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EXECUTIVE SUMMARY 

This review by the Division of Risk Management (DRISK) evaluates whether a risk evaluation and 
mitigation strategy (REMS) for the new molecular entity Firdapse (amifampridine phosphate) is 
necessary to ensure the benefits outweigh its risks.  Catalyst Pharmaceuticals (Catalyst) submitted a 
New Drug Application (NDA 208078) for Firdapse with the proposed indication for the  
treatment of Lambert-Eaton Myasthenia Syndrome (LEMS) in adults. The known serious risk associated 
with Firdapse includes drug associated seizures. The Applicant did not submit a proposed REMS or risk 
management plan with this application.   

DRISK and the Division of Neurology Products (DNP) agree that a REMS is not needed to ensure the 
benefits of Firdapse outweigh its risks.  The serious nature of LEMS, the significant toxicity associated 
with the only other FDA approved treatment, coupled with the likely prescribing population’s familiarity 
with the risk of seizures support that further mitigation beyond labeling is not necessary to ensure the 
benefits of Firdapse use outweigh the risks.  

1 Introduction 
This review by the Division of Risk Management (DRISK) evaluates whether a risk evaluation and 
mitigation strategy (REMS) for the new molecular entity (NME) Firdapse (amifampridine phosphate) is 
necessary to ensure the benefits outweigh its risks.  Catalyst submitted a New Drug Application (NDA 
208078) for Firdapse with the proposed indication for the  treatment of Lambert-Eaton 
Myasthenia Syndrome (LEMS) in adults. This application is under review in the Division of Neurology 
Products (DNP). The applicant did not submit a proposed REMS or risk management plan with this 
application.   

2 Background 
2.1 PRODUCT INFORMATION 
Firdapse (amifampridine), a new molecular entitya, is a voltage-gated potassium channel blocker 
proposed for the  treatment of LEMS in adults.  Firdapse is described chemically as 3, 4 
diaminopyridine phosphate.  Firdapse was granted orphan drug designation for treatment of LEMS on 
November 12, 2009 and breakthrough therapy designation on August 22, 2013.  As a voltage-
dependent, potassium channel blocker, Firdapse causes depolarization of the presynaptic membrane 
and slows down or inhibits repolarization. This prolonged depolarization results in the opening of slow 
voltage-dependent calcium channels and allows a subsequent influx of Ca2+ to increase acetylcholine 
(ACh) release and consequently, improve neuromuscular transmission. 

Firdapse is proposed as 10 mg oral tablets to be taken in divided doses 3 to 4 times per day.  The 
recommended starting dose is 30 mg/day. The dose may be increased by 5 mg/day every 3 to 4 days, 
not to exceed a maximum daily dose of 80 mg/day or a maximum single dose of 20 mg based on the 

                                                           
a Section 505-1 (a) of the FD&C Act: FDAAA factor (F): Whether the drug is a new molecular entity 
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patient’s response. Firdapse was approved for the treatment of LEMS by the European Medicines 
Authority (EMA) and has been marketed in the European Union (EU) since December 2009. Firdapse is 
recommended as a first-line symptomatic treatment for LEMS by the European Academy of Neurology.1  

Firdapse is in the same class as Ampyra (dalfampridine, 4 aminopyridine) which is indicated to improve 
walking in adult patients with multiple sclerosis.2 Ampyra was approved with a Medication Guide and 
Communication Plan REMS in 2010 to mitigate the risk of drug associated seizures in patients treated 
with Ampyra. The REMS was eliminated in June 2013 as the communication plan was complete and 
assessments determined that the REMS was meeting its goal. 

2.2 REGULATORY HISTORY  
The following is a summary of the regulatory history for NDA 208078 relevant to this review:   

• 11/12/2009: Orphan Drug designation granted under IND 106263 for the  
treatment of LEMS. 

• 08/22/2013: Breakthrough Therapy designation granted for the  treatment of 
LEMS. 

• 07/07/2015: The Agency granted the request for rolling submission and review of portions of 
the planned NDA for Firdapse. 

• 07/22/2015: NDA 208078, submission of non-clinical reviewable unit for LEMS and CMS 
received (1 of 3 for rolling review). 

• 11/24/2015: NDA 208078, submission of clinical efficacy and safety reviewable unit for LEMS 
and CMS received (2 of 3 for rolling review). 

