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1. Executive Summary 
1.1 Introduction  
Niemann-Pick disease, type C (NPC) is an ultra-rare, severely debilitating neurodegenerative 
lysosomal storage disease whose hallmark clinical complication is progressive encephalopathy 
via neuronal death that culminates with patients experiencing uncontrolled seizures, inability to 
move or communicate, and ultimately fatal dementia or early death due to neurological 
dysfunction-related comorbidities, such as aspiration-related pneumonias (Walterfang et al., 
2012). Although NPC can manifest at any age, it is usually diagnosed in early childhood, and the 
estimated median age of death is 13 years (Bianconi et al., 2019; Sections 2.1.1 and 2.1.3). There 
are no FDA-approved therapies for NPC, a disease that uniformly places a tremendous burden on 
patients, families, and caregivers. The incidence of NPC is approximately 1:100,000 live births 
in the United States (US), where it affects an estimated 600–900 patients (Geberhiwot et al., 
2018; Burton et al., 2021). 
NPC results from mutations in the NPC1 (~95% of cases) or NPC2 (~5% of cases) genes. 
Patients with a double functional null mutation usually have very rapid disease progression 
(Section 2.1.2). Diminished function of either gene causes lysosomal intracellular transport 
dysfunction, resulting in cholesterol accumulation in lysosomes and a myriad of negative 
downstream consequences, including cell stress, toxicity, and death. Organs most affected by 
cholesterol buildup in lysosomes include the liver, spleen, and brain, with progressive 
neurodegeneration of the brain driving most clinical complications and disability.  
1.2 Unmet Need 
Despite decades of research and development, there are no FDA-approved therapies for patients 
with NPC, and there are no established biomarkers correlated with disease severity or survival 
(Section 2.2.1). At all ages, patients experience a variety of heterogeneous and progressively 
disabling neurological symptoms that can require frequent hospitalizations (Imrie et al., 2007; 
Vanier, 2010). However, younger age of onset predicts more rapid disease progression (Patterson 
et al., 2012). In all cases, patients in the terminal stage cannot communicate, have total 
ophthalmalgia, and are bedridden due to severe encephalopathy and uncontrolled seizures. 
The current treatment paradigm for NPC relies largely on symptomatic management, including 
anti-seizure medications, spasticity medications, baclofen, and care from a multidisciplinary 
team. The substrate reduction therapy miglustat is considered part of routine clinical care for 
NPC worldwide but must be prescribed off-label to treat NPC in the US where it is only 
indicated for the treatment of a different lysosomal storage disorder, type 1 Gaucher disease 
(Berry-Kravis, 2021; Zavesca® USPI, 2020).  
The profound impact of NPC on patients and their caregivers cannot be overstated. With its 
relentlessly progressive effect on a patient’s daily function, quality of life, and life expectancy, in 
addition to the heavy burden on caregivers and families, there is an urgent unmet medical need 
for effective and safe pharmacological interventions.  
1.3 Product Description 
Zevra Therapeutics is seeking approval of arimoclomol for the treatment of adult and pediatric 
patients (≥ 2 years) with NPC. 
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Arimoclomol is an orally bioavailable small molecule that is administered in capsules developed 
to support ingestion in a population comprising pediatric patients and patients with swallowing 
difficulties. The capsules can be swallowed whole, or the contents can be emptied into liquid or 
sprinkled onto soft food. The recommended dose is weight-adjusted and administered three times 
per day (t.i.d.; Table 6; Section 3.2). 
Arimoclomol has a novel mechanism of action (MOA), which targets two fundamental pathways 
of NPC etiology. Arimoclomol’s effects are reversible upon discontinuation, and because it is 
not a gene therapy, does not affect the patient’s genetic makeup. Details on the MOA of 
arimoclomol in the NPC disease state are described in Section 3.3.1.3.  
1.4 Development Program for Arimoclomol for NPC 
1.4.1 Program History 
Arimoclomol has been granted Orphan Drug Designation, Fast Track Designation, Breakthrough 
Therapy, and Rare Pediatric Disease Designation by the Food and Drug Administration (FDA) 
for the treatment of NPC. 
A New Drug Application (NDA) was previously submitted for this indication by the drug’s 
original Sponsor, and the current application represents a resubmission with substantial changes 
and new investigations in alignment with clinical analyses and nonclinical supporting evidence 
recommended by the FDA. The original NDA was submitted by Orphazyme, Inc. in July 2020 
(Figure 1). In that application the pivotal randomized, double-blind, placebo-controlled, 
Phase 2/3 clinical trial, Study 002, met its prespecified primary efficacy endpoint, and some 
supportive nonclinical data were submitted. 
In June 2021, FDA issued a Complete Response Letter (CRL) to Orphazyme, which outlined 
deficiencies and recommendations to address them. The key issues included in the CRL can be 
grouped into three categories: 

1. Validity and reliability of the 5-Domain NPC Clinical Severity Score (5D-NPCCSS) 
instrument used as the primary endpoint (See Sections 1.4.3 and 6.5.1 for details.) 

2. Appropriateness of the estimand used for the primary efficacy analysis (See Section 6.6.4 
for detailed discussion of estimands.) 

3. Robustness of confirmatory evidence (See Section 4.3 for an overview nonclinical studies 
and Section 7 for findings from confirmatory in vitro [Section 7.2.1] and in vivo 
[Section 7.2.2] studies). 

