. [see Adverse Reactions (6.1.1)]
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their earplugs and prevent a pressure-associated headache. Lastly, 
cold caps or cooling wraps can be a useful tool for many patients who 
are not tolerant of pharmacological solutions or who need additional 
adjunctive relief. 

Conclusions
Even though therapeutic gain may be small with some of our treat-
ment options, due to the nature of migraine, having multiple tools to 
treat acute attacks is necessary as not every patient will respond to the 
same treatment for every attack. Thus, using a combination of phar-
macology, neuromodulation, and nonpharmacological tools may 
provide the best kit for patients to manage migraine. 
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Inhibiting Cholesterol 24-Hydroxylase  
for Epilepsy Treatment
By Jennifer S. Sun, PhD

EPILEPSY IS A CHRONIC neurologic disorder resulting in unpredict-
able, unprovoked, recurrent seizures that affect mental and phys-
ical functions. Antiepileptic drug therapy aims to eliminate or 
reduce seizure frequency, minimize adverse effects during long-
term treatment, and help patients maintain a normal lifestyle.1 
Existing antiepileptic drugs function by decreasing the electrical 
activity of the brain, either by preventing neuronal depolarization 
via modulation of ion channels, inhibiting excitation mediated by 
the neurotransmitter glutamate, or promoting inhibition mediated 
by γ-aminobutyric acid.2 Selecting the appropriate drug therapy for 
epilepsy management necessitates an understanding of the disor-
der’s natural history and treatment response profile.1

Despite the availability of antiepileptic drugs, there are few if any 
approved therapies for rare developmental and epileptic enceph-
alopathies (DEEs), which are associated with severe cognitive and 
developmental impairment in addition to frequent treatment- 
refractory seizures. For example, patients with Dravet syndrome 
typically present with seizures before 18 months of age that are 
often refractory to treatment, while those with Lennox-Gastaut 
syndrome experience up to hundreds of intractable seizures per 
day of various subtypes, often the result of hypoxic brain injury, 
cerebral dysgenesis, or neurocutaneous disorders, among other 
etiologies.2,3 Patients with CDKL5 deficiency disorder have reduced 
or altered CDKL5 protein in neurons, resulting in treatment-resis-
tant tonic-clonic or tonic seizures that begin in infancy.2 Given the 
significant morbidity associated with these syndromes,2 novel ther-
apies are necessary to address comorbidities while altering the 
course of the disease.

Cholesterol 24-hydroxylase, a central nervous system–specific 
enzyme encoded by the CYP46A1 gene and expressed in cell bodies 
and dendrites of neurons,4 is a promising target for treatment of 
brain disorders, including epilepsy. Cholesterol is particularly 
enriched in mammalian brains, indicating that this sterol is essen-
tial for proper brain development and function. Indeed, choles-
terol is a neurosteroid precursor and key component of eukary-
otic membranes, with 70% found in myelin sheaths of white matter 
and 30% in glial cells and subcellular membranes of neurons of 
gray matter.5,6 Due to the impermeability of the blood-brain barrier 
to lipoproteins, brain cholesterol is derived almost exclusively 
from in situ biosynthesis. Excess cholesterol is then extruded from 
the brain after hydroxylation by cholesterol 24-hydroxylase7 to 
yield the rapidly diffusible 24(S)-hydroxycholesterol (FIGURE).5,8,9 
24(S)-hydroxycholesterol has a direct impact on synaptic plas-
ticity by modulating N-methyl-D-aspartic acid (NMDA) recep-
tors, implicating cholesterol 24-hydroxylase in memory and 
learning.10 This maintenance is crucial for neuronal cholesterol 
homeostasis, with abnormalities implicated in neurodegenera-
tive disorders, including Alzheimer disease, Parkinson disease, and 
Huntington disease.11,12 

Both inhibition and activation of cholesterol 24-hydroxylase 
exhibit therapeutic potential.13,14 Increasing cholesterol 24-hydrox-
ylase expression in a mouse model of Huntington disease reduced 
the number and size of intranuclear protein aggregates by acti-
vating autophagy, improving motor impairment.13 Downregulation 
of the enzyme in the adult mouse hippocampus via RNA interfer-
ence conversely led to increased neuronal cholesterol concentration 

Cholesterol maintenance in the brain includes in situ biosynthesis, cholesterol transport between different cells, and elimination.5 Most cholesterol can cross the blood-brain barrier only after hydroxylation by choles-

terol 24-hydroxylase to form 24(S)-hydroxycholesterol. Inhibition of this enzyme by soticlestat thus blocks clearance of cholesterol from the brain with no effect on cholesterol biosynthesis.5

FIGURE. Cholesterol 24-Hydroxylase Controls Cholesterol Efflux From the Brain5
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due to reduced efflux, although cholesterol biosynthesis was unaf-
fected.11 Several types of phospholipids, such as structural glyc-
erophospholipids and sphingolipids, were also increased in the 
brains of these mice.12 However, knockout mice lacking choles-
terol 24-hydroxylase from birth maintained normal levels of choles-
terol in the brain despite decreased efflux by reducing choles-
terol synthesis.15 A reduction in cholesterol 24-hydroxylase levels 
modulates brain NMDA receptors to reduce downstream gluta-
mate signaling pathway activity, consequently reducing the number 
and severity of seizures. Cholesterol 24-hydroxylase inhibition may 
therefore be useful for treatment of patients with rare DEEs.5

Soticlestat (TAK-935/OV935; Takeda Pharmaceuticals, Ovid 
Therapeutics) is a potent, highly selective, first-in-class inhibitor of 
cholesterol 24-hydroxylase that is currently in phase 2 studies for 
treatment of rare DEEs. Results from the phase 2, multicenter, open-
label ARCADE study (NCT03694275) and the phase 2, prospective, 
interventional, open-label, multicenter extension ENDYMION study 
(NCT03635073) in patients with CDKL5 deficiency disorder (CDD) and 
Dup15q syndrome were recently announced,16 showing seizure reduc-
tion over time. In patients with CDD (n = 12), median motor seizure 
frequency was reduced by 24% during the 12-week maintenance 
treatment period in ARCADE, which increased to a 50% reduction in 
ENDYMION in the 5 patients who completed 9 months of continuous 
treatment. Notably, patients with Dup15q syndrome (n = 8) recorded 
an increase in median motor seizure frequency during the ARCADE 
study; however, after 9 months of continuous treatment through the 
ENDYMION study (n = 4), a 74% reduction in median motor seizure 
frequency was recorded. Notably, all patients who completed the 
ARCADE study elected to roll over into ENDYMION, with a consistent 
safety and tolerability profile observed throughout both studies.16 

In addition, topline results from the phase 2, multicenter, 
randomized, double-blind, placebo-controlled ELEKTRA clin-
ical trial (NCT03650452), which assessed soticlestat treatment 
in patients age 2 to 17 with Dravet syndrome or Lennox-Gastaut 
syndrome, showed that the study met its primary end point, 
demonstrating a statistically significant reduction in seizures from 
baseline compared with placebo (P = .0007) in Dravet syndrome 
and numeric, but not statistically significant reductions in patients 
with Lennox-Gastaut syndrome.17 Specifically, a 27.8% median 

reduction from baseline in convulsive and drop seizure frequency 
compared with a 3.1% median increase in the placebo group was 
recorded during the 12-week maintenance period, with a 29.8% 
reduction recorded for the full 20-week treatment period. Results in 
the Dravet syndrome cohort, which showed a 33.8% median reduc-
tion in convulsive seizures compared with a 7.0% median increase 
in the placebo group, have propelled Ovid to pursue initiation of a 
phase 3 registrational program for the drug in this patient popula-
tion.17 Incidence of treatment-emergent adverse events was similar 
between the treatment and placebo groups, with lethargy and 
constipation reported most frequently in those treated with the 
study drug. Notably, all patients who completed ELEKTRA elected 
to roll over to the ENDYMION extension study, early results from 
which indicate that treatment effect in patients originally random-
ized to receive soticlestat have been maintained over 6 months, 
with similar seizure frequency reductions observed in those origi-
nally assigned to placebo.17 

Based on these results, cholesterol 24-hydroxylase inhibi-
tion as epilepsy treatment appears promising, so long as preci-
sion dosing and efficacy duration are well understood. The results 
of the ENDYMION study will reveal the tolerability of soticlestat 
and its effects on seizure frequency reduction after long-term use. 
Meanwhile, other classes of epilepsy drugs, including cannabidiol 
(Epidiolex; GW Pharmaceuticals), have already been approved for 
treatment of severe DEEs.18 Going forward, an assessment of the 
implication of cholesterol accumulation resulting from cholesterol 
24-hydroxylase inhibition, in terms of neuronal death in humans, 
is also warranted due to observations that inhibiting this enzyme 
resulted in epileptic behavior, including seizures, paralleled by 
neuronal loss in the mouse hippocampus.19 Overall, cholesterol 
24-hydroxylase remains justified as a therapeutic target, so long 
as investigators are cognizant of the full effects of cholesterol 
24-hydroxylase inhibition on brain cholesterol metabolism in cell 
types, specific brain regions, and the whole brain. 

For a full list of references, see the article on NeurologyLive.com.

For correspondence: jssun@princeton.edu

Subscribe to our emails for breaking news,  
exclusive events, and more at NeurologyLive.com.

®



42    Vol. 3 | No. 5 | October 2020 NeurologyLive.com

NEUROMUSCULAR

It Takes a Village: Multidisciplinary 
Management of DMD
Experts in the diagnosis and treatment of Duchenne muscular dystrophy share their perspectives on the 
complex care of this patient population in the NeurologyLive® Insights series “Management of Duchenne 
Muscular Dystrophy.”
By Matt Hoffman

THE TREATMENT LANDSCAPE FOR Duchenne muscular dystrophy 
(DMD) continues to be quite lively, as the FDA recently approved 
viltolarsen (Viltepso; NS Pharma) for patients with DMD amenable 
to exon 53 skipping, marking only the second FDA-approved 
therapy for the DMD gene mutation that affects 8% to 10% of 
patients.1 Additionally, the agency recently granted orphan 
drug designation to Vita Therapeutics’ VTA-110, an allogeneic 
induced pluripotent stem cell–based therapy, as it advances to 
human trials2; and Catabasis’ oral small molecule NF-kB inhib-
itor, edasalonexent, was deemed well tolerated in the phase 2 
MoveDMD trial.3 

Although the increased activity in the DMD drug pipeline could 
mean more effective disease-modifying treatments in the near 
future, the current approach to treatment relies on large teams of 
multidisciplinary physicians and other health care professionals 
who offer comprehensive, symptomatic disease management.

Challenges of the multisystem impact of DMD require a collab-
orative and mixed-specialty approach in its management. To 
learn more about the care that is provided by the team, several 
experts in DMD recently came together to share their thoughts 
in the NeurologyLive® Insights series “Management of Duchenne 
Muscular Dystrophy.” 

Multidisciplinary management 
Mechanistically, DMD disrupts the production of dystrophin, the 
lack of which impacts muscle function throughout the body. This 
functional deficit is at the root of the requirement for patients’ 
multidisciplinary management.

“We see weakness in the arms and legs, weak-
ness of the respiratory muscles, and we 
see an impact, as well, to the cardiac muscles,” 
said Crystal Proud, MD, pediatric neuromus-
cular neurologist at Children’s Hospital of The 
King’s Daughters in Norfolk, Virginia. “In addi-
tion, we can’t forget about the muscles that allow 
us to do things like chew and swallow, and those 
that impact bowel and bladder habits. So, it 

really requires a comprehensive team to be able to care for the 
patients with DMD.”

Proud noted that her institution’s DMD team includes herself 
as well as a physiatrist, who helps provide accommodations to 
patients that can improve their overall quality of life and their 
ability to participate in activities of daily living; these appara-
tuses include wheelchairs, transfer boards, back chairs, and braces. 

Additionally, depending on the patient, the team can include phys-
ical and occupational therapists, a pulmonologist, a cardiologist, 
an orthopedist, an endocrinologist, an educational liaison, a dieti-
cian, and social workers. Occasionally, the team expands to include 
surgeons as well. 

A patient’s physical therapy regimen often includes routine stan-
dardized testing to track progression, which helps detect any func-
tional decline, Proud explained. Progression, in turn, can trigger 
changes in supportive care recommendations. The test results also 
allow the occupational therapist to provide guidance for patient 
accommodations at home or school.

“When we start to see that the respiratory muscles are 
impacted, [the pulmonologist] intervenes with things such 
as CoughAssist devices, and sometimes we utilize a vest to help 
loosen secretion. Ultimately, we end up utilizing devices to help 
support respiration, like a bilevel support device or bypass device,” 
Proud said. The impact of DMD on the heart 
requires routine assessment via echocardiograms 
and, potentially, cardiac MRIs, which the cardiolo-
gist uses to assess and optimize heart function.

Team structure varies by institution but gener-
ally includes the same primary stakeholders, 
said Amy D. Harper, MD, associate professor 
and medical director of the Muscular Dystrophy 
Association Care Center at Children’s Hospital of 
Richmond at Virginia Commonwealth University. She explained 
that those specialists spend the majority of their time working 
together in the clinic to support patients and decide on each one’s 
next best steps. 

“Then we have additional supports. A speech therapist may help 
a child with eating, making sure there is no difficulty with swal-
lowing. They’ll work closely with the nutritionist to monitor weight 
and growth,” Harper said. The standard use of steroids in children 
with DMD tends to result in stunted growth and weight gain that, 
when left unattended, can cause such other problems as adrenal 
insufficiency or delayed puberty. An endocrinologist may help 
monitor those parameters. 

 Many of the effects of DMD and its treatment require addi-
tional accommodations and services outside of the clinic. Social 
workers often assist with such aspects as 504 plans or individual-
ized education plans. 

“There can be additional ancillary services outside, including 
parental or family support organizations,” Harper explained. 
“Identifying an ophthalmologist and primary care doctor who 
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are comfortable with multiple specialists is also important,” she 
said. “It takes a village. My nurse coordinator describes our weekly 
clinics as a [being like a] wedding, [needing to be pulled] all 
together, but it’s the best care for the patients with DMD.” 

Genetic counseling and psychosocial support
The village-type approach Harper described begins at diagnosis. 
Because DMD is a genetic condition, getting a quick and precise 
diagnosis of the patient is important not only to provide the earliest 
possible access to care, but to prevent unnecessary testing. A blood 
test for creatine phosphokinase, which tends to be elevated in 
DMD, can point physicians in the direction of muscular dystrophy. 

Genetic confirmation helps to delineate DMD 
from other muscular dystrophies that present 
similarly, such as limb-girdle muscular dystrophy 
and congenital muscular dystrophy. Genetic 
testing has sensitivity of about 95%, or even more, 
in confirming diagnoses. Emma Ciafaloni, MD, 
professor of neurology and pediatrics, codirector 
of the MDA Neuromuscular Clinic, and director of 
the Neuromuscular Medicine Fellowship Program 

at the University of Rochester Medical Center in New York, noted 
that the responsible steps after a DMD diagnosis are genetic tests 
and counseling for the patient and their family.

“Genetic counseling for the family is important [because it allows 
us] to educate them about the possibility of having other chil-
dren affected by the disease in subsequent pregnancies,” Ciafaloni 
said. “It’s also extremely important because although the standard-
of-care treatments and corticosteroids are good for all patients with 
DMD, we now have other, more genetic-specific treatments that are 
really targeted to specific subgroups of patients with Duchenne. 
Those are applicable only to a portion of patients, depending on 
their precise genetic mutations” 

Ciafaloni emphasized the seriousness of a DMD diagnosis. The 
disease is “universally progressive” and has an all-encompassing 
impact on patients, many of whom become wheelchair bound by 
their late teens. “It’s very tragic for a family to learn about this diag-
nosis and to really cope with the long journey of living with this 
disease,” she said. 

Beyond the obvious physical challenges, patients and families 
have emotional challenges after diagnosis that need attention. A 
team’s social worker, Harper noted, can help provide an under-
standing of psychosocial supports and help ensure that patients are 
ready for the transition processes they will undergo. It’s particularly 
crucial to inform patients and their families about advocacy orga-
nizations that allow them to connect with and meet others directly 
and indirectly affected by the disease. 

“They can really become empowered and educated, and they 
learn that living with this disease is, in fact, very much possible,” 
said Harper. “Then, they don’t feel [so] isolated and alone with this 
serious diagnosis.”

Supportive treatment options
Patients with DMD often need several supportive treatments in 

addition to steroids, but each additional treatment adds another 
layer to the complexity of management. Aside from the necessary 
growth and weight monitoring that accompany steroid adminis-
tration, this standard-of-care treatment comes with an increased 
risk of infection. As such, patients must be vigilant about receiving, 
say, yearly vaccinations for influenza and pneumonia. In addition, 
heart-centric therapies may be prescribed based on cardiologist 
recommendations.

In addition to bringing in CoughAssist when necessary, respi-
ratory therapists teach techniques like breath stacking, and sleep 
specialists may be asked for their expert opinions on sleep study 
results. If hypoventilation is detected, a bilevel positive airway 
pressure machine, or BiPAP, may be prescribed.

 “[Also,] from an orthopedic standpoint, there can be progres-
sion of scoliosis as the child becomes weaker over time,” Harper 
explained. “It’s important to treat scoliosis so you can maximize the 
pulmonary status. Orthopedic interventions offer a lot of benefits.” 

Early initiation of physical therapy, too, can help establish a good 
routine with stretching and the use of night splints, Harper noted. 
“Starting those routines early makes it easier to prevent long-
term contractures at the ankles, which will result in prolonged 
ambulation as well,” Harper said. Establishing these relation-
ships and familiarity with physical and occupational therapies can 
make for a smoother transition once adaptive devices and wheel-
chairs are needed. 

To watch the full NeurologyLive® Insights series, visit 
neurologylive.com/DMD-insights
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ZEPOSIA—FOCUSED ON 
WHAT COUNTS

c A relapse was defi ned as the occurrence of new or worsening neurological symptoms 
persisting for more than 24 hours attributable to MS and immediately preceded by 
a relatively stable or improving neurological state of at least 30 days.2,3

dBefore initiating treatment with ZEPOSIA, all patients require a recent CBC including lymphocyte count (within 6 months 
or after discontinuation of prior MS therapy), an ECG to check for preexisting conduction abnormalities, a recent liver 
function test (within 6 months), and consideration of current and prior medications, including vaccinations.1 Patients without 
a confi rmed history of varicella (chickenpox) or without documented VZV vaccination should be tested for antibodies. If VZV 
or other live attenuated immunizations are required, administer at least 1 month prior to initiation.1 For patients with a history 
of uveitis or macular edema, an ophthalmic assessment is required.1 An up-titration scheme should be used to reach the 
maintenance dosage of ZEPOSIA, as a transient decrease in heart rate and atrioventricular conduction delays may occur.1

e Diabetes mellitus and uveitis increase the risk of macular edema; patients with a history of these conditions should have an ophthalmic evaluation 
of the fundus, including the macula, prior to treatment initiation. A prompt ophthalmic evaluation is recommended if there is any change in vision 
while taking ZEPOSIA.1

ARR=annualized relapse rate; CBC=complete blood count; ECG=electrocardiogram; GdE=gadolinium enhancing; RMS=relapsing multiple sclerosis; 
S1P=sphingosine-1-phosphate; VZV=varicella-zoster virus.

IMPORTANT SAFETY INFORMATION (CONTINUED)
Infections: ZEPOSIA may increase the susceptibility to 
infections. Life-threatening and rare fatal infections have 
occurred in patients receiving ZEPOSIA. Obtain a recent 
(i.e., within 6 months or after discontinuation of prior MS 
therapy) complete blood count (CBC) including lymphocyte 
count before initiation of ZEPOSIA. Delay initiation of ZEPOSIA 
in patients with an active infection until the infection is 
resolved. Consider interruption of treatment with ZEPOSIA 
if a patient develops a serious infection. Continue monitoring 
for infections up to 3 months after discontinuing ZEPOSIA
•  Herpes zoster was reported as an adverse reaction in 

ZEPOSIA-treated patients. Herpes simplex encephalitis 
and varicella zoster meningitis have been reported with 
sphingosine 1-phosphate (S1P) receptor modulators. Patients 
without a healthcare professional-confi rmed history of 
varicella (chickenpox), or without documentation of a full 
course of vaccination against varicella zoster virus (VZV), 
should be tested for antibodies to VZV before initiating 
ZEPOSIA. A full course of vaccination for antibody-negative 
patients with varicella vaccine is recommended prior to 
commencing treatment with ZEPOSIA

•  Cases of fatal cryptococcal meningitis (CM) were reported 
in patients treated with another S1P receptor modulator. 
If CM is suspected, ZEPOSIA should be suspended until 
cryptococcal infection has been excluded. If CM is diagnosed, 
appropriate treatment should be initiated.

•  Progressive Multifocal Leukoencephalopathy (PML) is an 
opportunistic viral infection of the brain that typically 
occurs in patients who are immunocompromised, and that 
usually leads to death or severe disability. No cases of PML 
were identifi ed in active-controlled MS clinical trials with 
ZEPOSIA. PML has been reported in patients treated with 
S1P receptor modulators and other MS therapies and has 
been associated with some risk factors. If PML is suspected, 
withhold ZEPOSIA and perform an appropriate diagnostic 
evaluation. If confi rmed, treatment with ZEPOSIA should 
be discontinued

•  In clinical studies, patients who received ZEPOSIA were not 
to receive concomitant treatment with antineoplastic, 
non-corticosteroid immunosuppressive, or immune-
modulating therapies used for treatment of MS. Concomitant 
use of ZEPOSIA with any of these therapies would be 
expected to increase the risk of immunosuppression. 
When switching to ZEPOSIA from immunosuppressive 
medications, consider the duration of their effects and 
their mode of action to avoid unintended additive 
immunosuppressive effects

•  Use of live attenuated vaccines should be avoided during 
and for 3 months after treatment with ZEPOSIA. If live 
attenuated vaccine immunizations are required, administer 
at least 1 month prior to initiation of ZEPOSIA

ZEPOSIA was studied in the largest number of patients with RMS 
in 2 pivotal head-to-head trials against an active comparator (N=2659)2,3a:

aStudy designs: SUNBEAM (1 year; N=1346) and RADIANCE 
(2 years; N=1313) were multicenter, randomized, double-blind, 
double-dummy, active treatment-controlled studies of daily 
oral ozanimod 0.46 mg (not approved for maintenance 
dose) or 0.92 mg vs weekly Avonex (interferon beta-1a), 30-μg 
intramuscular injection. Primary endpoint: ZEPOSIA reduced 
ARR vs Avonex by 48% at 1 year (0.18 vs 0.35, respectively) and by 
38% at 2 years (0.17 vs 0.28, respectively). Secondary endpoints:
ZEPOSIA reduced the number of new or enlarging T2 lesions 
by 48% at 1 year and by 42% at 2 years and reduced the number 
of GdE lesions vs Avonex by 63% at 1 year and 53% at 2 years. 
9 of 10 patients showed no confi rmed 3-month disability 
progression. There was no signifi cant difference in 3-month 
confi rmed disability between ZEPOSIA and Avonex.1-3

b Adverse reactions: Overall incidence of adverse reactions for 
ZEPOSIA vs Avonex at 1 year was 59.8% and 75.5%, respectively, 
and at 2 years was 74.7% and 83.0%, respectively. Across 2 
head-to-head trials, the most common adverse reactions with 
an incidence of at least 2% in patients treated with ZEPOSIA 
and at least 1% greater than Avonex, respectively, were as 
follows: upper respiratory infection, 26% (vs 23%); hepatic 
transaminase elevation, 10% (vs 5%); orthostatic hypotension, 
4% (vs 3%); urinary tract infection, 4% (vs 3%); back pain, 4% 

(vs 3%); hypertension, 4% (vs 2%); and abdominal pain upper, 
2% (vs 1%). Data are not an adequate basis for comparison 
of rates between ZEPOSIA and the active control. Upper 
respiratory infection includes nasopharyngitis, upper 
respiratory tract infection, pharyngitis, respiratory tract 
infection, bronchitis, rhinitis, respiratory tract infection viral, 
viral upper respiratory tract infection, rhinorrhea, tracheitis, 
and laryngitis. Hepatic transaminase elevation includes 
alanine aminotransferase increased, gamma-glutamyl 
transferase increased, aspartate aminotransferase increased, 
hepatic enzyme increased, liver function test abnormal, and 
transaminase increased. Hypertension includes hypertension, 
essential hypertension, and orthostatic hypertension. Overall 
discontinuation rates for ZEPOSIA vs Avonex at 1 year were 
6% and 8%, respectively, and at 2 years were 10% and 15%, 
respectively. Discontinuation rates due to adverse reactions 
for ZEPOSIA vs Avonex at 1 year were 2.9% and 3.6%, 
respectively, and at 2 years were 3.0% and 4.1%, respectively. 
Serious infections: The rate of serious infections at 1 year for 
ZEPOSIA was 1.1% vs 0.7% for Avonex and the rate at 2 years 
for ZEPOSIA was 0.9% vs 0.9% for Avonex. Malignancy rates: 
The rate of malignancies at 1 year for ZEPOSIA was 0.2% vs 
0% for Avonex and the rate at 2 years for ZEPOSIA was 0.9% 
vs 0.5% for Avonex.1-3

IMPORTANT SAFETY INFORMATION
Contraindications: 
•  Patients who in the last 6 months, experienced myocardial 

infarction, unstable angina, stroke, transient ischemic attack 
(TIA), decompensated heart failure requiring hospitalization, 

or Class III/IV heart failure or have a presence of Mobitz type II 
second or third-degree atrioventricular (AV) block, sick 
sinus syndrome, or sino-atrial, unless the patient has a 
functioning pacemaker

• Patients with severe untreated sleep apnea
• Patients taking a monoamine oxidase (MAO) inhibitor

Please see Important Safety Information throughout and Brief Summary of full Prescribing Information.
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c A relapse was defi ned as the occurrence of new or worsening neurological symptoms 
persisting for more than 24 hours attributable to MS and immediately preceded by 
a relatively stable or improving neurological state of at least 30 days.2,3

dBefore initiating treatment with ZEPOSIA, all patients require a recent CBC including lymphocyte count (within 6 months 
or after discontinuation of prior MS therapy), an ECG to check for preexisting conduction abnormalities, a recent liver 
function test (within 6 months), and consideration of current and prior medications, including vaccinations.1 Patients without 
a confi rmed history of varicella (chickenpox) or without documented VZV vaccination should be tested for antibodies. If VZV 
or other live attenuated immunizations are required, administer at least 1 month prior to initiation.1 For patients with a history 
of uveitis or macular edema, an ophthalmic assessment is required.1 An up-titration scheme should be used to reach the 
maintenance dosage of ZEPOSIA, as a transient decrease in heart rate and atrioventricular conduction delays may occur.1

e Diabetes mellitus and uveitis increase the risk of macular edema; patients with a history of these conditions should have an ophthalmic evaluation 
of the fundus, including the macula, prior to treatment initiation. A prompt ophthalmic evaluation is recommended if there is any change in vision 
while taking ZEPOSIA.1

ARR=annualized relapse rate; CBC=complete blood count; ECG=electrocardiogram; GdE=gadolinium enhancing; RMS=relapsing multiple sclerosis; 
S1P=sphingosine-1-phosphate; VZV=varicella-zoster virus.

