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1. Benefit-Risk Assessment 

Benefit-Risk Integrated Assessment
Lambert-Eaton myasthenic syndrome (LEMS) is a rare, autoimmune, neuromuscular junction disorder caused by antibodies against the P/Q-type voltage-
gated calcium channel (VGCC) on pre-synaptic nerve terminals. It is thought that antibodies to the VGCC impair the entry of calcium into the nerve terminal, 
thereby decreasing the release of acetylcholine (ACh) from the synaptic vesicles.  The lowered levels of acetylcholine in these patients impair neuromuscular 
transmission, causing muscle weakness. In up to 60% of patients, LEMS is paraneoplastic and is most commonly associated with small cell lung cancer (SCLC-
LEMS), but may occur with other cancers. The remaining cases of LEMS are thought to be autoimmune in origin and may be referred to as non-tumor (NT-
LEMS).  LEMS usually begins in late adulthood (around 60 years of age), but non-tumor LEMS (NT-LEMS) is more common in younger patients. Patients 
typically present with progressive proximal muscle weakness, more commonly affecting the hip girdle than the shoulder girdle. Patients may have a 
characteristic waddling gait and complain of difficulty rising from a chair or climbing stairs. Other symptoms may include fatigue, facial and/or eye muscle 
weakness (ptosis and diplopia), bulbar muscular weakness, and autonomic dysfunction. Patients with SCLC-LEMS typically have a faster rate of progression 
than those with NT-LEMS. Respiratory failure can occur late in the course of the disease. Death is usually from the underlying cancer in paraneoplastic LEMS; 
patients with NT- LEMS may have near-normal life expectancy. 

LEMS has also been reported in pediatric patients down to 3 years of age. With the exception of neonatal-onset LEMS, which is caused by the transplacental 
transfer of antibodies, the pathophysiology of LEMS is consistent between adult and pediatric patients. LEMS in pediatric patients may be either 
paraneoplastic or autoimmune and is associated with the presence of voltage-gated calcium channels. The clinical symptoms of weakness are similar to 
those observed in adults and similar treatment regimens (e.g., immunosuppressants, aminopyradines) are used.

Currently available therapies for LEMS include amifampridine phosphate (Firdapse), the salt form of amifampridine, which was approved for the treatment 
of LEMS in adults on November 28, 2018. Guanidine is also approved for the “reduction of the symptoms of muscle weakness and easy fatigability 
associated with the myasthenic syndrome of Eaton-Lambert;” however, it has limited use due to serious side effects of fatal bone marrow suppression, 
abnormal liver function, and nephrotoxicity. Other immune-modulating therapies are commonly used in LEMS, but are not specifically approved for the 
disease. 

Amifampridine (Ruzurgi) is proposed to be used for the treatment of Lambert-Eaton myasthenic syndrome (LEMS) in patients  
Amifampridine is a voltage-dependent potassium channel blocker that is thought to enhance neuromuscular transmission and improve muscle function by 
increasing the release of acetylcholine at the neuromuscular junction.

The effectiveness of amifampridine for the treatment of LEMS was demonstrated in a double-blind, placebo-controlled, randomized discontinuation study, 
JPC 3,4-DAPPER (DAPPER). A total of 32 patients with LEMS (age 23 to 83 years) were enrolled in the study.  After an initial open-label run-in phase, patients 
taking an adequate and stable dose (30 to 100 mg per day) of amifampridine were randomized in a double-blind fashion to either continue treatment with 
amifampridine (n = 14) or switch to placebo (n = 18) over a 3-day downward titration  period. Following the downward titration period, patients remained 
on blinded amifampridine or placebo for 16 more hours. Efficacy was assessed 2 hours after the last dose of the downward titration period. The primary 
measure of efficacy was the categorization of the degree of change (e.g.,  greater than 30% deterioration) in the Triple Timed Up and Go test (3TUG) upon 
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withdrawal of active medication, when compared with the time-matched average of the 3TUG assessments at baseline. The 3TUG is a measure of the time it 
takes a person to rise from a chair, walk 3 meters, and return to the chair for 3 consecutive laps without pause.  Higher 3TUG scores represent greater 
impairment. The secondary efficacy endpoint was the self-assessment scale for LEMS-related weakness (W-SAS), a scale from -3 to 3 assessing a person’s 
feeling of weakening or strengthening from baseline. A higher positive W-SAS score indicates a perceived greater improvement of strength.

None of the patients randomized to continue amifampridine experienced a greater than 30% deterioration in the final post-dose 3TUG test. In contrast, 72% 
(13/18) of those randomized to placebo experienced a greater than 30% deterioration in the final 3TUG test (p < 0.0001). Patients who were randomized to 
placebo returned to baseline after restarting amifampridine. The W-SAS score showed a significantly greater decrease in patients randomized to placebo (-
2.4) than in those who continued treatment with amifampridine ( -0.2; p < 0.0001).

The DUKE-RCT study, a randomized, placebo-controlled, double-blind study of aminopyridine in LEMS that was conducted at a single-site from 1994 to 1998, 
was considered supportive for the efficacy of amifampridine for the treatment of LEMS but was not relied upon for approval. The study randomized 26 
patients to either placebo (n=14) or amifampridine (n=12) 20 mg three times a day (for a total daily dose of 60 mg) for 6 to 8 days. The primary efficacy 
endpoint was the change from baseline in the quantitative myasthenia gravis (QMG) score. The QMG is a clinical assessment of muscle weakness for muscle 
groups typically involved in myasthenia gravis and LEMS, with a score range of 0 to 39.  Higher scores indicate greater weakness. The study also assessed the 
change in the summated compound muscle action potential (CMAP) amplitude in 3 muscles on nerve conduction studies, a measure of nerve function, as a 
secondary endpoint. Assessments were performed at baseline and at Day 5 or 6. There were statistically significant treatment effects on both the QMG and 
CMAP assessments; however, the clinical meaningfulness of these changes is unclear.