Approximately one year later, in 2022, Zevra Therapeutics acquired arimoclomol from 
Orphazyme, and completed the open-label extension (OLE) phase of Study 002. Three meetings 
have been held with FDA to discuss preliminary data and solicit ongoing advice in order to 
address the issues identified in the CRL. 
In December 2023, Zevra resubmitted the NDA with amendments that included new clinical 
data, revised analyses, and additional supporting nonclinical confirmatory evidence, which 
together addressed the deficiencies raised by the FDA, as shown in Table 1. The resubmission 
includes results from the completed 4-year OLE phase of Study 002, eight additional in vitro 
studies, and three additional in vivo studies, all 11 of which were conducted to strengthen the 
confirmatory evidence and characterize arimoclomol’s MOA in greater detail. 
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Given the extreme rarity of NPC, in addition to the limited natural history documentation before 
Study 001, the Sponsor selected several additional endpoints that are commonly used for the 
study of neurological and movement disorders or to assess specific symptoms and generate as 
comprehensive a data set as possible. However, none of these additional instruments are NPC 
specific or validated for the disease. Additionally, some measures have minimal utility in 
younger age groups or patients with severe disease. 
1.4.3.1 Niemann-Pick, Type C Clinical Severity Scale (NPCCSS) 
The NPCCSS is an NIH-developed, disease-specific, clinician-reported outcome (ClinRO) 
assessment tool that specifically assesses clinical severity and measures disease progression 
across 17 domains in patients with NPC (see Section 6.5.1 for complete details).  
The original NDA submission for Studies 001 and 002 used and validated the abbreviated 
5-domain NPCCSS (5D-NPCCSS) as the primary endpoint. The 5 domains include: ambulation, 
fine motor skills, speech, swallow, and cognition (Patterson et al., 2021; Yanjanin et al., 2010; 
Shin et al., 2011; Megias-Vericat et al., 2017; Ory et al., 2017; Cortina-Borja et al., 2018).  
Based on FDA recommendations, the analyses in the NDA resubmission were performed with a 
4-domain NPCCSS (4D-NPCCSS), in which the cognition domain has been removed and the 
ambulation, fine motor skills, speech, and swallow domains remain. Domains assessed in the 
4D-NPCCSS were determined based on FDA feedback and include an updated scoring 
methodology for the swallow domain that was applied to the original data collected during the 
blinded phase of the pivotal trial. (See Figure 16 and Table 10 in Section 6.5.1.1 for detailed 
comparison of NPCCSS instruments and scoring criteria.) 
To score the NPCCSS, clinicians evaluated the patient’s clinical symptoms and assigned a score 
of 0 to 5 in each domain, based on defined criteria. The 4D-NPCCSS total score ranges from 
0 to 20 points, with higher scores representing more severe clinical impairment. A 1-point 
difference in the score constitutes a clinically meaningful change in condition for a patient with 
NPC. Details on the minimum clinically important difference (MCID) are provided in 
Section 6.5.1.1.2.  
1.4.3.2 Niemann-Pick, Type C Clinical Database (NPC-cdb) 
The Niemann-Pick disease, type C Clinical Database (NPC-cdb) per-patient score equals a 
severity-weighted sum of 72 symptoms across 10 categories: visceral signs, development, motor 
function, ocular-motor abnormalities, seizures/cataplexy/narcolepsy, cognitive abilities and 
memory, behavioral and psychiatric abnormalities, speech, hearing, and abilities in daily life 
(Stampfer et al., 2013). The NPC-cdb patient history questionnaire is administered only at 
baseline while the NPC-cdb current status questionnaire is used to track progression at each visit. 
The total score for each questionnaire reflects the patient’s historical and current disease severity, 
respectively. 
For Studies 001 and 002, the current-status questionnaire was simplified to facilitate data 
collection. Each symptom contributed a score ranging from 1 to 5 with a maximum score of 
125 points for the total scale. 
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1.6 Confirmatory Evidence  
The confirmatory evidence for arimoclomol consists of multiple sources representing 
independent types of scientific investigation, including clinical data, natural history data, MOA, 
and animal models of NPC. These data consistently align with, mutually reinforce, and fully 
support the treatment benefit observed in the randomized pivotal clinical trial. 
1.6.1 Clinical Confirmatory Evidence of Efficacy 
The clinical data consistently show slowing of disease progression in patients with NPC treated 
with arimoclomol relative to placebo or untreated patients.  
Crossover from Placebo during Double-blind Phase of Study 002 to Arimoclomol during Open-
label Extension (OLE) Phase  
A total of 41 out of 42 patients who completed the double-blind phase of Study 002 continued 
into the OLE phase, during which all patients received arimoclomol for up to 4 additional years. 
Upon entering the OLE phase, patients and physicians were blinded to initial randomization 
assignment in Study 002, and they remained so through at least 2 years of participation in the 
OLE (Year 3 of Study 002). This design enabled continued investigation of arimoclomol effects 
because patients who initially received placebo could act as their own controls.  
Among patients who switched from placebo to arimoclomol, the average rate of disease 
progression decreased from 1.9 points per year while receiving placebo during the double-blind 
phase to 0.3 points per year while receiving arimoclomol during the OLE phase. The decrease in 
progression rate in placebo patients is visualized in a LOESS plot of change in 4D-NPCCSS 
score from DB baseline vs actual treatment duration (Figure 4, solid gray vs dashed purple lines; 
Section 7.1.3.1). 
Moreover, the average rate of progression among patients who received arimoclomol throughout 
both phases of Study 002 was relatively constant (0.82 points per year) through approximately 
5 years of available data and did not change significantly between the double-blind (0.71 points 
per year) and OLE phase (0.93 points per year) (Figure 4, solid purple line; Section 7.1.3.1). A 
similar benefit of disease stabilization was also observed in patients enrolled in the Expanded 
Access Program (EAP; Section 7.1.4).  
Given the progressive nature of NPC, such considerable and consistent change is unlikely due to 
chance, but rather indicates a treatment effect of arimoclomol and further supports the findings 
from the controlled, double-blind phase of the pivotal study.  
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1.6.4 Animal Models 
Studies conducted in two mouse models of NPC confirmed the mechanistic effects identified 
during the in vitro studies, further characterizing arimoclomol’s beneficial effects. The mouse 
models used were: 