IMPORTANT SAFETY INFORMATION (CONTINUED)
Infections: ZEPOSIA may increase the susceptibility to 
infections. Life-threatening and rare fatal infections have 
occurred in patients receiving ZEPOSIA. Obtain a recent 
(i.e., within 6 months or after discontinuation of prior MS 
therapy) complete blood count (CBC) including lymphocyte 
count before initiation of ZEPOSIA. Delay initiation of ZEPOSIA 
in patients with an active infection until the infection is 
resolved. Consider interruption of treatment with ZEPOSIA 
if a patient develops a serious infection. Continue monitoring 
for infections up to 3 months after discontinuing ZEPOSIA
•  Herpes zoster was reported as an adverse reaction in 

ZEPOSIA-treated patients. Herpes simplex encephalitis 
and varicella zoster meningitis have been reported with 
sphingosine 1-phosphate (S1P) receptor modulators. Patients 
without a healthcare professional-confi rmed history of 
varicella (chickenpox), or without documentation of a full 
course of vaccination against varicella zoster virus (VZV), 
should be tested for antibodies to VZV before initiating 
ZEPOSIA. A full course of vaccination for antibody-negative 
patients with varicella vaccine is recommended prior to 
commencing treatment with ZEPOSIA

•  Cases of fatal cryptococcal meningitis (CM) were reported 
in patients treated with another S1P receptor modulator. 
If CM is suspected, ZEPOSIA should be suspended until 
cryptococcal infection has been excluded. If CM is diagnosed, 
appropriate treatment should be initiated.

•  Progressive Multifocal Leukoencephalopathy (PML) is an 
opportunistic viral infection of the brain that typically 
occurs in patients who are immunocompromised, and that 
usually leads to death or severe disability. No cases of PML 
were identifi ed in active-controlled MS clinical trials with 
ZEPOSIA. PML has been reported in patients treated with 
S1P receptor modulators and other MS therapies and has 
been associated with some risk factors. If PML is suspected, 
withhold ZEPOSIA and perform an appropriate diagnostic 
evaluation. If confi rmed, treatment with ZEPOSIA should 
be discontinued

•  In clinical studies, patients who received ZEPOSIA were not 
to receive concomitant treatment with antineoplastic, 
non-corticosteroid immunosuppressive, or immune-
modulating therapies used for treatment of MS. Concomitant 
use of ZEPOSIA with any of these therapies would be 
expected to increase the risk of immunosuppression. 
When switching to ZEPOSIA from immunosuppressive 
medications, consider the duration of their effects and 
their mode of action to avoid unintended additive 
immunosuppressive effects

•  Use of live attenuated vaccines should be avoided during 
and for 3 months after treatment with ZEPOSIA. If live 
attenuated vaccine immunizations are required, administer 
at least 1 month prior to initiation of ZEPOSIA

ZEPOSIA was studied in the largest number of patients with RMS 
in 2 pivotal head-to-head trials against an active comparator (N=2659)2,3a:

aStudy designs: SUNBEAM (1 year; N=1346) and RADIANCE 
(2 years; N=1313) were multicenter, randomized, double-blind, 
double-dummy, active treatment-controlled studies of daily 
oral ozanimod 0.46 mg (not approved for maintenance 
dose) or 0.92 mg vs weekly Avonex (interferon beta-1a), 30-μg 
intramuscular injection. Primary endpoint: ZEPOSIA reduced 
ARR vs Avonex by 48% at 1 year (0.18 vs 0.35, respectively) and by 
38% at 2 years (0.17 vs 0.28, respectively). Secondary endpoints:
ZEPOSIA reduced the number of new or enlarging T2 lesions 
by 48% at 1 year and by 42% at 2 years and reduced the number 
of GdE lesions vs Avonex by 63% at 1 year and 53% at 2 years. 
9 of 10 patients showed no confi rmed 3-month disability 
progression. There was no signifi cant difference in 3-month 
confi rmed disability between ZEPOSIA and Avonex.1-3

b Adverse reactions: Overall incidence of adverse reactions for 
ZEPOSIA vs Avonex at 1 year was 59.8% and 75.5%, respectively, 
and at 2 years was 74.7% and 83.0%, respectively. Across 2 
head-to-head trials, the most common adverse reactions with 
an incidence of at least 2% in patients treated with ZEPOSIA 
and at least 1% greater than Avonex, respectively, were as 
follows: upper respiratory infection, 26% (vs 23%); hepatic 
transaminase elevation, 10% (vs 5%); orthostatic hypotension, 
4% (vs 3%); urinary tract infection, 4% (vs 3%); back pain, 4% 

(vs 3%); hypertension, 4% (vs 2%); and abdominal pain upper, 
2% (vs 1%). Data are not an adequate basis for comparison 
of rates between ZEPOSIA and the active control. Upper 
respiratory infection includes nasopharyngitis, upper 
respiratory tract infection, pharyngitis, respiratory tract 
infection, bronchitis, rhinitis, respiratory tract infection viral, 
viral upper respiratory tract infection, rhinorrhea, tracheitis, 
and laryngitis. Hepatic transaminase elevation includes 
alanine aminotransferase increased, gamma-glutamyl 
transferase increased, aspartate aminotransferase increased, 
hepatic enzyme increased, liver function test abnormal, and 
transaminase increased. Hypertension includes hypertension, 
essential hypertension, and orthostatic hypertension. Overall 
discontinuation rates for ZEPOSIA vs Avonex at 1 year were 
6% and 8%, respectively, and at 2 years were 10% and 15%, 
respectively. Discontinuation rates due to adverse reactions 
for ZEPOSIA vs Avonex at 1 year were 2.9% and 3.6%, 
respectively, and at 2 years were 3.0% and 4.1%, respectively. 
Serious infections: The rate of serious infections at 1 year for 
ZEPOSIA was 1.1% vs 0.7% for Avonex and the rate at 2 years 
for ZEPOSIA was 0.9% vs 0.9% for Avonex. Malignancy rates: 
The rate of malignancies at 1 year for ZEPOSIA was 0.2% vs 
0% for Avonex and the rate at 2 years for ZEPOSIA was 0.9% 
vs 0.5% for Avonex.1-3

IMPORTANT SAFETY INFORMATION
Contraindications: 
•  Patients who in the last 6 months, experienced myocardial 

infarction, unstable angina, stroke, transient ischemic attack 
(TIA), decompensated heart failure requiring hospitalization, 

or Class III/IV heart failure or have a presence of Mobitz type II 
second or third-degree atrioventricular (AV) block, sick 
sinus syndrome, or sino-atrial, unless the patient has a 
functioning pacemaker

• Patients with severe untreated sleep apnea
• Patients taking a monoamine oxidase (MAO) inhibitor

Please see Important Safety Information throughout and Brief Summary of full Prescribing Information.
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IMPORTANT SAFETY INFORMATION (CONTINUED) 
Bradyarrhythmia and Atrioventricular Conduction Delays: Since initiation 
of ZEPOSIA may result in a transient decrease in heart rate and atrioventricular 
conduction delays, dose titration is recommended to help reduce cardiac effects. Initiation of ZEPOSIA without dose escalation 
may result in greater decreases in heart rate. If treatment with ZEPOSIA is considered, advice from a cardiologist should be 
sought for those individuals:
• with signifi cant QT prolongation 
•  with arrhythmias requiring treatment with Class 1a or III anti-arrhythmic drugs
•  with ischemic heart disease, heart failure, history of cardiac arrest or myocardial infarction, cerebrovascular disease, and 

uncontrolled hypertension
•  with a history of Mobitz type II second-degree or higher AV block, sick-sinus syndrome, or sinoatrial heart block
Liver Injury: Elevations of aminotransferases may occur in patients receiving ZEPOSIA. Obtain liver function tests, if not 
recently available (i.e., within 6 months), before initiation of ZEPOSIA. Patients who develop symptoms suggestive of hepatic 
dysfunction should have hepatic enzymes checked and ZEPOSIA should be discontinued if signifi cant liver injury 
is confi rmed. Caution should be exercised when using ZEPOSIA in patients with history of signifi cant liver disease 
Fetal Risk: There are no adequate and well-controlled studies in pregnant women. Based on animal studies, ZEPOSIA may 
cause fetal harm. Women of childbearing potential should use effective contraception to avoid pregnancy during treatment 
and for 3 months after stopping ZEPOSIA 
Increased Blood Pressure: Increase in systolic pressure was observed after about 3 months of treatment and persisted 
throughout treatment. Blood pressure should be monitored during treatment and managed appropriately. Certain foods that 
may contain very high amounts of tyramine could cause severe hypertension in patients taking ZEPOSIA. Patients should be 
advised to avoid foods containing a very large amount of tyramine while taking ZEPOSIA
Respiratory Effects: ZEPOSIA may cause a decline in pulmonary function. Spirometric evaluation of respiratory function 
should be performed during therapy, if clinically indicated
Macular edema: S1P modulators have been associated with an increased risk of macular edema. Patients with a history 
of uveitis or diabetes mellitus are at increased risk. Patients with a history of these conditions should have an ophthalmic 
evaluation of the fundus, including the macula, prior to treatment initiation and regular follow-up examinations. An 
ophthalmic evaluation is recommended in all patients at any time if there is a change in vision. Continued use of ZEPOSIA 
in patients with macular edema has not been evaluated; potential benefi ts and risks for the individual patient should be 
considered if deciding whether ZEPOSIA should be discontinued
Posterior Reversible Encephalopathy Syndrome (PRES): Rare cases of PRES have been reported in patients receiving a 
S1P receptor modulator. If a ZEPOSIA-treated patient develops unexpected neurological or psychiatric symptoms or any 
symptom/sign suggestive of an increase in intracranial pressure, a complete physical and neurological examination should 
be conducted. Symptoms of PRES are usually reversible but may evolve into ischemic stroke or cerebral hemorrhage. Delay in 
diagnosis and treatment may lead to permanent neurological sequelae. If PRES is suspected, treatment with ZEPOSIA should 
be discontinued
Unintended Additive Immunosuppressive Effects From Prior Immunosuppressive or Immune-Modulating Drugs: When 
switching from drugs with prolonged immune effects, the half-life and mode of action of these drugs must be considered 
to avoid unintended additive immunosuppressive effects while at the same time minimizing risk of disease reactivation. 
Initiating treatment with ZEPOSIA after treatment with alemtuzumab is not recommended
Severe Increase in Disability After Stopping ZEPOSIA: Severe exacerbation of disease, including disease rebound, has been 
rarely reported after discontinuation of a S1P receptor modulator. The possibility of severe exacerbation of disease should be 
considered after stopping ZEPOSIA treatment so patients should be monitored upon discontinuation
Immune System Effects After Stopping ZEPOSIA: After discontinuing ZEPOSIA, the median time for lymphocyte counts 
to return to the normal range was 30 days with approximately 90% of patients in the normal range within 3 months. Use of 
immunosuppressants within this period may lead to an additive effect on the immune system, therefore caution should be 
applied when initiating other drugs 4 weeks after the last dose of ZEPOSIA
Most common Adverse Reactions (≥ 4%): upper respiratory infection, hepatic transaminase elevation, orthostatic 
hypotension, urinary tract infection, back pain, and hypertension.

Please see Important Safety Information throughout and Brief Summary of full Prescribing Information.
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The following is a Brief Summary; refer to full Prescribing Information for complete product information. 

1 INDICATIONS AND USAGE 
ZEPOSIA is indicated for the treatment of relapsing forms of multiple sclerosis (MS), to include 
clinically isolated syndrome, relapsing-remitting disease, and active secondary progressive disease, 
in adults. 

2 DOSAGE AND ADMINISTRATION 
2.1 Assessments Prior to First Dose of ZEPOSIA 
Before initiation of treatment with ZEPOSIA, assess the following: 
Complete Blood Count 
Obtain a recent (i.e., within the last 6 months or after discontinuation of prior MS therapy) complete 
blood count (CBC), including lymphocyte count [see Warnings and Precautions (5.1)]. 
Cardiac Evaluation 
Obtain an electrocardiogram (ECG) to determine whether preexisting conduction abnormalities are 
present. In patients with certain preexisting conditions, advice from a cardiologist should be sought 
[see Warnings and Precautions (5.2)]. 
Liver Function Tests 
Obtain recent (i.e., within the last 6 months) transaminase and bilirubin levels [see Warnings and 
Precautions (5.3)]. 
Ophthalmic Assessment 
In patients with a history of uveitis or macular edema, obtain an evaluation of the fundus, including 
the macula [see Warnings and Precautions (5.7)]. 
Current or Prior Medications 
         • If patients are taking anti-neoplastic, immunosuppressive, or immune-modulating therapies, 

or if there is a history of prior use of these drugs, consider possible unintended additive 
immunosuppressive effects before initiating treatment with ZEPOSIA [see Warnings and 
Precautions (5.1) and Drug Interactions (7.1)]. 

         • Determine if patients are taking drugs that could slow heart rate or atrioventricular conduction 
[see Warnings and Precautions (5.2) and Drug Interactions (7.2)]. 

Vaccinations 
Test patients for antibodies to varicella zoster virus (VZV) before initiating ZEPOSIA; VZV vaccination 
of antibody-negative patients is recommended prior to commencing treatment with ZEPOSIA [see 
Warnings and Precautions (5.1) and Drug Interactions (7.3)]. 
If live attenuated vaccine immunizations are required, administer at least 1 month prior to initiation 
of ZEPOSIA. 
2.2 Dosing Information 
Maintenance Dosage 
After initial titration (see Treatment Initiation), the recommended maintenance dosage of ZEPOSIA is 
0.92 mg taken orally once daily starting on Day 8. 
ZEPOSIA capsules should be swallowed whole and can be administered with or without food. 
Treatment Initiation 
Initiate ZEPOSIA with a 7-day titration, as shown in Table 1 [see Warnings and Precautions (5.2)]. 

 

2.3 Reinitiation of ZEPOSIA After Treatment Interruption 
If a dose of ZEPOSIA is missed during the first 2 weeks of treatment, reinitiate treatment using the 
titration regimen [see Dosage and Administration (2.2)]. 
If a dose of ZEPOSIA is missed after the first 2 weeks of treatment, continue with the treatment as 
planned. 

4 CONTRAINDICATIONS 
ZEPOSIA is contraindicated in patients who: 
         • In the last 6 months, have experienced a myocardial infarction, unstable angina, stroke, 

transient ischemic attack (TIA), decompensated heart failure requiring hospitalization, or 
Class III or IV heart failure [see Warnings and Precautions (5.2)] 

         • Have the presence of Mobitz type II second-degree or third degree atrioventricular (AV) block, 
sick sinus syndrome, or sino-atrial block, unless the patient has a functioning pacemaker  
[see Warnings and Precautions (5.2)] 

         • Have severe untreated sleep apnea [see Warnings and Precautions (5.2)] 
         • Are taking a monoamine oxidase (MAO) Inhibitor [see Drug Interactions (7.7)] 

5 WARNINGS AND PRECAUTIONS 
5.1 Infections 
Risk of Infections 
ZEPOSIA causes a mean reduction in peripheral blood lymphocyte count to 45% of baseline values 
because of reversible sequestration of lymphocytes in lymphoid tissues [see Clinical Pharmacology 
(12.2)]. ZEPOSIA may therefore increase the susceptibility to infections, some serious in nature. 
Life-threatening and rare fatal infections have occurred in patients receiving ZEPOSIA. 
Obtain a recent (i.e., within 6 months or after discontinuation of prior MS therapy) complete blood 
count (CBC) including lymphocyte count before initiation of ZEPOSIA. 
Delay initiation of ZEPOSIA in patients with an active infection until the infection is resolved. 
In Study 1 and Study 2, the overall rate of infections and rate of serious infections in patients treated 
with ZEPOSIA was similar to that in patients who received interferon (IFN) beta-1a (35% vs 34% and 
1% vs 0.8%, respectively). ZEPOSIA increased the risk of viral upper respiratory tract infections, 
urinary tract infections, and herpes zoster [see Adverse Reactions (6.1)]. 

The proportion of patients who experienced lymphocyte counts less than 0.2 x 109/L was 3.3%. 
These values generally returned to greater than 0.2 x 109/L while patients remained on treatment 
with ZEPOSIA. After discontinuing ZEPOSIA 0.92 mg, the median time for peripheral blood lymphocytes 
to return to the normal range was 30 days, with approximately 90% of patients in the normal range 
within 3 months [see Clinical Pharmacology (12.2)]. 
Consider interruption of treatment with ZEPOSIA if a patient develops a serious infection. 
Because the elimination of ZEPOSIA after discontinuation may take up to 3 months, continue monitoring 
for infections throughout this period. 
Herpes Viral Infection 
In Study 1 and Study 2, herpes zoster was reported as an adverse reaction in 0.6% of patients 
treated with ZEPOSIA 0.92 mg and in 0.2% of patients who received IFN beta-1a. Herpes simplex 
encephalitis and varicella zoster meningitis have been reported with sphingosine 1-phosphate (S1P) 
receptor modulators. Patients without a healthcare professional-confirmed history of varicella 
(chickenpox), or without documentation of a full course of vaccination against varicella zoster virus 
(VZV), should be tested for antibodies to VZV before initiating ZEPOSIA (see Vaccinations below). 
Cryptococcal Infection 
Cases of fatal cryptococcal meningitis (CM) and disseminated cryptococcal infections have been 
reported with S1P receptor modulators. Physicians should be vigilant for clinical symptoms or signs 
of CM. Patients with symptoms or signs consistent with a cryptococcal infection should undergo 
prompt diagnostic evaluation and treatment. ZEPOSIA treatment should be suspended until a 
cryptococcal infection has been excluded. If CM is diagnosed, appropriate treatment should be 
initiated. 
Progressive Multifocal Leukoencephalopathy 
Progressive multifocal leukoencephalopathy (PML) is an opportunistic viral infection of the brain 
caused by the JC virus (JCV) that typically occurs in patients who are immunocompromised, and 
that usually leads to death or severe disability. Typical symptoms associated with PML are diverse, 
progress over days to weeks, and include progressive weakness on one side of the body or clumsiness 
of limbs, disturbance of vision, and changes in thinking, memory, and orientation leading to confusion 
and personality changes. 
PML has been reported in patients treated with S1P receptor modulators and other multiple sclerosis 
(MS) therapies and has been associated with some risk factors (e.g., immunocompromised patients, 
polytherapy with immunosuppressants). Physicians should be vigilant for clinical symptoms or  
MRI findings that may be suggestive of PML. MRI findings may be apparent before clinical signs or 
symptoms. If PML is suspected, treatment with ZEPOSIA should be suspended until PML has been 
excluded by an appropriate diagnostic evaluation. 
If PML is confirmed, treatment with ZEPOSIA should be discontinued. 
Prior and Concomitant Treatment with Anti-neoplastic, Immunosuppressive, or Immune-modulating 
Therapies 
In clinical studies, patients who received ZEPOSIA were not to receive concomitant treatment with 
anti-neoplastic, non-corticosteroid immunosuppressive, or immune-modulating therapies used for 
the treatment of MS. Concomitant use of ZEPOSIA with any of these therapies would be expected to 
increase the risk of immunosuppression. Anti-neoplastic, immune-modulating, or immunosuppressive 
therapies (including corticosteroids) should be co-administered with caution because of the risk  
of additive immune system effects during such therapy. When switching to ZEPOSIA from 
immunosuppressive medications, consider the duration of their effects and their mode of action to 
avoid unintended additive immunosuppressive effects. 
Vaccinations 
Patients without a healthcare professional-confirmed history of chickenpox or without documentation 
of a full course of vaccination against VZV should be tested for antibodies to VZV before initiating 
ZEPOSIA. A full course of vaccination for antibody-negative patients with varicella vaccine is 
recommended prior to commencing treatment with ZEPOSIA, following which initiation of treatment 
with ZEPOSIA should be postponed for 4 weeks to allow the full effect of vaccination to occur. 
No clinical data are available on the efficacy and safety of vaccinations in patients taking ZEPOSIA. 
Vaccinations may be less effective if administered during ZEPOSIA treatment. 
If live attenuated vaccine immunizations are required, administer at least 1 month prior to initiation 
of ZEPOSIA. Avoid the use of live attenuated vaccines during and for 3 months after treatment with 
ZEPOSIA. 
5.2 Bradyarrhythmia and Atrioventricular Conduction Delays 
Since initiation of ZEPOSIA may result in a transient decrease in heart rate and atrioventricular 
conduction delays, an up-titration scheme should be used to reach the maintenance dosage of 
ZEPOSIA [see Dosage and Administration (2.2) and Clinical Pharmacology (12.2)]. 
ZEPOSIA was not studied in patients who had: 
         • A myocardial infarction, unstable angina, stroke, TIA, or decompensated heart failure requiring 

hospitalization within the last 6 months 
         • New York Heart Association Class III / IV heart failure 
         • Cardiac conduction or rhythm disorders, including sick sinus syndrome, significant  

QT prolongation (QTcF > 450 msec in males, > 470 msec in females), risk factors for  
QT prolongation, or other conduction abnormalities or cardiac condition that in the opinion  
of the treating investigator could jeopardize the patient’s health 

         • Other pre-existing stable cardiac conditions without clearance from a cardiologist 
         • Severe untreated sleep apnea 
         • A resting heart rate less than 55 beats per minute (bpm) at baseline 
Reduction in Heart Rate 
Initiation of ZEPOSIA may result in a transient decrease in heart rate. In Study 1 and Study 2, after 
the initial dose of ZEPOSIA 0.23 mg, the greatest mean decrease from baseline in heart rate of  
1.2 bpm occurred at Hour 5 on Day 1, returning to near baseline at Hour 6. With continued  
up-titration, the maximal heart rate effect of ozanimod occurred on Day 8. The utility of performing 
first-dose cardiac monitoring when initiating ZEPOSIA in patients with characteristics similar to those 
studied in the clinical trials of ZEPOSIA is unclear. Heart rates below 40 bpm were not observed. 
Initiation of ZEPOSIA without titration may result in greater decreases in heart rate [see Dosage and 
Administration (2.2)]. 

