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Ellis Unger, M.D. 

Subject Summary Memorandum 
NDA/BLA # and Supplement# 208078 
Applicant Catalyst Pharmaceutical Inc. 
Date of Submission March 28, 2018 
PDUFA Goal Date November 28, 2018 
Proprietary Name  Firdapse 
Established or Proper Name Amifampridine  
Dosage Form(s)  Tablet, 10 mg 
Applicant Proposed 

Indication(s)/Population(s) 

 treatment of Lambert-Eaton myasthenic 
syndrome (LEMS) in adults 18 years of age or older  

Applicant Proposed Dosing 

Regimen(s) 

Starting dose  divided 3-4 times per day. 
May be increased to a maximum dose of 80 mg/day 

Recommendation on Regulatory 

Action 

Approval 

Recommended 

Indication(s)/Population(s) (if 
applicable) 

Treatment of Lambert-Eaton myasthenic syndrome 
(LEMS) in adults 

Recommended Dosing 

Regimen(s) (if applicable) 

Starting dose 15 to 30 mg/day divided 3-4 times per 
day. May be increased to a maximum dose of 80 
mg/day 
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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.  
 
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. Other 
immune-modulating therapies are commonly used in LEMS, but are not specifically approved for the disease.  
 
Amifampridine phosphate, a new molecular entity, is proposed to be used for the treatment of Lambert-Eaton myasthenic syndrome (LEMS) in adults. 
Amifampridine phosphate 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 phosphate for the treatment of LEMS was demonstrated in two double-blind, placebo-controlled, randomized 
discontinuation studies, LMS-002 and LMS-003. A total of 63 adults (age 21 to 88 years) with LEMS were enrolled in both studies. Patients taking an 
adequate and stable dose (30 to 80 mg per day) of amifampridine were randomized to either continue their dose of amifampridine or switch to matching 
placebo. The co-primary endpoints, change from baseline in Quantitative Myasthenia Gravis (QMG) and Subject Global Impression (SGI) scores, were 
assessed at the end of the withdrawal period on Day 14 and Day 4 in Studies LMS-002 and LMS-003, respectively. The QMG is a physician-rated scale that 
assesses strength on 13 items (each item is scored 0 for “none” to 3 for “severe;” maximum score is 39), including facial strength, swallowing, grip strength, 
duration of time that limbs can be maintained in outstretched positions, and forced vital capacity. The SGI asks patients to rate their impression of the 
effects of the study drug on their physical well-being, using a 7-point scale (1 worst; 7 best).  
 
In LMS-002, the mean QMG score worsened (from Baseline to Day 14) by 2.2 points in the placebo group, compared to 0.4 points in the amifampridine 
group (least-square mean treatment difference = 1.7; p=0.045). For the SGI score, the mean worsening from Baseline to Day 14 was 2.6 for placebo, 
compared to 0.8 for amifampridine (least-square mean treatment difference = 1.8, p=0.003). In LMS-003, the mean worsening from baseline to Day 4 in 
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QMG score was 6.5 points for placebo, compared to 0.1 for amifampridine (least-square mean treatment difference = 6.5; p=0.0004), and the mean 
worsening in SGI score was 3.59 for placebo compared to 0.64 for amifampridine (least-square mean treatment difference = 2.95; p=0.0003). 
 
Although Study LMS-002 demonstrated a relatively modest treatment effect, 1.7 points on the QMG, Study LMS-003 showed a 6.5-point mean treatment 
effect. Given mean baseline scores of  approximately 8 points in both treatment groups in Study LMS-003, the mean treatment effect represents a near-

doubling in the severity of muscular weakness. Notably, in Study LMS-003, 10 of 13 patients who were switched to placebo (77%) showed worsening of  3 
points on the QMG (the equivalent of going from “none” to “severe” on a single item) compared to only 2 of 13 patients (15%) who remained on 
amifampridine. The clinical meaningfulness of the changes in QMG scores are also supported by the results on the 7-point SGI scale. On the SGI, mean 
treatment effects were 1.8 and 3.0 in Studies LMS-002 and LMS-003, respectively. The observed effects, particularly the 3-point treatment effect (on a 0 to 7 
scale) in Study LMS-003, are highly likely to be clinically meaningful to patients. Based on the worsening of symptoms observed within 4-days after 
discontinuation, 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. 
 
Although limited in size, the safety database is adequate for a rare indication such as LEMS. The most frequent adverse events were paresthesias 
(paresthesias, oral paresthesias, oral hypesthesia), gastrointestinal symptoms (diarrhea, abdominal pain, nausea, constipation), headache, 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. Liver enzyme elevations were 
observed but these were mild and reversible and no Hy’s law or liver injury cases were observed. Seizures have been identified as a risk in the nonclinical 
studies and with other aminopyridines (e.g., dalfampridine) and were observed in the expanded access and registry programs. The risk of seizures will be 
communicated as a warning in the label. Anaphylaxis/hypersensitivity has not been observed with amifampridine phosphate but has been observed with a 
structurally similar product; therefore, anaphylaxis/hypersensitivity will be described as a warning/contraindication in the label. Overall, the risks associated 
with amifampridine phosphate are acceptable, given the efficacy of the drug, to support approval. 
 
The benefit-risk profile of amifampridine phosphate for the treatment of LEMS in adults 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 

 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 none marrow suppression, abnormal liver 
function and nephrotoxicity.  

 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 LEMS. 

Benefit 

 Two double-blind, placebo-controlled, randomized discontinuation trials 
were conducted in adult patients with LEMS (LMS-002 and LMS-003). 

 Patients taking an adequate and stable dose (30 to 80 mg per day) of 
amifampridine were randomized to either continue their dose of 
amifampridine phosphate or switch to matching placebo. The co-primary 
endpoints, change from baseline in Quantitative Myasthenia Gravis (QMG) 
(an assessment of muscle weakness) and Subject Global Impression (SGI) 

Together, two adequate and well-controlled 
studies provide substantial evidence of the 
effectiveness of amifampridine phosphate for the 
treatment of LEMS in adult patients. Statistically 
significant, positive results were demonstrated on 
assessments of strength and subjective assessment 
of physical well-being in both studies.  
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

scores (an assessment of physical well-being), were assessed at the end of 
the withdrawal period on Day 14 and Day 4 in Studies LMS-002 and LMS-
003, respectively. 

 In LMS-002, from Baseline to Day 14, the mean worsening in QMG score was 
2.2 points for placebo and 0.4 points for amifampridine (p=0.045), and the 
mean worsening in SGI score was 2.6 for placebo, compared to 0.8 for 
amifampridine phosphate (p=0.003). 