• Npc1-/- knockout mice have double functional null mutations and are a model for severe 
disease with no functional NPC1 protein synthesis (referred to herein as 
“NPC1-independent” model). 

• Npc1nmf164 mice have a point mutation and are a model for a milder form of disease with 
diminished levels of NPC1 protein that retained some function (referred to herein as 
“NPC1-dependent” model). 

1.6.4.1 Increased Levels of Mature NPC1 Protein in NPC Mice 
When treated with arimoclomol, NPC-dependent (Npc1nmf164) mice demonstrated levels of 
mature and properly folded NPC1 protein that were comparable to levels measured in healthy, 
wild-type mice (Figure 10). In addition, the mean concentration of NPC1 protein in treated mice 
was approximately 50% greater than that found in untreated mice.  
Figure 10: Concentrations of Mature Isoform 1 of NPC1 Protein in Brains of Wild-type, 

Untreated, and Arimoclomol-treated NPC-dependent (Npc1nmf164) Mouse 

 
* NPC1 protein levels (isoform 1: >250 kDa and isoform 2: ~150 kDa) are normalized to tubulin.  
Note: NPC1-dependent mice (Npc1nmf164) have a D1005G point mutation.  
NPC1 = NPC intracellular cholesterol transporter 1. 

1.6.4.2 Effect on Functional and Survival Endpoints in NPC Mice 
Rearing Activity 
The consequence of CLEAR network upregulation and increased NPC1 protein was also seen in 
the behaviors observed in the two mouse models of NPC (NPC1-independent [Npc1-/-] and 
NPC1-dependent [Npc1nmf164]). Rearing is a key behavior for mice as they explore their 
environment, interact with each other, and ultimately find food and water. Rearing activity in 
mice not only informs on the ability to stand on the hind legs but is also an indicator of 
exploratory activity and emotional responsiveness (Alves et al., 2012; Chen et al., 2023). 
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1.8 Benefit-Risk Summary 
The present NDA resubmission aligns with regulatory principles outlined for rare diseases in the 
new FDA draft guidance document Demonstrating Substantial Evidence of Effectiveness with 
One Adequate and Well-Controlled Clinical Investigation and Confirmatory Evidence (FDA, 
2023). The guidance specifies that substantial evidence of effectiveness can come from one 
adequate and well-controlled clinical study plus confirmatory evidence. Confirmatory evidence 
may be based on multiple sources of information, including but not limited to clinical studies, 
animal data, and mechanistic information.  
Evidence of Effectiveness 
The NDA resubmission meets the regulatory requirements for demonstrating substantial 
evidence of effectiveness in the following ways: 

• One adequate and well-controlled randomized trial: Study 002 showed a clinically 
meaningful and statistically significant result for arimoclomol on the FDA-recommended 
primary endpoint of 4D-NPCCSS with the while-on-treatment estimand. Findings were 
supported by a series of sensitivity analyses, and the treatment effect exceeded the 
MCID.  

• Confirmatory evidence: Confirmatory evidence across multiple sources supports the 
favorable clinical outcome from Study 002.  

o Clinical: Patients who switched from placebo in the double-blind phase of 
Study 002 to arimoclomol in the OLE phase reported a slowing of disease 
progression, which was sustained for up to 4 years of open-label treatment. 
Moreover, patients randomized to arimoclomol in the double-blind phase 
maintained a similar average progression rate through both study phases for up to 
5 years of arimoclomol treatment. When arimoclomol patients were matched with 
the NIH natural history cohort, arimoclomol treatment resulted in slower disease 
progression over 4 years. 

o In vitro: Arimoclomol’s MOA benefits patients through multiple pathways, 
upregulating both the synthesis of NPC1 protein and the CLEAR gene network, 
all of which are critical for lysosomal function and resulted in improved 
cholesterol clearance from lysosomes. 

o In vivo: NPC mouse models confirm arimoclomol’s mechanism, demonstrating 
increased brain concentrations of mature NPC1 protein, improved rearing 
behaviors, and most importantly, increased survival.  