Table 1: Dose Titration Regimen

Days 1-4 0.23 mg once daily

Days 5-7 0.46 mg once daily

Day 8 and thereafter 0.92 mg once daily

ZEPOSIA® (ozanimod) capsules, for oral use 
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In Study 1 and Study 2, bradycardia was reported on the day of treatment initiation in 0.6% of patients 
treated with ZEPOSIA compared to no patients who received IFN beta-1a. After Day 1, the incidence 
of bradycardia was 0.8% in patients treated with ZEPOSIA compared to 0.7% of patients who received 
IFN beta-1a. 
Atrioventricular Conduction Delays 
Initiation of ZEPOSIA may result in transient atrioventricular conduction delays. At ZEPOSIA exposures 
higher than the recommended dosage without dose titration, first- and second-degree type 1 
atrioventricular blocks were observed in healthy volunteers; however, in Study 1 and Study 2 with 
dose titration, second- or third-degree atrioventricular blocks were not reported in patients treated 
with ZEPOSIA. 
If treatment with ZEPOSIA is considered, advice from a cardiologist should be sought for those 
individuals: 
         • With significant QT prolongation (QTcF > 450 msec in males, > 470 msec in females) 
         • With arrhythmias requiring treatment with Class 1a or Class III anti-arrhythmic drugs 
         • With ischemic heart disease, heart failure, history of cardiac arrest or myocardial infarction, 

cerebrovascular disease, and uncontrolled hypertension 
         • With a history of with second-degree Mobitz type II or higher AV block, sick-sinus syndrome, 

or sinoatrial heart block [see Contraindications (4)] 
5.3 Liver Injury 
Elevations of aminotransferases may occur in patients receiving ZEPOSIA. 
Obtain transaminase and bilirubin levels, if not recently available (i.e., within 6 months), before 
initiation of ZEPOSIA. 
In Study 1 and Study 2, elevations of ALT to 5-fold the upper limit of normal (ULN) or greater 
occurred in 1.6% of patients treated with ZEPOSIA 0.92 mg and 1.3% of patients who received  
IFN beta-1a. Elevations of 3-fold the ULN or greater occurred in 5.5% of patients treated with 
ZEPOSIA and 3.1% of patients who received IFN beta-1a. The median time to an elevation of 3-fold 
the ULN was 6 months. The majority (79%) of patients continued treatment with ZEPOSIA with 
values returning to less than 3 times the ULN within approximately 2-4 weeks. 
In clinical trials, ZEPOSIA was discontinued for a confirmed elevation greater than 5-fold the ULN. 
Overall, the discontinuation rate because of elevations in hepatic enzymes was 1.1% of patients 
treated with ZEPOSIA 0.92 mg and 0.8% of patients who received IFN beta-1a. 
Patients who develop symptoms suggestive of hepatic dysfunction, such as unexplained nausea, 
vomiting, abdominal pain, fatigue, anorexia, or jaundice and/or dark urine, should have hepatic 
enzymes checked, and ZEPOSIA should be discontinued if significant liver injury is confirmed. 
Individuals with an AST or ALT greater than 1.5 times ULN were excluded from Study 1 and Study 2. 
Although there are no data to establish that patients with preexisting liver disease are at increased 
risk to develop elevated liver function test values when taking ZEPOSIA, caution should be exercised 
when using ZEPOSIA in patients with a history of significant liver disease. 
5.4 Fetal Risk 
There are no adequate and well-controlled studies in pregnant women. Based on animal studies, 
ZEPOSIA may cause fetal harm [see Use in Specific Populations (8.1)]. Because it takes approximately 
3 months to eliminate ZEPOSIA from the body, women of childbearing potential should use effective 
contraception to avoid pregnancy during treatment and for 3 months after stopping ZEPOSIA [see 
Use in Specific Populations (8.1)]. 
5.5 Increased Blood Pressure 
In Study 1 and Study 2, patients treated with ZEPOSIA had an average increase of approximately  
1 to 2 mm Hg in systolic pressure over patients who received IFN beta-1a, and no effect on diastolic 
pressure. The increase in systolic pressure was first detected after approximately 3 months of 
treatment and persisted throughout treatment. Hypertension was reported as an adverse reaction in 
3.9% of patients treated with ZEPOSIA 0.92 mg and in 2.1% of patients who received IFN beta-1a. 
Two patients treated with ZEPOSIA in Study 1 and one patient treated with interferon (IFN) beta-1a  
in Study 2 experienced a hypertensive crisis that was not clearly influenced by a concomitant 
medication. Blood pressure should be monitored during treatment with ZEPOSIA and managed 
appropriately. 
Certain foods that may contain very high amounts (i.e., more than 150 mg) of tyramine could cause 
severe hypertension because of potential tyramine interaction in patients taking ZEPOSIA, even at the 
recommended doses. Because of an increased sensitivity to tyramine, patients should be advised to 
avoid foods containing a very large amount of tyramine while taking ZEPOSIA. 
5.6 Respiratory Effects 
Dose-dependent reductions in absolute forced expiratory volume over 1 second (FEV1) were observed 
in patients treated with ZEPOSIA as early as 3 months after treatment initiation. In pooled analyses  
of Study 1 and Study 2, the decline in absolute FEV1 from baseline in patients treated with ZEPOSIA 
compared to patients who received IFN beta-1a was 60 mL (95% CI: -100, -20) at 12 months. The 
mean difference in percent predicted FEV1 at 12 months between patients treated with ZEPOSIA and 
patients who received IFN beta-1a was 1.9% (95% CI: -2.9, -0.8). Dose-dependent reductions in 
forced vital capacity (FVC) (absolute value and %-predicted) were also seen at Month 3 in pooled 
analyses comparing patients treated with ZEPOSIA to patients who received IFN beta-1a (60 mL, 
95% CI (-110, -10); 1.4%, 95% CI: (-2.6, -0.2)), though significant reductions were not seen at other 
timepoints. There is insufficient information to determine the reversibility of the decrease in FEV1 or 
FVC after drug discontinuation. One patient discontinued ZEPOSIA because of dyspnea. Spirometric 
evaluation of respiratory function should be performed during therapy with ZEPOSIA, if clinically 
indicated. 

5.7 Macular Edema 
S1P modulators, including ZEPOSIA, have been associated with an increased risk of macular edema. 
In Study 1 and Study 2, macular edema was observed in 0.3% of patients treated with ZEPOSIA and 
in 0.3% of patients who received IFN beta-1a. 
An ophthalmic evaluation of the fundus, including the macula, is recommended in all patients at any 
time if there is any change in vision while taking ZEPOSIA. 
Continuation of ZEPOSIA therapy in patients with macular edema has not been evaluated. A decision 
on whether or not ZEPOSIA should be discontinued needs to take into account the potential benefits 
and risks for the individual patient. 
Macular Edema in Patients with a History of Uveitis or Diabetes Mellitus 
Patients with a history of uveitis and patients with a history of diabetes mellitus are at increased risk 
of macular edema during ZEPOSIA therapy. The incidence of macular edema is also increased in  
MS patients with a history of uveitis. In addition to the examination of the fundus, including the 
macula, prior to treatment, MS patients with diabetes mellitus or a history of uveitis should have 
regular follow-up examinations. 
5.8 Posterior Reversible Encephalopathy Syndrome 
Rare cases of posterior reversible encephalopathy syndrome (PRES) have been reported in patients 
receiving a S1P receptor modulator. In controlled clinical trials with ZEPOSIA, one case of PRES  
was reported. Should a ZEPOSIA-treated patient develop any unexpected neurological or psychiatric 
symptoms/signs (e.g., cognitive deficits, behavioral changes, cortical visual disturbances, or any 
other neurological cortical symptoms/signs), any symptom/sign suggestive of an increase of 
intracranial pressure, or accelerated neurological deterioration, the physician should promptly 
schedule a complete physical and neurological examination and should consider an MRI. Symptoms 
of PRES are usually reversible but may evolve into ischemic stroke or cerebral hemorrhage. Delay  
in diagnosis and treatment may lead to permanent neurological sequelae. If PRES is suspected, 
treatment with ZEPOSIA should be discontinued. 
5.9 Unintended Additive Immunosuppressive Effects From Prior Treatment with 

Immunosuppressive or Immune-Modulating Drugs 
When switching from drugs with prolonged immune effects, the half-life and mode of action of these 
drugs must be considered to avoid unintended additive immunosuppressive effects while at the 
same time minimizing risk of disease reactivation, when initiating ZEPOSIA. 
Initiating treatment with ZEPOSIA after treatment with alemtuzumab is not recommended [see Drug 
Interactions (7.1)]. 
5.10 Severe Increase in Disability After Stopping ZEPOSIA 
Severe exacerbation of disease, including disease rebound, has been rarely reported after 
discontinuation of a S1P receptor modulator. The possibility of severe exacerbation of disease 
should be considered after stopping ZEPOSIA treatment. Patients should be observed for a severe 
increase in disability upon ZEPOSIA discontinuation and appropriate treatment should be instituted, 
as required. 
5.11 Immune System Effects After Stopping ZEPOSIA 
After discontinuing ZEPOSIA, the median time for peripheral blood lymphocytes to return to the 
normal range was 30 days, with approximately 90% of patients in the normal range within 3 months 
[see Clinical Pharmacology (12.2)]. Use of immunosuppressants within this period may lead to an 
additive effect on the immune system, and therefore caution should be applied when initiating other 
drugs 4 weeks after the last dose of ZEPOSIA [see Drug Interactions (7.1)]. 

6 ADVERSE REACTIONS 
The following serious adverse reactions are described elsewhere in the labeling: 
• Infections [see Warnings and Precautions (5.1)] 
• Bradyarrhythmia and Atrioventricular Conduction Delays [see Warnings and Precautions (5.2)] 
• Liver Injury [see Warnings and Precautions (5.3)] 
• Fetal Risk [see Warnings and Precautions (5.4)] 
• Increased Blood Pressure [see Warnings and Precautions (5.5)] 
• Respiratory Effects [see Warnings and Precautions (5.6)] 
• Macular Edema [see Warnings and Precautions (5.7)] 
• Posterior Reversible Encephalopathy Syndrome [see Warnings and Precautions (5.8)] 
• Unintended Additive Immunosuppressive Effects From Prior Treatment With Immunosuppressive 

or Immune-Modulating Drugs [see Warnings and Precautions (5.9)] 
• Severe Increase in Disability After Stopping ZEPOSIA [see Warnings and Precautions (5.10)] 
• Immune System Effects After Stopping ZEPOSIA [see Warnings and Precautions (5.11)] 
6.1 Clinical Trials Experience 
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed 
in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug 
and may not reflect the rates observed in clinical practice. 
The safety of ZEPOSIA was evaluated in two randomized, double-blind, active comparator-controlled 
clinical studies in which 882 patients received ZEPOSIA 0.92 mg [see Clinical Studies (14)]. 
Table 2 lists adverse reactions that occurred in at least 2% of ZEPOSIA-treated patients and greater 
than comparator. The most common adverse reactions that occurred in at least 4% of ZEPOSIA-
treated patients and greater than in patients who received IFN beta-1a were upper respiratory 
infection, hepatic transaminase elevation, orthostatic hypotension, urinary tract infection, back pain, 
and hypertension. 
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Reduction in Heart Rate 
Initiation of ZEPOSIA may result in transient decrease in heart rate [see Warnings and Precautions (5.2)]. 
Respiratory Effects 
Dose-dependent reductions in absolute FEV1 and FVC were observed in patients treated with ZEPOSIA 
[see Warnings and Precautions (5.6)]. 
Malignancies 
Malignancies, such as melanoma, basal cell carcinoma, breast cancer, and seminoma, were reported 
with ZEPOSIA in the active-controlled trials for ZEPOSIA. An increased risk of cutaneous malignancies 
has been reported with another S1P receptor modulator. 
Hypersensitivity 
Hypersensitivity, including rash and urticaria, has been reported with ZEPOSIA in active-controlled 
MS clinical trials. 

7 DRUG INTERACTIONS 
7.1 Anti-Neoplastic, Immune-Modulating, or Immunosuppressive Therapies 
ZEPOSIA has not been studied in combination with anti-neoplastic, immune-modulating, or 
immunosuppressive therapies. Caution should be used during concomitant administration because 
of the risk of additive immune effects during such therapy and in the weeks following administration 
[see Warnings and Precautions (5.1)]. 
When switching from drugs with prolonged immune effects, the half-life and mode of action of these 
drugs must be considered in order to avoid unintended additive immunosuppressive effects [see 
Warnings and Precautions (5.9)]. 
Because of the characteristics and duration of alemtuzumab immune suppressive effects, initiating 
treatment with ZEPOSIA after alemtuzumab is not recommended. 
ZEPOSIA can generally be started immediately after discontinuation of beta interferon or glatiramer 
acetate. 
7.2 Anti-Arrhythmic Drugs, QT Prolonging Drugs, Drugs That may Decrease Heart Rate 
ZEPOSIA has not been studied in patients taking QT prolonging drugs. 
Class Ia (e.g., quinidine, procainamide) and Class III (e.g., amiodarone, sotalol) anti-arrhythmic 
drugs have been associated with cases of Torsades de Pointes in patients with bradycardia. If 
treatment with ZEPOSIA is considered, advice from a cardiologist should be sought. 
Because of the potential additive effects on heart rate, treatment with ZEPOSIA should generally  
not be initiated in patients who are concurrently treated with QT prolonging drugs with known 
arrhythmogenic properties [see Warnings and Precautions (5.2)]. If treatment initiation with ZEPOSIA 
is considered in patients on QT prolonging drugs, advice from a cardiologist should be sought. 
7.3 Vaccination 
During, and for up to three months after, discontinuation of treatment with ZEPOSIA, vaccinations 
may be less effective. The use of live attenuated vaccines may carry the risk of infection and should 
therefore be avoided during ZEPOSIA treatment and for up to 3 months after discontinuation of 
treatment with ZEPOSIA [see Warnings and Precautions (5.1)]. 
7.4 Strong CYP2C8 Inhibitors 
Co-administration of ZEPOSIA with strong CYP2C8 inhibitors increases the exposure of the active 
metabolites of ozanimod [see Clinical Pharmacology (12.3)], which may increase the risk of ZEPOSIA 
adverse reactions. Therefore, co-administration of ZEPOSIA with strong CYP2C8 inhibitors (e.g., 
gemfibrozil) is not recommended. 
7.5 Breast Cancer Resistance Protein (BCRP) Inhibitors 
Co-administration of ZEPOSIA with BCRP inhibitors increases the exposure of the active metabolites 
of ozanimod [see Clinical Pharmacology (12.3)], which may increase the risk of ZEPOSIA adverse 
reactions. Therefore, co-administration of ZEPOSIA with inhibitors of BCRP (e.g., cyclosporine, 
eltrombopag) is not recommended. 
7.6 Strong CYP2C8 Inducers 
Co-administration of ZEPOSIA with strong CYP2C8 inducers (e.g., rifampin) reduces the exposure of 
the major active metabolites of ozanimod [see Clinical Pharmacology (12.3)], which may decrease 
the efficacy of ZEPOSIA. Therefore, co-administration of ZEPOSIA with strong CYP2C8 inducers 
should be avoided. 
 

7.7 Monoamine Oxidase (MAO) Inhibitors 
Co-administration of ZEPOSIA with MAO-B inhibitors may decrease exposure of the active metabolites 
of ozanimod. In addition, metabolites of ozanimod may inhibit MAO [see Clinical Pharmacology (12.3)]. 
The potential for a clinical interaction with MAO inhibitors has not been studied; however, the increased 
risk of nonselective MAO inhibition may lead to a hypertensive crisis. Therefore, co-administration  
of ZEPOSIA with MAO inhibitors (e.g., selegiline, phenelzine, linezolid) is contraindicated. At least  
14 days should elapse between discontinuation of ZEPOSIA and initiation of treatment with  
MAO inhibitors. 
7.8 Adrenergic and Serotonergic Drugs 
Because an active metabolite of ozanimod inhibits MAO-B in vitro, there is a potential for serious 
adverse reactions, including hypertensive crisis. Therefore, co-administration of ZEPOSIA with drugs 
or over-the-counter medications that can increase norepinephrine or serotonin [e.g., opioid drugs, 
selective serotonin reuptake inhibitors (SSRIs), selective norepinephrine reuptake inhibitors (SNRIs), 
tricyclics, tyramine] is not recommended. Monitor patients for hypertension with concomitant use. 
Opioid Drugs 
Serious, sometimes fatal reactions have been precipitated with concomitant use of opioid drugs 
(e.g., meperidine and its derivatives, methadone, or tramadol) and MAOIs, including selective  
MAO-B inhibitors. Although a small number of patients treated with ZEPOSIA were concomitantly 
exposed to opioids, this exposure was not adequate to rule out the possibility of an adverse reaction 
from co-administration. 
Serotonergic Drugs 
Although a small number of patients treated with ZEPOSIA were concomitantly exposed to 
serotonergic medications, this exposure was not adequate to rule out the possibility of an adverse 
reaction from co-administration. 
Sympathomimetic Medications 
Concomitant use of ZEPOSIA with pseudoephedrine did not potentiate the effects on blood pressure 
[see Clinical Pharmacology (12.3)]. However, hypertensive crisis has occurred with administration  
of ZEPOSIA alone [see Warnings and Precautions (5.5)] and hypertensive crisis has been reported 
with co-administration of other selective and nonselective MAO inhibitors (e.g., rasagiline) with 
sympathomimetic medications. 
7.9 Tyramine 
MAO in the gastrointestinal tract and liver (primarily type A) provides protection from exogenous 
amines (e.g., tyramine). If tyramine were absorbed intact, it could lead to severe hypertension, 
including hypertensive crisis. Aged, fermented, cured, smoked, and pickled foods containing  
large amounts of exogenous amines (e.g., aged cheese, pickled herring) may cause release of 
norepinephrine resulting in a rise in blood pressure (tyramine reaction). Patients should be advised 
to avoid foods containing a large amount of tyramine while taking recommended doses of ZEPOSIA 
[see Warnings and Precautions (5.5)]. 

8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy  
Risk Summary 
There are no adequate data on the developmental risk associated with the use of ZEPOSIA in pregnant 
women. In animal studies, administration of ozanimod during pregnancy produced adverse effects 
on development, including embryolethality, an increase in fetal malformations, and neurobehavioral 
changes, in the absence of maternal toxicity. In rabbits, fetal blood vessel malformations occurred  
at clinically relevant maternal ozanimod and metabolite exposures (see Data). The receptor affected 
by ozanimod (sphingosine-1-phosphate) has been demonstrated to have an important role in 
embryogenesis, including vascular and neural development.  
In the U.S. general population, the estimated background risk of major birth defects and miscarriage 
in clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively. The background risk 
of major birth defects and miscarriage for the indicated population is unknown.  
Data 
Animal Data 
Oral administration of ozanimod (0, 0.2, 1, or 5 mg/kg/day) to female rats during organogenesis 
resulted in a marked increase in embryofetal mortality, increased fetal malformations and skeletal 
variations (abnormal/delayed ossification), and reduced fetal body weight at the highest dose tested. 
No maternal toxicity was observed. At the no-effect dose (1 mg/kg/day) for adverse effects on 
embryofetal development, plasma ozanimod exposure (AUC) for ozanimod was approximately  
60 times that in humans at the maximum recommended human dose (MRHD) of 0.92 mg/day. 
Plasma AUCs for major human metabolites, CC112273 and CC1084037, were similar to and less 
than, respectively, those in humans at the MRHD. 
Oral administration of ozanimod (0, 0.2, 0.6, or 2.0 mg/kg/day) to female rabbits during organogenesis 
resulted in a marked increase in embryofetal mortality at the highest dose tested and increased  
fetal malformations (malformed blood vessels) and skeletal variations at the mid and high doses. 
Maternal toxicity was not observed. At the no-effect dose (0.2 mg/kg/day) for adverse effects on 
embryofetal development in rabbit, plasma ozanimod exposure (AUC) was approximately 2 times 
that in humans at the MRHD; plasma AUCs for major human metabolites, CC112273 and CC1084037, 
were less than those in humans at the MRHD. 
Oral administration of ozanimod (0, 0.2, 0.7, or 2 mg/kg/day) to female rats throughout gestation 
and lactation resulted in persistent body weight reductions and long-term effects on reproductive 
(prolonged estrus cycle) and neurobehavioral (increased motor activity) function in offspring at  
the highest dose tested, which was not associated with maternal toxicity. At the no-effect dose  
(0.7 mg/kg/day) for adverse effects on pre- and postnatal development, plasma ozanimod exposure 
(AUC) was 30 times that in humans at the MRHD; plasma AUCs for major human metabolites, 
CC112273 and CC1084037, were less than those in humans at the MRHD. 
8.2 Lactation 
Risk Summary  
There are no data on the presence of ozanimod in human milk, the effects on the breastfed infant,  
or the effects of the drug on milk production. 
Following oral administration of ozanimod, ozanimod and/or metabolites were detected in the milk  
of lactating rat at levels higher than those in maternal plasma. 

Table 2: Adverse Reactions with an Incidence of at Least 2% in ZEPOSIA-Treated Patients and at 
Least 1% Greater than IFN beta-1aa (Pooled Study 1 and Study 2)

Adverse Reactions

Studies 1 and 2
ZEPOSIA  
0.92 mg 
(n=882) 

%

IFN beta-1a 
30 mcg Intramuscularly 

Once Weekly 
(n=885) 

%
Upper respiratory infectionb 26 23
Hepatic transaminase elevationc 10 5
Orthostatic hypotension 4 3
Urinary tract infection 4 3
Back pain 4 3
Hypertensiond 4 2
Abdominal pain upper 2 1

a Data are not an adequate basis for comparison of rates between ZEPOSIA and the active control. 
b Includes the following terms: nasopharyngitis, upper respiratory tract infection, pharyngitis, 
respiratory tract infection, bronchitis, rhinitis, respiratory tract infection viral, viral upper respiratory 
tract infection, rhinorrhea, tracheitis, and laryngitis. 
c Includes the following terms: alanine aminotransferase increased, gamma-glutamyl transferase 
increased, aspartate aminotransferase increased, hepatic enzyme increased, liver function test 
abnormal, and transaminases increased. 
d Includes hypertension, essential hypertension, and orthostatic hypertension. 
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The developmental and health benefits of breastfeeding should be considered along with the mother’s 
clinical need for ZEPOSIA and any potential adverse effects on the breastfed infant from ZEPOSIA or 
from the underlying maternal condition. 
8.3 Females and Males of Reproductive Potential 
Contraception 
Before initiation of ZEPOSIA treatment, women of childbearing potential should be counseled on the 
potential for a serious risk to the fetus and the need for contraception during treatment with ZEPOSIA 
[see Use in Specific Populations (8.1)]. Because of the time it takes to eliminate the drug from the 
body after stopping treatment, the potential risk to the fetus may persist and women of childbearing 
age should also use effective contraception for 3 months after stopping ZEPOSIA. 
8.4 Pediatric Use 
Safety and effectiveness in pediatric patients have not been established. 
8.5 Geriatric Use 
Clinical studies of ZEPOSIA did not include sufficient numbers of subjects aged 65 and over to 
determine whether they respond differently from younger subjects. In general, dose selection for an 
elderly patient should be cautious, reflecting the greater frequency of decreased hepatic, renal, or 
cardiac function, and of concomitant disease or other drug therapy. 
8.6 Hepatic Impairment 
The effect of hepatic impairment on the pharmacokinetics of the ozanimod major active metabolites 
is unknown [see Clinical Pharmacology (12.3)]. Use of ZEPOSIA in patients with hepatic impairment 
is not recommended. 

13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
Carcinogenesis 
Oral administration of ozanimod (0, 8, 25, or 80 mg/kg/day) to Tg.rasH2 mice for 26-weeks resulted 
in an increase in hemangioma and hemangiosarcoma (combined) in males and females at the mid 
and high doses tested. 
Oral administration of ozanimod (0, 0.2, 0.7, or 2 mg/kg/day) to rats for 2 years resulted in no 
increase in tumors. At the highest dose tested (2 mg/kg/day), plasma exposure (AUC) for ozanimod 
was approximately 100 times that in humans at the maximum recommended human dose (MRHD) 
of 0.92 mg/day. Plasma AUCs for major human metabolites, CC112273 and CC1084037, were similar 
to and less than, respectively, those in humans at the MRHD. 
Mutagenesis 
Ozanimod was negative in a battery of in vitro (Ames, mouse lymphoma tk) and in vivo (rat 
micronucleus) assays. Metabolite CC1122273 was negative in in vitro (Ames, chromosomal 
aberration in mammalian cell) assays. Metabolite CC1084037 was negative in an Ames assay, and 
positive in an in vitro chromosomal aberration assay in human (TK6) cells but negative in an in vivo 
rat micronucleus/comet assay. 
Impairment of Fertility 
Oral administration of ozanimod (0, 0.2, 2, or 30 mg/kg/day) to male and female rats prior to and 
during mating and continuing through gestation day 7 resulted in no adverse effects on fertility.  
At the highest dose tested (30 mg/kg/day), plasma ozanimod exposure (AUC) was approximately  
1600 times that in humans at the maximum recommended human dose (MRHD) (0.92 mg/day); 
plasma AUCs for metabolites, CC112273 and CC1084037, at 30 mg/kg/day were 13 and 3 times, 
respectively, those in humans at the MRHD. 