 In LMS-003, from Baseline to Day 4, the mean worsening in QMG score was 
6.5 points for placebo, compared to 0.1 points for amifampridine (p=0.0004), 
and the mean worsening in SGI score was 3.9 for placebo, compared to 0.64 
for amifampridine (p=0.0003). 

 The key secondary endpoint, Clinicians Global Impression of Improvement 
(CGI-I), also showed a statistically significant treatment benefit in favor of 
amifampridine over placebo in both studies, indicating that the study 
investigators perceived a worsening of symptoms in patients who were 
randomized to placebo.  

 Study LMS-002 demonstrated relatively modest effects, with a 1.7-point 
mean difference between patients treated with amiframpridine phosphate 
and placebo on the QMG; however, there were protocol deviations related 
to errors in dosing in that study that may have introduced a bias against 
amifampridine phosphate. The results on the QMG from Study LMS-003 
show a more substantial 6.5-point mean treatment effect. Notably in Study 

LMS-003, 10 of 13 patients switched to placebo (77%) showed a decline of  
3 points on the QMG (the equivalent of going from “none” to “severe” on a 
single item), compared to only 2 of 13 patients (15%) who remained on 
amifampridine. The clinical meaningfulness of these changes is also 
supported by the results on the SGI scale that show mean differences of 1.8  
and 3.0 points in Studies LMS-002 and LMS-003, respectively. These 
treatment effects, particularly the 3-point treatment effect in Study LMS-003 
(on a 0 to 7 scale), are highly likely to be clinically meaningful to patients. 
These results indicate that patients randomized to placebo had a 
significantly greater worsening of muscle weakness and of global 
impression of the effects of the study treatment on their physical well-
being, compared to patients who continued amifampridine phosphate in 
the double-blind period. Based on the worsening of symptoms observed 
shortly after discontinuation, it appears that amifampridine phosphate 
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

provides a short-term reversible benefit in symptoms of weakness 
associated with LEMS. Long-term benefits of amifampridine phosphate in 
LEMS have not been studied. 

Risk and Risk 
Management  

 The most frequent adverse events observed in the clinical trials were 
paresthesias (paresthesias, oral paresthesias, and oral hypoesthesia), 
gastrointestinal symptoms (diarrhea, abdominal pain, nausea, 
constipation), headache, and dizziness.  

 Liver enzyme elevations were observed but these appeared to be mild 
and reversible. There were no Hy’s law cases or cases of liver injury.  

 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 and European registry 
programs. The risk of seizures will described as a warning in the label.  

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

There is adequate evidence to support the safety 
of amifampridine phosphate for the treatment of 
LEMS. Overall, the most frequent adverse events 
observed with amifampridine phosphate 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. 
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2.  Background 
This application provides data intended to the support the effectiveness and safety of 
amifampridine phosphate for the treatment of Lambert-Eaton myasthenic syndrome (LEMS) in 
adults. Amifampridine phosphate has been marketed as Firdapse for the treatment of LEMS in 
the European Union (EU) by BioMarin Pharmaceutical, Inc., since December 2009. Catalyst 
has licensed US rights to the formulation and the Firdapse tradename; however, the 
manufacturing and supply chain for the Catalyst product are independent of the European 
product. Amifampridine phosphate is a new molecular entity for the United States (US) that is 
not currently marketed.  
 
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 
serious side effects of fatal none marrow suppression, abnormal liver function and 
nephrotoxicity. 
 
Amifampridine phosphate is a voltage-dependent potassium channel blocker that is proposed 
to enhance neuromuscular transmission and improve muscle function by increasing the release 
of acetylcholine at the neuromuscular junction. It is also known as 3,4-diaminopyridine 
phosphate; 3,4-DAP phosphate; 3,4-pyridinediamine, phosphate (1:1); pyridine-3,4-diamine 
phosphate; and diamino-3,4-pyridine, phosphate salt.  
 
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 are not sufficient to 
cause normal muscle contractions, causing muscle weakness. 
 
In up to 60% of patients, LEMS is paraneoplastic. Paraneoplastic LEMS is most commonly 
associated with small cell lung cancer (SCLC-LEMS), but cases have also been reported with 
other cancers such as non-SCLC, breast cancer, lymphosarcoma, malignant thymoma, and 
cancers of the stomach, colon, bladder, kidney or gallbladder. Cancer may be present at the 
onset of the symptoms or may be identified after symptom onset. The remaining cases of 
LEMS are thought to be autoimmune in origin and may be referred to as non-tumor (NT-
LEMS) or non-paraneoplastic LEMS.  
 
LEMS usually begins in late adulthood, with an average age of onset at 60 years. 
Paraneoplastic LEMS is less common in younger patients. NT-LEMS is seen in all ages, with 
a first peak of age of onset of 35 years, and a second (larger) peak at 60 years.  
 
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 
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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 two randomized, double-blind, 
placebo-controlled discontinuation studies (LMS-002 and LMS-003) in adult patients with 
LEMS. Additional safety data are provided from an ongoing expanded access program in the 
US (EAP-001) and a registry in the EU. 
 
A detailed summary of the regulatory history of amifampridine phosphate is provided in the 
combined clinical and statistical review. 
 

3.  Product Quality   
The technical lead on the Office of Product Quality (OPQ) review was Dr. Martha Heimann. 
Dr. Heimann’s review lists the entire OPQ team that was involved with the review of this 

application.  
 
The drug product is an immediate-release, scored tablet containing 10 mg amifampridine (as 
18.98 mg amifampridine phosphate). Two commercial packaging configurations, HDPE 
bottles with , and /Aluminum blisters, are 
proposed. 
 
The analytical methods to control the quality of the drug substance were found to be 
adequately described and validated to ensure quality control. Based on the overall stability data 
submitted, a 24-month shelf-life is granted for product stored at 25°C/60% RH conditions. 
There were no outstanding issues identified in the OPQ review, and all manufacturing 
facilities for this product were found to be acceptable. OPQ recommends approval of this 
NDA. Please refer to the OPQ review for details of the product quality assessment. 
 

4.  Nonclinical Pharmacology/Toxicology 
The nonclinical reviewer for this application was Dr. Melissa Banks-Muckenfuss, with Dr. 
Lois Freed performing a secondary review. Dr. Banks-Muckenfuss concludes that the 
application is approvable from a pharmacology/toxicology standpoint.  
 
The following are among the principal conclusions from the nonclinical review: 
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 In single-dose and repeat-dose toxicology studies of amifampridine phosphate, the 
primary drug-related effects in both rat and dog were clinical signs, including 
convulsions and other CNS effects (e.g., paddling, twitching, and tremors). 
Convulsions are a known risk for aminopyridines. In neither species is there a 10-fold 
margin between the lowest amifampridine Cmax at the NOAEL for convulsions in 
animals and that in humans at the 20 mg dose.  

