
Advancing Narcolepsy Research:
Clinical Trials Insights and Innovations



Introduction

Narcolepsy is a chronic neurological condition characterized by a dysregulation of sleep-
wake cycles, leading to symptoms like excessive daytime sleepiness (EDS), sleep paralysis, 
hypnagogic or hypnopompic hallucinations (vivid dreams or hallucinations at sleep onset or 
awakening), and, in some cases, cataplexy (sudden muscle weakness triggered by strong 
emotions). These symptoms occur because of an imbalance in the brain's control over REM 
(rapid eye movement) sleep and wakefulness. Despite its profound impact on patients' 
quality of life, narcolepsy remains underdiagnosed and undertreated.

Clinical trials play a critical role in advancing our understanding of this condition and 
developing effective therapies. However, the path to innovation is fraught with challenges, 
from identifying pivotal endpoints and addressing safety concerns to understanding why 
certain drugs fail in clinical development. This whitepaper explores the landscape of 
narcolepsy clinical trials, covering key topics such as diagnosis criteria, epidemiology, 
approved therapies, and common failure points. By shedding light on these critical aspects, 
we aim to provide valuable insights for researchers, sponsors, and clinicians working toward 
more effective trial designs and therapeutic breakthroughs.

Optimizing clinical trial 
protocols for narcolepsy is 
key to transforming 
groundbreaking research 
into life-changing 
treatments for patients 
worldwide.
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Disease Characteristics and Key Factors

Categorization
Narcolepsy is categorized into two main types:

1. Narcolepsy Type 1 (NT1): 

• NT1 is marked by the presence of both excessive daytime 
sleepiness and cataplexy, often accompanied by low levels of the 
neurotransmitter hypocretin-1 (also called  orexin), which plays a 
critical role in wakefulness and REM sleep regulation.

2. Narcolepsy Type 2 (NT2): 

• NT2 patients experience similar excessive daytime sleepiness but 
do not have cataplexy. Additionally, hypocretin levels in these 
patients are typically normal, suggesting a different underlying 
pathology compared to NT1.

Key Clinical Features
1. Excessive Daytime Sleepiness (EDS): The most common 

symptom, EDS causes an uncontrollable need for sleep, leading 
patients to doze off during activities like eating or even driving.

2. Cataplexy: Seen primarily in NT1, cataplexy causes sudden 
muscle weakness or even temporary paralysis, often triggered by 
emotions like laughter or anger.

3. Sleep Paralysis and Hallucinations: Both types may experience 
transient episodes of paralysis when falling asleep or waking up, 
often accompanied by vivid, frightening hallucinations.

4. Disrupted Nocturnal Sleep: Though associated with excessive 
sleepiness, narcolepsy often presents with fragmented nighttime 
sleep, resulting in difficulty maintaining continuous sleep.

These symptoms have a profound impact on patients' quality of life, 
leading to challenges in daily functioning, increased risk of 
accidents, and social stigmatization.



Historical Perspective and Contributing Factors

Historical Perspective 
Early Descriptions and Misconceptions

Narcolepsy was first described in the late 19th century by French physician Jean-
Baptiste Gélineau, who identified the symptom of sudden, uncontrollable sleep in a 
patient and used the term "narcolepsy" to describe the condition. Initially, it was thought 
to be a form of epilepsy or a psychiatric disorder due to its sporadic and dramatic 
symptoms.

Advancements in the 20th Century

In the mid-20th century, scientists began to differentiate narcolepsy from other sleep 
disorders, using polysomnography (PSG) and multiple sleep latency testing (MSLT) to 
measure sleep architecture and identify the disorder's unique pattern of REM sleep 
intrusion during wakefulness. However, understanding of the condition's etiology 
remained limited.

Breakthrough in the 1990s: Hypocretin Discovery

A major breakthrough came in 1998 when researchers identified hypocretin (orexin), a 
neuropeptide produced in the hypothalamus, as the key player in regulating 
wakefulness and REM sleep. Studies on animal models, particularly narcoleptic dogs and 
mice, showed that mutations or deficiencies in hypocretin pathways led to symptoms 
similar to those seen in narcolepsy. This discovery enabled more accurate diagnosis 
and opened new pathways for treatment by targeting hypocretin-related mechanisms.

Modern Understanding and Research Focus

Today, narcolepsy is increasingly understood as a complex neurological disorder with 
autoimmune underpinnings, especially for NT1. Ongoing research explores the role of 
immune-mediated damage to hypocretin-producing neurons in the hypothalamus, 
triggered by factors like infections. 

Contributing Factors
1  .Biological Factors
• Hypocretin Deficiency: In NT1, a deficiency in hypocretin, particularly hypocretin-1, is the primary 

biological hallmark. Hypocretin is essential in stabilizing wakefulness and suppressing REM sleep. 
Its deficiency leads to the characteristic symptoms of EDS, sleep attacks, and REM-associated 
phenomena like cataplexy.

• Genetic Susceptibility: There is a strong genetic component to narcolepsy, particularly in NT1. The 
HLA-DQB1*06:02 allele is present in over 90% of individuals with NT1, indicating a strong genetic 
predisposition. 

• Immune Dysregulation: Recent studies suggest that narcolepsy may be an autoimmune disorder 
where the immune system mistakenly attacks hypocretin-producing neurons. This hypothesis is 
supported by observations of increased narcolepsy onset following certain infections or immune 
responses, pointing toward an immune trigger in genetically predisposed individuals.