17 PATIENT COUNSELING INFORMATION 
Advise the patient to read the FDA-approved patient labeling (Medication Guide). 
Risk of Infections 
Inform patients that they may be more likely to get infections, some of which could be life-threatening, 
when taking ZEPOSIA and for 3 months after stopping it, and that they should contact their healthcare 
provider if they develop symptoms of infection [see Warnings and Precautions (5.1)]. Inform patients 
that prior or concomitant use of drugs that suppress the immune system may increase the risk of 
infection. Advise patients that some vaccines containing live virus (live attenuated vaccines) should 
be avoided during treatment with ZEPOSIA. If immunizations are planned, administer at least 1 month 
prior to initiation of ZEPOSIA. Avoid the use of live attenuated vaccines during and for 3 months after 
treatment with ZEPOSIA. Patients without a healthcare professional-confirmed history of chickenpox 
or without documentation of a full course of vaccination against VZV should be tested for antibodies 
to VZV before initiating ZEPOSIA. 

Cardiac Effects 
Advise patients that initiation of ZEPOSIA treatment may result in a transient decrease in heart rate. 
Inform patients that to reduce this effect, dose titration is required. Advise patients that the dose 
titration is also required if a dose is missed for 1 day or more during the first 14 days of treatment 
[see Dosage and Administration (2.2, 2.3) and Warnings and Precautions (5.2)]. 
Liver Injury 
Inform patients that ZEPOSIA may increase liver enzymes. Advise patients that they should contact 
their healthcare provider if they have any unexplained nausea, vomiting, abdominal pain, fatigue, 
anorexia, or jaundice and/or dark urine [see Warnings and Precautions (5.3)]. 
Pregnancy and Fetal Risk 
Inform patients that, based on animal studies, ZEPOSIA may cause fetal harm. Discuss with women 
of childbearing age whether they are pregnant, might be pregnant, or are trying to become pregnant. 
Advise women of childbearing potential of the need for effective contraception during treatment with 
ZEPOSIA and for 3 months after stopping ZEPOSIA. Advise a female patient to immediately inform 
her healthcare provider if she is pregnant or planning to become pregnant [see Warnings and 
Precautions (5.4)]. 
Respiratory Effects 
Advise patients that they should contact their healthcare provider if they experience new onset or 
worsening dyspnea [see Warnings and Precautions (5.6)]. 
Macular Edema 
Advise patients that ZEPOSIA may cause macular edema, and that they should contact their healthcare 
provider if they experience any changes in their vision. Inform patient with diabetes mellitus or a 
history of uveitis that their risk of macular edema maybe increased [see Warnings and Precautions (5.7)]. 
Posterior Reversible Encephalopathy Syndrome 
Advise patients to immediately report to their healthcare provide any symptoms involving sudden 
onset of severe headache, altered mental status, visual disturbances, or seizure. Inform patients  
that delayed treatment could lead to permanent neurological consequences [see Warnings and 
Precautions (5.8)]. 
Severe Increase in Disability After Stopping ZEPOSIA 
Inform patients that severe increase in disability has been reported after discontinuation of a S1P 
receptor modulator like ZEPOSIA. Advise patients to contact their physician if they develop worsening 
symptoms of MS following discontinuation of ZEPOSIA [see Warnings and Precautions (5.10)]. 
Immune System Effects After Stopping ZEPOSIA 
Advise patients that ZEPOSIA continues to have effects, such as lowering effects on peripheral 
lymphocyte count, for up to 3 months after the last dose [see Warnings and Precautions (5.11)]. 

Manufactured for: Celgene Corporation 
Summit, NJ 07901 

Patent: www.celgene.com/therapies 
ZEPOSIA® is a trademark of Celgene, a Bristol-Myers Squibb Company. 
© 2020 Bristol-Myers Squibb Company. All rights reserved. 
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Alzheimer Disease Crossroads: Why a One-Way 
Approach to Treatment, Prevention May Be Futile
By Alicia Bigica

AS THE WORLD AWAITS what could be the first disease-modifying 
treatment for Alzheimer disease, research continues to point us 
in the direction of various therapeutic targets that could hold 
promise for prevention. No target is perhaps more promising than 
those embedded throughout the body—the very channels that 
circulate blood and oxygen to not only the brain but all other crit-
ical organs. Despite the fact that over 50% of cases of AD are attrib-
utable to a mixed pathology of vascular and Alzheimer-related 
factors, much of our therapeutic muscle has been thrown behind 
drugs that tend to target only a single AD pathology. 

Although the idea of preventing such a devastating disease 
seems far off when we still have little grasp on our ability to 
actively treat it, a growing body of evidence suggests that a 
handful of simple “best practices”—maintaining a healthy weight, 
managing hypertension, staying physically active—might have a 
significant effect on AD risk reduction by ensuring a more healthy 
vascular system. 

To learn more about the interaction of vascular risk factors and 
the shortcomings of our current clinical approach, NeurologyLive® 
sat down with Costantino Iadecola, MD, director and chair of the 
Feil Family Brain and Mind Research Institute, and Anne Parrish 
Titzell Professor of Neurology at Weill Cornell Medical College in 
New York, New York. 

Q:What is our current understanding of how 
amyloid-β impacts vascular function in the 

brain? How does this affect those who are genetically 
predisposed versus sporadic cases?
In people who have a predisposition to Alzheimer disease, there 
is evidence that as amyloid is being over produced in the brain, 
it is being removed by 2 vascular mechanisms, either because 

the amyloid kind of goes around the blood vessels and gets out 
of the brain through that route, or because it goes straight to the 
blood vessels and gets into the blood and is then being cleared. 
In familial Alzheimer cases, the problem is amyloid-β overpro-
duction; there’s too much amyloid being made for the brain to 
clear. It’s [as if ] the drain in the sink is working properly, but the 
water is turned on too high. In that case, amyloid also has an 
effect on blood vessels as it does on the neurons, by stunning the 
blood vessels and making them unable to deliver the oxygen and 
glucose and remove this waste. It’s going to promote accumulation 
because, even though the vessels per se are healthy, the amyloid is 
making them unhealthy and unable to do what they normally do. 
The evidence for this is indirect, but if you measure blood flow in 
patients with a familial risk of Alzheimer disease way before they 
become cognitively impaired, you already see a reduction in blood 
flow. So that suggests that there is something going on with the 
blood vessels before the brain gets really, really sick. 

People with sporadic Alzheimer disease tend to be older, [and] 
have diabetes, high blood pressure, and other comorbidities that 
come with age. In this sporadic group, the problem is not that the 
faucet is turned on too high, but instead the drain is clogged; the 
vessels and older mechanisms are unable to remove the amyloid-β 
that is being made. In that case, it is even more important to 
keep the vessels healthy because that’s really what the problem 
is; it is an inability to kind of drain the amyloid-β and clear it 
from the brain. 

All these things that come with aging—hypertension, diabetes, 
obesity, etc—are all harming the blood vessels and making them 
unhealthy. That unhealthy vessel is going to be less able to supply 
and nourish the brain with oxygen and glucose, and to clear all 
the waste that is being made, including amyloid. Although these 
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are 2 different conditions, in both cases, maintaining the health of 
the blood vessels is key. If you’re a young person who is at risk of 
familial Alzheimer disease, stopping smoking and taking care of 
your diet is going to help you, and if you’re a 55-year-old man who 
is hypertensive and diabetic, you really should take care of your 
comorbidities because you will be better off. In both scenarios, 
you can make the case for helping the blood vessels to work better. 

Q: Based on this knowledge and our current 
therapeutic targets, is clearing amyloid-β from 

the brain enough, or should we be tackling treatment 
from multiple angles?
Theoretically, it would be easier to approach treatment of the 
familial forms of AD because we have drugs that block the ability 
of enzymes to cleave amyloid-β from amyloid precursor protein—
we have gamma secretase inhibitors and beta secretase inhibi-
tors. Unfortunately, it has not been as easy as it sounds, because 
these enzymes do other things that we are just learning now, so 
if you just shut down the enzymes, you can make things worse. 
Now we have modulators that do not shut the enzyme down 
completely, but just reduce certain aspects of the enzymatic 
activity. Those, I think, will have the maximum advantage, particu-
larly in the familial cases, where overproduction is the main issue. 
The sporadic cases are much more complex and I don’t think that 
a single approach is going to work because if you look at the brain 
of someone who died of sporadic Alzheimer disease, they often 
have 5 or 6 pathologies at the same time, [such as] amyloid-β, 
tau, TDP-43, vascular dysfunction, [and] vascular alterations. You 
would want, somehow, to deal with a bunch of them at the same 
time. Now, the vessels are easy, because by adhering to a healthy 
lifestyle, you can better control the vascular risk factors. Because 
of recent emphasis on control of these risk factors, the mortality 
for cardiac attacks and strokes is going down 60% to 80%. We 
know how to do that, but we’re not doing it in the Alzheimer popu-
lations, because the idea so far has been, "Well, it’s a disease 

of the brain." But now we know more and we should really 
broaden our horizons and include the health of the vessels in any 
treatment plan. 

Q: In terms of prevention, what could we be doing 
better from both a patient education standpoint 

and increasing awareness among neurology and 
primary care providers? 
I think your question raises a very important public health issue. 
At the research, tertiary referral level, where these huge dementia 
programs exist and the people who lead these programs are at the 
top of their field, if this vascular prevention approach is not done 
in [that environment], then how can we hope to [have this knowl-
edge] trickle down…to the general practitioner, who is going to be 
the first person to see someone with Alzheimer disease? Bottom 
line, we have a lot of work to do. We are not empowering the 
general practitioner with all these things that we know, yet it’s very 
simple. The American Heart Association has a program called Life’s 
Simple 7 that is a guide to help keep your vessels healthy; stop 
smoking, treat your diabetes, treat your blood pressure, exercise, 
all of those things. There would be no harm in doing those things 
in the context of a dementia clinic or memory disorder clinic. 

In an ideal world, we would have brain health clinics in which 
you’re going to have a cardiologist, a geriatrician, a neurologist, 
dietary specialists, etc, that work together on each case. I like to 
stress the role of the geriatrician because treating older people is 
not like treating a young person who has become old. Everything 
changes: Drugs have different interactions [and] dosages, the 
approaches are completely different, but that approach hasn’t 
really [arrived] there yet. I think the geriatrician is really a critical 
element in this brain health clinic, where the health of the brain is 
going to be seen in the context of the health of the other organs of 
the body. It could be that the person is going to need to pay more 
attention to the heart, for example, because maybe the reason 
why they are having memory problems is because the heart is not 
pumping enough blood. We have to better identify ourselves with 
this concept of multidisciplinarity and move away from parcella-
tion of care. You should not hesitate to talk to your colleagues in 
other disciplines, and you should be aware that the brain is not 
really an isolated organ—it’s all part of the same thing. 

 I think the geriatrician is really a critical 
element in this brain health clinic, where 
the health of the brain is going to be seen 
in the context of the health of the other 
organs of the body.

— CONSTANTINO IADECOLA, MD
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ALZHEIMER DISEASE RESEARCH: WHAT'S 
NEW AND WHAT'S NEXT?

James Leverenz, MD, director of the Lou 
Ruvo Center for Brain Health at Cleveland 
Clinic, discusses the recent strides made in 
Alzheimer disease research and the impor-
tance of diversity in research populations. 
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Evobrutinib Paves the Way for BTK Inhibitors  
in Multiple Sclerosis 
On the heels of successful long-term data, evobrutinib seeks to maintain its high efficacy in 2 pivotal 
phase 3 clinical trials. 
By Marco Meglio

EMD SERONO’S INVESTIGATIONAL, oral, highly selective Bruton tyro-
sine kinase (BTK) inhibitor evobrutinib is the focus of 2 pivotal 
phase 3 trials in relapsing multiple sclerosis (MS) that are expected 
to conclude in September 2023. Evobrutinib is unique in its mecha-
nism, as BTK inhibition is thought to suppress antibody-producing 
cells, which research suggests may hold therapeutic benefit in 
certain autoimmune diseases. 

Fernando Dangond, MD, MBA, therapeutic area head of global 
clinical development in neurology and executive medical director 
at EMD Serono, told NeurologyLive®, “The novelty of the BTK inhi-
bition pathway is that it tackles 2 important cells that have been 

involved in the pathobiology of MS––B cells 
and myeloid cells––without directly affecting 
T cells. It decreases the ability to produce cyto-
kines in B cells.”

The trials—evolutionRMS 1 (NCT04338022) and 
evolutionRMS 2 (NCT04338061)––are multicenter, 
randomized, parallel-group, double-blind, double-
dummy, active-controlled studies comparing 
evobrutinib and teriflunomide in adults with 

relapsing MS (FIGURE). Originally, the investigators intended to 
evaluate the study drug against interferon β-1A, but switched the 
comparator to teriflunomide after EMD Serono saw an opportunity 
to evaluate the drug in an even head-to-head comparison.  

“When we saw that the efficacy of the 75-mg dose was so high, 
we reconvened and decided that we could switch to another oral 
comparator, which would be more attractive for those interested 
in enrolling because the drug would be going up against an already 

approved oral agent,” Dangond said. 
Both studies have an estimated target enrollment of 930 patients, 

with a primary end point of annualized relapse rate (ARR) after 
96 weeks of treatment. Secondary end points include time to first 
12- or 24-week confirmed Expanded Disability Status Scale (EDSS) 
progression over 96 weeks; number of gadolinium-enhancing 
(Gd+) T1 lesions and new or enlarging T2 lesions at weeks 24, 48, 
and 96; change from baseline on the Patient Reported Outcomes 
Measurement Information System (PROMIS) MS Physical Function 
and PROMIS Fatigue MS Short Form scores. Further secondary end 
points include adverse events; clinically significant change from 
baseline in vitals, laboratory, or electrocardiogram measures; and 
concentrations of and change in immunoglobulin levels. 

Eligible patients must be diagnosed with relapsing-remitting or 
secondary progressive MS with relapses and have an EDSS score of 
0 to 5.5 at screening and baseline, and have 1 or more documented 
relapses within the 2 years prior to screening. 

Long-term data from the phase 2, randomized controlled trial 
(NCT02975349) showed that twice daily treatment with 75-mg 
evobrutinib was associated with an AAR of 0.11 (95% CI, 0.04-0.25) 
at week 48 of the double-blind period and 0.12 (95% CI, 0.06-0.22) 
for the full 108-week treatment period.1 

“We saw early on that there was an effect on annualized 
relapse rate. This is what we see with the most potent agents and 
[disease-modifying drugs] out there in the market,” Dangond said.

Across a cohort of 213 patients, the drug was considered well 
tolerated and maintained its known safety profile over the open-
label extension period. Transient elevated liver aminotransferases, 
which investigators reported in the 48-week double-blind period, 
were not observed in the extension.2

Data from the first 24 weeks of that trial, published in 2019,3 
showed treatment with evobrutinib was associated with signifi-
cantly fewer Gd+ lesions from week 12 to 24 compared with 
placebo. Furthermore, from weeks 12 to 24, the baseline adjusted 
rate ratios for the total number of lesions over time compared 
with placebo were 1.45 (P = .32), 0.30 (P = .005), and 0.44   (P 
= .06) in the 25-mg, 75-mg once-daily, and 75-mg twice-daily 
groups, respectively. 

“We are now in a competitive arena,” Dangond said. “Multiple 
companies want to bring their BTK inhibitors to MS after we were 
the first to demonstrate that there’s efficacy in MS. We are doing our 
best to recruit as fast as we can.” 

For a full list of references, see the article on NeurologyLive.com

FIGURE.  Phase 3 Trials to Evaluate Efficacy and Safety  
of Evobrutinib in Relapsing MS

Inclusion criteria
• RRMS or SPMS 
• ≥1 relapse within 2 years of screening
• EDSS of 0-5.5

Randomization
• 1:1 evobrutinib 75-mg twice daily vs once-daily teriflunomide

Primary end point
• Annualized relapse rate over 96 weeks

EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; RRMS, relapsing-
remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis.

FERNANDO DANGOND, 
MD, MBA
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Stimulating the Future of Treating 
Sleep-Disordered Breathing
Addressing sleep apnea at a physiological level may reasonably be more effective and have fewer adverse 
effects than more traditional treatment modalities that may only target one mechanism.
By Nicola Davies, PhD 

SLEEP-DISORDERED BREATHING (SDB) refers to any disorder in 
which the patient has difficulty breathing while asleep, including 
obstructive sleep apnea (OSA) and central sleep apnea (CSA). OSA, 
which occurs because of upper airway obstruction 
during sleep, is far more common, with estimates 
of approximately 936 million people worldwide 
suffering from the condition.1 

“With OSA, snoring and breathing pauses and 
reduced airflow during the night leads to sleep frag-
mentation and unrefreshing sleep, which in turn 
impairs daytime functioning,” said Stuart MacKay, 
BSc(Med), MBBS(Hons), FRACS, associate professor 
at Illawarra ENT Head and Neck Clinic in Australia. 
“Patients can feel groggy, tired, [and] sleepy and 
have a higher rate of motor vehicle collisions and workplace acci-
dents. In addition, via a variety of pathophysiological pathways, but 
especially due to repetitive oxygen desaturation, patients with more 
significant sleep apnea are at risk of hypertension, arrhythmias, isch-
emic events, and other cardiometabolic consequences.”

A small subset of patients may have CSA, when the brain fails 
to send signals to breathe. CSA is less common in the general 

population, but there are increased rates in people with specific 
conditions, such as heart failure and chronic opioid use. 

Although OSA and CSA have different causes, both contribute to 
reduced quality of life and have been linked to decreased cogni-
tion, increased cardiovascular risk, and increased mortality.1 

Continuous positive airway pressure therapy:  
Not suitable for all 
Most sleep experts recommend continuous positive airway pres-
sure (CPAP) as the first-line treatment for SDB, regardless of the 
severity of apnea. The CPAP device continuously delivers pressur-
ized air into the upper airway, which helps keep the air passages 
open. Results from studies have shown that using CPAP therapy 
can significantly reduce the severity and morbidity associated 
with sleep apnea.2 

The main limiting factor in the use of CPAP for OSA is the lack 
of compliance to therapy. The device delivers air under moderate 
to high pressure, which can cause a certain level of discomfort 
for patients. “Although it is minimally invasive, not everyone can 
tolerate CPAP,” said Peter M. Baptista, MD, PhD, a senior clinical 
consultant at the Otorhinolaryngology Unit at Clínica Universidad 
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de Navarra in Spain. “In addition, CPAP can cause nasal obstruc-
tion and feelings of claustrophobia.” 

One cohort study estimated that only 37% to 41% of patients 
adhered to CPAP therapy in the long term,3 which 
ultimately hinders the achievement of good treat-
ment outcomes. A recent meta-analysis showed 
that the cardiovascular risk associated with OSA 
was reduced only when patients wore the device 
for longer than 4 hours per day.4 

For patients with CSA, it is more than just the 
discomfort of CPAP that can raise problems. “With 
central sleep apnea, there is an interruption in the 
neural drive to breathe,” Sanjaya K. Gupta, MD, 
assistant professor of medicine at the University 
of Missouri-Kansas City School of Medicine, told 
NeurologyLive®. “There is no movement of the 
diaphragm, so using CPAP does not work unless 
the patient is making an effort to breathe.” 

Alternatives to CPAP
Clinicians have used a wide range of surgical 
procedures in OSA, including palatopharyngo-
plasty, tonsillectomy, and maxillomandibular 
advancement.5 However, each surgery targets only 
1 anatomical area. Results from sonographic studies have shown 
that OSA presents with multilevel airway collapse, which means 
that a single surgery may fail to resolve the complete issue.6 

Surgery is not an option for patients with CSA. Apart from oxygen 
ventilation, the only other ways to manage CSA include treating 
the underlying heart condition that is present and cutting back 
on opioid use. 

Nerve stimulation for the management of sleep apnea
The search for newer, better alternatives to CPAP has resulted in 
1 promising solution––nerve stimulation. By stimulating selected 
nerves, specific muscles that aid in airway relaxation or breathing 
can be made to contract. This addresses the problem of sleep apnea 
at a physiological level, which would reasonably be more effective 
and have fewer adverse effects. 

For OSA, clinicians choose the hypoglossal nerve as a target for 
stimulation. “Hypoglossal nerve stimulation [HGNS] provides an 
opening of the airway at the level of both the tongue and palate,” 
said Baptista. Nerve stimulation causes the genioglossus muscle to 
contract, which moves the tongue forward. According to research 
by MacKay and colleagues, it is important to only stimulate the 
genioglossus. “Selective stimulation of the nerve fibers to the 
genioglossus, the main dilator of the airway, allows [the] avoid-
ance of stimulating retrusor muscles that can compromise airway 
opening,” he said. “Results of such implantation are likely to 
improve patient and polysomnographic outcomes.”

Research results have shown that there is also palatoglossal 
coupling, which increases the airway space at the retropalatal 
level.7 This dilates and stabilizes the airway at multiple levels. 
In a recent systematic review, Baptista and colleagues reviewed 

12 studies that used HGNS for OSA.6 They found the procedure 
reduced the number of apneic and hypopnea events per hour by 18 
points, measured via the apnea-hypopnea index (AHI). There was 
also a reduction of 14.6 points in the number of oxygen desatura-
tions measured via the oxygen desaturation index (ODI). According 
to MacKay, “The advantages of HGNS include the ability to avoid 
devices worn on the face and in the mouth, and avoidance of 
painful intra-oral/pharyngeal surgeries. Disadvantages include 
the requirement for commitment to titrations, follow-up, and 
ongoing device use.”

There are different types of HGNS, namely unilateral and bilateral. 
“Bilateral HGNS allows a higher likelihood of symmetrical tongue 
and, in cases of ‘coupling,’ palatal movement to improve airway 
patency in sleep,” MacKay told NeurologyLive®. “Advantages over 
currently available unilateral stimulation include [fewer] compo-
nents to implant, and external stimulation rather than an implanted 
‘pacemaker.’ The incision is small and relatively painless.”

In CSA, stimulation of the phrenic nerve can be just as effective. 
This eliminates periodic respiration by causing consistent, regular 
diaphragmatic contractions, which generates negative intratho-
racic pressure and restores a regular breathing pattern. Last year, 
investigators reported the results of using a phrenic nerve stim-
ulator over a 3-year period.8 The result was sustained improve-
ment across a wide range of sleep metrics, including the AHI, ODI, 
central apnea index, and arousal index. More recently, a pooled 
meta-analysis of 5 different studies showed that phrenic nerve 
stimulation could effectively reduce AHI scores by approximately 
26.7 events per hour, as well as reduce the ODI scores by approxi-
mately 24.16 events per hour.9 

The nerve stimulator needs to be implanted into the patient’s 
body to function. Several different devices are available to treat 
OSA through HGNS. In general, the device consists of a sensor elec-
trode, a pulse generator, and a stimulation electrode.10 The sensor 
electrode is usually implanted into the intercostal muscles, or just 
below the ribs. During inspiration, it gives off an electric signal that 
is picked up by an implantable pulse generator (IPG). The IPG is 
usually placed in a pocket below the clavicle, medial to the delto-
pectoral groove. After receiving an electric signal, it generates a 
pulse that is transmitted to the stimulation electrode, which is 
implanted around the medial branches of the hypoglossal nerve. 

The device used in CSA has a slightly different design; a sensing 
lead is placed in the azygous vein, behind the heart, to the level of 
the diaphragm to detect breathing. A pacing electrode is placed 
in a vein adjacent to the phrenic nerve. “The device works 
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automatically and in concert with patients’ normal respiratory 
cycle,” said Gupta. “The pacing and sensing leads are plugged 
into a device that looks and functions similar to a cardiac pace-
maker. Once connected, the device and leads are surgically placed 
under the skin in the right upper chest, just below the collarbone. 
The device is programmed to sense the patient’s breathing and the 
moment when the breathing stops, the device will deliver elec-
tricity through the pacing lead to the phrenic nerve, which will 
stimulate the diaphragm to contract.” All this happens automat-
ically and seamlessly, in concert with the patient’s normal respi-
ratory cycle. No intervention is necessary on behalf of the patient 
to initiate therapy, they don’t have to wear a CPAP mask, and the 
device turns off when they get up in the morning. 