 In a 104-week dietary carcinogenicity study in Sprague-Dawley rat, oral administration 
of amifampridine phosphate (0, 15, 48, or 105 mg/kg/day) resulted in an increase in 
uterine tumors (endometrial carcinoma and combined endometrial 
adenoma/endometrial carcinoma/squamous cell carcinoma) at the mid and high doses 
tested. The low dose, not associated with an increase in tumors, is similar to the 
maximum recommended human dose (80 mg/day amifampridine) on a body surface 
area (mg/m2 basis). The Agency informed the applicant during clinical development 
that a carcinogenicity study in mouse would be required in the post-approval setting. 

 Amifampridine phosphate was negative in the Ames and in vivo rat micronucleus 
assays, but positive for clastogenicity in the in vitro mouse lymphoma tk assay in the 
absence of metabolic activation. 

 In a standard battery of reproductive and developmental toxicology studies of orally 
(gavage) administered amifampridine phosphate conducted in rats and rabbits, there 
were no adverse effects on fertility or development.  

 
The nonclinical review team recommends approval of the application, with appropriate 
labeling and a post-marketing requirement (PMR) for a carcinogenicity study in mouse. 
 

5.  Clinical Pharmacology 
An integrated Office of Clinical Pharmacology (OCP) review was written by Drs. Bilal 
AbuAsal (the primary reviewer), Katarzyna Drozda, Christian Grimstein, Kevin Krudys, and 
Sreedharan Sabarinath (the clinical pharmacology team lead). The final signatory for the OCP 
review was Dr. Ramana Uppoor.  
 
Table 1 summarizes the key findings of the OCP review with respect to the pharmacologic and 
clinical pharmacokinetic properties of amifampridine phosphate: 
 
Table 1: Summary of OCP Review Findings 

Mechanism of Action Voltage-gated potassium channel blocker 
 

Absorption Amifampridine as phosphate is rapidly absorbed, and peak plasma concentration 
(Cmax) is reached 20 minutes to 1 hour after ingestion. Administration with a 
high fat meal decreases the extent of exposure (AUC) by approximately 20% and 
the Cmax by approximately 50%. Pharmacokinetics are dose-proportional 
following single doses of 20 mg to 80 mg. 
 

Distribution Nonclinical studies indicate a lack of protein binding for amifampridine. The 
apparent volume of distribution (V/F) is estimated to be 467 L. 
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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. Slow acetylators 
have 3- to 5-times higher plasma amifampridine levels than fast acetylators. The 
terminal half-life ranges from 1.8 to 2.5 hours in healthy subjects for fast and 
slow acetylators, respectively. About 93% to 100% of the administered dose is 
eliminated in the urine as amifampridine or 3-N-acetyl amifampridine over 24 
hours. 
 

Renal Impairment The exposure of amifampridine was 2- to 3-fold higher in subjects with moderate 
and severe renal impairment, compared to subjects with normal renal function. 
Subjects with mild renal impairment had 36% greater exposure compared to 
subjects with normal renal function. Dose titration from a starting dose of 15 mg 
is recommended for subjects with impaired renal function. A maximum dose is 
not recommended, as the dose should be adjusted based on efficacy and 
tolerability. Patients with mild and moderate renal impairment were enrolled in 
the efficacy studies and tolerated doses up to 80 mg/day. 
 

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; however, the recommended dose titration should facilitate 
individualization of dose for these patients.  
 

Acetylation Status The rate and extent of metabolism of amifampridine is affected by polymorphism 
in the N-acetyltransferase gene 2 (NAT2). Slow acetylators have 3- to 5-times 
higher plasma drug levels than fast acetylators. Dose titration based on efficacy 
and tolerability should account for individual differences in metabolism of 
amifampridine phosphate. 
 

Geriatric Population In the clinical efficacy studies of amifampridine phosphate, approximately 25% 
of the LEMS patients were 65 years of age or older. There were no specific safety 
concerns identified in this population. In a population PK analysis, including 
healthy subjects and patients with ages ranging from 18 to 80 years, patient age 
was not found to influence the oral clearance of amifampridine.  
 

Drug Interactions In vitro studies suggest that amifampridine phosphate 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 with single doses of amifampridine 
phosphate ranging from 30 mg to 60 mg. There were no clinically meaningful 
effects on heart rate, AV conduction, cardiac repolarization, or QRS interval 
duration. 
 

 
Dosing Regimen 
The applicant has proposed a starting dose  administered in divided doses 3 to 4 
times per day. The dose may be increased to a maximum of 80 mg/day, with no single dose 
exceeding 20 mg. This dosing regimen generally matches what was used in the clinical trials 
and expanded access programs; however, in the run-in phase of LMS-002, patients were 
allowed to start at doses of 15 mg to 30 mg/day. Given this, OCP recommends a starting dose 
of 15 mg to 30 mg/day, with a recommendation that patients with renal and hepatic 
impairment, and those who are known slow acetylators, start at 15 mg/day. 
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In humans, the rate and extent of absorption of amifampridine is influenced by food. 

 
OCP notes that in LMS-002, amifampridine phosphate was administered with food, while in 
LMS-003, it was administered without regard to food. The two studies had comparable 
findings for safety and efficacy. Given that administration with food did not appear to affect 
the clinical outcomes of these studies and considering the practical challenges of administering 
amifampridine phosphate with food multiple times per day, OCP recommends that 
amifampridine phosphate be administered without regard to food. 
 
OCP recommends the approval of this application. Prior to the submission of the NDA, the 
Agency previously told the applicant that a hepatic impairment study would be required in a 
post-approval setting to evaluate the effect of hepatic impairment on the exposure of 
amifampridine phosphate relative to that in subjects with normal hepatic function. Therefore, a 
hepatic impairment study will be required as a PMR. 
 

6.  Clinical Microbiology  
Not applicable. 

7.  Clinical/Statistical - Efficacy 
Dr. Veneeta Tandon was the clinical reviewer for this application. Dr. Junshan Qiu was the 
biometrics reviewer, and Dr. Kun Jin was the biometrics team lead. 
 
The applicant has conducted two randomized, double-blind, placebo-controlled 
discontinuation studies in LEMS, Studies LMS-002 and LMS-003, that serve as the basis for 
establishing efficacy. The results of these studies will be described below. A detailed analysis 
of the studies can be found in the combined clinical and statistical review by Drs. Tandon and 
Qiu. 
 
LMS-002 

Study LMS-002 was a multicenter, double-blind, placebo-controlled, randomized 
discontinuation study in adult patients diagnosed with LEMS. The primary objective of LMS-
002 was to assess the efficacy of amifampridine phosphate in subjects with LEMS at the end 
of a 14-day randomized withdrawal period, as evaluated by the Quantitative Myasthenia 
Gravis (QMG) score and the Subject Global Impression (SGI) score.  
 