2.  Psychological Factors
• Emotional Triggers: For those with NT1, emotions can directly trigger cataplexy. The neurochemical 

basis of this phenomenon remains under investigation, but it underscores the importance of 
psychological health in managing narcolepsy symptoms. Chronic narcolepsy can also lead to 
depression, anxiety, and feelings of isolation due to social stigmatization and the functional 
impact of symptoms, which further complicates disease management.

3.  Environmental Factors
• Infections and Immune Activation: Environmental factors, particularly infections, have been 

implicated as potential triggers for narcolepsy in genetically predisposed individuals. Notably, the 
H1N1 influenza virus and certain vaccines (such as the 2009 H1N1 vaccine in Europe) were 
associated with a spike in narcolepsy cases, leading researchers to consider infection as a 
precipitating factor.

• Sleep Disruptions: Chronic sleep deprivation and disruptions to sleep routines have been 
associated with worsened narcoleptic symptoms. 



Prevalence and Future Projections
Narcolepsy affects approximately 0.02-0.05% of the U.S. population, with 
estimates of around 200,000 individuals diagnosed. Prevalence trends 
have shown a slight increase over the past decade, likely due to improved 
diagnostic methods and awareness. Projections suggest continued growth 
in prevalence as awareness and diagnosis rates improve, but this will 
largely depend on future advancements in identifying and managing the 
disease.

Market Trends and Projections
The narcolepsy treatment market has experienced steady growth in recent years, largely 
driven by increased disease awareness, diagnostic advancements, and the expansion of 
therapeutic options that specifically target the condition’s complex symptomology. In 
2023, the global narcolepsy treatment market was valued at approximately USD 2.2 
billion, with projections indicating a compound annual growth rate (CAGR) of 8-10% over 
the coming decade. This growth trajectory is anticipated to continue, fueled by 
increased understanding of the disease’s underlying biology, patient demand for better 
quality of life, and ongoing development of novel therapies.

Key Market Drivers
1. Rising Awareness and Improved Diagnosis: As awareness of narcolepsy has grown, 
aided by educational campaigns and advocacy groups, there has been a notable 
increase in diagnosis rates. Advances in sleep medicine and diagnostics, particularly the 
use of multiple sleep latency testing (MSLT) and hypocretin level measurement, have 
improved diagnostic accuracy. 

2. Evolving Therapeutic Landscape: The market for narcolepsy drugs has expanded 
beyond traditional stimulants and sedative-hypnotics to include targeted treatments 
that address specific symptoms, such as EDS and cataplexy, and new mechanisms. This 
includes dopamine and norepinephrine reuptake inhibitors, histamine-3 receptor 
antagonists, and selective orexin receptor agonists. 

3. Growth in Patient Demand for Lifestyle-Enhancing Treatments: Increased awareness 
among patients has led to demand for treatments that improve quality of life without 
significant side effects or abuse potential. This has shifted market trends toward non-
stimulant medications like Wakix (pitolisant) and novel formulations like Xywav, a lower-
sodium version of Xyrem (sodium oxybate). 

Prevalence and Analysis

Drug Name Manufacturer Market Share Earning Potential (USD 
million)

Xyrem Jazz 
Pharmaceuticals 45% 1,300

Sunosi Axsome 
Therapeutics 25% 500

Wakix Harmony 
Biosciences 20% 400

Modafinil Various generic 
manufacturers 10% 100



ICD-11 Classification and Diagnostic Criteria for Narcolepsy

Narcolepsy Type 1 (ICD-11 Code: 7A20.0)
Key Diagnostic Features

1.  Excessive Daytime Sleepiness (EDS): Patients experience a daily, overwhelming 
need to sleep or experience lapses into sleep during the day.

2.  Cataplexy: This pathognomonic symptom for Type 1 narcolepsy involves sudden, 
involuntary muscle weakness during wakefulness, typically triggered by strong 
emotions (e.g., laughter, excitement).

3.  Additional Symptoms: Sleep paralysis and vivid dream-like hallucinations upon 
falling asleep or waking up may also be present, which are indicative of REM sleep 
dysregulation.

Diagnostic Requirements

For a definitive diagnosis:

• There must be a daily, irrepressible need to sleep or frequent daytime lapses into 
sleep.

• Additionally, one of the following must be met:
        - Cataplexy combined with typical multiple sleep latency test (MSLT) or 
polysomnography (PSG) findings, showing rapid onset of REM sleep.
       - Hypocretin-1 deficiency in cerebrospinal fluid (CSF), measured at less than 110 
pg/mL, if cataplexy is not present.

These diagnostic criteria reflect the condition's specific neurochemical basis in Type 
1 narcolepsy, differentiating it from other hypersomnolence disorders in the ICD-11 
classification.

Narcolepsy Type 2 (ICD-11 Code: 7A20.1) 
Type 2 narcolepsy is characterized by excessive daytime sleepiness (EDS) and 
abnormal REM sleep patterns but notably lacks cataplexy. Patients with Type 2 
narcolepsy experience repeated episodes of an overwhelming need to sleep or 
unexpected daytime sleep episodes.

Diagnostic Requirements

1.  Excessive Daytime Sleepiness (EDS): This primary symptom manifests as daily 
episodes of an urgent need to sleep or lapses into sleep during the day.