Can all patients with SDB receive nerve stimulation therapy? 
According to most experts, the answer is no. The type of patient 
selected can greatly influence treatment outcomes, and estab-
lishing which sleep apnea the patient has is a key priority. HGNS 
will not work if the patient has CSA. Conversely, phrenic nerve 
stimulation only benefits those with CSA; it is not indicated for 
those with primarily OSA. There is a third type of sleep apnea 
called “treatment emergent” CSA.11 This is primarily OSA in which 
a central component emerges following the use of CPAP therapy. 
Uncertainty remains about whether nerve stimulation can benefit 
this subset of patients.  

An obvious indication for HGNS is for patients who are unable to 
tolerate CPAP. However, before clinicians consider this procedure, 
the patient must be evaluated for other factors. “Patients should 
see credentialed sleep surgeons for a thorough assessment and 
discussion of treatment options if they cannot tolerate or adhere to 
CPAP or other devices long-term,” advised MacKay. 

In a recent review study, Baptista highlighted 3 key factors that 
must be considered during patient selection.12 These include the 
severity of OSA, body mass index (BMI), and the severity of airway 
collapse at the palatal level. “If patients have [a] very high BMI 
(> 35) or concentric palatal collapse, HGNS is best avoided,” said 
Baptista. Obesity is a predictor for poor OSA treatment outcomes 
regardless of the type of treatment. In terms of severity of airway 
collapse at the palatal level, HGNS relaxes the palatal and retrolin-
gual musculature, but if there is concomitant collapse in the poste-
rior or lateral pharynx, this technique may not be effective. To 
ascertain the exact area of collapse, drug-induced sleep endoscopy 
can serve as a valuable diagnostic tool. 

Nerve stimulation is a relatively expensive technique compared 
to CPAP and may not be financially feasible for patients with mild 
OSA. The FDA recommends using this technique for patients with 
moderate to severe apnea with an AHI score between 15 and 65.13

For phrenic nerve stimulation, the severity of apnea and the 
proportion of central events are the main considerations. “We 
generally target patients with moderate to severe sleep apnea 
where at least 80% of the events are central in nature,” says Gupta. 

Risks of nerve stimulation
Implantable nerve stimulation seems to be a reasonably safe 
method of treatment. In their meta-analysis, Baptista’s team 

analyzed the number of adverse events related to HGNS. Serious 
events were documented in 6% of all patients, for whom there 
was a requirement for surgical repositioning of the device or the 
replacement of electrodes.5 Minor adverse effects were reported 
by almost 60% of all patients, including discomfort from elec-
trical stimulation and tongue abrasion due to constant movement. 
Although these effects were common during the first year of treat-
ment, they reduced in subsequent years. 

The meta-analysis for phrenic nerve stimulation showed serious 
adverse events in 3.9% of all patients. These included hematoma, 
migraine, and atypical chest pain, which necessitated the removal 
of the device. Minor adverse effects were reported in about 5.3% 
of all patients, including device discomfort, dislocation of leads, 
and lead failure.9 The more severe adverse effects may be avoided 
by refinements in surgical technique, whereas discomfort mostly 
resolves with time as the patient gets used to the device. 

The future of nerve stimulation for SDB
As the use of nerve stimulators continues to rise, the onus is now 
on making these devices more efficient and increasing their capa-
bilities. Baptista believes that future research must focus on finding 
ways to circumvent lateral airway collapse at the palatal level. “We 
are just at the very beginning,” he said. “In a few years, there will be 
devices that are much smaller and perhaps capable of stimulating a 
specific group of fibers that allow airway opening.” 

Research into nerve stimulation therapy still has a long way 
to go. Although prospective studies have illustrated the ther-
apy’s standalone efficacy, there is no research comparing the 
use of this therapy to CPAP, which is still the gold standard for 
OSA. Longitudinal studies are also needed to assess secondary 
outcomes. “We still do not know if phrenic nerve stimulation can 
reduce morbidity and mortality rates,” Gupta pointed out.

According to Mackay, “Areas that represent the most exciting 
future investigation are patient preferences, combination thera-
pies, further refinement of implantation and titration techniques, 
miniaturization of devices, and endophenotyping outcomes in low 
muscle hyporesponsive-type OSA patients.”  

Most physicians are aiming for a more accurate diagnosis and 
evaluation, prior to wider acceptance of current treatment strategies. 
“For patients with an appropriate indication, the phrenic nerve 
pacing procedure can be life-changing,” stated Gupta. However, 
nerve stimulation has yet to gain wide acceptance. One main barrier, 
especially in the case of CSA, is the lack of a proper diagnosis. “CSA 
patients lack traditional symptoms such as snoring and daytime 
somnolence,” said Gupta, who feels that the only way to improve 
diagnostic accuracy is to maintain a high index of suspicion. “If you 
have a patient with heart failure, atrial fibrillation, or stroke who 
continues to complain of fatigue despite optimal medical therapy, 
consider the possibility of CSA,” he advised. A sleep study or poly-
somnogram is the best diagnostic test for sleep apnea and clinicians 
should recommend it to such patients.  ■

For a full list of references, see the article on NeurologyLive.com
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Advanced Imaging for Extended 
Stroke Treatment
With many patients presenting with an unknown time of last known well, establishing a tissue window using 
advanced imaging techniques may allow for more effective intervention and better outcomes. 
By G. Abbas Kharal, MD, MPH; Emmanuel C. Obusez, MD; and M. Shazam Hussain, MD, FRCP(C), FAHA

ADVANCED BRAIN IMAGING HAS ALLOWED FOR cutting-edge 
stroke interventions to be extended to patients with ischemic 
stroke beyond conventional time windows and has revolution-
ized stroke care worldwide.1-4 Diffusion-weighted magnetic reso-
nance imaging (MRI) and computed tomography perfusion (CTP) 
imaging have gained widespread use as diagnostic tools that aid 
in decision-making for reperfusion therapies. Clinicians have used 
both CTP and MRI in an emergent setting to help better predict the 
time of onset of ischemic event, calculate infarct core, and estimate 
potentially salvageable brain tissue.1,5 Such advanced imaging has 
allowed for extending intravenous thrombolysis (IV-T) windows for 
patients presenting up to 9 hours from last known well (LKW) and 
mechanical thrombectomy (MT) windows for patients with emer-
gent large vessel occlusion (ELVO) up to 24 hours from LKW time.6 

Advanced imaging in extending intravenous  
thrombolysis window
Although the time window to give IV-T is within 4.5 hours from LKW, 
approximately 14% to 27% of patients with ischemic stroke wake up 
with stroke symptoms and have an unclear time of symptom onset.2,7 
Most patients with wake-up strokes are believed to have likely had 

the initial stroke event within a few hours of awakening.7 In such 
patients, the LKW time may not be an accurate marker of symptom 
onset and, therefore, the use of a tissue window rather than a time 
window is needed. Clinicians have used both CTP and MRI to help 
better predict the time of onset of ischemic event and calculate 
infarct core and potentially salvageable brain tissue.5,8 In the case of 
MRI, they have used the mismatch between diffusion-weighted 
imaging (DWI) and fluid-attenuated inversion recovery (FLAIR) 
imaging as a surrogate for time of onset that seems to correlate with 
symptom onset within 4.5 hours.8 In contrast to MRI, CTP visualizes 
brain infarction indirectly based on perfusion changes. Decreased 
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cerebral blood flow (CBF), in other words, CBF that is less than 30% 
relative to normal brain tissue (regional CBF [rCBF]), has been 
validated as a marker of ischemic core3 (FIGURE).  

The above concept has served as the basis for clinical trials that 
aimed to extend thrombolysis windows based on tissue windows 
rather than time windows in patients with wake-up strokes. The 
WAKE-UP trial (NCT01525290), concerning MRI-guided thrombol-
ysis for stroke with unknown time of onset, investigated whether 
patients with acute ischemic stroke who were LKW more than 4.5 
hours and who had a DWI/FLAIR mismatch on MRI brain scan 
were more likely to have a good outcome at 90 days with alteplase 
compared with placebo.9 Treatment with IV alteplase resulted in 
a significantly better functional outcome (53.3% vs 41.8%) than 
placebo at 90 days when using a mismatch between DWI and FLAIR 
as a criterion for treatment. 

In the EXTEND trial (NCT01580839), investigators used perfu-
sion-based imaging to determine if IV thrombolysis with alteplase 
initiated between 4.5 and 9.0 hours after stroke onset or upon awak-
ening with stroke symptoms improved outcomes in patients who 
had hypoperfused but salvageable brain tissue.2,4 Of the 225 patients 
enrolled, 65% had stroke symptoms upon awakening. The investi-
gators used CTP or perfusion-diffusion MRI scans to assess infarct 
core and perfusion deficit using Rapid Processing of Perfusion and 
Diffusion (RAPID) automated software (iSchemaView). Perfusion 
lesion to infarct core mismatch was defined as a ratio greater than 1.2 
between the volume of hypoperfused but salvageable tissue and the 
volume of the infarct core, an absolute difference in volume greater 
than 10 mL, and an infarct core volume of 70 mL or less. Using perfu-
sion imaging to allow IV-T with alteplase within 4.5 to 9.0 hours from 
LKW or upon awakening resulted in a higher percentage of patients 
with functional independence than those treated with placebo.

Moreover, with better recanalization rates and functional 
outcomes seen with tenecteplase versus alteplase within 4.5 hours in 
the EXTEND-IA TNK trial (NCT02388061),10 an additional question 
is whether tenecteplase might be a better thrombolytic choice than 
alteplase for patients presenting in the extended window of 4.5 to 
9.0 hours from time LKW. The ongoing TWIST (NCT03181360) study 
from Norway aims to answer this question. Moreover, the ongoing 
TIMELESS study (NCT03785678) in North America is a phase 3, 
randomized, placebo-controlled trial of IV-T in patients presenting 
within 4.5 and 24 hours from time LKW with ELVO, using perfu-
sion-based imaging to assess the efficacy and safety of tenecteplase. 

Advanced imaging in extending mechanical  
thrombectomy window
Several randomized clinical trials showed significant improvement 
in functional outcomes at 90 days with MT for patients with ELVO 
ischemic stroke within the early window of 6 hours from time LKW.11 
However, with the use of MRI and CTP for patient selection, data 
from the DAWN (NCT02142283)12 and DEFUSE 3 (NCT02586415)13 
studies have allowed for expansion of the treatment window for MT 
to 24 hours from time LKW. Therefore, a significantly larger number 
of patients are now eligible for MT with the use of advanced imaging 
for patient selection.

For patients with anterior circulation ELVO ischemic stroke, 
DEFUSE 3 enrolled participants within 6 to 16 hours from LKW 
whereas DAWN enrolled participants within 6 to 24 hours from LKW. 
Patient selection in both trials required advanced imaging using 
either CTP or MRI, with the majority of patients being selected by 
CTP.1 Investigators measured ischemic core and penumbral tissue 
volumes using RAPID software with relative CBF less than 30% for 
CTP, and RAPID DWI lesion volume with an apparent diffusion 
coefficient (ADC) threshold of less than 620 × 10−3 mm/s for MRI. 
They calculated the volume of penumbral or salvageable tissue using 
the Tmax threshold of more than 6 seconds on both CTP and MR 
perfusion imaging. Subtracting the infarcted core volume from the 
penumbral volume provided the mismatch volume, whereas 
dividing the penumbral volume by the infarcted core volume 
provided the mismatch ratio.8 In DEFUSE 3, patients were included if 
they had a mismatch volume greater than 15 mL and a mismatch 
ratio of 1.8 or greater.13 The DAWN trial had a more strict inclusion 
criteria where infarct core volume eligibility was further stratified by 
age and stroke severity.1,12 The penumbra in DAWN was inferred 

EMMANUEL C. OBUSEZ, MD
Section of Neuroradiology
Department of Radiology, Imaging Institute
Cleveland Clinic

Patient Selection Using CT Head, CTA Head and CTP

rCBF<30%: 5cc

TMax>6s: 139cc
Mismatch Volume:134ccCBA
Mismatch Ratio: 27.8

FIGURE. Brain Imaging of a Patient Presenting With Left Middle 
Cerebral Artery Syndrome

Brain imaging of a patient presenting with left middle cerebral artery (MCA) syndrome upon awakening 

and an unclear last known well time. (A) Computed tomography (CT) of the brain shows no evidence of 

infarct core. (B) CT angiogram (CTA) head shows a left MCA occlusion with robust meningeal collateral 

vessels. (C) CT perfusion (CTP) shows infarct core of approximately 5 cc (regional cerebral blood flow < 

30%) and critically hypoperfused but salvageable tissue (penumbra) of 139 cc (Tmax > 6 seconds) with a 

mismatch volume of 134 cc and mismatch ratio of 27.8. Based on advanced imaging, this patient would 

be eligible for both IVT and MT. 
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clinically. Both trials showed a significant benefit in functional 
outcomes at 90 days favoring MT in eligible patients with ELVO with 
salvageable tissue identified by advanced imaging. 

Pitfalls of perfusion imaging
Although perfusion-based imaging has revolutionized the deci-
sion-making eligibility paradigm for treating patients with acute 
ischemic stroke, it is equally important to understand that no 
imaging modality is perfect. Therefore, stroke providers must be 
aware of the limitations and pitfalls of perfusion imaging. Firstly, 
no perfusion parameter or threshold perfectly describes the perfu-
sion deficit but rather reflects the probability of infarction if reperfu-
sion is not achieved and is only a single snapshot in time. Moreover, 
the speed at which the critically hypoperfused region will progress 
to infarction is heavily dependent on the status of collateral circu-
lation; therefore, assessing collateral vessels in decision-making is 
equally important. Notably, a late increase in CBF can be seen in 
irreversibly damaged infarcted tissue in patients with spontaneous 
recanalization or those with persistent vascular occlusion if perfu-
sion improves through robust collaterals.8,14 This ischemic tissue 
may be readily visible on noncontrast CT but will not be identified 
as ischemic core on CTP if the blood flow exceeds the threshold for 
infarct core detection. Therefore, comparing noncontrast CT images 

for established infarction with CBF and perfusion maps with Tmax 
greater than 6 seconds is necessary. The Alberta Stroke Program 
Early CT Score (ASPECTS) is a good estimator of established infarct 
core and clinicians should compare it with CBF maps for better 
accuracy in estimating infarct core size.15 

Similarly, on MRI, the ADC changes with time and reperfusion 
state. A single ADC threshold may thus result in a different tissue fate 
depending on time from symptom onset and time to reperfusion as 
it is only a snapshot in time. Additionally, clinicians can use relative 
cerebral blood volume as a marker to assess the degree of collateral 
circulation and it is also a predictor of infarct growth.8 

Conclusions
Given the high degree of variability in progression of infarction in 
individual patients, focusing on salvageable tissue rather than strict 
time parameters will allow clinicians to identify more patients who 
can benefit from stroke interventions. Advanced imaging can be a 
useful tool for patient selection in the late window; however, to use 
it most effectively in decision-making it is important to understand 
the limitations of these techniques, particularly when one can over-
estimate core infarction and underestimate penumbral tissue, as this 
can prevent a patient from receiving an intervention when they may 
actually benefit.

Moreover, in addition to the duration and severity of hypoperfu-
sion, the degree of collateral circulation contributes to the size of the 
infarct core, as robust collaterals may allow for a time-limited 
preservation of infarct core volume in ELVO. An assessment of 
collateral circulation with advanced imaging may help clinicians 
determine patients with potential slow versus rapid expansion of the 
ischemic core, which could further help with patient selection and 
decision-making. 

For a full list of references, see the article on NeurologyLive.com.

M. SHAZAM HUSSAIN,  
MD, FRCP(C), FAHA
Director, Cerebrovascular Center 
Department of Neurology, Neurological Institute
Cleveland Clinic

More on N E U R O LO GY L I V E . C O M

Peter McAllister, MD, medical 
director of the New England 
Institute for Neurology and 
Headache and chief medical 
officer of the New England 
Institute for Clinical Research, 
details the goals of the phase 
2 trial.

Results of a Markov model 
analysis published in the 
journal Neurology show an 
average gain of 39 days of 
disability-free life for every 10 
minutes of earlier treatment 
with endovascular therapy. 

JUNIPER TRIAL: DAXIBOTULINUMTOXINA  
FOR UPPER LIMB SPASTICITY 

LATE INTERVENTION WITH ENDOVASCULAR THERAPY  
DECREASES ECONOMIC VALUE OF CARE 

Read more: neurologylive.com/endovascular-therapyView video: neurologylive.com/juniper-trial
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An AED unlike 
any other—
the first and only 
FDA-approved 
cannabidiol

DISCOVER THE POSSIBILITIES

NOW APPROVED FOR SEIZURES ASSOCIATED WITH TSC

Now indicated for patients 1 year and older for seizures
associated with TSC, LGS, or Dravet syndrome

AED=antiepileptic drug; LGS=Lennox-Gastaut syndrome; TSC=tuberous sclerosis complex.

Kierstin, age 15  | EPIDIOLEX patient living with TSC

IMPORTANT SAFETY INFORMATION

CONTRAINDICATION: HYPERSENSITIVITY

EPIDIOLEX (cannabidiol) oral solution is contraindicated in patients 
with a history of hypersensitivity to cannabidiol or any ingredients 
in the product.  

WARNINGS & PRECAUTIONS

Hepatocellular Injury:
EPIDIOLEX can cause dose-related transaminase elevations. 
Concomitant use of valproate and elevated transaminase levels 
at baseline increase this risk. Transaminase and bilirubin levels 
should be obtained prior to starting treatment, at one, three, and six 
months after initiation of treatment, and periodically thereafter, or as 
clinically indicated. Resolution of transaminase elevations occurred 
with discontinuation of EPIDIOLEX, reduction of EPIDIOLEX and/or 
concomitant valproate, or without dose reduction. For patients 
with elevated transaminase levels, consider dose reduction or 
discontinuation of EPIDIOLEX or concomitant medications known to 
a� ect the liver (e.g., valproate or clobazam). Dose adjustment and 
slower dose titration is recommended in patients with moderate 
or severe hepatic impairment. Consider not initiating EPIDIOLEX in 
patients with evidence of signifi cant liver injury.

Somnolence and Sedation:
EPIDIOLEX can cause somnolence and sedation that generally occurs 
early in treatment and may diminish over time; these e� ects occur 
more commonly in patients using clobazam and may be potentiated by 
other CNS depressants.

Suicidal Behavior and Ideation: 
Antiepileptic drugs (AEDs), including EPIDIOLEX, increase the risk 
of suicidal thoughts or behavior. Inform patients, caregivers, and 
families of the risk and advise to monitor and report any signs 
of depression, suicidal thoughts or behavior, or unusual changes 
in mood or behavior. If these symptoms occur, consider if they are 
related to the AED or the underlying illness.

Please see additional Important Safety Information and Brief 
Summary of Prescribing Information on the following pages.

References: 1. Patel AD, Chin RF, Mitchell W, et al. Poster presented at: American Epilepsy Society Annual Meeting; December 6-10, 2019; Baltimore, MD. 2. Scheffer IE, Halford J, 
Nabbout R, et al. Poster presented at: American Epilepsy Society Annual Meeting; December 6-10, 2019; Baltimore, MD. 3. GW Pharmaceuticals website. https://ir.gwpharm.com/
news-releases/news-release-details/gw-pharmaceuticals-plc-reports-financial-results-and-2. Accessed August 2, 2020. 4. Fisher RS, Cross JH, French JA, et al. Epilepsia. 
2017;58(4):522-530. 5. Wirrell EC. Can J Neurol Sci. 2016;43:S13-S18. 6. Piña-Garza JE, Boyce D, Tworek DM, et al. Epilepsy Behav. 2019;90:148-153. 7. Song J, Swallow E, Said Q, 
et al. J Neurol Sci. 2018;391:104-108.

EPIDIOLEX has broad-spectrum 
effi cacy, signifi cantly reducing 
multiple seizure types in TSC, 
LGS, and Dravet syndrome

©2020 Greenwich Biosciences, Inc. All rights reserved. EPX-13801-0920

* Partial-onset seizures (focal) included simple partial seizures (focal motor seizure), complex partial seizures (focal impaired), and secondary generalized tonic-clonic 
seizures (focal to bilateral tonic-clonic).4

Can be prescribed in adults and children as 
early as 1 year of age across 3 indications

Sustained e� ects up to 3 years in open-label 
extensions in LGS and Dravet syndrome1,2

Within 1 year on market, more than 15,000 
patients in the US were treated with 
EPIDIOLEX by over 3000 prescribers3

Demonstrated reductions in:
•  TSC-associated seizures, including both 

partial-onset* and generalized seizures
•  Drop/total seizures in LGS
•  Convulsive seizures in Dravet syndrome

Studied in patients on a wide range of 
concomitant treatments, EPIDIOLEX can be 
used as a monotherapy or with other AEDs

Presley, age 2 | EPIDIOLEX patient living with TSC

E�  cacy proven across 3 of the most di�  cult-to-treat epilepsies5-7

Visit EPIDIOLEXhcp.com for more details

IMPORTANT SAFETY INFORMATION & INDICATIONS (cont'd)
WARNINGS & PRECAUTIONS (cont'd)

Withdrawal of Antiepileptic Drugs:
As with most AEDs, EPIDIOLEX should generally be withdrawn 
gradually because of the risk of increased seizure frequency and 
status epilepticus.

ADVERSE REACTIONS:
The most common adverse reactions in patients receiving 
EPIDIOLEX (≥10% and greater than placebo) include 
transaminase elevations; somnolence; decreased appetite; 
diarrhea; pyrexia; vomiting; fatigue, malaise, and asthenia; 
rash; insomnia, sleep disorder and poor-quality sleep; and 
infections. Hematologic abnormalities were also observed.

PREGNANCY:
EPIDIOLEX should be used during pregnancy only if the 
potential benefi t justifi es the potential risk to the fetus. 
Encourage women who are taking EPIDIOLEX during 
pregnancy to enroll in the North American Antiepileptic 
Drug (NAAED)  Pregnancy Registry.

DRUG INTERACTIONS: 
Strong inducers of CYP3A4 and CYP2C19 may a� ect
EPIDIOLEX exposure. EPIDIOLEX may a� ect exposure to 
CYP2C19 substrates (e.g., clobazam, diazepam) or others. 
Concomitant use of EPIDIOLEX and valproate increases the 
incidence of liver enzyme elevations. No drug interaction 
studies have been completed, but case reports suggest a 
potential for elevations of mammalian target of rapamycin 
(mTOR) or calcineurin inhibitors when used with EPIDIOLEX. 
Dosage adjustment of EPIDIOLEX or other concomitant 
medications may be necessary. 

INDICATIONS:
EPIDIOLEX (cannabidiol) oral solution is indicated for the 
treatment of seizures associated with Lennox-Gastaut 
syndrome (LGS), Dravet syndrome (DS), or tuberous 
sclerosis complex (TSC) in patients 1 year of age and older.

Please see the Brief Summary of Prescribing Information 
on the following pages.
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DISCOVER THE POSSIBILITIES

NOW APPROVED FOR SEIZURES ASSOCIATED WITH TSC

Now indicated for patients 1 year and older for seizures
associated with TSC, LGS, or Dravet syndrome

AED=antiepileptic drug; LGS=Lennox-Gastaut syndrome; TSC=tuberous sclerosis complex.

Kierstin, age 15  | EPIDIOLEX patient living with TSC

IMPORTANT SAFETY INFORMATION

CONTRAINDICATION: HYPERSENSITIVITY

EPIDIOLEX (cannabidiol) oral solution is contraindicated in patients 
with a history of hypersensitivity to cannabidiol or any ingredients 
in the product.  

WARNINGS & PRECAUTIONS

Hepatocellular Injury:
EPIDIOLEX can cause dose-related transaminase elevations. 
Concomitant use of valproate and elevated transaminase levels 
at baseline increase this risk. Transaminase and bilirubin levels 
should be obtained prior to starting treatment, at one, three, and six 
months after initiation of treatment, and periodically thereafter, or as 
clinically indicated. Resolution of transaminase elevations occurred 
with discontinuation of EPIDIOLEX, reduction of EPIDIOLEX and/or 
concomitant valproate, or without dose reduction. For patients 
with elevated transaminase levels, consider dose reduction or 
discontinuation of EPIDIOLEX or concomitant medications known to 
a� ect the liver (e.g., valproate or clobazam). Dose adjustment and 
slower dose titration is recommended in patients with moderate 
or severe hepatic impairment. Consider not initiating EPIDIOLEX in 
patients with evidence of signifi cant liver injury.