Based on the worsening of symptoms observed within 3 days after discontinuation in the DAPPER trial, amifampridine clearly provides a short-term 
reversible benefit in symptoms of weakness associated with LEMS. Long-term benefits of amifampridine in LEMS have not been studied.

Evidence for the effectiveness of amifampridine in patients with LEMS aged 6 to less than 17 years is based on the demonstration of efficacy in adult 
patients with LEMS. Modeling and simulation was used to provide dosing recommendations for patients age 6 to less than 17 years that provide similar 
exposures to those found to be therapeutic in adult patients.

Although limited in size, the safety database is adequate in the context of the prevalence and seriousness of LEMS. The most frequent adverse events were 
paresthesias or dysesthesias (including oral paresthesias), gastrointestinal symptoms (abdominal pain, dyspepsia, and nausea), and dizziness that were 
generally mild. The limited safety database does not allow for a full exploration of dose-reponse; however, it appears reasonable that the risk of adverse 
events may be partially mitigated by dose-reduction, whereby patients can adjust their dose based on tolerability. Seizures have been identified as a risk in 
the nonclinical studies and with other aminopyridines (e.g., dalfampridine and amifampridine phosphate) and were observed in the expanded access 
programs. The risk of seizures will be communicated as a warning in the label. Anaphylaxis/hypersensitivity has not been observed with amifampridine but 
has been observed with a structurally similar product; therefore, anaphylaxis/hypersensitivity will be described as a warning/contraindication in the label. 
Sufficient pediatric safety data have been provided to support the safety of amifampridine in LEMS patients age 6 and older. Overall, the risks associated 
with amifampridine are acceptable, given the efficacy of the drug, to support approval.

The benefit-risk profile of amifampridine for the treatment of LEMS for adults and pediatric patients is clearly favorable, and the drug appears to have a 
better safety profile than guanidine. 
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Benefit-Risk Dimensions

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

 Lambert-Eaton myasthenic syndrome (LEMS) is a rare, autoimmune, 
neuromuscular junction disorder caused by antibodies against the P/Q-type 
voltage-gated calcium channel (VGCC) on pre-synaptic nerve terminals that 
causes weakness in patients.

 LEMS is often paraneoplastic (typically due small cell lung cancer) but may 
also occur in the absence of cancer.

 Patients typically present with progressive proximal muscle weakness, 
more commonly affecting the hip girdle than the shoulder girdle. 
Patients may have a characteristic waddling gait and complain of 
difficulty rising from a chair or climbing stairs. Other symptoms may 
include fatigue, facial and/or eye muscle weakness (ptosis and 
diplopia), bulbar muscular weakness, and autonomic dysfunction. 
Respiratory failure can occur late in the course of the disease.

 The prevalence of LEMS is estimated at 1/250,000 to 1/333,300 
worldwide (www.orpha.net). In the United States, this would 
correspond to approximately 950 to 1,300 individuals diagnosed with 
LEMS.

LEMS is a serious disease that causes significant 
disability for patients.

Current 
Treatment 

Options

 Amifampridine phosphate (Firdapse), the salt form of amifampridine, 
was approved for the treatment of Lambert-Eaton myasthenic 
syndrome in adults on November 28, 2018.

 Guanidine is approved for the “reduction of the symptoms of muscle 
weakness and easy fatigability associated with the myasthenic 
syndrome of Eaton-Lambert;” however, it has limited use due to 
serious side effects of fatal bone marrow suppression, abnormal liver 
function and nephrotoxicity. 

 There are no approved therapies for pediatric patients with LEMS.
 Other immune-modulating therapies are commonly used in LEMS, but 

are not specifically approved for the disease. 
 Additionally, paraneoplastic LEMS patients are treated for underlying 

cancer with antineoplastic therapies.

There is an unmet medical need for effective 
treatments for pediatric patients with LEMS.

Benefit
 The JPC 3,4-DAPPER (DAPPER) study provided the primary basis for efficacy 

of amifampridine in LEMS.
 Patients taking an adequate and stable dose (30 to 100 mg per day) of 

Substantial evidence of effectiveness for 
amifampridine for the treatment of LEMS has been 
established in a single adequate and well-
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Dimension Evidence and Uncertainties Conclusions and Reasons 

amifampridine were randomized to either continue their dose of 
amifampridine or switch to matching placebo. After an initial open-label 
run-in phase, patients taking an adequate and stable dose (30 to 100 mg 
per day) of amifampridine were randomized in a double-blind fashion to 
either continue treatment with amifampridine (n = 14) or switch to placebo 
over a 3-day downward titration (n = 18) period. Following the downward 
titration period, patients remained on blinded amifampridine or placebo for 
16 more hours. Efficacy was assessed 2 hours after the last dose of the 
downward titration period. The primary measure of efficacy was the 
categorization of the degree of change (e.g.,  greater than 30% 
deterioration) in the Triple Timed Up and Go test (3TUG).

 None of the patients randomized to continue amifampridine experienced a 
greater than 30% deterioration in the final post-dose 3TUG test. In contrast, 
72% (13/18) of those randomized to placebo experienced a greater than 
30% deterioration in the final 3TUG test (p < 0.0001). 