2. REM Sleep Abnormalities: Polysomnography (PSG) or multiple sleep latency 
testing (MSLT) often shows rapid entry into REM sleep, indicative of narcoleptic 
sleep patterns.

3. Hypocretin Levels: Unlike Type 1, Type 2 narcolepsy does not present with 
hypocretin (orexin) deficiency. Cerebrospinal fluid (CSF) hypocretin levels are 
generally above 110 pg/mL if measured.

Importantly, for a Type 2 narcolepsy diagnosis, there should be no evidence of 
cataplexy, differentiating it from Type 1. Additionally, symptoms should not be 
attributable to any other neurological or medical condition.



Prevalence by Gender
• There are slight gender differences in narcolepsy prevalence, though 

they vary by type. Narcolepsy Type 1 (NT1), which includes symptoms 
of cataplexy, shows a marginally higher prevalence in males, while 
Narcolepsy Type 2 (NT2) may have a more balanced or slightly 
female-dominated distribution. Variations in symptom expression, 
such as emotional triggers for cataplexy, might influence detection 
rates across genders, but the gender gap remains relatively narrow.

Prevalence by Race and Ethnicity
• Narcolepsy prevalence also varies across racial and ethnic groups. In 

Europe and North America, prevalence tends to be higher in 
Caucasian populations, with rates estimated at 0.025% to 0.05%. In 
contrast, studies from Asian countries like Japan and China indicate 
similar or even higher prevalence, which may reflect both genetic 
predispositions and higher diagnostic access. Narcolepsy is reported 
less frequently in African populations, though data is limited. 
Additionally, ethnic minorities in Western countries often experience 
delayed diagnoses, which may result from healthcare access 
disparities and lower awareness about sleep disorders in these 
populations.

Epidemiology of Narcolepsy

Global Prevalence
• Narcolepsy is relatively rare, affecting approximately 0.025-0.05% 

of the global population. Prevalence estimates vary by region, with 
higher rates in Western countries, such as the U.S. and Europe, 
where the disorder affects between 25 and 50 per 100,000 people. 
Some Asian countries, including Japan and China, report similar or 
slightly higher rates, with estimates reaching 16-28 per 10,000. 
Events like the 2009 H1N1 pandemic and subsequent vaccination 
campaigns have influenced narcolepsy rates, particularly in 
Scandinavian countries, where an increase in cases was observed 
following the vaccination program. Globally, narcolepsy is believed 
to be underdiagnosed due to its gradual onset and difficulties in 
early recognition, especially in regions with limited access to sleep 
disorder specialists.

Prevalence by Age
• Narcolepsy often begins in childhood or adolescence, with 

symptom onset most common between ages 10 and 20. However, 
diagnosis is frequently delayed, with an average gap of 3-4 years, 
as initial symptoms such as excessive daytime sleepiness may be 
misattributed to other conditions. Approximately 10-15% of cases 
develop in children under 10, though a substantial proportion are 
not diagnosed until later, often post-puberty. Early onset can be 
particularly challenging to identify due to the overlapping 
symptoms with other pediatric and adolescent conditions.



Key FDA Approval Endpoints and Protocol Suggestions

2. Cataplexy Episode 
Reduction

3. Quality of Life 
Outcomes

1. Excessive Daytime 
Sleepiness (EDS)

5. Subgroup 
Analyses for NT1 and 
NT2

4. Safety and 
Tolerability

https://microcosmdesign-my.sharepoint.com/personal/suzie_microcosmdesign_onmicrosoft_com/Documents/CSBS%20Haire%20Green%20QHIC%20LC!%20577578447%20v03.docx?web=1


1. Endpoint: Excessive Daytime Sleepiness 
(EDS)
• Challenges in Implementation:
High variability in subjective (ESS) and objective (MWT) 
results; patient adherence and reporting bias.
• Solutions: 
Combine ESS with objective MWT measures; use digital 
tools for real-time tracking and consistency.

3. Endpoint:  Quality of Life Outcomes

2. Endpoint: Cataplexy Episode Reduction
• Challenges in Implementation:
Difficult to standardize cataplexy event frequency due to 
symptom fluctuation and recall bias in patient reporting.
• Solutions: 
Use electronic diaries and real-time symptom tracking to 
improve data accuracy; apply standardized reporting.

• Challenges in Implementation:
Variability in patient-reported outcomes; difficult to 
correlate functional improvement with symptom change 
alone.
• Solutions: 
Include FOSQ and PGI-C scales as secondary endpoints to 
capture broader life quality impact beyond symptom relief.

4. Endpoint:  Safety and Tolerability

• Challenges in Implementation:
Risk of adverse effects, particularly with stimulants or CNS 
depressants, impacting patient retention and compliance.
• Solutions: 
Gradual dose titration and regular monitoring; apply adaptive 
protocols to refine dosing and improve tolerability.