Overall, arimoclomol showed meaningful benefits across all studies and various analyses. 
Importantly, all experimental results confirmed findings from others without contradiction 
providing additional confidence and support of the effectiveness of arimoclomol. 
Acceptable Safety Profile 
With an extensive safety database that includes 708.1 patient-years of arimoclomol exposure in 
874 individuals, including 668 healthy subjects and patients across four indications in 18 clinical 
studies (5 with OLE phase), and 206 patients in the EAP, arimoclomol is consistently well-
tolerated with an acceptable safety profile. This finding includes patients with NPC, who have up 
to 5 years of follow-up in Study 002. Importantly, treatment with arimoclomol does not add to 
the burden of disease for patients with NPC. 
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Favorable Benefit-Risk with Substantial Evidence of Effectiveness 
At present, there is no cure and no FDA-approved therapy for NPC. Arimoclomol offers patients 
with NPC a well-tolerated and easy-to-administer therapy that significantly slows disease 
progression and leads to clinically meaningful benefits for patients. The totality of data provides 
substantial evidence of effectiveness and a positive benefit-risk profile for arimoclomol, 
supporting its approval for the treatment of NPC. 
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amount of properly folded and mature NPC1 protein. The consequence is lysosomal dysfunction 
with accumulation of lipids resulting in a negative impact on downstream pathways. For 
example, lysosomal sphingolipid degradation becomes impaired leading to accumulation of 
several complex sphingolipids in various tissues including the brain and liver (Vanier and 
Latour, 2015; Breiden and Sandhoff, 2020). This lipid accumulation is cytotoxic and causes 
neurodegeneration and peripheral organ dysfunction (Lloyd-Evans and Platt, 2010; Platt, 2018). 
Visceral, systemic forms of the disease present first, including cholestasis and an enlarged 
spleen. NPC is characterized by a variety of heterogenous disabling symptoms including 
epilepsy and difficulties with basic functions such as walking, motor coordination, swallowing, 
speaking, concentrating, and remembering, that can require frequent hospitalization (Vanier, 
2010; Stampfer et al., 2013; Wraith et al., 2014; Patterson et al., 2017).  
2.1.3 Diagnosis 
The diagnosis of NPC often requires a multidisciplinary approach and includes clinical 
assessment, biomarker testing, and genetic analyses.   
Children with NPC may initially present with delays in reaching normal developmental 
milestones before manifesting cognitive decline and dementia. Neurological signs and symptoms 
include cerebellar ataxia, dysarthria, dysphagia, tremor, epilepsy (both partial and generalized), 
vertical supranuclear palsy (up gaze palsy, down gaze palsy, saccadic palsy or paralysis), sleep 
inversion, gelastic cataplexy, dystonia, spasticity, hypotonia, ptosis, microcephaly, psychosis, 
progressive dementia, progressive hearing loss, bipolar disorder, and major and psychotic 
depression that can include hallucinations. 
In cases where the disease has been confirmed in one child, the sibling can be diagnosed with 
NPC by genetic testing before the onset of any visible signs or symptoms. However, even 
monozygotic twins with identical mutations can present extreme phenotypic heterogeneity of 
NPC resulting in, for example, severe neurological and psychiatric symptoms in one sibling and 
no to very mild neurological symptoms in the twin (Benussi et al., 2015). The reasons for this 
large variability in symptoms — even in identical genotypes — are likely due to epigenetic 
differences and post-zygotic mutagenesis. 
The high variability of most signs and symptoms of NPC, combined with little or no experience 
with the disease among clinicians, leads to substantial diagnostic delays, misdiagnoses, and 
delayed intervention.  
2.1.4 Prognosis/Survival 
The extent of neurological involvement defines disease severity in most patients, and disease 
progression largely correlates with the age of onset of neurologic symptoms. The 
disease-defining neurodegeneration is typically preceded by systemic signs of liver, spleen, and 
lung involvement. This is particularly true for patients with onset during infancy and childhood. 
Neurological signs and symptoms include ambulation and walking difficulties, cognitive 
impairment, swallowing difficulties, vertical supranuclear gaze palsy, seizures, and cataplexy.  
Disease progression imposes a substantial and progressive burden on patients, their families, and 
their caregivers, culminating in severe encephalopathy that causes complete loss of motor 
control, total ophthalmalgia, uncontrolled persistent seizures, and premature death. The median 
life expectancy for patients with NPC is 13 years, which has changed very little over the last 
20 years (Bianconi et al., 2019). 
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2.2 Current Treatment Options 
2.2.1 Standard of Care 
There are no FDA-approved pharmaceutical therapies for the treatment of NPC. All 
pharmacotherapies are either symptom-based or used off-label. 
Disease management employs a multidisciplinary team, ideally based in a specialist center, that 
closely liaises with community care providers. The mainstay of pharmacological therapy is 
symptom management with anti-seizure medications; antibiotics; anti-spastic therapies, such as 
onabotulinumtoxinA (Botox) and baclofen; and anti-psychotic medication (Alobaidy, 2015; 
Geberhiwot et al., 2018). 
Non-pharmacological interventions include physiotherapy, speech and oral therapy, and 
percutaneous endoscopic gastrostomy tube when oral feeding cannot sustain stabile nutrition. 
These interventions are widely used in patients with neurological impairment (Sheikh and 
Vissing, 2019). 
In the absence of any FDA-approved therapies, miglustat is frequently used off-label in the US, 
where it is approved only for the treatment of adults with mild/moderate type 1 Gaucher disease 
(Hastings et al., 2019). Miglustat reversibly inhibits glucosylceramide synthase and thus may 
work as a partial substrate reduction therapy in NPC.  
2.3 Unmet Medical Need Conclusions 
NPC is a very heterogeneous, relentlessly progressive, neurodegenerative disease that ultimately 
results in early death. Non-specific symptoms present in irregular patterns that vary by person – 
with some progressing rapidly in a 12-month period and some progressing more slowly. Patients 
endure a progressive and substantial decline in both function and quality of life. This impact on 
patients and their caregivers cannot be understated given the nature of the disease, the burden of 
care, and the emotional toll on caregivers as the patients afflicted with the most severe and 
progressive manifestations of the disease are often young children. 
As no FDA-approved pharmaceutical therapies are available for the treatment of NPC, there is a 
high unmet medical need for effective and safe pharmacological treatments that can delay the 
progression of this severely debilitating and fatal disease.  
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Figure 13: Structure of Arimoclomol Citrate 