 The secondary endpoint, self-assessment scale for LEMS-related weakness 
(W-SAS), also showed a statistically significant treatment benefit in favor of 
amifampridine over, indicating that patients who were randomized to 
placebo perceived a worsening of weakness compared to those who 
remained on amifampridine. 

 Transcription errors were identified in a small portion of the 3TUG data; 
however, the applicant conducted a rigorous re-read of the videos of the 
primary endpoints and re-analysis of the data and confirmed the results of 
the original analysis. 

 Additional supportive data for efficacy was provided by the DUKE-RCT study 
which demonstrated statistically significant treatment effects on clinical 
measures of weakness and nerve function. 

 Based on the worsening of symptoms observed shortly after discontinuation, 
it appears that amifampridine provides a short-term reversible benefit in 
symptoms of weakness associated with LEMS. Long-term benefits of 
amifampridine in LEMS have not been studied.

 Evidence for the effectiveness of amifampridine in patients with LEMS aged 6 
to less than 17 years is based on the demonstration of efficacy in adult 
patients with LEMS. Modeling and simulation was used to provide dosing 
recommendations for patients age 6 to less than 17 years that provide 
similar exposures to those found to be therapeutic in adult patients.

controlled study with supportive evidence. Results 
of the DAPPER study were robustly positive with 
small p-values and the demonstration of clinically 
meaningful results on assessments of strength and 
subjective assessment of symptoms of LEMS.
Evidence for the effectiveness of amifampridine in 
patients with LEMS aged 6 to less than 17 years is 
based on the demonstration of efficacy in adult 
patients with LEMS and dosing that will provide 
similar exposures to those found efficacious in 
adults.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

Risk and Risk 
Management 

 The most frequent adverse events observed in the clinical trials were 
paresthesias or dysesthesias (including oral paresthesias), 
gastrointestinal symptoms (abdominal pain, dyspepsia, and nausea), 
and dizziness. 

 Adverse events in pediatric patients were similar to those observed in 
adults.

 Nonclinical juvenile toxicology studies have not yet been conducted; 
however, there is adequate clinical experience in pediatric patients to 
support approval.

 Seizures have been identified as a risk in the nonclinical studies and 
with other structurally-related compounds (e.g., dalfampridine). 
Seizures were observed in the expanded access programs. The risk of 
seizures will described as a warning in the label. 

 Anaphylaxis/hypersensitivity has not been observed with 
amifampridine but has been observed with a structurally similar 
product, and therefore, is expected to occur with amifampridine. 
Hypersensitivity reactions will be described as a warning and 
contraindication in the label.

There is adequate evidence to support the safety 
of amifampridine for the treatment of LEMS in 
adult and pediatric patients. Overall, the most 
frequent adverse events observed with 
amifampridine appear to be mild “nuisance” side 
effects; none caused substantial or permanent 
harm to patients. Paresthesias and gastrointestinal 
symptoms appear to occur most commonly after 
initiating therapy and resolve with continued 
treatment. The limited size of the safety dataset 
does not allow for a full exploration of dose-
response for adverse events; however, it appears 
reasonable that the risk of adverse events may be 
partially mitigated by dose-reduction whereby 
patients can adjust their dose based on tolerability.

The WARNINGS AND PRECAUTIONS section of the
product labeling will describe the risk of seizures 
and hypersensitivity reactions.

Because of limitations due to the small number of 
patients exposed and duration of exposure in the 
clinical trials, it is likely that adverse reactions not 
identified to date, or of a magnitude not observed 
to date, will occur in the postmarketing setting.

Risk management can be achieved through clear 
product labeling and routine postmarketing 
surveillance. The applicant will be required to 
establish a postmarketing pregnancy registry as 
there are no clinical data regarding the risk of 
treatment during pregnancy. The applicant will also 
be required to conduct a postmarketing hepatic 
impairment study and a renal impairment study. 
The applicant will be required to conduct a 
postmarketing juvenile toxicology study. 
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LEMS has also been reported in pediatric patients down to 3 years of age. With the exception 
of neonatal-onset LEMS, which is caused by the transplacental transfer of antibodies, the 
pathophysiology of LEMS is consistent between adult and pediatric patients. LEMS in 
pediatric patients may be either paraneoplastic or autoimmune and is associated with the 
presence of voltage-gated calcium channels. The clinical symptoms of weakness are similar to 
those observed in adults and similar treatment regimens (e.g., immunosuppressants, 
aminopyridines) are used.

LEMS is diagnosed based on history and physical examination, electromyography and nerve 
conduction studies, and antibody testing for VGCC. Patients typically present with progressive 
proximal muscle weakness, more commonly affecting the hip girdle than the shoulder girdle. 
Patients may have a characteristic waddling gait and complain of difficulty rising from a chair 
or climbing stairs. Other symptoms may include fatigue, facial and/or eye muscle weakness 
(ptosis and diplopia), bulbar muscular weakness, and autonomic dysfunction. Patients with 
SCLC-LEMS typically have a faster rate of progression than in NT-LEMS. Respiratory failure 
can occur late in the course of the disease. Death is usually from the underlying cancer in 
paraneoplastic LEMS; patients with NT- LEMS may have a near-normal life expectancy.

The prevalence of LEMS is estimated at between 1/250,000 to 1/333,300 worldwide 
(www.orpha.net). In the United States, this would correspond to approximately 950 to 1,300 
individuals diagnosed with LEMS. 