5. Endpoint:  Subgroup Analyses for NT1 and NT2
• Challenges in Implementation:
Symptom differences in NT1 and NT2 can lead to variability in 
response, affecting study homogeneity.
• Solutions: 
Perform separate analyses for NT1 and NT2; adaptive trial designs 
allow focus on responsive subgroups as needed.

https://microcosmdesign-my.sharepoint.com/personal/suzie_microcosmdesign_onmicrosoft_com/Documents/CSBS%20Haire%20Green%20QHIC%20LC!%20577578447%20v03.docx?web=1


Five Most Commonly Prescribed Drugs for Narcolepsy

Drug Name Year of Approval Sponsor Mechanism of Action Therapeutic Effects

Xyrem 2002 Jazz Pharmaceuticals GABA-B receptor agonist Reduces excessive daytime sleepiness 
(EDS) and cataplexy

Xywav 2020 Jazz Pharmaceuticals GABA-B receptor agonist (low 
sodium)

Manages EDS and cataplexy with lower 
sodium content

Sunosi 2019 Axsome Therapeutics Dopamine and norepinephrine 
reuptake inhibitor Promotes wakefulness, primarily for EDS

Wakix 2019 Harmony Biosciences Histamine-3 receptor 
antagonist/inverse agonist

Reduces EDS and cataplexy without 
stimulant risks

Provigil 1998 Teva Pharmaceuticals Dopamine reuptake inhibitor Enhances wakefulness for EDS

https://microcosmdesign-my.sharepoint.com/personal/suzie_microcosmdesign_onmicrosoft_com/Documents/CSBS%20Haire%20Green%20QHIC%20LC!%20577578447%20v03.docx?web=1


Pivotal Clinical Trials for Narcolepsy

Drug Name NCT Number Sample Size Key Findings

Xyrem NCT00049803 228

Key findings demonstrated significant improvements in both 
symptoms, with higher doses (4.5 g to 9 g per night) yielding the best 
results. Sodium oxybate was shown to improve nighttime sleep quality, 
leading to fewer episodes of daytime sleepiness and reduced 
frequency of cataplexy.

Sunosi NCT02348593 462 Improved wakefulness as measured by MWT and ESS scores (p<0.001)

Wakix NCT01800045 110 Reduced EDS without significant weight gain or cardiovascular risks 
(p<0.05)

Modafinil NCT00209376 283 Enhanced wakefulness and cognitive performance during daytime 
(p<0.05)

https://microcosmdesign-my.sharepoint.com/personal/suzie_microcosmdesign_onmicrosoft_com/Documents/CSBS%20Haire%20Green%20QHIC%20LC!%20577578447%20v03.docx?web=1


Population Endpoint Scales Used Timepoint Sample Size Magnitude of Improvement

Adults with 
Narcolepsy (Trial N1)

Reduction of 
Cataplexy 
Attacks

N/A 4 weeks Placebo (n=33), Xyrem 6g (n=31), 
Xyrem 9g (n=33)

Median reduction in cataplexy: 
-4 (placebo), 
-10 (Xyrem 6g, p=0.0451), 
-16 (Xyrem 9g, p=0.0016).

Adults with 
Narcolepsy (Trial N2)

Maintenance of 
Reduction in 
Cataplexy

N/A 2 weeks Placebo (n=29), Xyrem (n=26)
Significant increase in cataplexy frequency with 
placebo (21 attacks/2 weeks) vs. minimal change 
with Xyrem (0.3 attacks/2 weeks, p<0.001).

Adults with 
Narcolepsy (Trial N3) Reduction of EDS ESS, CGI-C 8 weeks Placebo (n=59), Xyrem 6g (n=58), 

Xyrem 9g (n=47)

Significant improvement in ESS: 
-0.5 (placebo), -2.0 (Xyrem 6g, p<0.001),
-5.0 (Xyrem 9g, p<0.001); CGI-C responders: 22% 
(placebo), 52% (6g), 64% (9g) (p<0.001).

Adults with 
Narcolepsy (Trial 
N4)

Increase in 
Wakefulness MWT 8 weeks Placebo (n=55), Xyrem (n=50), 

Xyrem+Modafinil (n=54)

Mean change in MWT: 
-2.7 min (placebo), 
+0.6 min (Xyrem, p<0.001), 
+2.7 min (Xyrem+Modafinil, p<0.001).

Pediatric Narcolepsy 
(Trial N5)

Reduction of 
Cataplexy & EDS

Cataplexy 
attacks, ESS, CGI-
C

2 weeks Placebo (n=32), Xyrem (n=31)

Cataplexy attacks increased to 21.3/week with 
placebo vs. 3.8/week with Xyrem (p<0.0001); ESS 
change: 
+1 (placebo), 
0 (Xyrem, p=0.0004); CGI-C worsened: 66% 
(placebo), 17% (Xyrem).

Approved Product Analysis: XYREM® (sodium oxybate) oral solution, CIII
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Population Endpoint Scales Used Timepoint Sample Size Magnitude of Improvement

Adults with 
Narcolepsy (18-70 
years)

Frequency of 
Cataplexy Attacks, 
EDS

Epworth Sleepiness 
Scale (ESS)

2-week Stable Dose Period 
(SDP) and 2-week Double-
Blind Randomized 
Withdrawal Period (DB RWP)

Placebo: N=65, 
Xywav: N=69

Significant improvement in weekly cataplexy attacks 
(p<0.0001); 

ESS score: Xywav group saw no change vs. placebo 
with worsening (mean ESS change:  Placebo 3.0, 
Xywav 0.0, p<0.0001)

Pediatric Patients 
with Narcolepsy 
(7-17 years)

Frequency of 
Cataplexy Attacks, 
Cataplexy Severity

Clinical Global 
Impression of 
Change (CGIc) for 
Cataplexy Severity, 
ESS (Child and 
Adolescent)

2-week Stable Dose Period 
(SDP) and 2-week Double-
Blind Randomized 
Withdrawal Period (DB RWP)