 
3.3.1 Mechanism of Action 
3.3.1.1 Role of NPC1 in Normal Lysosomal Function  
Healthy lysosomal function requires a number of proteins regulated by TFEB and TFE3 to 
maintain homeostasis. The ratio of cytosolic and nuclear pools of these transcription factors 
determines the degree of their activation whereby translocation to the nucleus correlates with 
increased gene expression. Both transcription factors promote expression of genes responsible 
for lysosomal protein synthesis and other autophagy related functions (Figure 14, Panel A). 
Lysosomes are organelles responsible for removing waste materials from the cell. Genes 
activated by TFEB and TFE3 are collectively known as the CLEAR network of genes. In cells 
unaffected by NPC, normally assembled and maturated NPC protein migrates to the lysosomal 
membrane where they play a critical role in transporting cholesterol out of the lysosome. In 
healthy cells, this process supports elimination of waste (autophagy) to maintain healthy cellular 
function.  
3.3.1.2 Pathophysiology of Niemann-Pick Disease 
In patients with NPC missense mutations, the NPC1 protein typically has diminished quantity 
and functionality because mutations in the NPC1 genes prevent most NPC1 protein from 
completing assembly and maturation in the endoplasmic reticulum (ER) and Golgi apparatus 
(Figure 14, Panel B). The degree of early degradation and residual protein function depends on 
the genotype. Nonetheless, a large portion of mutations including the most common I1061T 
variant remain functional but are subject to early degradation by quality control checks in the 
ER. As a result, only very small amounts of NPC1 protein are being incorporated into lysosomal 
membranes, leading to cholesterol accumulation and neuronal death (Gelsthorpe et al., 2008). 
3.3.1.3 Mechanism of Action of Arimoclomol in the NPC Disease State 
Arimoclomol targets NPC etiology by both NPC1-dependent and NPC1-independent pathways 
(Figure 14, Panel C). 

• NPC1-dependent pathway: CLEAR gene upregulation increases production of the 
NPC1 protein. Though still mutated, overproducing the protein that typically has residual 
function if trafficked properly improves lysosomal function through increased export of 
cholesterol. 

• NPC1-independent pathway: Arimoclomol upregulates expression of CLEAR genes, 
thereby rescuing impaired autophagy flux to improve overall cell health and lifespan. 

The in vitro data demonstrating the mechanistic pathway by which arimoclomol targets the 
fundamentals of NPC etiology is presented in Section 7.1. 
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Figure 14: Role of NPC1 in Normal Lysosomal Function (A), Untreated NPC Disease State (B), and Arimoclomol 
Mechanism of Action in NPC (C) 

(A) Role of NPC1 in Normal Lysosomal Function 
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(B) Role of NPC1 in Untreated NPC Disease State 
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(C) Arimoclomol Mechanism of Action in NPC 

 
CLEAR = Coordinated Lysosomal Expression and Regulation; NPC1 = Niemann-Pick disease, type C; TFE3 = transcription factor E3; TFEB = transcription 
factor EB.  
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nonclinical studies and request another meeting to discuss the results of those studies, which led 
to the meeting on August 10, 2023. 
On August 10, 2023, a Type B meeting was held to discuss the confirmatory evidence that 
included eight in vitro and three in vivo studies not previously submitted to the IND or NDA. 
Discussions also included new descriptive analyses of the available clinical data including 
subgroup analyses and long-term data as supporting clinical evidence. The FDA provided 
guidance on the importance of bridging functional endpoints in an animal model to relevant 
objective outcomes measured in the pivotal clinical trial. 
On December 21, 2023, NDA 214927 was resubmitted as an amendment to the original NDA 
addressing the deficiencies raised by the FDA in the CRL and the subsequent meetings. The 
NDA resubmission presents additional evidence and analyses to provide substantial evidence of 
effectiveness in line with the FDA draft guidance issued in September 2023, Demonstrating 
Substantial Evidence of Effectiveness with One Adequate and Well-Controlled Clinical 
Investigation and Confirmatory Evidence. The resubmission included the results from the 
completed 4-year OLE phase of Study 002, as well as eight in vitro and three in vivo studies not 
previously submitted to the IND or NDA.  
4.2 Clinical Development Program 
An overview of the clinical development program for arimoclomol is presented in Table 7. A 
total of 874 individuals have received ≥ 1 dose of arimoclomol across all clinical programs, 
including 668 participants in clinical studies and 206 patients in the EAP. 
The clinical pharmacology package consists of data from 11 clinical pharmacology trials that 
evaluated the pharmacokinetics (PK) and/or pharmacodynamics (PD) of arimoclomol. In the 
single-dose trials, arimoclomol was dosed in the range of 31 mg to 496 mg arimoclomol and in 
the multiple dose trials, in the range of 62 mg t.i.d. (186 mg/day) to 372 mg t.i.d. (1,116 mg/day).  
In NPC, two clinical studies relevant to efficacy were conducted: 

• One observational study (with no arimoclomol administered) to characterize the 
individual patient disease progression profile (Study 001). 