Somnolence and Sedation:
EPIDIOLEX can cause somnolence and sedation that generally occurs 
early in treatment and may diminish over time; these e� ects occur 
more commonly in patients using clobazam and may be potentiated by 
other CNS depressants.

Suicidal Behavior and Ideation: 
Antiepileptic drugs (AEDs), including EPIDIOLEX, increase the risk 
of suicidal thoughts or behavior. Inform patients, caregivers, and 
families of the risk and advise to monitor and report any signs 
of depression, suicidal thoughts or behavior, or unusual changes 
in mood or behavior. If these symptoms occur, consider if they are 
related to the AED or the underlying illness.

Please see additional Important Safety Information and Brief 
Summary of Prescribing Information on the following pages.
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* Partial-onset seizures (focal) included simple partial seizures (focal motor seizure), complex partial seizures (focal impaired), and secondary generalized tonic-clonic 
seizures (focal to bilateral tonic-clonic).4

Can be prescribed in adults and children as 
early as 1 year of age across 3 indications

Sustained e� ects up to 3 years in open-label 
extensions in LGS and Dravet syndrome1,2

Within 1 year on market, more than 15,000 
patients in the US were treated with 
EPIDIOLEX by over 3000 prescribers3

Demonstrated reductions in:
•  TSC-associated seizures, including both 

partial-onset* and generalized seizures
•  Drop/total seizures in LGS
•  Convulsive seizures in Dravet syndrome

Studied in patients on a wide range of 
concomitant treatments, EPIDIOLEX can be 
used as a monotherapy or with other AEDs

Presley, age 2 | EPIDIOLEX patient living with TSC

E�  cacy proven across 3 of the most di�  cult-to-treat epilepsies5-7

Visit EPIDIOLEXhcp.com for more details

IMPORTANT SAFETY INFORMATION & INDICATIONS (cont'd)
WARNINGS & PRECAUTIONS (cont'd)

Withdrawal of Antiepileptic Drugs:
As with most AEDs, EPIDIOLEX should generally be withdrawn 
gradually because of the risk of increased seizure frequency and 
status epilepticus.

ADVERSE REACTIONS:
The most common adverse reactions in patients receiving 
EPIDIOLEX (≥10% and greater than placebo) include 
transaminase elevations; somnolence; decreased appetite; 
diarrhea; pyrexia; vomiting; fatigue, malaise, and asthenia; 
rash; insomnia, sleep disorder and poor-quality sleep; and 
infections. Hematologic abnormalities were also observed.

PREGNANCY:
EPIDIOLEX should be used during pregnancy only if the 
potential benefi t justifi es the potential risk to the fetus. 
Encourage women who are taking EPIDIOLEX during 
pregnancy to enroll in the North American Antiepileptic 
Drug (NAAED)  Pregnancy Registry.

DRUG INTERACTIONS: 
Strong inducers of CYP3A4 and CYP2C19 may a� ect
EPIDIOLEX exposure. EPIDIOLEX may a� ect exposure to 
CYP2C19 substrates (e.g., clobazam, diazepam) or others. 
Concomitant use of EPIDIOLEX and valproate increases the 
incidence of liver enzyme elevations. No drug interaction 
studies have been completed, but case reports suggest a 
potential for elevations of mammalian target of rapamycin 
(mTOR) or calcineurin inhibitors when used with EPIDIOLEX. 
Dosage adjustment of EPIDIOLEX or other concomitant 
medications may be necessary. 

INDICATIONS:
EPIDIOLEX (cannabidiol) oral solution is indicated for the 
treatment of seizures associated with Lennox-Gastaut 
syndrome (LGS), Dravet syndrome (DS), or tuberous 
sclerosis complex (TSC) in patients 1 year of age and older.

Please see the Brief Summary of Prescribing Information 
on the following pages.
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EPIDIOLEX® (cannabidiol) oral solution
Brief Summary of Prescribing Information
See package insert for full Prescribing Information (PI)  
or visit www.EPIDIOLEXhcp.com
Rx only

INDICATIONS AND USAGE - EPIDIOLEX is indicated for the treatment of 
seizures associated with Lennox Gastaut syndrome (LGS), Dravet syndrome 
(DS), or tuberous sclerosis complex (TSC) in patients 1 year of age and 
older. 

CONTRAINDICATIONS - EPIDIOLEX is contraindicated in patients with a 
history of hypersensitivity to cannabidiol or any of the ingredients in the 
product [see Description and Warnings and Precautions in full PI]. 
WARNINGS AND PRECAUTIONS
Hepatocellular Injury - EPIDIOLEX can cause dose-related elevations 
of liver transaminases (alanine aminotransferase [ALT] and/or aspartate 
aminotransferase [AST]). In controlled studies for LGS and DS (10 and 
20 mg/kg/day dosages) and TSC (25 mg/kg/day), the incidence of ALT 
elevations above 3 times the upper limit of normal (ULN) was 13% (10 and 
20 mg/kg/day dosages) and 12% (25 mg/kg/day dosage) in EPIDIOLEX-
treated patients compared with 1% in patients on placebo. Less than 1%  
of EPIDIOLEX-treated patients had ALT or AST levels greater than  
20 times the ULN. There were cases of transaminase elevations associated 
with hospitalization in patients taking EPIDIOLEX. In clinical trials, serum 
transaminase elevations typically occurred in the first two months of 
treatment initiation; however, there were some cases observed up to 
18 months after initiation of treatment, particularly in patients taking 
concomitant valproate. Resolution of transaminase elevations occurred with 
discontinuation of EPIDIOLEX or reduction of EPIDIOLEX and/or concomitant 
valproate in about two-thirds of the cases. In about one-third of the 
cases, transaminase elevations resolved during continued treatment with 
EPIDIOLEX, without dose reduction.

Risk Factors for Transaminase Elevation:
Concomitant Valproate and Clobazam - The majority of ALT elevations 
occurred in patients taking concomitant valproate. Concomitant use 
of clobazam also increased the incidence of transaminase elevations, 
although to a lesser extent than valproate [see Drug Interactions in full 
PI]. In EPIDIOLEX-treated patients with LGS or DS (10 and 20 mg/kg/day 
dosages), the incidence of ALT elevations greater than 3 times the ULN was 
30% in patients taking both concomitant valproate and clobazam, 21% in 
patients taking concomitant valproate (without clobazam), 4% in patients 
taking concomitant clobazam (without valproate), and 3% in patients taking 
neither drug. In EPIDIOLEX-treated patients with TSC (25 mg/kg/day), the 
incidence of ALT elevations greater than 3 times the ULN was 20% in 
patients taking both concomitant valproate and clobazam, 25% in patients 
taking concomitant valproate (without clobazam), 0% in patients taking 
concomitant clobazam (without valproate), and 6% in patients taking neither 
drug. Consider discontinuation or dose adjustment of valproate or clobazam 
if liver enzyme elevations occur.

Dose - Transaminase elevations are generally dose-related. In patients with 
DS or LGS (10 and 20 mg/kg/day) or TSC (25 mg/kg/day), ALT elevations 
greater than 3 times the ULN were reported in 17% and 12% of patients 
taking EPIDIOLEX 20 or 25 mg/kg/day, respectively, compared with 1% 
in patients taking EPIDIOLEX 10 mg/kg/day. The risk of ALT elevations 
was higher (25%) in patients with TSC receiving a dosage above the 
recommended maintenance dosage of 25 mg/kg/day in Study 4.

Baseline Transaminase Elevations - Patients with baseline transaminase 
levels above the ULN had higher rates of transaminase elevations when 
taking EPIDIOLEX. In the DS and LGS controlled trials (Studies 1, 2, and 3) 
in patients taking EPIDIOLEX 20 mg/kg/day, the frequency of treatment-
emergent ALT elevations greater than 3 times the ULN was 30% when ALT 
was above the ULN at baseline, compared to 12% when ALT was within 
the normal range at baseline. No patients taking EPIDIOLEX 10 mg/kg/day 
experienced ALT elevations greater than 3 times the ULN when ALT was 
above the ULN at baseline, compared with 2% of patients in whom ALT 
was within the normal range at baseline. In the TSC controlled trial (Study 
4) in patients taking EPIDIOLEX 25 mg/kg/day, the frequency of treatment-
emergent ALT elevations greater than 3 and 5 times the ULN were both 

11% when ALT was above the ULN at baseline, compared to 12% and 6%, 
respectively, when ALT was within the normal range at baseline.

Monitoring: In general, transaminase elevations of greater than 3 times the 
ULN in the presence of elevated bilirubin without an alternative explanation 
are an important predictor of severe liver injury. Early identification of 
elevated liver enzymes may decrease the risk of a serious outcome. 
Patients with elevated baseline transaminase levels above 3 times the ULN, 
accompanied by elevations in bilirubin above 2 times the ULN, should be 
evaluated prior to initiation of EPIDIOLEX treatment.

Prior to starting treatment with EPIDIOLEX, obtain serum transaminases 
(ALT and AST) and total bilirubin levels. Serum transaminases and total 
bilirubin levels should be obtained at 1 month, 3 months, and 6 months 
after initiation of treatment with EPIDIOLEX, and periodically thereafter or as 
clinically indicated. Serum transaminases and total bilirubin levels should 
also be obtained within 1 month following changes in EPIDIOLEX dosage 
and addition of or changes in medications that are known to impact the liver. 
Consider more frequent monitoring of serum transaminases and bilirubin 
in patients who are taking valproate or who have elevated liver enzymes 
at baseline.

If a patient develops clinical signs or symptoms suggestive of hepatic 
dysfunction (e.g., unexplained nausea, vomiting, right upper quadrant 
abdominal pain, fatigue, anorexia, or jaundice and/or dark urine), 
promptly measure serum transaminases and total bilirubin and interrupt 
or discontinue treatment with EPIDIOLEX, as appropriate. Discontinue 
EPIDIOLEX in any patients with elevations of transaminase levels greater 
than 3 times the ULN and bilirubin levels greater than 2 times the ULN. 
Patients with sustained transaminase elevations of greater than 5 times 
the ULN should also have treatment discontinued. Patients with prolonged 
elevations of serum transaminases should be evaluated for other possible 
causes. Consider dosage adjustment of any co-administered medication 
that is known to affect the liver (e.g., valproate and clobazam).

Somnolence and Sedation - EPIDIOLEX can cause somnolence and 
sedation. In controlled studies for LGS and DS (10 and 20 mg/kg/day 
dosages), the incidence of somnolence and sedation (including lethargy) 
was 32% in EPIDIOLEX-treated patients (27% and 34% of patients taking 
EPIDIOLEX 10 or 20 mg/kg/day, respectively), compared with 11% in 
patients on placebo and was generally dose-related. The rate was higher 
in patients on concomitant clobazam (46% in EPIDIOLEX-treated patients 
taking clobazam compared with 16% in EPIDIOLEX-treated patients not on 
clobazam). In the controlled study for TSC, the incidence of somnolence 
and sedation (including lethargy) was 19% in EPIDIOLEX-treated patients 
(25 mg/kg/day), compared with 17% in patients on placebo. The rate was 
higher in patients on concomitant clobazam (33% in EPIDIOLEX-treated 
patients taking clobazam compared with 14% in EPIDIOLEX-treated 
patients not on clobazam). In general, these effects were more common 
early in treatment and may diminish with continued treatment. Other 
CNS depressants, including alcohol, could potentiate the somnolence 
and sedation effect of EPIDIOLEX. Prescribers should monitor patients for 
somnolence and sedation and should advise patients not to drive or operate 
machinery until they have gained sufficient experience on EPIDIOLEX to 
gauge whether it adversely affects their ability to drive or operate machinery. 

Suicidal Behavior and Ideation - Antiepileptic drugs (AEDs), including 
EPIDIOLEX, increase the risk of suicidal thoughts or behavior in patients 
taking these drugs for any indication. Patients treated with an AED for 
any indication should be monitored for the emergence or worsening of 
depression, suicidal thoughts or behavior, or any unusual changes in 
mood or behavior. Pooled analyses of 199 placebo-controlled clinical 
trials (mono- and adjunctive therapy) of 11 different AEDs showed that 
patients randomized to one of the AEDs had approximately twice the risk 
(adjusted Relative Risk 1.8, 95% CI:1.2, 2.7) of suicidal thinking or behavior 
compared to patients randomized to placebo. In these trials, which had 
a median treatment duration of 12 weeks, the estimated incidence rate 
of suicidal behavior or ideation among 27863 AED-treated patients was 
0.43%, compared to 0.24% among 16029 placebo-treated patients, 
representing an increase of approximately one case of suicidal thinking or 
behavior for every 530 patients treated. There were four suicides in drug-
treated patients in the trials and none in placebo-treated patients, but the 

number is too small to allow any conclusion about drug effect on suicide. 
The increased risk of suicidal thoughts or behavior with AEDs was observed 
as early as 1 week after starting drug treatment with AEDs and persisted 
for the duration of treatment assessed. Because most trials included in 
the analysis did not extend beyond 24 weeks, the risk of suicidal thoughts 
or behavior beyond 24 weeks could not be assessed. The risk of suicidal 
thoughts or behavior was generally consistent among drugs in the data 
analyzed. The finding of increased risk with AEDs of varying mechanisms 
of action and across a range of indications suggests that the risk applies to 
all AEDs used for any indication. The risk did not vary substantially by age 
(5-100 years) in the clinical trials analyzed [see Warnings and Precautions in 
full PI for absolute and relative risk by indication for all evaluated AEDs].
The relative risk for suicidal thoughts or behavior was higher in clinical trials 
in patients with epilepsy than in clinical trials in patients with psychiatric 
or other conditions, but the absolute risk differences were similar for 
the epilepsy and psychiatric indications. Anyone considering prescribing 
EPIDIOLEX or any other AED must balance the risk of suicidal thoughts 
or behaviors with the risk of untreated illness. Epilepsy and many other 
illnesses for which AEDs are prescribed are themselves associated with 
morbidity and mortality and an increased risk of suicidal thoughts and 
behavior. Should suicidal thoughts and behavior emerge during treatment, 
consider whether the emergence of these symptoms in any given patient 
may be related to the illness being treated. 

Hypersensitivity Reactions - EPIDIOLEX can cause hypersensitivity 
reactions. Some subjects in the EPIDIOLEX clinical trials had pruritus, 
erythema, and angioedema requiring treatment, including corticosteroids 
and antihistamines. Patients with known or suspected hypersensitivity to any 
ingredients of EPIDIOLEX were excluded from the clinical trials. If a patient 
develops hypersensitivity reactions after treatment with EPIDIOLEX, the drug 
should be discontinued. EPIDIOLEX is contraindicated in patients with a 
prior hypersensitivity reaction to cannabidiol or any of the ingredients in the 
product, which includes sesame seed oil [see Description in full PI]. 
Withdrawal of Antiepileptic Drugs (AEDs) - As with most antiepileptic 
drugs, EPIDIOLEX should generally be withdrawn gradually because of the 
risk of increased seizure frequency and status epilepticus [see Dosage 
and Administration and Clinical Studies in full PI]. But if withdrawal is 
needed because of a serious adverse event, rapid discontinuation can 
be considered. 

ADVERSE REACTIONS
The following important adverse reactions are described elsewhere [see 
Warnings and Precautions in full PI]:
•  Hepatocellular Injury
•  Somnolence and Sedation
•  Suicidal Behavior and Ideation
•  Hypersensitivity Reactions
•  Withdrawal of Antiepileptic Drugs

Clinical Trials Experience: Because clinical trials are conducted under 
widely varying conditions, adverse reaction rates observed in the clinical 
trials of a drug cannot be directly compared to rates in the clinical trials 
of another drug and may not reflect the rates observed in practice. In 
controlled and uncontrolled trials in patients with LGS and DS, 689 patients 
were treated with EPIDIOLEX, including 533 patients treated for more than 
6 months, and 391 patients treated for more than 1 year. In controlled and 
uncontrolled trials in patients with TSC, 223 patients were treated with 
EPIDIOLEX, including 151 patients treated for more than 6 months, 88 
patients treated for more than 1 year, and 15 patients treated for more than 
2 years. In an expanded access program and other compassionate use 
programs, 271 patients with DS, LGS, or TSC were treated with EPIDIOLEX, 
including 237 patients treated for more than 6 months, 204 patients treated 
for more than 1 year, and 140 patients treated for more than 2 years.

In placebo controlled trials of patients with LGS or DS (includes Studies 1, 2, 
3, and a Phase 2 controlled study in DS), 323 patients received EPIDIOLEX. 
Adverse reactions are presented below; the duration of treatment in these 
trials was up to 14 weeks. Approximately 46% of patients were female,  
83% were Caucasian, and the mean age was 14 years (range 2 to 48 
years). All patients were taking other AEDs. In controlled trials in LGS or 
DS, the rate of discontinuation as a result of any adverse reaction was 

2.7% for patients taking EPIDIOLEX 10 mg/kg/day, 11.8% for patients 
taking EPIDIOLEX 20 mg/kg/day, and 1.3% for patients on placebo. The 
most frequent cause of discontinuations was transaminase elevation. 
Discontinuation for transaminase elevation occurred at an incidence of 
1.3% in patients taking EPIDIOLEX 10 mg/kg/day, 5.9% in patients taking 
EPIDIOLEX 20 mg/kg/day, and 0.4% in patients on placebo. Somnolence, 
sedation, and lethargy led to discontinuation in 3% of patients taking 
EPIDIOLEX 20 mg/kg/day compared to 0% of patients taking EPIDIOLEX 
10 mg/kg/day or on placebo. The most common adverse reactions that 
occurred in EPIDIOLEX-treated patients with LGS or DS (incidence at least 
10% and greater than placebo) were somnolence; decreased appetite; 
diarrhea; transaminase elevations; fatigue, malaise, and asthenia; rash; 
insomnia, sleep disorder, and poor quality sleep; and infections. The table 
below lists the adverse reactions that were reported in at least 3% of 
EPIDIOLEX-treated patients, and at a rate greater than those on placebo, in 
the placebo-controlled trials in LGS and DS. Adverse reactions were similar 
across LGS and DS in pediatric and adult patients. 

Adverse Reactions in Patients Treated with EPIDIOLEX in Controlled 
Trials of LGS and DS (Studies 1, 2, and 3)

Adverse Reactions

EPIDIOLEX Placebo
10 mg/kg/day 20 mg/kg/day 

N=75
%

N=238
%

N=227
%

Hepatic Disorders
Transaminases elevated 8 16 3

Gastrointestinal Disorders 
Decreased appetite 16 22 5
Diarrhea 9 20 9
Weight decreased 3 5 1
Gastroenteritis 0 4 1
Abdominal pain, discomfort 3 3 1

Nervous System Disorders 
Somnolence 23 25 8
Fatigue, malaise, asthenia 11 12 4
Lethargy 4 8 2
Sedation 3 6 1
Irritability, agitation 9 5 2
Aggression, anger 3 5 <1

Insomnia, sleep disorder,  
poor quality sleep 11 5 4

Drooling, salivary hypersecretion 1 4 <1
Gait disturbance 3 2 <1

Infections 
Infection, all 41 40 31

Infection, other 25 21 24
Infection, viral 7 11 6
Pneumonia 8 5 1
Infection, fungal 1 3 0

Other 
Rash 7 13 3
Hypoxia, respiratory failure 3 3 1

In a placebo-controlled trial of patients with TSC (Study 4), 148 patients 
received EPIDIOLEX. Adverse reactions are presented below; the duration of 
treatment in this trial was up to 16 weeks. Approximately 42% of patients 
were female, 90% were Caucasian, and the mean age was 14 years (range 
1 to 57 years). All patients but one (25 mg/kg/day group) were taking other 
AEDs. In the controlled trial in TSC, the rate of discontinuation as a result of 
any adverse reaction was 11% for patients taking EPIDIOLEX  
25 mg/kg/day and 3% for patients on placebo. The most frequent cause of 
discontinuation was rash (5%). The most common adverse reactions that 
occurred in EPIDIOLEX-treated patients with TSC (incidence at least 10% 
at the recommended dosage and greater than placebo) were diarrhea; 
transaminase elevations; decreased appetite; somnolence; pyrexia; and 
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INDICATIONS AND USAGE - EPIDIOLEX is indicated for the treatment of 
seizures associated with Lennox Gastaut syndrome (LGS), Dravet syndrome 
(DS), or tuberous sclerosis complex (TSC) in patients 1 year of age and 
older. 

CONTRAINDICATIONS - EPIDIOLEX is contraindicated in patients with a 
history of hypersensitivity to cannabidiol or any of the ingredients in the 
product [see Description and Warnings and Precautions in full PI]. 
WARNINGS AND PRECAUTIONS
Hepatocellular Injury - EPIDIOLEX can cause dose-related elevations 
of liver transaminases (alanine aminotransferase [ALT] and/or aspartate 
aminotransferase [AST]). In controlled studies for LGS and DS (10 and 
20 mg/kg/day dosages) and TSC (25 mg/kg/day), the incidence of ALT 
elevations above 3 times the upper limit of normal (ULN) was 13% (10 and 
20 mg/kg/day dosages) and 12% (25 mg/kg/day dosage) in EPIDIOLEX-
treated patients compared with 1% in patients on placebo. Less than 1%  
of EPIDIOLEX-treated patients had ALT or AST levels greater than  
20 times the ULN. There were cases of transaminase elevations associated 
with hospitalization in patients taking EPIDIOLEX. In clinical trials, serum 
transaminase elevations typically occurred in the first two months of 
treatment initiation; however, there were some cases observed up to 
18 months after initiation of treatment, particularly in patients taking 
concomitant valproate. Resolution of transaminase elevations occurred with 
discontinuation of EPIDIOLEX or reduction of EPIDIOLEX and/or concomitant 
valproate in about two-thirds of the cases. In about one-third of the 
cases, transaminase elevations resolved during continued treatment with 
EPIDIOLEX, without dose reduction.

Risk Factors for Transaminase Elevation:
Concomitant Valproate and Clobazam - The majority of ALT elevations 
occurred in patients taking concomitant valproate. Concomitant use 
of clobazam also increased the incidence of transaminase elevations, 
although to a lesser extent than valproate [see Drug Interactions in full 
PI]. In EPIDIOLEX-treated patients with LGS or DS (10 and 20 mg/kg/day 
dosages), the incidence of ALT elevations greater than 3 times the ULN was 
30% in patients taking both concomitant valproate and clobazam, 21% in 
patients taking concomitant valproate (without clobazam), 4% in patients 
taking concomitant clobazam (without valproate), and 3% in patients taking 
neither drug. In EPIDIOLEX-treated patients with TSC (25 mg/kg/day), the 
incidence of ALT elevations greater than 3 times the ULN was 20% in 
patients taking both concomitant valproate and clobazam, 25% in patients 
taking concomitant valproate (without clobazam), 0% in patients taking 
concomitant clobazam (without valproate), and 6% in patients taking neither 
drug. Consider discontinuation or dose adjustment of valproate or clobazam 
if liver enzyme elevations occur.

Dose - Transaminase elevations are generally dose-related. In patients with 
DS or LGS (10 and 20 mg/kg/day) or TSC (25 mg/kg/day), ALT elevations 
greater than 3 times the ULN were reported in 17% and 12% of patients 
taking EPIDIOLEX 20 or 25 mg/kg/day, respectively, compared with 1% 
in patients taking EPIDIOLEX 10 mg/kg/day. The risk of ALT elevations 
was higher (25%) in patients with TSC receiving a dosage above the 
recommended maintenance dosage of 25 mg/kg/day in Study 4.

Baseline Transaminase Elevations - Patients with baseline transaminase 
levels above the ULN had higher rates of transaminase elevations when 
taking EPIDIOLEX. In the DS and LGS controlled trials (Studies 1, 2, and 3) 
in patients taking EPIDIOLEX 20 mg/kg/day, the frequency of treatment-
emergent ALT elevations greater than 3 times the ULN was 30% when ALT 
was above the ULN at baseline, compared to 12% when ALT was within 
the normal range at baseline. No patients taking EPIDIOLEX 10 mg/kg/day 
experienced ALT elevations greater than 3 times the ULN when ALT was 
above the ULN at baseline, compared with 2% of patients in whom ALT 
was within the normal range at baseline. In the TSC controlled trial (Study 
4) in patients taking EPIDIOLEX 25 mg/kg/day, the frequency of treatment-
emergent ALT elevations greater than 3 and 5 times the ULN were both 

11% when ALT was above the ULN at baseline, compared to 12% and 6%, 
respectively, when ALT was within the normal range at baseline.