Placebo: N=32, 
Xyrem: N=31

Significant reduction in cataplexy attacks (median 
change: Xyrem 0.3 vs. Placebo 12.7, p<0.0001); 

ESS score improvement (median change: Xyrem 0 vs. 
Placebo 3, p=0.0004); 

CGIc severity score: 17% worsened on Xyrem vs. 66% 
on placebo (p=0.0001)

Adults with 
Idiopathic 
Hypersomnia 
(19-75 years)

EDS, IH Symptoms 
Severity

ESS, Patient Global 
Impression of 
Change (PGIc), 
Idiopathic 
Hypersomnia 
Severity Scale 
(IHSS)

2-week Stable Dose Period 
(SDP) and 2-week Double-
Blind Randomized 
Withdrawal Period (DB RWP)

Placebo: N=59, 
Xywav: N=56

Significant improvement in ESS (median change: 
Xywav 0 vs. Placebo 8.0, p<0.0001); 

PGIc worsening: 88.1% in placebo vs. 21.4% in Xywav 
(p<0.0001); 

IHSS score median change: Xywav 0 vs. Placebo 14.0 
(p<0.0001)

Approved Product Analysis: XYWAV® (calcium, magnesium, potassium, and sodium oxybates)
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Population Endpoint Scales Used Timepoint Sample Size Magnitude of Improvement

Adults with 
Narcolepsy (18-70 
years)

Wakefulness 
(MWT), EDS (ESS)

Maintenance of 
Wakefulness Test 
(MWT), Epworth 
Sleepiness Scale 
(ESS), PGIc

12 weeks
Placebo: N=58, 
SUNOSI 75 mg: N=59, 
SUNOSI 150 mg: N=55

Significant improvement with SUNOSI 150 mg vs. 
placebo:
MWT increase by 7.7 mins, ESS decrease by 3.8 
points (p<0.05). 
Improvement on PGIc (statistically significant).

Adults with 
Obstructive Sleep 
Apnea (OSA) (20-75 
years)

Wakefulness 
(MWT), EDS (ESS) MWT, ESS, PGIc 12 weeks

Placebo: N=114, 
SUNOSI 37.5 mg: N=56, 
SUNOSI 75 mg: N=58, 
SUNOSI 150 mg: N=116

Significant improvement with SUNOSI 37.5 mg, 75 
mg, and 150 mg doses vs. placebo: 
MWT increases of 4.5, 8.9, and 10.7 minutes 
respectively; ESS decreases of 1.9, 1.7, and 4.5 points 
(p<0.05). 
Improvement on PGIc (statistically significant).

Adults with OSA (20-
75 years)

Maintenance of 
Efficacy (MWT, 
ESS)

MWT, ESS
Randomized-
withdrawal phase in 
Study 3 (6 weeks)

Placebo: N=62, 
SUNOSI: N=60

Statistically significant worsening in placebo vs. 
SUNOSI:
MWT decrease of 12.1 mins in placebo vs. 1.0 min in 
SUNOSI; 
ESS increase of 4.5 points in placebo vs. -0.1 in 
SUNOSI (p<0.05).

Adults with 
Narcolepsy or OSA

Maintenance of 
Efficacy (ESS) ESS

Randomized-
withdrawal phase in 
Study 4 (52-week 
study, 2-week 
withdrawal phase)

Placebo: N=141, 
SUNOSI: N=139

Statistically significant worsening in ESS for placebo 
vs. SUNOSI (mean increase of 5.3 in placebo vs. 1.6 
in SUNOSI; p<0.05).

Approved Product Analysis: SUNOSI (solriamfetol) tablets

https://microcosmdesign-my.sharepoint.com/personal/suzie_microcosmdesign_onmicrosoft_com/Documents/CSBS%20Haire%20Green%20QHIC%20LC!%20577578447%20v03.docx?web=1


Population Endpoint Scales Used Timepoint Sample Size Magnitude of Improvement

Adults with 
Narcolepsy 
(Study 1)

Reduction of 
Excessive 
Daytime 
Sleepiness

ESS 8 weeks WAKIX (n=31), 
Placebo (n=30)

Significant improvement in ESS score: baseline 17.8 reduced to 12.4 
(WAKIX) vs. 15.5 (placebo). 

Placebo-subtracted difference: -3.1 (p<0.05).

Adults with 
Narcolepsy 
(Study 2)

Reduction of 
Excessive 
Daytime 
Sleepiness

ESS 8 weeks WAKIX (n=66), 
Placebo (n=32)

Significant improvement in ESS score: baseline 18.3 reduced to 13.3 
(WAKIX) vs. 15.5 (placebo).

Placebo-subtracted difference: -2.2 (p<0.05).

Approved Product Analysis: WAKIX® (pitolisant) tablets
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Population Endpoint Scales Used Timepoint Sample Size Magnitude of Improvement

Adults with Narcolepsy

Reduction of 
Excessive 
Sleepiness

MWT, CGI-C 9 weeks 200 mg/day and 
400 mg/day

Significant improvement vs. placebo in staying awake on MWT 
at weeks 3, 6, 9, and final visit (p < 0.001). 

Greater global improvement on CGI-C scale (p < 0.05).

Objective/Subj
ective 
Sleepiness

MSLT, ESS, 
SCPT, QOLIN Final visit 200 mg/day and 

400 mg/day

Statistically significant improvement in MWT and subjective 
sleepiness measures like ESS (p < 0.001 for each dose vs. 
placebo). 