The study consisted of 4 parts: 

 Part 1 was an open-label run-in phase that lasted up to 91 days. Patients were either 
newly started on amifampridine phosphate and titrated to an optimal dose (defined as a 
dose leading to a ≥3-point improvement in the QMG score from Screening), or were 
already taking amifampridine base and transitioned to amifampridine phosphate.  

 Part 2 was a double-blind treatment discontinuation phase. Patients were randomized 
(1:1) in a double-blind fashion to either continue treatment with amifampridine 
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phosphate for 7 days or discontinue treatment with downward titration to placebo over 
7 days. Rescue treatment was provided to patients who experienced treatment failure; 
treatment failure was defined as becoming non-ambulatory, having worsening in QMG 
score by greater than 5 points, or developing respiratory failure requiring mechanical 
ventilation. Patients who met rescue treatment criteria during Part 2 were discontinued 
from the study. 

 Part 3 was a double-blind treatment phase where patients remained on amifampridine 
phosphate or placebo for 7 more days. Those requiring rescue treatment during Part 3 
were not discontinued from the study. 

 Part 4 was an open-label, long-term safety phase where patients who completed Parts 
1, 2, or 3 were eligible to receive amifampridine phosphate treatment for up to 2 years. 

 
Patients newly starting amifampridine phosphate were allowed to start at a dose of 15 mg per 
day (5 mg, 3 times daily) with upwards titration. Patients already taking amifampridine base 
were transitioned to amifampridine phosphate at an equivalent or lower dose, based on 
investigator’s discretion. Before entry into Part 2 of the study, all patients were escalated to a 
30- to 80-mg total daily dose, administered in 3 to 4 divided doses, with a maximum of 20 mg 
at any single administration. All doses were administered with food. 
 
The study enrolled patients ≥18 years of age, with a diagnosis of LEMS confirmed by nerve 
conduction findings or a positive anti-P/Q type voltage-gated calcium channel antibody test. 
Patients not previously taking symptomatic treatment for LEMS were required to have a QMG 
score of ≥5. Patients were required to have a forced vital capacity of ≥80% of predicted value 

if they had no history of other current respiratory disease and were receiving amifampridine 
for LEMS, or forced vital capacity ≥60% of predicted (defined as normal) if not receiving 

amifampridine for LEMS at study inclusion. Patients were allowed to use stable doses of oral 
immunosuppressants and peripherally acting cholinesterase inhibitors; however, patients with 
recent use of intravenous immunoglobulin, plasmapheresis, or guanidine were excluded. 
 
Efficacy was assessed with two co-primary endpoints: 

 Change in QMG score from double-blind baseline (Day 1, Part 2) to Day 14 (end of 
Part 3). The QMG is a physician-rated scale that assesses strength on 13 items, 
including facial strength, swallowing, grip strength, duration of time that limbs can be 
maintained in outstretched positions, and forced vital capacity. Each item of the scale is 
graded with scores of 0 to 3, denoting none, mild, moderate and severe impairment, 
respectively, with higher scores indicating greater disability. The maximum total QMG 
score is 39. 

 Change in SGI score from double-blind baseline (Day 1, Part 2) to Day 14 (end of Part 
3). Patients were asked to rate their impression of the effects of the study drug during 
the preceding week on their physical well-being based on a 7-point scale, with a score 
of 1 being the worst, and a score of 7 being the best.  

 
As noted in Dr. Tandon’s review, the co-primary endpoints were prospcetively agreed upon 
with the Agency.  
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Secondary endpoints included the Clinical Global Impression-Improvement (CGI-I) scale, a 
physician-rated assessment of improvement in symptoms on a 7-point scale, and the timed 25-
foot walk test (T25FW). 
 
A mixed effect repeated measures (MMRM) model was used to analyze each component of 
the co-primary endpoint. Both the QMG and the SGI treatment comparisons needed to be 
significant using a two-sided test at the alpha=0.05 level of significance using the permutation 
test. A step-down method was used to adjust for multiplicity with the secondary endpoints. 
 
The full analysis set included all patients who received at least 1 dose of study drug 
(amifampridine phosphate or placebo) in Part 2 and who had at least 1 post baseline efficacy 
assessment.  
 
The study was conducted at 13 sites in 8 countries, including France, Germany, Hungary, 
Poland, Russia, Serbia, Spain, and the United States. 
 
There were 54 patients enrolled into the run-in phase (Part 1) of the study. Of these, 38 were 
randomized to the double-blind discontinuation phases of the study (Part 2 and 3). Two 
patients, both taking placebo, met criteria for rescue therapy (increase in QMG score >5) 
during the double-blind period. One patient met rescue criteria in Part 2 and did not have a 
post-baseline assessment; this patient was not included in the full analysis set. One patient met 
rescue criteria in Part 3 of the study and was included in the full analysis set, using post-
baseline assessments from Day 8 of the study as the final assessment. Therefore, the primary 
analysis included 37 patients, 22 on placebo and 16 on amifampridine phosphate.   
 
The 38 randomized patients had a median age of 54 years (range: 21 to 88 years), 61% were 
female, and 90% were White. Eighty-four percent of patients had a diagnosis of autoimmune 
LEMS and 16% of patients had a diagnosis of paraneoplastic LEMS. The mean duration of 
LEMS was longer in the amifampridine group (6.5 years) compared to the placebo group (3.4 
years). Twenty-six percent of patients randomized to amifampridine phosphate were receiving 
cholinesterase inhibitors versus 36% in the placebo group, and 28% of patients randomized to 
amifampridine phosphate were receiving oral immunosuppressant therapies versus 34% in the 
placebo group. Overall, the baseline demographic variables appear to be reasonably balanced 
between the treatment groups. 
 
The results of the primary analysis were statistically significant for both co-primary endpoints, 
QMG and SGI, as shown in Table 2 below. The distribution of the changes from Baseline for 
the QMG and SGI, by individual, are shown in Figure 1 and Figure 2, respectively. 
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Table 2: Study LMS-002 – Change in Co-primary endpoints QMG and SGI scores from 

Baseline (Day 1, Part 2) to Day 14 (End of Part 3): Full Analysis Dataset 

Source: NDA208078 \\cdsesub1\evsprod\nda208078\0001\  
*Pairwise contrast at Day 14 from MMRM model including subject  
Note: Lower scores in QMG are favorable; higher scores in SGI are favorable. 