This submission contains efficacy and safety data from a randomized, double-blind, placebo-
controlled discontinuation study, JPC 3,4-DAPPER, in adult patients with LEMS. Additional 
support for efficacy is provided by the randomized, placebo-controlled study, JPC 3,4 DAP 
DUKE RCT. Additional safety data are provided from healthy volunteer clinical 
pharmacology studies and expanded access INDs.

A detailed summary of the regulatory history of amifampridine is provided in the clinical 
review by Dr. Rainer Paine.

3. Product Quality  
The technical lead on the Office of Product Quality (OPQ) review was Dr. Wendy Wilson-
Lee. Dr. Wilson-Lee’s review lists the entire OPQ team that was involved with the review of 
this application. OPQ recommended a refuse-to-file action of the original NDA submission 
because of a poorly organized submission and insufficient data to support an assessment of 
quality. In this resubmission, OPQ has determined that the applicant has provided adequate 
information to ensure the quality of the amifampridine product and they recommend approval 
of the NDA. 

Following are the principal conclusions of the OPQ review:
 The drug product is an immediate-release, functionally scored tablet containing 10 mg 

amifampridine. The functionally scored tablets comply with current requirements as 
outlined in guidance.
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Table 1: Summary of OCP Review Findings

Mechanism of Action Voltage-gated potassium channel blocker

Absorption Amifampridine is rapidly absorbed, and peak plasma concentration (Cmax) is 
reached 30 to 90 minutes after ingestion in the fasting state. There was ~41%-
52% decrease in Cmax and ~9%-23% decrease in AUC0-∞, and a delay in Tmax 
by ~1 hour when amifampridine was administered with high fat meal as 
compared to the fasted state.

Distribution An in vitro human plasma protein binding study demonstrated that the plasma 
protein binding of amifampridine was about 25%. In healthy volunteers, the 
apparent volume of distribution for plasma amifampridine varied by metabolizer 
status; potentially because of variation in bioavailability (the estimated apparent 
volume of distribution across different metabolizer phenotypes was 357 - 1383 
L).

Metabolism and 
Elimination

Amifampridine is metabolized by N-acetyltransferase to 3-N-acetyl-
amifampridine, which is considered an inactive metabolite. The rate and extent of 
metabolism are affected by polymorphism in the NAT2 gene. Poor metabolizers 
have 7-9 times higher AUC0-∞ and 5-6 times higher Cmax than normal 
metabolizers. The average elimination half-life (t1/2) was 3.6 to 4.2 hours. The 
mean recovery of amifampridine and its metabolite in urine was greater than 65% 
with no differences observed between the fed and fasted states.

Renal Impairment Renal clearance is an elimination pathway for amifampridine and 3-N-acetyl 
amifampridine. No dose adjustment is recommended based on renal impairment 
status because individual dose titration is expected to provide optimal dose for 
each patient; however, a lower starting dose is recommended.

Hepatic Impairment Amifampridine is mainly eliminated through hepatic metabolism. However, the 
effect of hepatic impairment on the exposure of amifampridine was not studied. 
Hepatic impairment is expected to increase the plasma concentration of 
amifampridine. No dose adjustment is recommended based on hepatic 
impairment status because individual dose titration is expected to provide optimal 
dose for each patient; however, a lower starting dose is recommended.

Acetylation Status The rate and extent of metabolism of amifampridine is affected by polymorphism 
in the N-acetyltransferase gene 2 (NAT2). Slow acetylators have higher plasma 
drug levels than fast acetylators. Dose titration based on efficacy and tolerability 
should account for individual differences in metabolism of amifampridine.

Drug Interactions In vitro studies suggest that amifampridine and its major metabolite, 3-N-acetyl 
amifampridine, are not substrates or inhibitors/inducers of major CYP enzymes or 
transporters.

QT Prolongation A thorough QT (TQT) study was conducted. Study participants were 
administered 120 mg RUZURGI in 4 equal doses of 30 mg at 4-hour intervals. 
RUZURGI did not prolong the QTc interval to any clinically relevant extent.
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considering the practical challenges of administering amifampridine with food multiple times 
per day, OCP recommends that amifampridine be administered without regard to food.

OCP recommends the approval of this application. A hepatic impairment study will be 
required as a PMR to evaluate the effect of hepatic impairment on the exposure of 
amifampridine relative to that in patients with normal hepatic function. A renal impairment 
study will be required as a postmarketing requirement (PMR) to evaluate the effect of renal 
impairment on the exposure of amifampridine relative to that in patients with normal renal 
function.

6. Clinical Microbiology 
Not applicable.

7. Clinical/Statistical - Efficacy
Dr. Rainer Paine was the clinical reviewer for this application. Dr. Tristan Massie was the 
biometrics reviewer, and Dr. Kun Jin was the biometrics team lead.

The applicant has conducted a randomized, double-blind, placebo-controlled withdrawal study 
in LEMS, DAPPER, that serves as the basis for establishing efficacy. Additional support for 
efficacy is provided by the randomized, placebo-controlled study, JPC 3,4 DAP DUKE RCT. 
The results of these studies will be described below. Detailed analyses of these studies can be 
found in the clinical and statistical reviews by Drs. Paine and Massie.

JPC 3,4-DAPPER 
The DAPPER study was a multicenter, double-blind, placebo-controlled, randomized 
withdrawal study in adult patients diagnosed with LEMS on stable treatment with 
amifampridine and other LEMS-treatments. The primary objective of the DAPPER study was 
to assess the safety and efficacy of amifampridine in the treatment of weakness associated with 
LEMS. 