Nighttime sleep unaffected.

Adults with OSAHS (on 
CPAP)

Reduction of 
Excessive 
Sleepiness

MWT, CGI-C 12 weeks
N=327 (200 
mg/day, 400 
mg/day)

Significant improvement vs. placebo in wakefulness (MWT, p < 
0.001) and clinical condition (CGI-C, p < 0.001) for both doses.

Adults with OSAHS (on 
CPAP)

Reduction in 
Subjective 
Sleepiness

ESS 4 weeks N=157 (400 
mg/day)

Significant improvement in ESS scores: baseline ESS of 14.2 
reduced by 4.6 in PROVIGIL group vs. 2.0 in placebo (p < 0.0001). 
Nighttime sleep unaffected.

Adults with Shift Work 
Sleep Disorder

Reduction of 
Excessive 
Sleepiness

MSLT, CGI-C 12 weeks N=209 (200 
mg/day)

Significant improvement vs. placebo in sleep onset latency 
during nighttime MSLT (p < 0.05) and clinical condition (CGI-C, 
p < 0.001). 74% improvement on CGI-C vs. 36% for placebo.

Approved Product Analysis: PROVIGIL® (modafinil) Tablets [C-IV]
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Failed Drug Candidates in the Last 10 Years for Narcolepsy

Name of Drug Clinical Trial Identifier 
(NCT Number) Reason for Termination/Drug Failure Trend Analysis

TAK-994 NCT04820842
Safety concerns; Takeda halted trials in 2021 due to a 
safety signal observed in Phase 2 studies, leading to a 
reassessment of orexin agonists in oral forms.

Despite strong interest in orexin-targeting drugs, 
safety issues remain a significant challenge for this 
class of drugs. 

Mazindol ER N/A
Phase 2 success, but regulatory and capital challenges 
delayed Phase 3 (currently in AMAZE Program trials in 
2023).

The drug shows efficacy for EDS and cataplexy, but 
its approval depends on successful funding and 
regulatory support.

JNJ-17216498 N/A Discontinued due to a lack of efficacy and safety 
concerns in early studies.

Orexin-targeting agents continue to face setbacks, 
often due to limited clinical effectiveness across 
broader patient populations.

These trials underscore recurring challenges in narcolepsy drug development, particularly for orexin-based treatments. The safety concerns 
observed with TAK-994 highlight the difficulties of developing orexin agonists that are both safe and effective, a challenge shared by JNJ-17216498. 
Regulatory and financial barriers have also delayed promising drugs like Mazindol ER, reflecting the complexities of advancing treatments for rare 
sleep disorders such as narcolepsy.
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Common Failure Points in Narcolepsy Clinical Trials

2. Patient 
Heterogeneity and 
Symptom 
Variability

3. Inconsistent 
Endpoint 
Measurement

1. High Placebo 
Response Rates

5. Adverse Effects 
and Compliance 
Issues

6. Difficulty in 
Capturing Cognitive 
and Functional 
Outcomes

4. Long Delays in 
Diagnosis and 
Disease Progression
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1. Failure Point: High Placebo Response Rates

Issue:
• Trials for narcolepsy, especially those focusing on excessive daytime 

sleepiness (EDS), have shown high placebo response rates. Many 
participants report subjective improvement in sleepiness even when 
receiving placebo, which can mask the actual efficacy of the 
treatment under investigation.

Impact:
• High placebo responses complicate the analysis of efficacy, as 

statistical significance is harder to achieve if the placebo effect is 
substantial. This can lead to false-negative results, where a 
potentially effective drug fails to show a significant difference from 
placebo.

Solutions:
• Incorporating objective measures like the Maintenance of 

Wakefulness Test (MWT) alongside subjective scales such as the 
Epworth Sleepiness Scale (ESS) can help differentiate genuine 
treatment effects from placebo responses. Additionally, using a 
washout period before the trial may help reduce residual effects 
from prior medications.

2. Failure Point: Patient Heterogeneity and 
Symptom Variability
Issue:
• High variability can obscure the therapeutic effect, especially if 

certain subgroups (e.g., patients with severe vs. mild symptoms) 
respond differently. Without targeted subgroup analyses, trials may 
fail to capture efficacy in specific patient subsets.

Impact:
• High placebo responses complicate the analysis of efficacy, as 

statistical significance is harder to achieve if the placebo effect is 
substantial. This can lead to false-negative results, where a 
potentially effective drug fails to show a significant difference from 
placebo.

Solutions:
• Stratifying participants based on symptom severity and using 

subgroup analyses can improve the understanding of treatment 
effects in diverse narcolepsy presentations. Trials may also benefit 
from focusing on narcolepsy Type 1 (NT1) and Type 2 (NT2) 
separately, as their symptoms and underlying pathophysiology 
differ.
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3. Failure Point:  Inconsistent Endpoint 
Measurement
Issue:
• The endpoints used to assess narcolepsy treatments, such as ESS 

and MWT, rely on both subjective patient reports and objective tests. 
However, inconsistencies in how these measures are applied and 
interpreted across studies can lead to unreliable results.

Impact:
• Inconsistent measurement protocols can result in data that is 

challenging to interpret and compare across studies. For instance, 
ESS scores may be affected by patient bias, while MWT results 
depend heavily on environmental controls and adherence.