• 12/16/2015: NDA 208078, submission of chemistry, manufacturing and controls (CMC) 
reviewable unit for LEMS and CMS received (3 of 3 for rolling review), starting the regulatory 
clock. 

• 2/12/2016: Refuse to File3 letter sent to the applicant because the published literature provided 
in support of the LEMS  was inadequate to allow for substantial review. 
Further, a full abuse potential assessment was not included in the NDA, several clinical 
deficiencies were identified, including lack of narratives for all events of seizures and cardiac 
disorders, and the proposed Prescribing Information did not conform to the content and format 
regulations found at 21 CFR 201.56(a) and (d) and 201.57. 

• 3/28/2018: NDA 208078 resubmission, after refusal to file, for LEMS indication received. 

• 07/03/2018: A Post Mid-cycle meeting was held between the Agency and the Applicant via 
teleconference. The Agency informed the Applicant that based on the currently available data, 
there were no safety issues that require a REMS for Firdapse. 

 

3 Therapeutic Context and Treatment Options   
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3.1 DESCRIPTION OF THE MEDICAL CONDITION 
Lambert-Eaton myasthenic syndrome (LEMS) is a debilitating auto-immune neuromuscular disorder 
impacting between 4,000-8,000 adults in the US.b4,5 Symptoms of impaired neuromuscular transmission 
typically present after 40 years of age, with a peak incidence between 50 and 70 years.1  Approximately 
50-55% of patients have a paraneoplastic form of LEMS, mainly small cell lung cancer.6 For the younger 
population <40 years of age a non-paraneoplastic autoimmune pathology is more common, often in 
combination with other autoimmune disorders.6 For patients LEMS is associated with an inability to walk 
and severe fatigue.6 Clinically the disorder is characterized by proximal muscle weakness, fatigability, 
muscle aches, and autonomic dysfunction (impotence, dry mouth, constipation) and in rare cases, 
weakness of the respiratory muscles can lead to a life-threatening condition that necessitates artificial 
ventilation.c4 Muscle weakness in LEMS patients is caused by autoantibodies directed against type P/Q 
voltage-gated calcium channels located on the presynaptic membrane of the neuromuscular junction.2 
Auto-antibodies inhibit the entry of Ca2+ into the nerve and impair the release of Acetylcholine (ACh) 
from nerve terminals into the synapse, resulting in a loss of neuromuscular transmission.3  

3.2 DESCRIPTION OF CURRENT TREATMENT OPTIONS 
For patients with tumor present, the primary and preferred treatment is cancer therapy.   Effective 
therapy may improve weakness and no further treatment of LEMS may be required.6  Guanidine 
hydrochloride is the only FDA-approved drug for the symptomatic treatment of LEMS. Guanidine was 
originally approved in 1939 and has a small therapeutic window with serious side effects, including fatal 
bone marrow suppression and nephrotoxicity, which limits its use to small doses.7,8 Amifampridine as 
the phosphate salt is approved for the symptomatic treatment of LEMS in Europe.6 

The American Academy of Neurology identifies intravenous immunoglobin (IVIG) as a possibly effective 
treatment that may be considered for use in LEMS.9 IVIG has a boxed warning for renal dysfunction and 
acute rental failure. 10  As a blood derived product, IVIG also carries risks for transmission of hepatitis C 
virus, human immunodeficiency virus or prions.10 Additional unapproved treatment options available for 
patients with LEMS include immunologic treatments (e.g. plasma exchange, prednisone, azathioprine) to 
suppress the autoimmune reaction, and symptomatic treatment (e.g. cholinesterase inhibitors, 
pyridostigmine). Symptomatic treatment is focused on increasing the content of ACh in the neural 
synaptic cleft.6   

4 Benefit Assessment 
The clinical development program supporting the efficacy and safety of Firdapse for the treatment of 
LEMS included 2 pivotal studies and five additional studies assessing bioavailability, pharmacokinetics, 
                                                           
b Section 505-1 (a) of the FD&C Act: FDAAA factor (A): The estimated size of the population likely to use the drug 
involved. 