Efficacy was assessed by the Triple Timed Up and Go test (3TUG). The test requires the 
patient to stand up from an armchair then walk at normal pace to a line 3 meters (∼10 feet) 
from the front legs of the chair, turn around, return to the chair and sit back down (considered 
as one Lap). Patients had to perform the TUG 3 times without rest.

After a 4-week screening period, patients who met initial screening criteria were admitted to 
the clinical research unit for a half-day acclimation period. During Stage I, eligibility for 
randomization was assessed by responsiveness to amifampridine on 3TUG testing, before and 
after the first doses of morning, afternoon and evening, over a 2-day period (see below for 
3TUG response criteria). Patients who had a sufficient response to amifampridine continued 
into Stage II and were randomized 1:1 to Group A (continuous dosing up to 3.5 days) or 
Group B (taper-to-placebo). Randomization was stratified by baseline LEMS treatment 
regimen. The withdrawal period spanned up to 5 days, starting with the last full dose of the 
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baseline, continuing for a full 3-day taper, after which there was up to an additional 16 hours 
with no active drug. After up to 3.5 days of withdrawal assessments, the baseline 
amifampridine treatment was reinstituted in Stage III. During Stage III, the patient was 
observed for 0.5 days or until deemed clinically stable, and was then discharged from the 
research unit. A schematic of the study design in presented in Figure 1 below (from sponsor’s 
submission).

Eligible patients needed to have a sufficient 3TUG response defined as:
 a ≥27% improvement in 3TUG time compared to the 3TUG time before the first 

morning dose on 2 consecutive days or 
 a ≥30% improvement after the first morning, afternoon, or evening dose on Day 1 plus 

a ≥12% improvement after the first dose of the morning on Day 2.

Figure 1: DAPPER Study Design Schematic

Patients completed the entire 3.5-day period of Stage II without regard to 3TUG times. The 
only exceptions were if a patient met pre-defined criteria for rescue or early advancement, or 
withdrew or requested immediate resumption of baseline dosing. Rescued patients, early 
advanced patients, and other patients who withdrew early from Stage II were categorized for 
analysis of the 3TUG according to their last observation at theoretical "peak drug effect" 
during Stage II carried forward.

The minimum required pre-study dose to meet entry criteria was 30 mg/day (10 mg, 3 times 
daily, morning, afternoon and evening). The maximum allowable dose for study patients was 
100 mg/day.
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The study enrolled ambulatory patients ≥18 years of age, with a diagnosis of LEMS confirmed 
by clinical symptoms and nerve conduction findings with or without the presence of voltage-
gated calcium channel antibodies. Patients were enrolled from the expanded access programs 
and were already taking amifampridine. Patients were required to have stable, continuous use 
of amifampridine for at least 3 months (minimum dose of 10 mg three times a day; maximum 
total daily dose of 100 mg) and stable use of all LEMS-related treatments for at least 3 months. 
Patients with the use of monoclonal antibody treatments (e.g., rituximab) in the last 6 months 
were excluded. 

Rescue treatment (i.e., return to the baseline treatment regimen) was given if the patient 
experienced new dysphagia or a defined drop in pulse oximetry. Criteria for advancement to 
full treatment were inability to rise from a chair or get out of bed, after 2 efforts about 1 hour 
apart.

The primary efficacy outcome was defined as a >30% deterioration in 3TUG time upon 
tapered withdrawal of drug compared with the patient’s time-matched baseline on their usual 
full treatment. The 3TUG was performed 6 times per day (15 minutes prior to and about 2 
hours after the first dose after 12 am, the first dose after 12 pm, and the first dose after 5 pm) 
throughout the study, referred to as the pre-dose or post-dose morning, afternoon, and evening 
3TUGs. The average of time-matched 3TUG tests performed during Stage I was utilized for 
the calculation of 7 categories of change that indicated improvement, no change, or deteriotion 
in the 3TUG outcome measure. Each 3TUG was categorized by change from baseline (A-G; 
A-B are responders amd C-G are non-responders) using the time-matched Stage I “baseline” 
as the reference. The 3TUG obtained 2 hours after the last dose of the withdrawal period (i.e., 
at time of theoretical “peak drug effect”) were used for analysis of the primary outcome. If a 
patient was unable to complete the full 3.5-day withdrawal period, the score from the last time 
the patient was tested 2 hours after a dose was used.

3TUG tests were videotaped and scored by a central reader who was blinded to treatment, 
date, time, and/or sequence of the 3TUG assessments. During the sponsor inspection, the 
Office of Scientific Investigations (OSI) noted seventy data discrepancies when comparing the 
central reader’s assessments as recorded on an Excel spreadsheet (which was the source) with 
the data listings submitted to the FDA. After the inspection, the applicant identified 9 
additional data entry errors (for a total of 79). The 79 data discrepancies occurred when the 
central reviewer incorrectly transcribed some of the assessment times from the Excel 
spreadsheet to the EDC system. Although the 79 data discrepancies represent only a small 
percentage of the total 11,073 data entries for the primary endpoint, the use of an Excel 
spreadsheet raised concerns for data integrity. Therefore, the Agency requested that the 
applicant have the video recordings of the 3TUG re-scored by a central reader and re-analyzed. 
Two blinded readers (Readers #1 and #2) were selected to re-read all of the videos for the 32 
patients who were randomized in the DAPPER trial. All patient videos were randomly 
assigned to the blinded re-readers. The analysis of the re-read data was consistent with the 
original primary analysis. 