 
 

 
    Assessment 
 
 
 
 
 
 
 
 
 
 
 

     Amifampridine 
      phosphate 

 
Placebo 

N = 16 N = 21 
 Quantitative Myasthenia Gravis Scores 
  
Baseline (Mean ± SD) 6.4 ± 3.22 5.6 ± 3.99 

Day 14 (Mean ± SD) 6.7 ± 4.09 7.9 ± 2.85 

Change from Baseline (Mean ± SD) 0.3 ± 2.60 2.2 ± 2.93 

LS mean change from Baseline 0.4 2.2 

Difference in LS means, amifampridine 
phosphate minus placebo (95% CI) 

–1.7 (–3.4, –0.0) 

p-value (MMRM) 0.045* 

p-value (Permutation Test) 0.046 

 Subject Global Impression Scores 

Baseline (Mean ± SD)  5.6 ± 1.26 5.9 ± 1.22 

Day 14 (Mean ± SD) 4.9 ± 1.57 3.2 ± 1.70 

Change from Baseline (Mean ± SD) –0.7 ± 1.82 –2.7 ± 2.29 

LS mean change from baseline –0.8 –2.6 

Difference in LS means, amifampridine 
phosphate minus placebo (95% CI) 

1.8 (0.7, 3.0) 

p-value (MMRM) 
 
 

0.0028* 

p-value (Permutation Test) 0.003 

Reference ID: 4355777Reference ID: 4355913

(b) (6)



NDA 208078 – Summary Memorandum; November 28, 2018 15 

Figure 1: Study LMS-002 – Change from Baseline to Day 14 on QMG, by Individual 

 
 
 
Figure 2: Study LMS-002 – Change from Baseline to Day 14 on SGI, by Individual 

 
 
Dr. Qiu performed several sensitivity analyses, which largely supported the results of the 
primary analysis. 
 
A large number of major protocol deviations were identified that could potentially impact the 
efficacy assessments. Dr. Tandon reviewed the deviations and determined that the majority of 
the reported deviations would be expected to bias the efficacy results against amifampridine 

Worse                   Better 
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phosphate. Most notably, there were 10 major protocol deviations that occurred at a single site, 
2007 (Moscow, Russia). At this site, patients did not receive the dose of study drug prior to the 
final Day 14 assessments. The sponsor conducted a post-hoc analysis that excluded subjects 
from the Russian site. The post-hoc analysis demonstrated a stronger effect for amifampridine 
phosphate compared to the primary analysis when these patients are excluded (Table 3). 
 
Table 3: Study LMS-002 – Co-primary endpoints QMG and SGI excluding Russian Site 

2007 

 
 
 
 
 
 
 
 
 
 
 
 
 

Amifampridine 
phosphate 

 
Placebo 

N = 10 N = 16 
Quantitative Myasthenia Gravis Scores  
Baseline (Mean ± SD) 6.5 ± 3.34           5.9 ± 4.12 
LS mean change from Baseline* –0.6 2.2 
Difference in LS means, amifampridine 
phosphate minus placebo (95% CI) 

 
–2.8 (–4.7, –0.9) 

p-value 0.0048 
Subject Global Impression Scores 
Baseline (Mean ± SD)  4.9 ± 0.99           5.6 ± 1.26 
LS mean change from Baseline –0.3 –2.4 
Difference in LS means, amifampridine 
phosphate minus placebo (95% CI) 

 
2.1 (0.9, 3.4) 

p-value 0.0019 

Source: NDA208078 \\cdsesub1\evsprod\nda208078\0001\  
Note: Lower CGI Scores are favorable; higher SGI scores are favorable. 
*Estimated via a MMRM with the scores at Day 8 and Day 14 as the dependent variable and terms for treatment, time (Day 
8, Day 14), treatment-by-time interaction, and double-blind baseline QMG score as fixed effects and patient as a random 
effect. The model assumed time effect to be random between patients. 

 
The results from the MMRM on the CGI-I Scores at Day 14 (end of Part 3) showed a 
statistically significant mean treatment difference of -1.1 in favor of amifampridine phosphate 
(p=0.027) with LS mean scores of 3.6 for amifampridine phosphate and 4.7 for placebo. 
However, the results from the MMRM on the change in T25FW walking speed from Baseline  
to Day 14 were not statistically significant (p=0.63; Table 4). 
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Table 4: Study LMS-002 – Change in Secondary endpoints CGI and T25FW from 

Baseline (Day 1, Part 2) to Day 14 (End of Part 3): Full Analysis Dataset  

 
Source: NDA208078 \\cdsesub1\evsprod\nda208078\0001\  
**Pairwise contrast at Day 14 from MMRM model 
Note: Lower CGI Scores are favorable; higher 25-foot walk is favorable. 

 
LMS-003 

Study LMS-003 was a 4-day, multicenter, double-blind, placebo-controlled, randomized 
discontinuation study in adult patients diagnosed with LEMS. Prior to randomization, patients 
were receiving amifampridine phosphate through an expanded access program. Patients had to 
be on a stable dose and frequency of amifampridine phosphate for at least 1 week prior to 
randomization. Patients were randomized 1:1 to amifampridine phosphate (at the patient’s 

optimal dose) or placebo on Day 0. The randomization was stratified by low dose (<60 
mg/day) and high dose (≥60 mg/day) of amifampridine phosphate. Efficacy endpoints were 
assessed at Day 4. 
 
The total daily amifampridine phosphate dose was 30 to 80 mg, given in 3 to 4 divided doses 
as prescribed by the investigator, based on optimal neuromuscular benefit and tolerability (as 
perceived by the patient and investigator). Doses were administered without regard to food. 
 
The study enrolled patients ≥18 years of age, with a diagnosis of LEMS confirmed by nerve 

conduction findings or a positive anti-P/Q type voltage-gated calcium channel antibody test. 
Patients were required to be on a stable dose of amifampridine phosphate for at least 7 days. 
Patients were allowed to use stable doses of peripherally acting cholinesterase inhibitors and 
oral steroids. Other immunomodulatory drugs were prohibited. 
 

 

Assessment 

Amifampridine 
phosphate 

 

Placebo 
N = 16 N = 21 

 Clinical Global Impression-Improvement Scores 
Baseline (Mean ± SD) 2.6 ± 0.63             2.5 ± 0.98 
Day 14 (Mean ± SD)  3.6 ± 1.50 4.8 ± 1.45 
LS mean change from baseline 3.6 4.7 
Difference in LS means (amifampridine 
phosphate minus placebo (95% CI) 

–1.1 (–2.1, –0.1) 

p-value (MMRM) 0.0267* 
p-value (Permutation Test) 0.02 

 Timed 25-Foot Walk (feet/minute) 

Baseline (Mean ± SD) 254 ± 126 255 ± 111 
Day 14 (Mean ± SD)  253 ± 126 245 ± 116 

 Change from Baseline (Mean ± SD) –1.5 ± 52.5 –10.4 ± 53.1 
LS mean change from baseline –1.16 –9.67 
Difference in LS means, amifampridine 
phosphate minus placebo (95% CI) 

8.51 (–26.77, 43.79) 

p-value (MMRM) 0.63* 

p-value (Permutation Test) 0.63 
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Efficacy was assessed with the same two co-primary endpoints as in LMS-002, changes in 
QMG and SGI from baseline. The secondary endpoint was the CGI-I scale. 
 