c Section 505-1 (a) of the FD&C Act: FDAAA factor (B): The seriousness of the disease or condition that is to be 
treated with the drug. 
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pharmacodynamics, and safety.   The pivotal studies LMS-002 (NCT01377922) and LMS-003 
(NCT02970162) were multicenter, double-blind, placebo controlled, randomized discontinuation 
studies.  LMS-002 included an up to 2-year open label safety extension phase.  Both studies had the 
same co-primary endpoints of the quantitative myasthenia gravis score, and the subject global 
impressions (SGI) score. The quantitative myasthenia gravis score is a physician rated test of 13 defined 
assessments including facial strength, swallowing, grip strength, and duration of time that limbs can be 
maintained in outstretched positions. The SGI is a 7 point scale that patients use to rate their overall 
impression of the effects of the study treatment ranging from “Terrible” to “Delighted”.11  Study LMS-
002 enrolled 37 patients who received at least one dose of Firdapse and had an assessment at the end 
of double blind phase of the trial on day 14.  Sixteen patients received Firdapse and 21 patients received 
placebo. The results of both primary endpoints showed a significant advantage for Firdapse versus 
placebo (p<0.05).  Study LMS-003 enrolled 26 patients, 13 patients received Firdapse and 13 placebo.  
The results of both primary endpoints showed a significant advantage for Firdapse versus placebo 
p<0.001.11  The clinical team considers that there is substantial evidence of efficacy for Firdapse.12d 

5 Risk Assessment & Safe-Use Conditions 
The integrated safety database includes data from the pivotal studies LMS-002 and LMS-003, LMS-002 -
EXT (open label extension of LMS-002), as well as other subjects exposed to Firdapse (healthy subjects 
and renal impaired subjects). Two hundred sixty-nine subjects were exposed to Firdapse in clinical trials. 
Additional safety data is provided by EAP-001(NCT02189720), an expanded access program in the US to 
provide Firdapse to subjects with LEMS, congenital myasthenic syndrome and downbeat nystagmus as 
well as the EU LEMS Registry. The LEMS disease registry is observational in nature, patients do not need 
to be on amifampridine, may be taking more than one LEMS treatment and may be on a compounded 
formulation of amifampridine rather than Firdapse.  Lastly, literature review for reported Serious 
Adverse Events related to Firdapse was included by the Applicant.  

No serious adverse events occurred during the 4-7-day placebo controlled portion of LMS-002 and LMS-
003. In the extension phase of LMS-002, extended treatment for more than 2 years was not associated 
with observable adverse events.e11  The most common non-serious treatment emergent adverse events 
were oral and peripheral paresthesias, headache, and gastrointestinal effects of abdominal pain, 
nausea, and diarrhea. None were considered serious or led to withdrawal of treatment.  

5.1 DEATHS 
There were no deaths during the placebo controlled portions of the pivotal trials LMS-002 and LMS-003.  
One subject died of a result of small cell lung cancer during the open label extension phase. 

                                                           
d Section 505-1 (a) of the FD&C Act: FDAAA factor (C): The expected benefit of the drug with respect to such 
disease or condition. 

e Section 505-1 (a) of the FD&C Act: FDAAA factor (D): The expected or actual duration of treatment with the drug. 

Reference ID: 4343522



7 

 

Seventeen deaths were reported in the European Union LEMS Registry for patients treated with 
amifampridine and EAP-001: “Three deaths due to small cell lung cancer, two deaths due to cardiac 
arrest, and one death each due to renal failure, colon cancer, respiratory arrest, respiratory failure, 
pneumonia aspiration, acute myocardial infarction, amyotrophic lateral sclerosis, hypercapnia, acute 
coronary syndrome, pseudomonas infection, lung neoplasm malignant, and aspiration bronchial were 
reported. The death due to bronchial aspiration was judged possibly related to amifampridine 
treatment. All other deaths were judged unrelated to amifampridine.”11 

Fourteen deaths were reported in the literature for subjects receiving amifampridine for LEMS.  Six 
deaths occurred in patients with neoplastic LEMS and were caused by the underlying malignancy.  The 
other causes of death were identified as, death (no further explanation provided), respiratory failure, 
chronic bronchitis, pulmonary embolism, and MI.  None of the deaths were considered related to 
treatment with firdapse.13 

 

5.2 SEIZURES 
Firdapse is in a class of drugs known to cause seizures. In the pivotal study LMS-002 subjects with a 
history of epilepsy or seizure or known active brain metastasis were excluded from participating, in LMS-
003 patients with a seizure disorder or active brain metastasis were excluded from participating.  No 
seizures occurred in the controlled clinical trials.  In the EU LEMS Registry and Study EAP-001 4 seizures 
were reported (Table 1). 