• One Phase 2/3 trial to evaluate efficacy and safety of arimoclomol (Study 002). The trial 
consisted of a placebo-controlled, double-blind treatment phase (12 months) followed by 
an OLE phase (4 years). In the double-blind phase of Study 002, 34 patients received 
372 mg/day (weight-adjusted doses) arimoclomol and 16 patients received placebo.  

The NDA submission is supported by safety data from trials with arimoclomol in 3 other distinct 
indications: Amyotrophic Lateral Sclerosis (ALS), Inclusion Body Myositis (IBM), and Gaucher 
Disease (GD). 
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The primary PD studies that have been conducted to investigate the MOA of arimoclomol 
comprise nine in vitro (Section 7.2.1) and six in vivo (Section 7.2.2) studies. PK parameters of 
arimoclomol were evaluated, including exposure, absorption, distribution, metabolism, excretion, 
metabolism, and drug-drug interaction. (Additional details provided in Section 5.1).  
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5.1.5 Effects of Sex, Weight, Age and Race 
The PK analysis suggested that age did not have a significant effect on the PK of arimoclomol in 
adults. Sex and body weight were found to be significant covariates affecting the exposure of 
arimoclomol in adults. However, their effects are likely related to the fixed dosing regimen in 
adults, with increased clearance with increasing body weight, and with females generally having 
a lower body weight than males. The observed effects of sex (AUC0–8: 23.5% higher in females) 
and body weight (AUC0–8: 15% lower in adults above the median of 78.2 kg) in adults are 
modest and not considered clinically relevant. 
Consequently, no dose adjustment of arimoclomol based on sex or age is necessary. In addition, 
the same fixed dosing regimen can be administered to all patients weighing > 55 kg. 
5.2 Drug-drug Interactions 
Because no single biotransformation pathway is responsible for > 25% of arimoclomol’s 
elimination, the potential for other drugs to significantly affect the metabolism arimoclomol is 
considered low. 
Arimoclomol was shown to be a substrate of the MATE1 and MATE2-K transporters in vitro 
and undergoes active renal secretion. The clinical significance is considered low due to the low 
likelihood of concomitant use of MATE inhibitors in the NPC population. In addition, 
arimoclomol is not a drug with a narrow therapeutic index and no signs of renal toxicity have 
been observed in the completed clinical trials with arimoclomol. Furthermore, inhibition of 
MATE transporters is not expected to impact tissue distribution or cause clinically relevant 
changes in drug concentration at the site of action. 
Arimoclomol is not an inducer of cytochrome P450 (CYP) enzymes and while it is a weak 
CYP2D6 inhibitor, its potential of in vivo drug-drug interactions due to inhibition of CYP 
enzymes is negligible even at the highest recommended dose (372 mg/day). 
Based on the results of the in vitro transporter inhibition studies, arimoclomol does not inhibit 
P-gp, BCRP, OATP1B1, OATP1B3, OAT1, or OAT3. Weak inhibition by arimoclomol was 
found at MATE1, MATE2-K, and OCT2, but the potential for in vivo drug-drug interactions was 
determined to be low at clinical doses. 
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Patient enrollment criteria were the same for Studies 001 and 002:  

• Aged 2 to 18 years  
• Confirmed diagnosis of NPC  
• Genetically confirmed (deoxyribonucleic acid [DNA] sequence analysis) by mutations in 

both alleles of NPC1 or NPC2, or mutation in only one allele of NPC1 or NPC2 plus 
either positive filipin staining or elevated cholestane-triol/oxysterols (> 2 × upper limit of 
normal [ULN]) 

• At least one NPC-related neurological symptom at the time of screening 
• Ability to walk either independently or with assistance. 

Miglustat use was permitted if patients had remained on a stable dose for ≥ 6 months before 
entering the trial.  
Patients were excluded if they exhibited: uncontrolled epilepsy, severe hepatic insufficiency 
(aspartate aminotransferase [AST] and/or alanine aminotransferase [ALT] > 3 × ULN for age 
and sex), renal insufficiency (serum creatinine > 1.5 × ULN), historic or planned liver 
transplants, or other severe disease manifestations that would inhibit compliance. 
Patients who completed Study 001 were eligible for enrollment in Study 002. 
6.5 Clinical Endpoints 
Endpoints were specified based on FDA guidance and prior to unblinding in Study 002, and 
included disease-specific (Section 6.5.1) and non-disease-specific (Section 6.5.2) endpoints: 
6.5.1 NPC-specific Endpoints 
6.5.1.1 NPC Clinical Severity Scale (NPCCSS Endpoint) 
The NPCCSS is an NPC disease-specific ClinRO assessment tool developed by the NIH 
specifically to assess clinical severity and disease progression in NPC patients. The original 
NPCCSS scale comprises 17 clinical domains relevant to NPC, which are subcategorized into 
nine major domains and eight minor domains (Yanjanin et al., 2010): 

• Major domains include eye movements, ambulation, speech, swallow, fine motor skills, 
cognition, hearing, memory, and seizures 

• Minor domains include gelastic cataplexy, narcolepsy, behavior, psychiatric, 
hyperreflexia, incontinence, auditory brainstem response, and respiratory. 