Solutions:
• Establishing standardized endpoint measurement protocols for 

narcolepsy trials, including training for participants on accurately 
reporting subjective experiences, can improve data consistency. 
Employing digital sleep-monitoring tools and enhancing protocol 
adherence through site training may also reduce variability.

4. Failure Point: Long Delays in Diagnosis and 
Disease Progression
Issue:
• Many narcolepsy patients experience long delays between 

symptom onset and diagnosis, sometimes spanning years. During 
this time, the condition may progress, leading to changes in 
symptom patterns and patient adaptability to symptoms.

Impact:
• This delayed diagnosis complicates patient selection for trials and 

may lead to recruitment of patients with long-standing, stable 
symptoms that do not reflect the general population of newly 
diagnosed narcoleptics. It may also result in a reduced perceived 
efficacy as patients may have adapted coping mechanisms.

Solutions:
• Narrowing eligibility to patients with recent diagnoses can help create 

a more homogeneous trial population. Screening based on disease 
onset and symptom stability can also improve the reliability of trial 
outcomes by minimizing the inclusion of patients with atypical or 
stabilized symptom profiles.
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5. Failure Point:  Adverse Effects and 
Compliance Issues
Issue:
• Many narcolepsy treatments involve stimulants or CNS depressants 

that have adverse effects such as headache, nausea, and risk of 
dependence, impacting patient compliance and retention in long-
term studies.

Impact:
• Noncompliance or dropout due to adverse effects can lead to 

incomplete data and potentially skew results, as only patients 
tolerating the treatment remain.

Solutions:

• Using dosing schedules that gradually titrate medication levels, as 
well as offering non-stimulant or alternative therapies (e.g., pitolisant 
for wakefulness), can reduce adverse effects. Close monitoring and 
regular follow-up can support compliance and allow for early 
intervention if adverse reactions occur.

6. Failure Point: Difficulty in Capturing 
Cognitive and Functional Outcomes

Issue:
• Narcolepsy affects cognitive and daily functioning, but these are 

challenging to measure objectively. Many trials lack standardized 
tools to quantify improvements in functional outcomes, such as 
work productivity or social functioning.

Impact:
• Without robust cognitive and functional assessments, trials may 

overlook treatment benefits that matter to patients, reducing the 
perceived value of new drugs.

Solutions:
• Including validated quality-of-life assessments, cognitive tests, and 

tools like the Functional Outcomes of Sleep Questionnaire (FOSQ) can 
provide a broader view of treatment benefits beyond symptom control.
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Safety Concerns and Standard of Care in Narcolepsy

Safety Concerns
1. Central Nervous System Stimulants
• Drugs: Common stimulants used for narcolepsy include modafinil, 

armodafinil, and amphetamine derivatives.
• Concerns: While effective in reducing EDS, these drugs can cause side 

effects like anxiety, insomnia, headache, and cardiovascular risks (e.g., 
elevated blood pressure). Long-term use can also lead to tolerance, 
necessitating higher doses, which raises the risk of dependency.

• Management Strategies: Clinicians carefully titrate doses and monitor 
for adverse effects, particularly in patients with cardiovascular risks. 
Scheduling regular follow-ups can help manage tolerance, while “drug 
holidays” (brief interruptions in use) are sometimes recommended.

2. Sodium Oxybate and Low-Sodium Formulations
• Drugs: Sodium oxybate (Xyrem) and its low-sodium counterpart, Xywav, 

are used primarily for reducing EDS and cataplexy.
• Concerns: Sodium oxybate is a central nervous system depressant with 

sedative effects, posing a risk for respiratory depression, dizziness, and in 
rare cases, overdose. It is a controlled substance due to its potential for 
misuse, leading to significant restrictions and monitoring.

• Management Strategies: These medications are dispensed under a Risk 
Evaluation and Mitigation Strategy program in the U.S., ensuring that 
patients are closely monitored. Gradual dose titration and patient 
education on the risks of alcohol and other CNS depressants are 
essential.

3.  Histamine-3 Receptor Antagonists
• Drug: Pitolisant (Wakix) is a non-stimulant medication that works by 

enhancing wakefulness without the same dependency risks as 
stimulants.

• Concerns: Common side effects include insomnia, anxiety, and 
headaches. While it has a lower abuse potential, patients can still 
experience dose-related side effects, particularly in higher doses or 
when combined with other medications that affect the histamine 
system.

• Management Strategies: To minimize side effects, pitolisant doses 
are gradually increased, and patients are advised to take the drug 
early in the day to avoid sleep disturbances.

4.  Dopamine and Norepinephrine Reuptake Inhibitors
• Drug: Solriamfetol (Sunosi) is prescribed specifically for EDS.
• Concerns: Side effects include increased blood pressure, anxiety, 

and decreased appetite, particularly in individuals with pre-existing 
cardiovascular conditions. Solriamfetol requires careful monitoring to 
avoid exacerbating these risks.

• Management Strategies: Regular blood pressure monitoring and 
cautious dosing are recommended, especially for patients with 
cardiovascular risks. Adjusting the timing of the dose can also help 
manage side effects like insomnia.



Safety Concerns and Standard of Care in Narcolepsy

5. Antidepressants for Cataplexy Management
• Drugs: Certain SSRIs and SNRIs (e.g., venlafaxine, fluoxetine) are used off-

label to manage cataplexy by suppressing REM sleep.
• Concerns: These medications may cause side effects like sexual 

dysfunction, dry mouth, and weight gain, and they carry a risk of 
withdrawal symptoms if discontinued abruptly.