The primary analysis was to compare the two treatment groups using Fisher’s exact tests after
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determining, for each treatment group, the response rate for outcomes C through G combined. 
Additional supportive analyses included an analysis of the individual 7 categories A though G, 
compared by treatment groups using the Cochran-Mantel-Haenszel test with modified Ridit 
scores derived from category rankings, and an analysis of the 3TUG as a continuous response 
variable.

The secondary endpoint was a global self-assessment scale, the Subject Self-Assessment of 
LEMS-Related Weakness (W-SAS) categorical scale ranging from Much Much Weaker (-3) to 
Much Weaker (-2) to Somewhat Weaker (-1) with No Change (0) at the halfway mark. The 
possibility of improvement is accommodated by the categories Somewhat Stronger (+1), Much 
Stronger (+2), and Much Much Stronger (+3). The final assessment obtained during Stage II 
was to be the outcome measure and the treatment groups were to be compared using a t-test.

The Intent-to-Treat (ITT) population included all patients randomized, including patients who 
were replaced due to withdrawal of consent after randomization but prior to admission.

The study was conducted at 7 sites in the United States.

There were 52 patients screened for the study. Of these, 32 were randomized (14 patients to 
continuous amifampridine and 18 to taper-to-placebo. All 32 patients completed the study and 
comprised the Intent-to-Treat population. Seven patients in the taper-to-placebo group were 
rescued or advanced early compared to 2 patients in the amifampridine continuous group. The 
proportion of patients rescued or advanced early (i.e., 7 versus 2) was not significantly 
different between groups (p=0.2349; Fisher’s exact test).

The 32 randomized patients had a median age of 60 years (range: 23 to 83 years), 66% were 
female, and 91% were White. Ninety-seven percent of patients had a diagnosis of autoimmune 
LEMS and 3% of patients had a diagnosis of paraneoplastic LEMS. The mean duration of 
LEMS was prior to randomization was similar between the two groups. Seventy-nine percent 
of patients randomized to amifampridine were receiving pyridostigmine versus 73% in the 
placebo group, and 29% of patients randomized to amifampridine were receiving oral 
immunosuppressant therapies versus 39% in the placebo group. Overall, the baseline 
demographic variables appear to be reasonably balanced between the treatment groups.

The primary analysis of the 3TUG data, which was verified by the FDA statistical reviewer, 
showed that a greater percentage of patients in the taper-to-placebo group (72.2%) had >30% 
deterioration in the final 3TUG test upon withdrawal of amifampridine during Stage 2 
compared with no patients in the continuous amifampridine group (72.2% versus 0.0%, 
p<0.0001). The results were consistent across the ITT, efficacy, and per-protocol populations. 
Dr. Massie performed several sensitivity analyses that supported the results of the primary 
analysis. Importantly, there was no change in results from the re-read 3TUG data compared to 
the original primary analysis based on the single central blinded reader. 

A statistically significant difference between treatment groups was observed for the 2-hour 
postdose 3TUG change from baseline beginning with the Day 4 evening dose (p<0.05), and
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meaningful results on assessments of strength and subjective assessment of symptoms of 
LEMS. Although there were transcription errors identified in a small portion of the 3TUG 
data, the applicant conducted a rigorous re-read of the videos of the primary endpoints and re-
analysis of the data and confirmed the results of the original analysis. Additional supportive 
data for efficacy was provided by the DUKE-RCT study which demonstrated statistically 
significant treatment effects on clinical measures of weakness and nerve function. Although 
considered supportive, the DUKE-RCT study was not relied up for approval.

Although the applicant has proposed a maximum daily dose of amifampridine of mg, the 
DAPPER and DUKE-RCT studies only assessed doses of amifampridine up to 100 mg/day. It 
is not known if doses greater than 100 mg/day produce greater efficacy and there is only 
limited safety data at this dose. Therefore, there is not adequate evidence to support the 
approval of doses of amifampridine greater than 100 mg/day.

Evidence for the effectiveness of amifampridine in patients with LEMS aged 6 to less than 17 
years is based on the demonstration of efficacy in adult patients with LEMS. Modeling and 
simulation was used to provide dosing recommendations for patients age 6 to less than 17 
years that provide similar exposures to those found to be therapeutic in adult patients.

8. Safety
Dr. Paine conducted the safety review of this application. 

The sources of safety data for this submission were the DAPPER study, safety data from the 
expanded access programs (RPV162 and Special Populations datasets), and data from Phase 1 
studies in healthy adults. Safety data from the DAPPER study was limited due to the short 
duration and randomized withdrawal study design. Therefore, the expanded access data served 
as the primary source of safety data, and the Phase 1 thorough QT (TQT) study provided 
controlled safety data on the most frequent adverse events that are observed shortly after 
administration of amifampridine.