Monitoring: In general, transaminase elevations of greater than 3 times the 
ULN in the presence of elevated bilirubin without an alternative explanation 
are an important predictor of severe liver injury. Early identification of 
elevated liver enzymes may decrease the risk of a serious outcome. 
Patients with elevated baseline transaminase levels above 3 times the ULN, 
accompanied by elevations in bilirubin above 2 times the ULN, should be 
evaluated prior to initiation of EPIDIOLEX treatment.

Prior to starting treatment with EPIDIOLEX, obtain serum transaminases 
(ALT and AST) and total bilirubin levels. Serum transaminases and total 
bilirubin levels should be obtained at 1 month, 3 months, and 6 months 
after initiation of treatment with EPIDIOLEX, and periodically thereafter or as 
clinically indicated. Serum transaminases and total bilirubin levels should 
also be obtained within 1 month following changes in EPIDIOLEX dosage 
and addition of or changes in medications that are known to impact the liver. 
Consider more frequent monitoring of serum transaminases and bilirubin 
in patients who are taking valproate or who have elevated liver enzymes 
at baseline.

If a patient develops clinical signs or symptoms suggestive of hepatic 
dysfunction (e.g., unexplained nausea, vomiting, right upper quadrant 
abdominal pain, fatigue, anorexia, or jaundice and/or dark urine), 
promptly measure serum transaminases and total bilirubin and interrupt 
or discontinue treatment with EPIDIOLEX, as appropriate. Discontinue 
EPIDIOLEX in any patients with elevations of transaminase levels greater 
than 3 times the ULN and bilirubin levels greater than 2 times the ULN. 
Patients with sustained transaminase elevations of greater than 5 times 
the ULN should also have treatment discontinued. Patients with prolonged 
elevations of serum transaminases should be evaluated for other possible 
causes. Consider dosage adjustment of any co-administered medication 
that is known to affect the liver (e.g., valproate and clobazam).

Somnolence and Sedation - EPIDIOLEX can cause somnolence and 
sedation. In controlled studies for LGS and DS (10 and 20 mg/kg/day 
dosages), the incidence of somnolence and sedation (including lethargy) 
was 32% in EPIDIOLEX-treated patients (27% and 34% of patients taking 
EPIDIOLEX 10 or 20 mg/kg/day, respectively), compared with 11% in 
patients on placebo and was generally dose-related. The rate was higher 
in patients on concomitant clobazam (46% in EPIDIOLEX-treated patients 
taking clobazam compared with 16% in EPIDIOLEX-treated patients not on 
clobazam). In the controlled study for TSC, the incidence of somnolence 
and sedation (including lethargy) was 19% in EPIDIOLEX-treated patients 
(25 mg/kg/day), compared with 17% in patients on placebo. The rate was 
higher in patients on concomitant clobazam (33% in EPIDIOLEX-treated 
patients taking clobazam compared with 14% in EPIDIOLEX-treated 
patients not on clobazam). In general, these effects were more common 
early in treatment and may diminish with continued treatment. Other 
CNS depressants, including alcohol, could potentiate the somnolence 
and sedation effect of EPIDIOLEX. Prescribers should monitor patients for 
somnolence and sedation and should advise patients not to drive or operate 
machinery until they have gained sufficient experience on EPIDIOLEX to 
gauge whether it adversely affects their ability to drive or operate machinery. 

Suicidal Behavior and Ideation - Antiepileptic drugs (AEDs), including 
EPIDIOLEX, increase the risk of suicidal thoughts or behavior in patients 
taking these drugs for any indication. Patients treated with an AED for 
any indication should be monitored for the emergence or worsening of 
depression, suicidal thoughts or behavior, or any unusual changes in 
mood or behavior. Pooled analyses of 199 placebo-controlled clinical 
trials (mono- and adjunctive therapy) of 11 different AEDs showed that 
patients randomized to one of the AEDs had approximately twice the risk 
(adjusted Relative Risk 1.8, 95% CI:1.2, 2.7) of suicidal thinking or behavior 
compared to patients randomized to placebo. In these trials, which had 
a median treatment duration of 12 weeks, the estimated incidence rate 
of suicidal behavior or ideation among 27863 AED-treated patients was 
0.43%, compared to 0.24% among 16029 placebo-treated patients, 
representing an increase of approximately one case of suicidal thinking or 
behavior for every 530 patients treated. There were four suicides in drug-
treated patients in the trials and none in placebo-treated patients, but the 

number is too small to allow any conclusion about drug effect on suicide. 
The increased risk of suicidal thoughts or behavior with AEDs was observed 
as early as 1 week after starting drug treatment with AEDs and persisted 
for the duration of treatment assessed. Because most trials included in 
the analysis did not extend beyond 24 weeks, the risk of suicidal thoughts 
or behavior beyond 24 weeks could not be assessed. The risk of suicidal 
thoughts or behavior was generally consistent among drugs in the data 
analyzed. The finding of increased risk with AEDs of varying mechanisms 
of action and across a range of indications suggests that the risk applies to 
all AEDs used for any indication. The risk did not vary substantially by age 
(5-100 years) in the clinical trials analyzed [see Warnings and Precautions in 
full PI for absolute and relative risk by indication for all evaluated AEDs].
The relative risk for suicidal thoughts or behavior was higher in clinical trials 
in patients with epilepsy than in clinical trials in patients with psychiatric 
or other conditions, but the absolute risk differences were similar for 
the epilepsy and psychiatric indications. Anyone considering prescribing 
EPIDIOLEX or any other AED must balance the risk of suicidal thoughts 
or behaviors with the risk of untreated illness. Epilepsy and many other 
illnesses for which AEDs are prescribed are themselves associated with 
morbidity and mortality and an increased risk of suicidal thoughts and 
behavior. Should suicidal thoughts and behavior emerge during treatment, 
consider whether the emergence of these symptoms in any given patient 
may be related to the illness being treated. 

Hypersensitivity Reactions - EPIDIOLEX can cause hypersensitivity 
reactions. Some subjects in the EPIDIOLEX clinical trials had pruritus, 
erythema, and angioedema requiring treatment, including corticosteroids 
and antihistamines. Patients with known or suspected hypersensitivity to any 
ingredients of EPIDIOLEX were excluded from the clinical trials. If a patient 
develops hypersensitivity reactions after treatment with EPIDIOLEX, the drug 
should be discontinued. EPIDIOLEX is contraindicated in patients with a 
prior hypersensitivity reaction to cannabidiol or any of the ingredients in the 
product, which includes sesame seed oil [see Description in full PI]. 
Withdrawal of Antiepileptic Drugs (AEDs) - As with most antiepileptic 
drugs, EPIDIOLEX should generally be withdrawn gradually because of the 
risk of increased seizure frequency and status epilepticus [see Dosage 
and Administration and Clinical Studies in full PI]. But if withdrawal is 
needed because of a serious adverse event, rapid discontinuation can 
be considered. 

ADVERSE REACTIONS
The following important adverse reactions are described elsewhere [see 
Warnings and Precautions in full PI]:
•  Hepatocellular Injury
•  Somnolence and Sedation
•  Suicidal Behavior and Ideation
•  Hypersensitivity Reactions
•  Withdrawal of Antiepileptic Drugs

Clinical Trials Experience: Because clinical trials are conducted under 
widely varying conditions, adverse reaction rates observed in the clinical 
trials of a drug cannot be directly compared to rates in the clinical trials 
of another drug and may not reflect the rates observed in practice. In 
controlled and uncontrolled trials in patients with LGS and DS, 689 patients 
were treated with EPIDIOLEX, including 533 patients treated for more than 
6 months, and 391 patients treated for more than 1 year. In controlled and 
uncontrolled trials in patients with TSC, 223 patients were treated with 
EPIDIOLEX, including 151 patients treated for more than 6 months, 88 
patients treated for more than 1 year, and 15 patients treated for more than 
2 years. In an expanded access program and other compassionate use 
programs, 271 patients with DS, LGS, or TSC were treated with EPIDIOLEX, 
including 237 patients treated for more than 6 months, 204 patients treated 
for more than 1 year, and 140 patients treated for more than 2 years.

In placebo controlled trials of patients with LGS or DS (includes Studies 1, 2, 
3, and a Phase 2 controlled study in DS), 323 patients received EPIDIOLEX. 
Adverse reactions are presented below; the duration of treatment in these 
trials was up to 14 weeks. Approximately 46% of patients were female,  
83% were Caucasian, and the mean age was 14 years (range 2 to 48 
years). All patients were taking other AEDs. In controlled trials in LGS or 
DS, the rate of discontinuation as a result of any adverse reaction was 

2.7% for patients taking EPIDIOLEX 10 mg/kg/day, 11.8% for patients 
taking EPIDIOLEX 20 mg/kg/day, and 1.3% for patients on placebo. The 
most frequent cause of discontinuations was transaminase elevation. 
Discontinuation for transaminase elevation occurred at an incidence of 
1.3% in patients taking EPIDIOLEX 10 mg/kg/day, 5.9% in patients taking 
EPIDIOLEX 20 mg/kg/day, and 0.4% in patients on placebo. Somnolence, 
sedation, and lethargy led to discontinuation in 3% of patients taking 
EPIDIOLEX 20 mg/kg/day compared to 0% of patients taking EPIDIOLEX 
10 mg/kg/day or on placebo. The most common adverse reactions that 
occurred in EPIDIOLEX-treated patients with LGS or DS (incidence at least 
10% and greater than placebo) were somnolence; decreased appetite; 
diarrhea; transaminase elevations; fatigue, malaise, and asthenia; rash; 
insomnia, sleep disorder, and poor quality sleep; and infections. The table 
below lists the adverse reactions that were reported in at least 3% of 
EPIDIOLEX-treated patients, and at a rate greater than those on placebo, in 
the placebo-controlled trials in LGS and DS. Adverse reactions were similar 
across LGS and DS in pediatric and adult patients. 

Adverse Reactions in Patients Treated with EPIDIOLEX in Controlled 
Trials of LGS and DS (Studies 1, 2, and 3)

Adverse Reactions

EPIDIOLEX Placebo
10 mg/kg/day 20 mg/kg/day 

N=75
%

N=238
%

N=227
%

Hepatic Disorders
Transaminases elevated 8 16 3

Gastrointestinal Disorders 
Decreased appetite 16 22 5
Diarrhea 9 20 9
Weight decreased 3 5 1
Gastroenteritis 0 4 1
Abdominal pain, discomfort 3 3 1

Nervous System Disorders 
Somnolence 23 25 8
Fatigue, malaise, asthenia 11 12 4
Lethargy 4 8 2
Sedation 3 6 1
Irritability, agitation 9 5 2
Aggression, anger 3 5 <1

Insomnia, sleep disorder,  
poor quality sleep 11 5 4

Drooling, salivary hypersecretion 1 4 <1
Gait disturbance 3 2 <1

Infections 
Infection, all 41 40 31

Infection, other 25 21 24
Infection, viral 7 11 6
Pneumonia 8 5 1
Infection, fungal 1 3 0

Other 
Rash 7 13 3
Hypoxia, respiratory failure 3 3 1

In a placebo-controlled trial of patients with TSC (Study 4), 148 patients 
received EPIDIOLEX. Adverse reactions are presented below; the duration of 
treatment in this trial was up to 16 weeks. Approximately 42% of patients 
were female, 90% were Caucasian, and the mean age was 14 years (range 
1 to 57 years). All patients but one (25 mg/kg/day group) were taking other 
AEDs. In the controlled trial in TSC, the rate of discontinuation as a result of 
any adverse reaction was 11% for patients taking EPIDIOLEX  
25 mg/kg/day and 3% for patients on placebo. The most frequent cause of 
discontinuation was rash (5%). The most common adverse reactions that 
occurred in EPIDIOLEX-treated patients with TSC (incidence at least 10% 
at the recommended dosage and greater than placebo) were diarrhea; 
transaminase elevations; decreased appetite; somnolence; pyrexia; and 
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vomiting. The table below lists the adverse reactions that were reported in 
at least 3% of EPIDIOLEX-treated patients, and at a rate greater than those 
on placebo, in the placebo-controlled trial in TSC. Adverse reactions were 
similar in pediatric and adult patients with TSC.

Adverse Reactions in Patients Treated with EPIDIOLEX in Controlled 
Trial of TSC (Study 4)

Adverse Reactions

EPIDIOLEX Placebo

25 mg/kg/day 

N=75
%

N=76
%

Hematological changes
Anemia 7 1
Platelet count decreased 5 1
Eosinophil count increased 5 0

Hepatic Disorders
Transaminases elevated 25 0

Gastrointestinal Disorders
Diarrhea 31 25
Decreased appetite 20 12
Vomiting 17 9
Nausea 9 3
Gastroenteritis 8 7
Weight decreased 7 0

Nervous System Disorders 
Somnolence 13 9
Gait disturbance 9 5
Fatigue, malaise, asthenia 5 1

Infections
Ear infection 8 3
Urinary tract infection 5 0
Pneumonia 4 1

Other 
Pyrexia 19 8
Rash 8 4
Rhinorrhea 4 0

Additional Adverse Reactions in Patients with LGS, DS, or TSC
Decreased Weight - EPIDIOLEX can cause weight loss. In the controlled 
trials of patients with LGS or DS (10 and 20 mg/kg/day), based on 
measured weights, 16% of EPIDIOLEX-treated patients had a decrease 
in weight of at least 5% from their baseline weight, compared to 8% of 
patients on placebo. The decrease in weight appeared to be dose-related, 
with 18% of patients on EPIDIOLEX 20 mg/kg/day experiencing a decrease 
in weight at least 5%, compared to 9% in patients on EPIDIOLEX 10 mg/
kg/day. In the controlled trial of patients with TSC (25 mg/kg/day), 31% 
of EPIDIOLEX-treated patients had a decrease in weight of at least 5% 
from their baseline weight, compared to 8% of patients on placebo. In 
some cases, the decreased weight was reported as an adverse event (see 
Tables above).

Hematologic Abnormalities - EPIDIOLEX can cause decreases in hemoglobin 
and hematocrit. In controlled trials of patients with LGS or DS, the mean 
decrease in hemoglobin from baseline to end of treatment was -0.42 g/dL 
in EPIDIOLEX-treated patients receiving 10 or 20 mg/kg/day and  
-0.03 g/dL in patients on placebo. A corresponding decrease in hematocrit 
was also observed, with a mean change of -1.5% in EPIDIOLEX-treated 
patients, and -0.4% in patients on placebo. In the trial of patients with 
TSC, the mean decrease in hemoglobin from baseline to end of treatment 
was -0.37 g/dL in EPIDIOLEX-treated patients receiving 25 mg/kg/day and 
0.07 g/dL in patients on placebo. A corresponding decrease in hematocrit 
was also observed, with a mean change of -1.2% in EPIDIOLEX-treated 
patients, and -0.2% in patients on placebo. There was no effect on red 
blood cell indices. Thirty percent (30%) of EPIDIOLEX-treated patients with 
LGS and DS and 38% of EPIDIOLEX-treated patients with TSC developed a 
new laboratory-defined anemia during the course of the study (defined as 

a normal hemoglobin concentration at baseline, with a reported value less 
than the lower limit of normal at a subsequent time point), versus 13% of 
patients with LGS and DS on placebo and 15% of patients with  
TSC on placebo.

Increases in Creatinine - EPIDIOLEX can cause elevations in serum 
creatinine. The mechanism has not yet been determined. In controlled 
studies in healthy adults and in patients with LGS, DS, and TSC, an increase 
in serum creatinine of approximately 10% was observed within 2 weeks 
of starting EPIDIOLEX. The increase was reversible in healthy adults. 
Reversibility was not assessed in studies in LGS, DS, or TSC. 

DRUG INTERACTIONS

Effect of Other Drugs on EPIDIOLEX
Strong CYP3A4 or CYP2C19 Inducers: Coadministration with a strong 
CYP3A4 and CYP2C19 inducer (rifampin 600 mg once daily) decreased 
cannabidiol and 7-OH-CBD plasma concentrations by approximately 
32% and 63%. The impact of such changes on efficacy of EPIDIOLEX is 
not known [see Clinical Pharmacology in full PI]. Consider an increase in 
EPIDIOLEX dosage (based on clinical response and tolerability) up to 2-fold, 
when coadministered with a strong CYP3A4 and/or CYP2C19 inducer. 

Effect of EPIDIOLEX on Other Drugs
UGT1A9, UGT2B7, CYP1A2, CYP2B6, CYP2C8, CYP2C9 and CYP2C19 
Substrates: In vitro data predict drug-drug interactions with CYP1A2 
substrates (e.g., theophylline, caffeine), CYP2B6 substrates (e.g., bupropion, 
efavirenz), uridine 5’-diphospho-glucuronosyltransferase 1A9 (UGT1A9) 
substrates (e.g., diflunisal, propofol, fenofibrate), and UGT2B7 substrates 
(e.g., gemfibrozil, lamotrigine, morphine, lorazepam) when coadministered 
with EPIDIOLEX. Coadministration of EPIDIOLEX is also predicted to cause 
clinically significant interactions with CYP2C8 and CYP2C9 (e.g., phenytoin) 
substrates. Because of potential inhibition of enzyme activity, consider 
a reduction in dosage of substrates of UGT1A9, UGT2B7, CYP2C8, and 
CYP2C9, as clinically appropriate, if adverse reactions are experienced 
when administered concomitantly with EPIDIOLEX. Because of potential for 
both induction and inhibition of enzyme activity, consider adjusting dosage 
of substrates of CYP1A2 and CYP2B6, as clinically appropriate [see Clinical 
Pharmacology in full PI].
Sensitive CYP2C19 Substrates: In vivo data show that coadministration of 
EPIDIOLEX increases plasma concentrations of drugs that are metabolized 
by (i.e., are substrates of) CYP2C19 (e.g., diazepam) and may increase the 
risk of adverse reactions with these substrates [see Clinical Pharmacology in 
full PI)]. Consider a reduction in dosage of sensitive CYP2C19 substrates, as 
clinically appropriate, when coadministered with EPIDIOLEX.

Clobazam: Coadministration of EPIDIOLEX produces a 3-fold increase in 
plasma concentrations of N-desmethylclobazam, the active metabolite of 
clobazam (a substrate of CYP2C19), with no effect on clobazam levels [see 
Clinical Pharmacology in full PI]. The increase in N-desmethylclobazam 
may increase the risk of clobazam-related adverse reactions [see Warnings 
and Precautions in full PI]. Consider a reduction in dosage of clobazam if 
adverse reactions known to occur with clobazam are experienced when  
co-administered with EPIDIOLEX.

Concomitant Use of EPIDIOLEX and Valproate - Concomitant use of 
EPIDIOLEX and valproate increases the incidence of liver enzyme elevations 
[see Warnings and Precautions in full PI]. If such elevations occur, 
discontinuation or reduction of EPIDIOLEX and/or concomitant valproate 
should be considered. Insufficient data are available to assess the risk of 
concomitant administration of other hepatotoxic drugs and EPIDIOLEX.

Concomitant Use of EPIDIOLEX and Mammalian Target of Rapamycin 
(mTOR) or Calcineurin Inhibitors - No dedicated drug-drug interaction 
studies have been conducted with mTOR inhibitors (e.g., everolimus) or 
calcineurin inhibitors (e.g., tacrolimus). Reports in the literature suggest that 
cannabidiol administration resulted in increased serum levels of everolimus, 
sirolimus, or tacrolimus. The mechanism of increase in mTOR or calcineurin 
inhibitors concentrations is not clearly understood. Consider a reduction in 
dosage of everolimus, sirolimus, or tacrolimus, if adverse reactions known 
to occur with those medications are experienced when co-administered 
with EPIDIOLEX.

CNS Depressants and Alcohol - Concomitant use of EPIDIOLEX with other 
CNS depressants (including alcohol) may increase the risk of sedation and 
somnolence [see Warnings and Precautions in full PI].
USE IN SPECIFIC POPULATIONS
Pregnancy
Pregnancy Exposure Registry: There is a pregnancy exposure registry that 
monitors pregnancy outcomes in women exposed to antiepileptic drugs 
(AEDs), such as EPIDIOLEX, during pregnancy. Encourage women who 
are taking EPIDIOLEX during pregnancy to enroll in the North American 
Antiepileptic Drug (NAAED) Pregnancy Registry by calling the toll free 
number 1-888-233-2334 or visiting http://www.aedpregnancyregistry.org/.

Risk Summary: There are no adequate data on the developmental risks 
associated with the use of EPIDIOLEX in pregnant women. Administration 
of cannabidiol to pregnant animals produced evidence of developmental 
toxicity (increased embryofetal mortality in rats and decreased fetal body 
weights in rabbits; decreased growth, delayed sexual maturation, long-term 
neurobehavioral changes, and adverse effects on the reproductive system 
in rat offspring) at maternal plasma exposures similar to (rabbit) or greater 
than (rat) that in humans at therapeutic doses (see Animal Data in full PI). 
Lactation
Risk Summary: There are no data on the presence of cannabidiol or its 
metabolites in human milk, the effects on the breastfed infant, or the effects 
on milk production. The developmental and health benefits of breastfeeding 
should be considered along with the mother’s clinical need for EPIDIOLEX 
and any potential adverse effects on the breastfed infant from EPIDIOLEX or 
from the underlying maternal condition.

Pediatric Use - Safety and effectiveness of EPIDIOLEX for the treatment 
of seizures associated with LGS, DS, or TSC have been established in 
patients 1 year of age and older. The use of EPIDIOLEX in these indications 
is supported by adequate and well-controlled studies in patients 2 years of 
age and older with LGS and DS and in patients 1 year of age and older with 
TSC. Safety and effectiveness of EPIDIOLEX in pediatric patients below  
1 year of age have not been established. 

Geriatric Use - Clinical trials of EPIDIOLEX in the treatment of LGS, DS, and 
TSC did not include a sufficient number of patients aged above 55 years to 
determine whether or not they respond differently from younger patients. 
In general, dose selection for an elderly patient should be cautious, usually 
starting at the low end of the dosing range, reflecting the greater frequency 
of decreased hepatic, renal, or cardiac function, and of concomitant disease 
or other drug therapy [see Dosage and Administration, Warnings and 
Precautions, and Clinical Pharmacology in full PI]. 
Hepatic Impairment - Because of an increase in exposure to EPIDIOLEX, 
dosage adjustments are necessary in patients with moderate or severe 
hepatic impairment [see Dosage and Administration, Warnings and 
Precautions, and Clinical Pharmacology in full PI]. EPIDIOLEX does not 
require dosage adjustments in patients with mild hepatic impairment. 

Please see the full PI for Patient Counseling Information.
See full Prescribing Information at www.EPIDIOLEXhcp.com.
Marketed by Greenwich Biosciences, Inc., Carlsbad, CA 92008 USA
©2020 Greenwich Biosciences, Inc.  All rights reserved.
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vomiting. The table below lists the adverse reactions that were reported in 
at least 3% of EPIDIOLEX-treated patients, and at a rate greater than those 
on placebo, in the placebo-controlled trial in TSC. Adverse reactions were 
similar in pediatric and adult patients with TSC.

Adverse Reactions in Patients Treated with EPIDIOLEX in Controlled 
Trial of TSC (Study 4)

Adverse Reactions

EPIDIOLEX Placebo

25 mg/kg/day 

N=75
%

N=76
%

Hematological changes
Anemia 7 1
Platelet count decreased 5 1
Eosinophil count increased 5 0

Hepatic Disorders
Transaminases elevated 25 0

Gastrointestinal Disorders
Diarrhea 31 25
Decreased appetite 20 12
Vomiting 17 9
Nausea 9 3
Gastroenteritis 8 7
Weight decreased 7 0

Nervous System Disorders 
Somnolence 13 9
Gait disturbance 9 5
Fatigue, malaise, asthenia 5 1

Infections
Ear infection 8 3
Urinary tract infection 5 0
Pneumonia 4 1

Other 
Pyrexia 19 8
Rash 8 4
Rhinorrhea 4 0

Additional Adverse Reactions in Patients with LGS, DS, or TSC
Decreased Weight - EPIDIOLEX can cause weight loss. In the controlled 
trials of patients with LGS or DS (10 and 20 mg/kg/day), based on 
measured weights, 16% of EPIDIOLEX-treated patients had a decrease 
in weight of at least 5% from their baseline weight, compared to 8% of 
patients on placebo. The decrease in weight appeared to be dose-related, 
with 18% of patients on EPIDIOLEX 20 mg/kg/day experiencing a decrease 
in weight at least 5%, compared to 9% in patients on EPIDIOLEX 10 mg/
kg/day. In the controlled trial of patients with TSC (25 mg/kg/day), 31% 
of EPIDIOLEX-treated patients had a decrease in weight of at least 5% 
from their baseline weight, compared to 8% of patients on placebo. In 
some cases, the decreased weight was reported as an adverse event (see 
Tables above).