The co-primary endpoints were analyzed using analysis of covariance (ANCOVA) with 
baseline score as the only covariate. A Wilcoxon Rank Sum Test was conducted to assess for 
treatment group differences in the CGI-I. 
 
The study was conducted at 3 sites in the United States. The study enrolled 26 patients (13 
randomized to amifampridine phosphate and 13 randomized to placebo), and all completed the 
study. Median age was 55.5 years (range: 31 to 75 years), 62% of patients were female, and 
88% were White. Demographic variables were reasonably balanced between the two treatment 
arms, given the small study size. Sixty-one percent of patients in the amifampridine phosphate 
group were receiving cholinesterase inhibitors versus 54% in the placebo group. Corticosteroid 
use was similar between treatment arms (8%).  
 
There were statistically significant treatment effects for both co-primary endpoints, QMG and 
SGI, as shown in Table 5, below. The distribution of the changes from baseline for the QMG 
and SGI, by individual, are shown in Figure 3 and Figure 4, respectively. 
 
Table 5: Study LMS-003 – Change in Co-primary Endpoints QMG and SGI Scores from 

Baseline (Day 0) to Day 4: Full Analysis set 

 
 
 
 
 
 
 
 
 
 
 
 
 

Amifampridine 
phosphate 

 
Placebo 

N = 13 N=13 
Quantitative Myasthenia Gravis Scores  
Baseline (Mean ± SD) 7.8 ± 4.20 8.5 ± 5.43 
Day 4 (Mean ± SD) 7.9 ± 4.94 15.0 ± 5.90 

  Change from Baseline (Mean ± SD) 
 

0.1 ± 3.07 6.5 ± 4.82 

LS mean change from baseline 0.00 6.54 
Difference in LS means, 
amifampridine phosphate minus 
placebo (95% CI) 

-6.54 (–9.78, –3.29) 

p-value (ANCOVA) 0.0004 
Subject Global Impression Scores 
Baseline (Mean ± SD)  6.1 ± 0.86 5.8 ± 0.90 
Day 4 (Mean ± SD) 5.3 ± 1.65 2.4 ± 1.76 

   Change from Baseline (Mean ± SD) 
 

-0.8 ± 1.74 
 

-3.5 ± 2.18 

LS mean change from baseline -0.64 –3.9 
Difference in LS means, 
amifampridine phosphate minus 
placebo (95% CI) 

2.95 (1.53, 4.38) 

p-value (ANCOVA) 0.0003 

Source: NDA208078 \\cdsesub1\evsprod\nda208078\0007  
Note: Lower QMG scores are favorable; higher SGI scores are favorable. 
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Figure 3: Study LMS-003 – Change from Baseline to Day 4 on QMG, by Individual 

 
 
 

Figure 4: Study LMS-003 – Change from Baseline to Day 4 on SGI, by Individual 

 
 
Sensitivity analyses largely supported the results of the primary analysis. 
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For the secondary endpoint, the CGI-I scores on Day 4 showed a statistically significant 
(p=0.002) difference between patients remaining on amifampridine phosphate (3.8 ± 0.80) 
compared with patients discontinued to placebo (5.5 ± 1.27).  
 
Efficacy Conclusions 

Substantial evidence of effectiveness for amifampridine phosphate for the treatment of LEMS 
in adult patients has been established in two adequate and well-controlled studies. The primary 
study endpoints were prospectively agreed upon with the Agency. Statistically significant and 
clinically meaningful positive results were demonstrated on assessments of strength and 
subjective assessment of symptoms of LEMS in both studies. It is noted that there were many 
protocol deviations identified in LMS-002, in particular, at a site in Russia. Those deviations, 
however, would likely have biased the study against amifampridine. Based on the post hoc 
analyses, it is clear that the overall positive results were not dependent on the data contributed 
by the Russian site. Although the treatment effect demonstrated in Study LMS-002 was 
modest at best, it remains a positive study and provides support for the efficacy of 
amifampridine phosphate in the treatment of LEMS. LMS-003 demonstrated robust results 
across primary and key secondary endpoints and provides independent substantiation of 
effectiveness.  
 

8.  Safety 
Dr. Tandon conducted the safety review of this application.  
 
The primary source of safety data was the open-label run-in and extension phases of LMS-002. 
LMS-003 and the double-blind period of LMS-002 (described in Section 7) provided limited 
safety data, as the studies were short (4 and 14 days, respectively) and the incidence of adverse 
events during this period was very low overall and was greater in the placebo group. Safety 
data from Catalyst’s expanded access study (EAP-001), the European LEMS Registry, and 
literature were considered supportive. 
 
Dr. Tandon’s review indicates that a total of 475 subjects have been exposed to amifampridine 
phosphate in this development program. This number includes 190 healthy subjects and 
renally impaired subjects in Phase 1 studies, 70 LEMS patients in controlled studies, and 215 
LEMS and non-LEMS patients enrolled in the expanded access program and European 
registry. In the controlled studies and study EAP-001, there were 142 patients with > 6 months 
of exposure, 116 patients with > 12 months of exposure, and 89 patients with > 18 months of 
exposure. Duration of exposure was not captured in the European registry. 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 a rare disease such as LEMS. 
 
Dr. Tandon reviewed the coding of the adverse event terms in the submission and pooled 
similar terms for the safety analyses. Notably, the terms “paresthesia,” “paresthesia oral,” and 

“hypoesthesia oral” were pooled under the term “paresthesia,” which increased the incidence 

of this finding compared to the applicant’s safety analysis. Other pooled terms included 
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groupings for: “elevated liver enzymes,” “upper respiratory tract infection,” “muscle spasm,” 

“asthenia,” “erythema,” “abdominal pain,” “anal fissure,” “balance disorder,” and “feeling of 

body temperature change.”  
 
The following are the principal conclusions of Dr. Tandon’s safety review of the application: 
 
Deaths. No deaths occurred in LMS-003 or the controlled period of LMS-002. One death due 
to small cell lung cancer occurred in the long-term extension phase of LMS-002. There were 
15 deaths that occurred in the EU LEMS Registry and EAP-001. 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 phosphate. 