In the original NDA submission, and in response to regulatory advice from FDA and European 
Medicines Agency (EMA), an abbreviated 5-domain NPCCSS was developed to focus on the 
most important domains and included as the primary endpoint in the protocol and Statistical 
Analysis Plan (SAP) for Study 002. Domains of the 5D-NPCCSS from the original submission 
included ambulation, fine motor skills, speech, swallow, and cognition. 
Following the CRL, and in response to further regulatory advice from FDA, the cognition 
domain was removed from the 5D-NPCCSS. In addition, the scoring methodology for the 
swallow domain was revised without altering the scoring categories reported during the trial. 
Following these changes, the resulting 4D-NPCCSS was used as primary endpoint for analysis in 
Study 002. The 4D-NPCCSS comprises the four domains of ambulation, fine motor skills, 
speech, and swallow. 
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Figure 16 provides an overview of the clinical domains from the 17-domain, 5-domain, and 
4-domain NPCCSS. Table 10 shows the scoring criteria for the 4D-NPCCSS, which was used as 
the primary endpoint to assess efficacy of arimoclomol in the present NDA resubmission, in 
alignment with FDA’s recommendation. 
Figure 16: NPC Clinical Severity Scale (NPCCSS) 

 
4DNPCCSS = 4-domain NPCCSS; 5DNPCCSS = 5-domain NPCCSS. 







 Arimoclomol Capsules                           
Zevra Therapeutics GeMDAC 

 

Page 53 of 115 

measure different aspects of the disease), moderate to strong correlations (polychoric and 
Spearman correlations) have been found between the individual four domains of the 
4D-NPCCSS and corresponding items on the following performance-based tests: 

• Scale for Assessment and Rating of Ataxia (SARA) vs NPCCSS ambulation, speech, and 
fine motor skills 

• Nine-Hole Peg Test (9-HPT) vs NPCCSS fine motor skills 
• Interpretative rating scales of the functional swallow test video fluoroscopic swallowing 

study (VFSS): 
o American Speech-Language-Hearing Association National Outcomes 

Measurement System (ASHA-NOMS) vs NPCCSS swallow 
o Penetration-Aspiration Scale (PAS) vs NPCCSS swallow. 

This work supported that the 4D-NPCCSS domains were appropriately standardized across 
patients and clinical sites and confirm the validity of the 4D-NPCCSS. 
In summary, the qualitative and quantitative data support the content validity, construct validity, 
and reliability of the 4D-NPCCSS endpoint as a clinical outcome assessment measure in NPC 
clinical research.  
Strong correlations between each of the four domains of the 4D-NPCCSS and relevant 
performance-based tests support that the 4D-NPCCSS is well-defined and appropriately 
standardized for use in clinical trials in NPC and provide additional support for the validity of all 
four domains. The Qualitative Study with NPC and swallow experts supports that the NPCCSS 
swallow domain could appropriately assess severity progression of swallow dysfunction in 
Study 002. 
6.5.1.1.2 Minimum Clinically Important Difference in NPCCSS  
Because the NPCCSS did not have a pre-determined minimal clinically important difference 
(MCID) meaningful change in 4D-NPCCSS was discussed in interviews with caregivers/patients 
and clinicians. In the interviews with patients and caregivers, more than 70% of respondents 
stated that a 1-point change is meaningful in any of the 4D-NPCCSS domains. An even larger 
proportion of participants (77.8%) indicated that any slowing of disease progression would be 
meaningful. Therefore, a 1-point change in the 4D-NPCCSS was established as a clinically 
meaningful threshold.  
6.5.1.2 NPC Clinical Database (NPC-cdb) 
The NPC Clinical Database (NPC-cdb) score (Stampfer et al., 2013) consists of 10 subject areas: 
visceral signs, development, motor function, ocular-motor abnormalities, 
seizures/cataplexy/narcolepsy, cognitive abilities and memory, behavioral and psychiatric 
abnormalities, speech, hearing, and abilities in daily life. The NPC-cdb score represents both 
historical symptoms and a current status (Stampfer et al., 2013). The current status questionnaire 
was simplified for the trial to collect data for a current visit score sum. The score is a severity-
weighted sum of 72 symptoms considered as disease-relevant at the time of assessment. Each 
symptom contributes a score ranging from 1 to 5 with a maximum score of 125 for the total 
scale. Increases in the NPC-cdb score reflect reductions in the patient’s abilities. 
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6.5.2 Additional Endpoints Not Specific to NPC 
Because of the extreme rarity of NPC and the wide heterogeneity of disease symptoms, several 
non-NPC-specific endpoints were included in the study to provide additional insights into the 
impacts of NPC disease and potential treatment effects on broad measures of symptoms and 
quality of life. However, it should be acknowledged that some of these endpoints were not 
suitable for the entire study population, since some patients could not complete certain 
assessments due to age appropriateness or advanced disease severity. Additionally, the study did 
not implement type-I error control for these endpoints due to their exploratory nature. Relevant 
data from these endpoints (e.g., SARA, 9-HPT) were used to investigate the validity of NPC-
specific measures. However, the clinical and statistical limitations preclude drawing meaningful 
conclusions about treatment effects from these endpoints. 
6.6 Statistical Methods 
6.6.1 Sample Size 
Given the ultra-rare condition and lack of proper reference data, the sample size determination of 
Study 002 was primarily based on feasibility and not on a formal sample size calculation. 
6.6.2 Analysis Sets 
No analysis set was defined for the observational Study 001. The dataset included all enrolled 
patients. 
In Study 002, the Full Analysis Set (FAS) was defined as all patients who were randomized and 
received at least one dose of treatment medication during the double-blind phase. The FAS was 
used for all efficacy analyses. In the primary analysis used to establish efficacy of arimoclomol 
based on the while-on-treatment estimand, data from all patients with at least one post-baseline 
visit were included.  
For the OLE phase of Study 002 the Extension Set was defined as all patients who received at 
least one dose of arimoclomol in the extension phase. The Extension Set was used for all 
efficacy analyses of patient data from the OLE phase. 
6.6.3 Endpoint Analyses 
The main analysis set for the efficacy analyses was the FAS.  
6.6.3.1 Analyses of the Primary Efficacy Endpoint  
The primary disease-specific endpoint of Study 002 was defined as: Change in NPC disease 
severity based on the 4D-NPCCSS (ambulation, speech, fine motor skills, and updated swallow 
domains) from baseline to last visit while on treatment. 
The primary endpoint was revised from the 5D-NPCCSS to the 4D-NPCCSS endpoint (without 
the cognition domain and with the updated swallow domain; see Section 6.5.1), and the 
treatment effect was reassessed using the FDA-preferred while-on-treatment estimand instead of 
the prespecified hypothetical estimand. See Section 6.6.4 for additional details. 
Missing data for the primary endpoint were not imputed. If a baseline value was missing, no 
change from baseline was calculated.  
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6.6.4 Estimands 
The protocol for Study 002 was initiated and the SAP was finalized (August 2018) prior to 
adoption of the ICH E9 (R1) addendum on estimands in November 2019 (ICH, 2019). For these 
reasons, estimands were not included in the SAP. However, the de facto estimand that was 
prespecified in the SAP and included in the original NDA was a hypothetical estimand. The 
prespecified primary efficacy endpoint analysis was based on an MMRM model using all 
observed data obtained prior to onset of escape medication. The reasons for censoring patient 
data after onset of escape medication were to safeguard against potential bias associated with 
unblinded assessment of the NPCCSS and to evaluate the treatment difference at 12 months 
under the assumption that the patients adhered to treatment. The design of Study 002 and the 
agreed upon primary MMRM analysis based on the hypothetical estimand were originally 
developed with these objectives. Due to concerns regarding the handling of missing data and 
clinical plausibility of the assumptions underlying the hypothetical estimand, the FDA requested 
that the primary efficacy endpoint be reanalyzed using a while-on-treatment estimand in the 
resubmission.  
The while-on-treatment estimand evaluated change in 4D-NPCCSS scores from baseline at the 
last available visit through 12 months, regardless of blinding. The last visit for patients 
completing the study was Visit 6 at the end of the double-blind phase. The last value was 
collected at the respective end-of-study evaluation on the day of withdrawal for patients that 
discontinued prior to the end of the double-blind phase. For patients who met the early escape 
criteria, the last-value-while-on treatment was used regardless of blinding (i.e., the last value was 
collected during open-label treatment). 
Early escape for a patient was defined as meeting any one of the following three criteria, as 
assessed by the investigator with respect to the NPCCSS domains of ambulation, swallowing, 
and fine motor skills: 