Hematologic Abnormalities - EPIDIOLEX can cause decreases in hemoglobin 
and hematocrit. In controlled trials of patients with LGS or DS, the mean 
decrease in hemoglobin from baseline to end of treatment was -0.42 g/dL 
in EPIDIOLEX-treated patients receiving 10 or 20 mg/kg/day and  
-0.03 g/dL in patients on placebo. A corresponding decrease in hematocrit 
was also observed, with a mean change of -1.5% in EPIDIOLEX-treated 
patients, and -0.4% in patients on placebo. In the trial of patients with 
TSC, the mean decrease in hemoglobin from baseline to end of treatment 
was -0.37 g/dL in EPIDIOLEX-treated patients receiving 25 mg/kg/day and 
0.07 g/dL in patients on placebo. A corresponding decrease in hematocrit 
was also observed, with a mean change of -1.2% in EPIDIOLEX-treated 
patients, and -0.2% in patients on placebo. There was no effect on red 
blood cell indices. Thirty percent (30%) of EPIDIOLEX-treated patients with 
LGS and DS and 38% of EPIDIOLEX-treated patients with TSC developed a 
new laboratory-defined anemia during the course of the study (defined as 

a normal hemoglobin concentration at baseline, with a reported value less 
than the lower limit of normal at a subsequent time point), versus 13% of 
patients with LGS and DS on placebo and 15% of patients with  
TSC on placebo.

Increases in Creatinine - EPIDIOLEX can cause elevations in serum 
creatinine. The mechanism has not yet been determined. In controlled 
studies in healthy adults and in patients with LGS, DS, and TSC, an increase 
in serum creatinine of approximately 10% was observed within 2 weeks 
of starting EPIDIOLEX. The increase was reversible in healthy adults. 
Reversibility was not assessed in studies in LGS, DS, or TSC. 

DRUG INTERACTIONS

Effect of Other Drugs on EPIDIOLEX
Strong CYP3A4 or CYP2C19 Inducers: Coadministration with a strong 
CYP3A4 and CYP2C19 inducer (rifampin 600 mg once daily) decreased 
cannabidiol and 7-OH-CBD plasma concentrations by approximately 
32% and 63%. The impact of such changes on efficacy of EPIDIOLEX is 
not known [see Clinical Pharmacology in full PI]. Consider an increase in 
EPIDIOLEX dosage (based on clinical response and tolerability) up to 2-fold, 
when coadministered with a strong CYP3A4 and/or CYP2C19 inducer. 

Effect of EPIDIOLEX on Other Drugs
UGT1A9, UGT2B7, CYP1A2, CYP2B6, CYP2C8, CYP2C9 and CYP2C19 
Substrates: In vitro data predict drug-drug interactions with CYP1A2 
substrates (e.g., theophylline, caffeine), CYP2B6 substrates (e.g., bupropion, 
efavirenz), uridine 5’-diphospho-glucuronosyltransferase 1A9 (UGT1A9) 
substrates (e.g., diflunisal, propofol, fenofibrate), and UGT2B7 substrates 
(e.g., gemfibrozil, lamotrigine, morphine, lorazepam) when coadministered 
with EPIDIOLEX. Coadministration of EPIDIOLEX is also predicted to cause 
clinically significant interactions with CYP2C8 and CYP2C9 (e.g., phenytoin) 
substrates. Because of potential inhibition of enzyme activity, consider 
a reduction in dosage of substrates of UGT1A9, UGT2B7, CYP2C8, and 
CYP2C9, as clinically appropriate, if adverse reactions are experienced 
when administered concomitantly with EPIDIOLEX. Because of potential for 
both induction and inhibition of enzyme activity, consider adjusting dosage 
of substrates of CYP1A2 and CYP2B6, as clinically appropriate [see Clinical 
Pharmacology in full PI].
Sensitive CYP2C19 Substrates: In vivo data show that coadministration of 
EPIDIOLEX increases plasma concentrations of drugs that are metabolized 
by (i.e., are substrates of) CYP2C19 (e.g., diazepam) and may increase the 
risk of adverse reactions with these substrates [see Clinical Pharmacology in 
full PI)]. Consider a reduction in dosage of sensitive CYP2C19 substrates, as 
clinically appropriate, when coadministered with EPIDIOLEX.

Clobazam: Coadministration of EPIDIOLEX produces a 3-fold increase in 
plasma concentrations of N-desmethylclobazam, the active metabolite of 
clobazam (a substrate of CYP2C19), with no effect on clobazam levels [see 
Clinical Pharmacology in full PI]. The increase in N-desmethylclobazam 
may increase the risk of clobazam-related adverse reactions [see Warnings 
and Precautions in full PI]. Consider a reduction in dosage of clobazam if 
adverse reactions known to occur with clobazam are experienced when  
co-administered with EPIDIOLEX.

Concomitant Use of EPIDIOLEX and Valproate - Concomitant use of 
EPIDIOLEX and valproate increases the incidence of liver enzyme elevations 
[see Warnings and Precautions in full PI]. If such elevations occur, 
discontinuation or reduction of EPIDIOLEX and/or concomitant valproate 
should be considered. Insufficient data are available to assess the risk of 
concomitant administration of other hepatotoxic drugs and EPIDIOLEX.

Concomitant Use of EPIDIOLEX and Mammalian Target of Rapamycin 
(mTOR) or Calcineurin Inhibitors - No dedicated drug-drug interaction 
studies have been conducted with mTOR inhibitors (e.g., everolimus) or 
calcineurin inhibitors (e.g., tacrolimus). Reports in the literature suggest that 
cannabidiol administration resulted in increased serum levels of everolimus, 
sirolimus, or tacrolimus. The mechanism of increase in mTOR or calcineurin 
inhibitors concentrations is not clearly understood. Consider a reduction in 
dosage of everolimus, sirolimus, or tacrolimus, if adverse reactions known 
to occur with those medications are experienced when co-administered 
with EPIDIOLEX.

CNS Depressants and Alcohol - Concomitant use of EPIDIOLEX with other 
CNS depressants (including alcohol) may increase the risk of sedation and 
somnolence [see Warnings and Precautions in full PI].
USE IN SPECIFIC POPULATIONS
Pregnancy
Pregnancy Exposure Registry: There is a pregnancy exposure registry that 
monitors pregnancy outcomes in women exposed to antiepileptic drugs 
(AEDs), such as EPIDIOLEX, during pregnancy. Encourage women who 
are taking EPIDIOLEX during pregnancy to enroll in the North American 
Antiepileptic Drug (NAAED) Pregnancy Registry by calling the toll free 
number 1-888-233-2334 or visiting http://www.aedpregnancyregistry.org/.

Risk Summary: There are no adequate data on the developmental risks 
associated with the use of EPIDIOLEX in pregnant women. Administration 
of cannabidiol to pregnant animals produced evidence of developmental 
toxicity (increased embryofetal mortality in rats and decreased fetal body 
weights in rabbits; decreased growth, delayed sexual maturation, long-term 
neurobehavioral changes, and adverse effects on the reproductive system 
in rat offspring) at maternal plasma exposures similar to (rabbit) or greater 
than (rat) that in humans at therapeutic doses (see Animal Data in full PI). 
Lactation
Risk Summary: There are no data on the presence of cannabidiol or its 
metabolites in human milk, the effects on the breastfed infant, or the effects 
on milk production. The developmental and health benefits of breastfeeding 
should be considered along with the mother’s clinical need for EPIDIOLEX 
and any potential adverse effects on the breastfed infant from EPIDIOLEX or 
from the underlying maternal condition.

Pediatric Use - Safety and effectiveness of EPIDIOLEX for the treatment 
of seizures associated with LGS, DS, or TSC have been established in 
patients 1 year of age and older. The use of EPIDIOLEX in these indications 
is supported by adequate and well-controlled studies in patients 2 years of 
age and older with LGS and DS and in patients 1 year of age and older with 
TSC. Safety and effectiveness of EPIDIOLEX in pediatric patients below  
1 year of age have not been established. 

Geriatric Use - Clinical trials of EPIDIOLEX in the treatment of LGS, DS, and 
TSC did not include a sufficient number of patients aged above 55 years to 
determine whether or not they respond differently from younger patients. 
In general, dose selection for an elderly patient should be cautious, usually 
starting at the low end of the dosing range, reflecting the greater frequency 
of decreased hepatic, renal, or cardiac function, and of concomitant disease 
or other drug therapy [see Dosage and Administration, Warnings and 
Precautions, and Clinical Pharmacology in full PI]. 
Hepatic Impairment - Because of an increase in exposure to EPIDIOLEX, 
dosage adjustments are necessary in patients with moderate or severe 
hepatic impairment [see Dosage and Administration, Warnings and 
Precautions, and Clinical Pharmacology in full PI]. EPIDIOLEX does not 
require dosage adjustments in patients with mild hepatic impairment. 

Please see the full PI for Patient Counseling Information.
See full Prescribing Information at www.EPIDIOLEXhcp.com.
Marketed by Greenwich Biosciences, Inc., Carlsbad, CA 92008 USA
©2020 Greenwich Biosciences, Inc.  All rights reserved.
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The Technology Behind Optimizing 
Parkinson Disease Management
Advances in wearables and virtual reality present an opportunity to maximize  
rehabilitative efforts and improve outcomes. 
By Linda Peckel

TECHNOLOGICAL DEVELOPMENTS OVER THE past decade are now 
leading to long-awaited advances in the management of Parkinson 
disease (PD). These tech-driven approaches—including exergaming, 
virtual reality, and the use of wearable devices—have not only helped 
improve rehabilitation but may also provide more accurate measures 
of therapeutic efficacy for new treatments undergoing clinical trials.

The role of virtual reality and exergaming  
in PD physiotherapy
Virtual reality has been used to drive purposeful, targeted exercise 
therapy for a number of progressive disorders affecting muscular 
function, including traumatic brain injury, cerebral palsy, stroke, 
and PD.1 Virtual reality–based games are available on widely avail-
able gaming systems and have demonstrated specific benefits for 
improving balance, gait, functional mobility, and overall quality of 
life for individuals with PD.2,3 Results of a recent study from Brazil 
showed that the weekly addition of Nintendo Wii exercises signifi-
cantly magnified the therapeutic effects of conventional exercise 
therapy alone.2

Exergaming, virtual reality, augmented reality, and their vari-
ants come in many shapes and sizes, said Jeffrey Hausdorff, PhD, 

director at the Center for the Study of Movement, Cognition, and 
Mobility at the Neurology Institute at the Sourasky Medical Center 
in Tel Aviv, Israel, who has been involved in many of the trials of 
digital technologies for PD. “In general, interven-
tions based on these technologies can be very 
helpful as ways of enhancing and augmenting 
the impact of other, more conventional behav-
ioral interventions for Parkinson disease. Engaging 
‘games’ can heighten motivation and increase 
[adherence]; this in turn leads to a stronger impact 
of the therapy. They can also provide specific 
aspects of therapy that may be difficult to deliver 
otherwise,” he told NeurologyLive®.

In one multicenter, randomized, controlled study (RCT) designed 
to examine the added value of a relatively simple virtual reality 
system, Hausdorff explained that subjects walk on a treadmill with a 
screen attached to it that allows them to envision themselves walking 
through an environment with obstacles and challenging conditions 
where they have to learn implicitly, in a game-like fashion, how to 
walk and do other things at the same time, including dual tasks such 
as motor and cognitive challenges.4 In another study that included ©
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older adults as well as patients with PD, Hausdorff and colleagues 
found a significant reduction in falls among the participants who 
trained with a treadmill and virtual reality system compared with an 
active control group who performed treadmill training alone.5 “With 
this type of system, we can target certain aspects of cognitive func-
tion that are important to daily walking and cannot be targeted with 
treadmill training alone,” he said.

Managing progression in Parkinson disease
Long-term management of PD presents many clinical challenges 
as the status of the patient deteriorates over time. “In the early 
phases of the disease, typically patients respond well to pharma-
cotherapies,” explained Paolo Bonato, PhD, director of the Motion 
Analysis Laboratory at Spaulding Rehabilitation Hospital in Boston, 
Massachusetts, “but unfortunately, as the disease progresses, it 

becomes more difficult to control their symptoms.” 
Patients often report experiencing a roller coaster 
of parkinsonian symptoms, recognized clinically 
as motor fluctuations. Bradykinesia might respond 
well to treatment, but patients might experience 
severe dyskinesia as a result. 

“A significant portion of patients with Parkinson 
disease experience motor fluctuations, meaning 
their symptoms are not constant over time,” Bonato 

said. The severity of dyskinesia often varies within the interval 
between medication intakes; patients might experience episodes 
within the first hour of taking their medication (onset dyskinesia), at 
the peak of the medication’s effects, or at the end, as the effects are 
wearing off. These symptoms are quite disruptive to their ability to 
perform activities of daily living, Bonato noted, and they are a signif-
icant focus of clinical attention during the later years of the disease.

Uses for wearable technology 
Motor fluctuations
Although levodopa-induced dyskinesia is a common complication in 
PD, recent research indicates that dyskinesias develop as a function 
of disease duration rather than accumulation of levodopa. This has 
led to recommendations to initiate levodopa therapy without delay 
early in the disease course, but the problem with motor fluctuations 
remains once the disease progresses.6 

Bonato observed that as neurologists titrate the patients’ medi-
cations to better manage their symptoms, a major challenge is that 
patients do not have an objective perception of their motor status, 
in part because of the cognitive effects of their disease. Patients 
are simply not able to report reliably on the effects of changes in 
the medication regimen. But more than that, Bonato pointed out 
that proper assessment of the severity of symptoms is very chal-
lenging, even to clinicians. “In fact, clinical researchers undergo 
training to administer the MDS-UPDRS [International Parkinson and 
Movement Disorder Society Parkinson’s disease rating scale], which 
is the clinical scale to assess the severity of parkinsonian symptoms 
that is most commonly used,” he said. 

Wearable technology has been able to detect fluctuations 
occurring in increments of as little as 5 minutes compared with 

patient-reported symptoms in diaries, which monitor changes at 
only 30-minute intervals at best, according to Bonato, who plans to 
publish these data soon. 

Falling
Falling is a complex type of dysfunction that involves multiple 
aspects of cognition. “Safe ambulation also involves executive 
function, a set of higher-level cognitive functions that include the 
ability to walk and multitask and the ability to plan and adapt to 
one’s environment,” Hausdorff explained. “We used to think that 
walking was primarily a motor ability that required intact muscle 
and skeletal function and sensory function for feedback,” he said. 
“Those abilities are certainly critical components of safe ambula-
tion. However, there’s a key ingredient that’s missing in that view, 
and that’s cognitive function.” 

Some of his studies looked at the role of cognition in helping the 
patient maintain attention to tasks of mobility.7 “The virtual reality 
technology that we evaluated in the RCT mirrors many real-world 
walking situations, such as walking outdoors, which requires being 
able to do multiple things while walking, such as listening to head-
sets, talking to companions, thinking about what we’re going to be 
doing next, and negotiating obstacles. If you just walk on a treadmill 
alone without that added virtual reality component, it’s training just 
for the motor part while not focusing at all on the cognitive aspects 
of walking that are needed for safe ambulation,” Hausdorff said.

Freezing
Freezing gait is a significant problem in advanced PD, in which 
motion advancement is very small or does not occur at all. Results of 
recent studies have indicated that freezing is not limited to gait but 
can also significantly hinder upper limb movements and speech.8 
Digital technologies have been extensively studied as cueing modali-
ties to recover attention to specific motor tasks, to rescue the patient 
from a freezing episode.8

PAOLO  
BONATO, PHD

We used to think that walking was 
primarily a motor ability that required 
intact muscle and skeletal function and 
sensory function for feedback. Those 
abilities are certainly critical components 
of safe ambulation. However, there’s a 
key ingredient that’s missing in that view, 
and that’s cognitive function.

— JEFFREY HAUSDORFF, PHD
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Hausdorff and Alice Nieuwboer, PhD, of the University of Leuven 
in Belgium, are currently collaborating on a study funded by the 
Michael J. Fox Foundation for Parkinson’s Research designed to 
detect a freezing event. In this study, subjects wear a sensor on their 
shoes that measures the movement of their feet and any freezing 
events as they conduct their daily activities. The sensor’s informa-
tion is wirelessly transmitted to a smartphone that measures walking 
in real time. The system is designed to detect when a freezing event 
occurs and then give a cue back to the user, helping the user to 
quickly become free from the event. “In the future, it’s hoped that it 
will also be able to warn of a freezing event before it occurs to further 
ameliorate the problem,” Hausdorff said. 

One of the unique aspects of this study is that all the assessments 
are conducted in the patient’s home and the intervention takes 
place throughout the day, wherever and whenever the patient walks. 
“Testing and treating in the home is especially advantageous at this 
time, when it is often increasingly difficult for people to make their 
way to a clinic or hospital,” Hausdorff said. 

Data collection
A primary obstacle to many clinical trials of the 1980s and 1990s 
that may have contributed to negative results, according to Bonato, 
was the inaccuracy of the self-reported data being collected 
from patients. He and colleagues9 published a study early in 2020 
that made a strong case for the use of wearable technologies to 
replace patient diaries in making treatment decisions as well as in 
clinical trials. 

“There are 2 problems with the use of patient diaries,” Bonato 
stated. “The first and more obvious one is that patients display poor 
[adherence] with the use of diaries. We know that because we track 
when patients log on to fill out electronic diaries, and hence we 
know that they are not doing that on a regular basis. The second and 
perhaps even more important issue is that we have discovered that 
motor fluctuations evolve more rapidly than we originally thought. 
Therefore, gathering data at intervals of 30 minutes, as we do by 
using patient diaries, is not enough to properly capture the charac-
teristics of the motor fluctuations that patients experience.”

Because clinical trials have relied heavily on patient diaries as 
measurements for outcomes, this new finding is highly signifi-
cant. Bonato observed that pharmaceutical companies have started 
wondering whether the negative results of past clinical trials were 
the by-product of not having access to the right technology to 
capture the effects of medications on motor fluctuations. “I antici-
pate that the large body of work in this area will result in important 
advances in the field and better treatments for patients with 
Parkinson disease,” he added.

Where Parkinson disease tech is headed
A multinational task force on technology from the MDS convened 
in 2018 to produce a set of objectives for the use of digital technol-
ogies to obtain more usable data to inform treatment decisions.10 
They reported that development of mobile digital devices has 
reached sufficient levels of “sophistication, versatility, and weara-
bility” to warrant recommending their implementation in routine 

care for patients with PD.10 With different technologies offering 
opportunities to improve quality of life and outcomes for patients 
as they begin to develop advanced symptoms, these tools are 
increasingly being recognized as necessary supportive therapies 
over the long term. 

“Clinicians, researchers, and pharmaceutical companies are very 
interested in using wearable technology,” Bonato said. “Clinicians 
are hoping that this technology may lead to significant improve-
ments in the clinical management of symptoms experienced by 
patients, and researchers are adopting the technology to collect 
more reliable data and hence improve their ability to study the 
effects of new therapies.” 
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SOCIAL PRESCRIBING FOR PATIENTS 
WITH PARKINSON DISEASE

Indu Subramanian, MD, director of the VA 
Southwest Parkinson’s Disease Research, 
Education, and Clinical Centers explains 
how social prescribing can play a key role 
in the prevention of isolation. 

View video: neurologylive.com/social-prescribing-pd



NeurologyLive.com

PEOPLE IN THE NEWS

Vol. 3 | No. 5 | October 2020   69

American Neurological 
Association Honors Calabresi, 
Others in Annual Awards 
Recipients of the 2020 
American Neurological 
Association annual awards 
were headlined by Peter A. 
Calabresi, MD, director of 
the Division of Neuroim-
munology at Johns Hopkins 
Medicine in Baltimore, Maryland, who was 
awarded the Raymond D. Adams Lecture-
ship for his presentation, “Oligodendrocyte 
Precursor Cells Present Antigen and Are 
Cytotoxic Targets in Inflammatory Demye-
lination.” The awards recognize leaders in 
academic neurology and neuroscience who 
have exemplified excellence 
in research, teaching, and 
clinical practice. Other 
notable award recipients 
included Ann Poncelet, MD, 
FAAN, a neurologist at the 
University of California, San 
Francisco, who received the 
Distinguished Neurology 
Teacher Award, and Brian 
C. Callaghan, MD, MS, the 
Fovette E. Dush Early Career 
Professor of Neurology at 
the University of Michigan in 
Ann Arbor, who was awarded 
the Wolfe Neuropathy Research Prize for his 
presentation, “Dietary Weight Loss May Halt 
Progression of Polyneuropathy in Patients with 
Obesity.”

Gregory Carter Receives 
Ernest Johnson 
Outstanding Educator Award
The American Association 
of Neuromuscular & Elec-
trodiagnostic Medicine 
(AANEM) honored Gregory 
T. Carter, MD, MS, with the 
Ernest Johnson Outstanding 
Educator Award for physi-
cal medicine and rehabilitation (PM&R). The 
award is given to those within the organization 
who have made significant contributions re-
lated to neuromuscular and electrodiagnostic 
medicine. Carter’s recent contributions to the 

AANEM Annual Meeting were a major factor 
in his consideration for the award. Carter 
currently serves as the chief medical officer 
for St. Luke’s Rehabilitation Institute in Spo-
kane, Washington, and is also in the process 
of starting a new PM&R residency program. 
He served on the AANEM Board from 2013 
to 2016 and served on the Muscle & Nerve 
Editorial Board as senior associate editor. Fur-
thermore, he has been a member of multiple 
AANEM committees including the Research 
Committee, the Podcast Editorial Board, and 
the NM Update Course committee .

Jazz Pharmaceuticals, American 
Heart Association Collaborate 
on Sleep Health 
In an effort to improve the 
health and well-being of 
people who struggle with 
healthy sleep or sleep disor-
ders, Jazz Pharmaceuticals 
is lending funding support 
to the American Heart 
Association, who will create educational 
multimedia content to promote healthy sleep. 
The educational content, which will include 
a series of podcasts featuring sleep disor-
der experts, will focus on sleep disorders, 
comorbidities, and overall well-being aimed 
at patients, caregivers, and the general pub-
lic. “Sleep is an important element to heart 
health and overall health, and it is important 
to continue to raise awareness of the positive 
health effects of quality sleep and to address 
the negative health consequences associat-
ed with poor sleep,” Eduardo Sanchez, MD, 
MPH, FAAFP, chief medical officer for preven-
tion at the American Heart Association, said 
in a statement.  

Alzheimer’s Association  
Awards Research Grant  
to T3D Therapeutics 
T3D Therapeutics has received a $740,000 
grant from the Alzheimer’s Association Part 
the Cloud-Gates Partnership Grant Program in 
support of a clinical biomarker study that will 
evaluate T3D-959, a novel, metabolic-focused, 
orally administered treatment for Alzheimer 
disease (AD). The phase 2 trial, Inhibit and 
Overcome Alzheimer’s Disease Neurodegen-
eration via Brain EnErgetics and Metabolism 
Restoration (PIONEER; NCT04251182), is ex-

pected to initiate patient dosing in early 2021. 
The double-blind safety and efficacy study 
will enroll 256 adults with mild to moderate 
AD who will receive 3 doses of T3D-959 or 
placebo for 24 weeks. “It is an honor to have 
won this highly competitive award from the 
Alzheimer’s Association Part the Cloud-Gates 
Partnership Grant Program and the recogni-
tion that improving inherent metabolic defects 
in Alzheimer’s disease is a vital and largely 
unexplored therapeutic avenue to treat AD,” 
T3D President and CEO John Didsbury, PhD, 
said in a statement. 

Epilepsy Foundation Awards 
$200,000 For Development  
of Epilepsy Diagnostics 
Jong Woo Lee, MD,  
Andres Rodriguez-Camelo, 
and Keely McCarthy, PhD, 
were collectively awarded 
$200,000 from the Epilep-
sy Foundation after they 
were named winners of this 
year’s Shark Tank Compe-
tition at the 2020 Epilepsy 
Pipeline Conference. The 
money will go toward the 
development and commer-
cialization of their winning 
product ideas. Woo Lee and 
Rodriguez-Camelo pitched 
a medical-grade smart 
mattress device known as 
Chorus that repositions 
individuals and stimulates 
them post seizure to pre-
vent sudden unexpected 
death in epilepsy (SUDEP), 
and McCarthy, who is a 
parent of child with epilepsy, presented 
an emergency epilepsy band accessory to 
ensure that rescue medications are always 
where a person needs them to be. Confer-
ence attendees and a panel of expert judges 
selected the winning entries through voting. 
Criteria included the potential benefit and 
appeal to people with epilepsy and their 
families, and the likelihood of the product 
being developed. 
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