Table 1 Seizures in patients in LEMS EU registry and Expanded Access Program 

Age (yrs)/ 
Gender 

Time on 
Amifampridine 

Seizure 
Description 

Contributing 
Factors 

Outcome Investigator 
assessment of 
relationship to 
Firdapse 

87 / Female “over a year” Recurrent 
seizures 

Sepsis 2nd to 
aspiration 
pneumonia 

Dose 
Unchanged 

Possibly related 
to 
amifampridine 

75/ Female 2 months Tonic Clonic Sz  Dose reduced Probably related 

77/Female 3 months Seizure Old cerebral 
infarction 

Levetiracetam 
added 

Possibly related 

71/Female 54 months Epilepsy History of 
Epilepsy 

Dose reduced Not noted 

 

Reference ID: 4343522



8 

 

The applicant identified 10 cases of seizures in the literature and other sources in patients receiving 
Firdapse for Multiple Sclerosis (MS), LEMS, and CMS (congenital myasthenic syndrome).  Among the 5 
patients with LEMS, 4 had seizures with doses greater than 90mg /day vs. the maximum EU labelled 
dose of 80mg/day.13 

Although a clear temporal relationship between the use of amifampridine and seizures was not 
established the mechanism of action and the risk with the structurally similar drug Ampyra support that 
an increased risk of seizures should be included in Warnings and Precautions if the drug is approved.  In 
addition, Firdapse will be contraindicated in patients with a history of seizures.f 

5.3 ARRHYTHMIA 
Firdapse is a voltage-dependent potassium channel blocker, and as such, has the potential to be 
arrhythmogenic.13   There was no evidence of QTc prolongation in the QTc study or in the placebo 
controlled studies of firdapse.14 A seven-day course of a 10-fold overdose of Firdapse was associated 
with a patient having a seizure and on a separate day, a cardiac arrest, before Firdapse was stopped. The 
patient recovered.13  

 

6 Expected Postmarket Use 
In view of the rarity of the disease, the presentation with neuromuscular symptoms and the need for 
obtaining and interpreting nerve conduction studies for the diagnosis of the disease patients with LEMS 
are most likely to be cared for by neurologists.  It is possible that oncologists and palliative care 
physicians may provide care for patients with LEMS as well, particularly those with associated 
malignancies. Providers in these specialties are experienced in caring for seriously ill patients and should 
be familiar with the treatment of the serious risks including seizures.  It is anticipated that Firdapse will 
be dispensed by inpatient and outpatient pharmacies. 

 

7 Risk Management Activities Proposed by the Applicant 
The Applicant did not propose any risk management activities for Firdapse beyond routine 
pharmacovigilance and labeling.  

8 Discussion of Need for a REMS 

                                                           
f Section 505-1 (a) of the FD&C Act: FDAAA factor (E): The seriousness of any known or potential adverse events 
that may be related to the drug and the background incidence of such events in the population likely to use the 
drug. 
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The review team recommends approval of Firdapse on the basis of the efficacy and safety information 
currently available.   

LEMS is a very rare and severely debilitating neuromuscular disorder. The characteristic proximal leg 
weakness can compromise the most basic tasks, such as walking and climbing stairs. Respiratory failure 
may occur in severe cases.  

Two pivotal trials demonstrated the effectiveness of Firdapse for the treatment of LEMS 

The serious known risk associated with Firdapse is seizures. The proposed labeling at the time of this 
review includes a contraindication (section 4)  
as well as the risk of seizures (section 5.1). 

The likely primary prescribing population of neurologists should be familiar with the known risk and 
appropriate treatment of seizures. 

The clinical review team notes that the clinical trials are small and of short duration, 4-7 days, therefore 
the risk of future adverse events emerging in the postmarket setting, with chronic use, is significant. 
However, the clinical reviewer states that the need to titrate dosing to the patients’ symptoms, and 
therefore the need for an individualized dosing regimen may aid in mitigating any adverse effects 
related to metabolism of the product. 

Therefore, based on the data available, the prescribing population’s likely familiarity with seizure 
management, coupled with the rare and serious nature of LEMS and the better tolerability of this 
product compared to the only other approved treatment, DRISK is not recommending a REMS for the 
management of the risks of Firdapse at this time. 

9 Conclusion & Recommendations 
Based on the data, the benefit-risk profile is favorable therefore, a REMS is not necessary for Firdapse to 
ensure the benefits outweigh the risks. Please notify DRISK if new safety information becomes available 
that changes the benefit-risk profile; this recommendation can be reevaluated.   
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