• Management Strategies: Patients on antidepressants for narcolepsy 
should be tapered off slowly if the medication is discontinued to avoid 
withdrawal effects. Regular follow-ups to adjust dosages based on 
symptom response are also advised.

Standards of Care
The standard of care in narcolepsy emphasizes a comprehensive 
approach combining medication with lifestyle adjustments, psychological 
support, and behavioral strategies. Key components include:
• Customized Medication Regimens: Treatments are tailored to address 

the individual’s primary symptoms (e.g., EDS, cataplexy) while balancing 
efficacy with side effect profiles.

• Behavioral and Lifestyle Adjustments: Scheduled naps, consistent sleep 
routines, and avoidance of stimulants in the evening help manage 
symptoms and reduce reliance on medications.

• Patient Education and Support: Patients benefit from education about 
narcolepsy, including symptom management techniques and 
awareness of potential side effects, fostering long-term adherence and 
safety.

• Monitoring and Regular Follow-Ups: Consistent monitoring helps detect 
adverse effects early and allows for timely medication adjustments, 
minimizing long-term risks and improving outcomes.



Protocol Suggestions: Key FDA Approval Endpoints

Improving clinical trial protocols for Narcolepsy is pivotal to advancing our understanding and treatment. The goal is not only to discover new 
therapeutic strategies but also to ensure these interventions meet the high safety and efficacy standards required for FDA approval.

2. Cataplexy Episode Reduction:
Challenge: Difficult to standardize 
cataplexy event frequency due to symptom 
fluctuation and recall bias in patient 
reporting.

Solution: Use electronic diaries and real-
time symptom tracking to improve data 
accuracy; apply standardized reporting.

3. Quality of Life Outcomes:
Challenge: Variability in patient-reported 
outcomes; difficult to correlate functional 
improvement with symptom change alone.

Solution: Include FOSQ and PGI-C scales as 
secondary endpoints to capture broader 
life quality impact beyond symptom relief.

1. Excessive Daytime Sleepiness 
(EDS):
Challenge: High variability in subjective 
(ESS) and objective (MWT) results; patient 
adherence and reporting bias.

Solution: Combine ESS with objective MWT 
measures; use digital tools for real-time 
tracking and consistency.

5. Subgroup Analyses for NT1 and NT2:
Challenge: Symptom differences in NT1 and 
NT2 can lead to variability in response, 
affecting study homogeneity.

Solution: Perform separate analyses for NT1 
and NT2; adaptive trial designs allow focus 
on responsive subgroups as needed.

4. Safety and Tolerability:
Challenge: Risk of adverse effects, 
particularly with stimulants or CNS 
depressants, impacting patient retention 
and compliance.

Solution: Gradual dose titration and regular 
monitoring; apply adaptive protocols to 
refine dosing and improve tolerability.



Notable Key Opinion Leaders in Narcolepsy Research

Name Specialty Designation Location Brief Bio

Prof. Sepehr 
Shakib
(M.D)

Clinical 
Pharmacology

Professor, The 
University of 
Adelaide

South Australia

Professor Shakib is a distinguished clinical pharmacologist known for his work on safe 
medication practices and drug interactions, with applications to sleep disorders management. 
His research impacts treatment approaches for various conditions, including those affecting 
sleep and wakefulness.

Prof. Ronald R 
Grunstein
(MBBS, MD, Ph.D., 
FRACP)

Sleep Medicine
Professor, 
University of 
Sydney

New South Wales

Professor Grunstein is a leader in sleep medicine, with over 30 years of expertise in sleep 
disorders research, particularly in narcolepsy and sleep apnea. He is the head of the Sleep and 
Circadian Research Group at the Woolcock Institute of Medical Research and has been 
recognized internationally for his contributions, including serving as the President of the World 
Sleep Federation from 2007 to 2011. His achievements include the Australasian Sleep Association 
Distinguished Achievement Award, the American Academy of Sleep Medicine’s Kleitman Award, 
and the Order of Australia for his impact on medical research and education.

Prof. Brendon J 
Yee
(M.D)

Pulmonology/ 
Pneumology; 
Sleep Medicine

Clinical Professor, 
University of 
Sydney

New South Wales

Professor Yee is a recognized sleep medicine specialist with a focus on pulmonary medicine and 
sleep disorders, including narcolepsy. He collaborates closely with experts at the Woolcock 
Institute, focusing on diagnostic assessments and treatments for sleep disorders, contributing 
extensively to clinical and research advancements in sleep medicine.

Andrew 
Rowland
(Ph.D)

Clinical 
Pharmacology

Associate 
Professor, Flinders 
University

South Australia
A clinical pharmacologist, Professor Rowland’s research centers on drug efficacy and safety for 
chronic conditions impacting sleep, like narcolepsy. His work supports advanced 
pharmacotherapy options, ensuring better-targeted treatments for sleep disorders.

Dr. Julia L 
Chapman
(Ph.D)

Clinical 
Pharmacology; 
Sleep Medicine

Postdoctoral 
Research Fellow, 
Woolcock Institute 
of Medical 
Research

New South Wales

Dr. Chapman works within the sleep and pharmacology research unit at the Woolcock Institute, 
focusing on narcolepsy and related sleep disorders. Her research includes pharmacological 
approaches to managing sleep disorders, contributing to improved treatment methodologies 
and patient outcomes.
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