Dr. Paine’s review indicates that over 600 patients have received amifampridine through 
expanded programs. Safety data is available from a total of 329 patients exposed to 
amifampridine in this development program at the time of the NDA submission. This number 
includes 82 healthy patients from Phase 1 studies and 247 LEMS patients enrolled in expanded 
access programs and clinical trials. Duration of exposure to amifampridine ranged from 1 day 
to 27.6 years. The overall exposure to amifampridine in the expanded access database was 
estimated to be 1189 patient years (766.4 patient-years for the RPV162 population and 422.6 
patient years for the 69 patients in the Special Populations pool). The sponsor also provided 
safety data for 22 pediatric patients with LEMS and congenital myasthenic syndrome who 
were treated in expanded access programs. The majority of patients were exposed to the doses 
of amifampridine that are proposed for marketing. The safety database is adequate in the 
context of the prevalence and seriousness of LEMS.
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Dr. Paine reviewed the coding of the adverse event terms in the submission and pooled similar 
terms for the safety analyses. Notably, the terms “paresthesia”, “dysesthesia”, “paresthesia 
oral”, and “oral dysesthesia” and were pooled under the term “paresthesia,” and 
“hypoesthesia” and “oral hypoesthesia” were pooled under “hypoesthesia”, which increased 
the incidence of these findings compared to the applicant’s safety analysis. Dr. Paine also 
analyzed the adverse event data with a customized grouping from the Center for Drug 
Evaluation and Research (CDER), designed to combine important medically-related preferred 
terms to enhance safety signal detection.

The following are the principal conclusions of Dr. Paine’s safety review of the application:

Deaths. No deaths occurred in DAPPER study. One hundred deaths have been reported in the 
expanded access programs, including the 120-day safety update. Dr. Paine reviewed the 
narratives for these deaths and determined that the deaths generally appeared to be related to 
underlying comorbidities (e.g., small cell lung cancer) and none of the deaths could clearly be 
attributed to amifampridine.

Serious Adverse Events. There was one serious adverse event (SAE) of pneumonia in the 
DAPPER study that occurred in the taper-to-placebo cohort. Dr. Paine reviewed the narratives 
for SAEs in the expanded access programs and the majority of SAEs appeared to be related to 
underlying comorbidities (e.g., small cell lung cancer) and could not be clearly attributed to 
amifampridine. Cardiac SAEs and seizures are discussed under adverse events of interest 
below. 

All Adverse Events (serious plus non-serious). As previously noted, the assessment of adverse 
events (AEs) during the double-blind period of the DAPPER study was generally not 
informative, as the duration of blinded treatment was short (4 days) and there were only a 
small number of patients. Therefore, Dr. Paine performed the safety analysis for frequent 
adverse events on the RPV162 dataset from the expanded access population.

The most frequently occurring adverse events (>5%) in RPV162 are presented in Table 5, 
from Dr. Painer’s review below.
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Table 5: Treatment-emergent Adverse Events from the RPV162 Expanded Access 
Dataset

Dr. Paine also analysed the RPV162 data using CDER customized groupings of the combined 
medically-related preferred term to enhance safety signal detection. The groupings showed an 
increase in arrhythmia-related terms, which are further discussed under adverse events of 
interest below, but no other new safety signals were identified. 

Given the open-label nature of the data of the expanded access data and the long duration of 
exposure (up to 27 years of treatment), it is difficult to assess relatedness of these adverse 
events to amifampridine. Based on overall greater incidence, paresthesias and gastrointestinal 
adverse events are likely to be related to the drug.

Given the limitations of the controlled dataset from the pivotal studies and the expanded access 
data, Dr. Paine also analyzed data from the Phase 1 studies to see if there were any unique 
safety signals that could be identified in that population. Controlled data from the TQT study 
appeared to be most informative for understanding adverse events that were likely to be related 
to amifampridine. The TQT was a double-blind, double-dummy, placebo- and positive-
controlled, 3-way crossover TQT study of 56 healthy subjects.  The study compared single 
doses of placebo, 120 mg amifampridine, and 400 mg moxifloxacin as an active control. 
Adverse events that occurred in at least 2 subjects are listed in Table 6, from Dr. Paine’s 
review. The table shows similar adverse events to the RPV162 study population, but better 
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demonstrates adverse events that are likely to occur in individuals initially after starting 
therapy with amifampridine.

Table 6: Treatment-emergent Adverse Events in ≥ 2 Subjects in the TQT study

 Amifampridine Placebo

Adverse Reaction
(N=52)
n (%)

(N=49)
(%)

Paresthesia/Dysesthesia* 36 (69) 1 (2)
Abdominal pain 13 (25) 0
Dyspepsia 9 (17) 1 (2)
Muscle Twitching 9 (17) 9 (18)
Dizziness 6 (12) 0
Nausea 5 (10) 1 (2)
Back pain 4 (8) 1 (2)
Hypoesthesia 3 (6) 0
Muscle spasms 3 (6) 1 (2)
Headache 2 (4) 2 (4)

*Includes paresthesia, dysesthesia, and oral dysesthesia.
**Includes abdominal pain and upper abdominal pain.
 

Laboratory assessments, vital signs, and ECGs. Laboratory assessments and vital signs were 
collected in the DAPPER study, but were not systematically collected in the expanded access 
programs. Dr. Paine reviewed the DAPPER data for shifts from baseline and trends in mean 
changes over time. For the RPV162 database, he reviewed narratives of clinical interest. 

No findings regarding laboratory values, vital signs, or ECGs were identified as being of 
clinical concern.

A thorough QT study (TQT) was conducted and reviewed by the FDA QT Interdisciplinary 
Review Team. At the doses (120 mg daily administered as 30 mg q 4 hours) and exposures 
achieved in this study, there was no significant QTc prolongation effect of amifampridine 
detected in the TQT study.