Serious Adverse Events. There were no serious adverse events (SAEs) in LMS-003. In LMS-
002, there were 3 SAEs in the open-label run-in phase and 23 SAEs reported in 10 patients in 
the open-label extension phase.  Only cataract and elevated liver enzymes were reported in 
more than one subject. Four SAEs of elevated hepatic enzymes that could be considered 
related to amifampridine phosphate were observed in 3 patients. Only one of those patients had 
an AST, ALT or GGT greater than three times the upper limit of normal (ULN). The 
relationship between cataracts and amifampridine phosphate is unclear, but causality is likely 
confounded by the general older age of the LEMS patient population.  
 
All Adverse Events (serious plus non-serious). As previously noted, the assessment of AEs 
during the double-blind period was generally not informative, as the duration of treatment was 
short (14 days) and the incidence of AEs was greater in the placebo group, suggesting a 
worsening of underlying disease symptoms with withdrawal of treatment. Therefore, Dr. 
Tandon performed the safety analysis for frequent adverse events on the pooled pivotal 
studies, including the open-label periods. 
 
The most frequently occurring adverse events (>5%) in LMS-002 (including the 91-day run-in, 
14-day double-blind period, and 2-year extension phases) and LMS-003 (4-day double-blind) 
are presented in Table 6, below. 
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Table 6: Treatment Emergent Adverse Events in Pivotal Studies in Patients on 

Amifampridine Phosphate 

                    Amifampridine Phosphate 

Treatment-emergent AEs LMS-002 N=53 LMS-003 N=13a 

Paresthesiab 26 (49%)   

Upper respiratory tract infection 21 (40%)  

Back pain 9 (17%) 1 (8%) 

Diarrhea 9 (17%)  

Muscle spasms 8 (15%)  

Asthenia 8 (15%)  

Abdominal pain 7 (13%)  

Elevated liver enzymesc 7 (13%)  

Nausea 7 (13%)  

Constipation 6 (11%)  

Dizziness 6 (11%)  

Headache 6 (11%) 1 (8%) 

Cataract 5 (9%)  

Dyspnead 5 (9%)  

Fall 5 (9%)  

Hypertension 5 (9%)  

Pain in extremity 5 (9%) 1 (8%) 

Urinary tract infection 5 (9%)  

Bronchitis 4 (8%)  

Gastroesophageal reflux disease 4 (8%)  

Insomniae 4 (8%)  

Muscular weakness 4 (8%)  

Edema peripheral 4 (8%)   

Pyrexia 4 (8%)  

Viral infection 4 (8%)   

Blood creatine phosphokinase 
increased 

3 (6%)  

Depression 3 (6%)   

Erythema 3 (6%)  

Hypercholesterolemia 3 (6%)   

Influenza 3 (6%)  

Lymphadenopathy 3 (6%)   
 
aAlthough the treatment-emergent AEs from LMS-003 occurred in one patient each, these are reported in this Table for 
completeness of AEs observed in both studies. 
bIncludes paresthesia, oral paresthesia and oral hypoesthesia 
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cIncludes elevated liver enzymes, alanine aminotransferase increased, aspartate aminotransferase increased,  blood lactate 
dehydrogenase increased, gamma-glutamyl transferase increased, hepatic enzyme increased 
dIncludes dyspnea and shortness of breath 
eIncludes insomnia, insomnia exacerbated, sleeplessness 
 

 
Given the open-label nature of most of the data captured in this table, it is difficult to assess 
relatedness of these adverse events to amifampridine phosphate. Based on overall greater 
incidence, paresthesias, gastrointestinal adverse events, and elevated liver enzymes are likely 
to be related to the drug. Respiratory tract infections are common in the background 
population, particularly in a 2-year extension period. 
 
Study LMS-002 enrolled 42 LEMS patients who were newly initiated on amifampridine 
phosphate during the open-label run-in period (up to 91 days of treatment). The data from 
these patients appeared to be more informative for understanding adverse events that were 
likely to be related to amifampridine phosphate (Table 7). The table is similar to the pooled 
study population, but better demonstrates adverse events that are likely to occur in patients 
initially after starting therapy with amifampridine phosphate. 
 
 Table 7: Treatment Emergent Adverse Events in Treatment-Naïve Patients Initiating 

Amifampridine Phosphate in LMS-002. 

  Amifampridine Phosphate-Naïve 

  N=42 

Treatment-emergent adverse events                          N (%) 

Paresthesiaa 26 (62%) 

Upper respiratory tract infection 14 (33%) 

Abdominal pain 6 (14%) 

Nausea  6 (14%) 

Diarrhea  6 (14%) 

Headache 6 (14%) 

Elevated liver enzymesb 6 (14%) 

Back pain 6 (14%) 

Hypertension 5 (12%) 

Muscle spasms 5 (12%) 

Dizziness 4 (10%) 

Asthenia 4 (10%) 

Muscular weakness 4 (10%) 

Pain in extremity 4 (10%) 

Cataract 4 (10%) 

Constipation 3 (7%) 

Bronchitis 3 (7%) 

Fall 3 (7%) 

Lymphadenopathy 3 (7%) 
aThis includes paresthesia, oral paresthesia and oral hypoesthesia 
bIncludes elevated liver enzymes, alanine aminotransferase increased, aspartate aminotransferase increased,  blood lactate 
dehydrogenase increased, gamma-glutamyl transferase increased, hepatic enzyme increased 
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Given the limitations of the controlled dataset from the pivotal studies, Dr. Tandon also 
analyzed data from the Phase 1 studies to see if there were any unique safety signals that could 
be identified in that population. The adverse events were comparable to those identified to the 
newly treated LEMS patients described in Table 7. No new safety signals were identified. 
 
Laboratory assessments and vital signs. Laboratory assessments and vital signs were collected 
in LMS-002 and in the clinical pharmacology studies. Vital signs but not laboratory 
assessments were collected in LMS-003. Given the limitations of the available data, Dr. 
Tandon focused her review on potentially clinically significant outlier values. Although there 
were isolated laboratory abnormalities, no trends were identified. A review of the outliers 
suggested that they were mostly sporadic events that normalized at the subsequent assessment. 
In her review, she identified liver enzyme elevations that were previously captured as adverse 
events. Most of the cases were mild elevations of liver enzymes that occurred after taking the 
drug for > 1 year and were asymptomatic. However, there was one patient in the clinical 
pharmacology study  who had a 4.6X ULN increase in ALT and 3.5X ULN 
increase in AST within 24 hours after the first 20 mg of 3,4 DAP base administration, without 
any clinical symptoms. This subject was discontinued from the study. Elevated liver enzymes 
will be described in the label for amifampridine phosphate; however, the cases were mild, 
asymptomatic and reversible and so do not merit description as a warning. 
 