Pediatrics
The applicant submitted safety data from 22 pediatric patients (7 LEMS patients and 15 CMS 
patients) treated with amifampridine, with treatment initated between 13 months to 16 years of 
age. Adverse events were prospectively evaluated with a total exposure of 49.9 patient years 
(31.9 of those years were exposure before age 18). In general, adverse events were consistent 
with those observed in adult patients treated with amifampridine. Adverse events that occurred 
in more than one patient included two patients each with palpitations and seizures. Seizures in 
one of the patients were associated with anoxic brain injury. The pediatric safety data are 
adequate to support the safety of amifampridine in the pediatric population.
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paroxysmal ventricular tachycardia and later cardiac arrest requiring resuscitation. Another 
patient took a single 500 mg dose of amifampridine as a suicide attempt and developed status 
epilepticus and QTc prolongation without tachyarrhythmia.
In considering causality, all of the cardiac adverse events were reported from uncontrolled 
experience in expanded access programs. Many of these patients were older with multiple 
comorbidities (e.g., malignancy, cardiac disease, prior history of arrhythmias), and most had 
been taking the drug for a long duration (up to 27 years of exposure). Cardiac events are not 
unexpected in this population with significant comorbidities and a long duration of follow-up. 
Given the patient population and the absence of a control group, it is difficult to attribute 
causality to amifampridine; however; the contribution of amifampridine to the events cannot 
be ruled out. Inclusion of cardiac events or arrhythmias in the product label does not appear to 
be supported by the available data; however, these events should be monitored with routine 
pharmacovigilance.
 
Hypersensitivity Reactions. The applicant has proposed that hypersensitivity to amifampridine 
be a contraindication in the label. There were no hypersensitivity reactions in the clinical 
development program for amifampridine; however, anaphylaxis has been reported with 
another aminopyridine, dalfampridine (Ampyra). Thus, anaphylaxis can be anticipated to 
occur with amifampridine. The risk of hypersensitivity reactions and anaphylaxis will be 
described as a warning in the label, and a prior history of hypersensitivity to aminopyridines 
will be a contraindication.

Overdose. The applicant submitted a case report of a 65-year-old patient with LEMS who was 
inadvertently receiving a total amifampridine dosage of 360 mg/day (> 4 times the maximum 
recommended total daily dosage). The patient was hospitalized with general weakness, 
paresthesia, nausea, vomiting, and palpitations, and developed generalized convulsions and 
paroxysmal supraventricular tachycardia requiring treatment. Four days after admission, the 
patient experienced cardiac arrest requiring resuscitation. The patient recovered following 
withdrawal of amifampridine. These cases will be described in Section 10 of the label.

Safety conclusions
There is adequate evidence to support the safety of amifampridine for the treatment of LEMS 
in patients age 6 and older. The most frequent adverse events were paresthesias and 
gastrointestinal events, and these were generally mild. The dose titration allows for patients to 
adjust their dose based on tolerability. Seizures were observed in the expanded access 
programs and will be listed as a warning/precaution in the label. Anaphylaxis/hypersensitivity 
has not been observed with amifampridine, but has been observed with a structurally similar 
product, and therefore, is expected to occur with amifampridine. This will be described as a 
warning/precaution and a contraindication in the label. Overall, the risks associated with 
amifampridine are acceptable.
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9. Advisory Committee Meeting 
This application was not referred for review to an advisory committee because the safety 
profile of amifampridine is acceptable for the intended population, the clinical trial designs 
were acceptable, and the efficacy findings were clear.

10. Pediatrics
This application provides data for the safety and effectiveness of amifampridine in pediatric 
patients with LEMS age 6 to less than 17 years, as discussed above. 

Pediatric Research Equity Act (PREA) requirements were not triggered for this orphan 
indication.

11. Other Relevant Regulatory Issues 
 No Good Clinical Practice (GCP) issues were identified in Dr. Paine’s review.
 Dr. Paine concludes that the applicant has adequately disclosed financial 

interests/arrangements with clinical investigators.
 Findings from the OSI review are discussed in Section 7.
 The Controlled Substance Staff (CSS) reviewer for this application was Dr. Edward 

Hawkins. CSS has concluded, based on data from nonclinical animal studies and 
clinical studies, that amifampridine does not have abuse potential.

12. Labeling 
Please refer to the final negotiated product label. Labeling negotiations with the applicant have 
been completed and the applicant has accepted all recommended changes.

13. Postmarketing Recommendations

The following will be postmarketing requirements:
 Conduct a clinical trial to evaluate the effect of hepatic impairment on the exposure of 

amifampridine after oral administration of Ruzurgi (amifampridine) relative to that in 
subjects with normal hepatic function.

 Conduct a clinical trial to evaluate the effect of severe renal impairment (creatinine 
clearance 15-29 mL/min) on the exposure of amifampridine after oral administration of 
Ruzurgi (amifampridine) relative to that in subjects with normal renal function (i.e. a 
renal impairment study using reduced design).

 Establish a Pregnancy Surveillance Program to collect and analyze information for a 
minimum of 10 years on pregnancy complications and birth outcomes in women 
exposed to Ruzurgi (amifampridine) during pregnancy. Provide a complete protocol 
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that includes details regarding how you plan to encourage patients and providers to 
report pregnancy exposures (e.g., telephone contact number and/or website in 
prescribing information), measures to ensure complete data capture regarding 
pregnancy outcomes and any adverse effects in offspring, and plans for comprehensive 
data analysis and yearly reporting.

 A pre- and postnatal development study of amifampridine in rat.
 A fertility study of amifampridine in male and female rat.
 An embryofetal development study of amifampridine in rat.
 An embryofetal development study of amifampridine in rabbit.
 A juvenile animal toxicology study of amifampridine in rat.
 A carcinogenicity study of amifampridine in mouse.
 A carcinogenicity study of amifampridine in rat.

14. Recommended Comments to the Applicant
None.
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