No other 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 (30 mg and 60 mg) and exposures achieved in this study, there 
was no significant QTc prolongation effect of amifampridine phosphate detected in the TQT 
study. 
 
Adverse Events of Interest 
 
Seizures. Based on findings in the animal toxicology studies and clinical findings from 
structurally related compounds, such as 4-aminopyridine, that identified seizures as a potential 
risk, the amifampridine phosphate development program assessed seizures as an AE of 
interest. No seizures were reported in the clinical development program for amifampridine 
phosphate (studies LMS-002, LMS-002 extension, LMS-003 and the clinical pharmacology 
studies); however, there were five patients from the LEMS-Registry and expanded access 
study EAP-001 who experienced seizures. The patients were taking doses of amifampridine 
phosphate between 50 and 80 mg/day. One patient, who may have had a prior history of 
seizures, had a seizure after 3 months of treatment, but the other 4 patients had no prior history 
of seizures. The seizures occurred from 3 months to up to 54 months after initiation of therapy. 
In most of the cases, patients also had comorbid medical conditions such as infections and 
medications that may have lowered the seizure threshold; however, there was one case without 
any confounding factors. The applicant also provided literature reports of seizures that 
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occurred in LEMS patients taking amifampridine. Most of the doses were ≥ 90 mg/day, and 
one occurred in the setting of an overdosage of 360 mg/day for 7 days. 
 
Given the prior findings of seizures in nonclinical studies, seizures known to occur with other 
aminopyridines, and the occurrence of seizures in the registry and expanded access study, the 
applicant proposes that the risk of seizures be described as a warning in the label and we agree 
with this proposal. 
 
Cardiac adverse events.  

as amifampridine phosphate is a voltage-gated potassium 
channel blocker. Of note, there is no non-clinical evidence of cardiac toxicity and the TQT 
study did not show evidence of QT prolongation. The applicant provided a summary of all the 
cardiac-related adverse events for the assessment of cardiac disorders in the development 
program and Dr. Tandon reviewed these events. 
 
No deaths or cardiac adverse events were reported in the controlled phases of Studies LMS-
002 or LMS-003. All events occurred during the open-label extension phase of LMS-002, the 
expanded access program, or the European registry.  
 
There were 5 cardiac-related deaths. These were attributed to cardiac arrest (3), acute coronary 
syndrome (1), and acute myocardial infarction (1). There were two additional SAEs of cardiac 
arrest and cardiac failure that did not result in death.  
 
There were 8 reports of arrhythmias that occurred in the open-label studies at recommended 
doses. These included tachycardia (2), atrial fibrillation (2), sinus bradycardia (1), sick sinus 
syndrome (1), arrhythmia (1), ventricular extrasystoles (1). Some cases occurred in patients 
who had comorbid medical conditions that likely predisposed to the events, including 
pulmonary embolism, aortic valve repair, or pre-existing arrhythmias. In most cases, the 
events were not temporally related to the initiation of amifampridine treatment, as most of 
these events occurred after several months or years of treatment (an exception was a patient 
with tachycardia that occurred within 4 days of initiation of treatment who was subsequently 
diagnosed with a pulmonary embolism).  
 
There was one case report of a patient had who received amifampridine 360 mg/day for 
several days due to a prescribing error, and who developed paroxysmal ventricular tachycardia 
and later cardiac arrest requiring resuscitation. This event occurred at a dose of amifampridine 
that was > 4 times the maximum recommended dose.  
 
In considering causality, all of the cardiac adverse events were reported from uncontrolled 
experience: from the open-label extension study, expanded access program, or the European 
registry. 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 (several patients for > 2 years). Cardiac events are not unexpected in this population 
with this duration of follow-up. Given the patient population and the absence of a control 
group, it is difficult to attribute causality to amifampridine phosphate; however; the 
contribution of amifampridine phosphate to the events cannot be ruled out.  
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Hypersensitivity Reactions. The applicant has proposed that hypersensitivity to amifampridine 
phosphate or other aminopyridines be a contraindication in the label. There were no  
hypersensitivity reactions in the clinical development program for amifampridine phosphate; 
however, anaphylaxis has been reported with another aminopyridine, dalfampridine (Ampyra). 
Thus, anaphylaxis can be anticipated to occur with amifampridine phosphate. 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 published 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. This case will be described in Section 10 of the label. 
 
Safety conclusions 

There is adequate evidence to support the safety of amifampridine phosphate for the treatment 
of LEMS. 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. Liver enzyme elevations were observed, but these appeared to be mild and 
reversible. Seizures were observed in the expanded access and registry programs and will be 
listed as a warning/precaution in the label. Anaphylaxis/hypersensitivity has not been observed 
with amifampridine phosphate but has been observed with a structurally similar product, and 
therefore, is expected to occur with amifampridine phosphate. This will be described as a 
warning/precaution and a contraindication in the label. Overall, the risks associated with 
amifampridine phosphate are acceptable. 
 

9.  Advisory Committee Meeting  
This application was not referred for review to an advisory committee because the safety 
profile of amifampridine phosphate is acceptable for the intended population, the clinical trial 
designs were acceptable, and the efficacy findings were clear. 
 

10. Pediatrics 
This application does not contain pediatric data. Pediatric Research Equity Act (PREA) 
requirements were not triggered for this orphan indication. 
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11. Other Relevant Regulatory Issues  
No Good Clinical Practice (GCP) issues were identified in Dr. Tandon’s review. 
 
Dr. Tandon concludes that the applicant has adequately disclosed financial 
interests/arrangements with clinical investigators. 
 
The Office of Scientific Investigations (OSI) investigated four clinical investigator sites, and 
the applicant, Catalyst. The OSI review notes that there were significant monitoring issues 
(e.g., lack of study monitoring for at least a year, failure of study monitors to identify, 
document and implement corrective actions for protocol violations in a timely fashion) with 
LMS-002, but determined that these violations do not appear to impact the overall safety or 
efficacy outcomes of LMS-002. One site investigator (Dr. Koster-Pruszczyk) received a final 
compliance classification of Voluntary Action Indication (VAI) and the other three site 
investigators received a classification of No Action Indicated (NAI). The final classification of 
the inspection of the study sponsor, Catalyst Pharmaceuticals, Inc, was VAI. 
 
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 phosphate 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 Division of Risk Management (DRISK) reviewer for the application was Dr. Charlotte 
Jones. Dr. Jones concluded that a risk evaluation and mitigation strategy (REMS) is not 
necessary for amifampridine phosphate. 
 
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 amifampridine phosphate relative to that in 
subjects with normal hepatic function. 

 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 amifampridine phosphate during pregnancy.  Provide a complete protocol 
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 carcinogenicity study of amifampridine phosphate in mouse. 
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14. Recommended Comments to the Applicant 
None. 
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