1. An increase of at least 2 points simultaneously in two out of the three relevant domains of 
the NPCCSS (for at least 4 points in total) within a period of 3 months 

2. An increase of 3 points simultaneously in two out of the three relevant domains of the 
NPCCSS (for at least 6 points in total) within a period of 6 months 

3. An increase of at least 2 points simultaneously in all of the three relevant domains of the 
NPCCSS (for at least 6 points in total) within a period of 6 months. 

6.6.5 Sensitivity Analyses 
Several sensitivity analyses were performed to evaluate change from baseline in the 4D-
NPCCSS endpoint. In one sensitivity analysis, the primary analysis was repeated with a slightly 
more restrictive but potentially less biased while-on-blinded treatment estimand. The 4D-
NPCCSS endpoint was also evaluated using the pre-specified analysis using the MMRM model 
previously described. In addition, a non-parametric Wilcoxon rank sum test was conducted to 
reduce the impact of potential influential/outlying values. 
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6.8.4.4 NPC Clinical Database (NPC-cdb) 
The mean (SD) Baseline score was higher in the arimoclomol group (N=32) vs placebo (N=16): 
46.5 (24.0) points vs 39.2 (28.6), respectively. 
The mean difference in change from Baseline in NPC-cdb points (95% CI) numerically favored 
arimoclomol at 6 and 12 months but did not achieve statistical significance: -5.09 (-10.26, 0.08; 
p=0.0536) at 6 months and -3.03 (-9.90, 3.85; p=0.3785) at 12 months for arimoclomol vs 
placebo. 
6.9 Clinical Efficacy Conclusions  
Consistent with the results from the in vitro and in vivo studies, Study 002 demonstrated a clear 
clinically meaningful and statistically significant treatment difference in change from 
4D-NPCCSS baseline score between arimoclomol and placebo in the primary endpoint analysis 
based on the while-on-treatment estimand as recommended by the FDA. Patients randomized 
into the arimoclomol group experienced a slower rate of disease progression with stabilization of 
NPC symptoms during the double-blind phase compared to placebo patients. Slowing disease 
progression is a clinically relevant outcome for patients and families affected by this fatal and 
progressive neurodegenerative disease.  
Additionally, patients who were switched to arimoclomol treatment in the OLE phase of 
Study 002 following 1 year of placebo treatment in the double-blind phase, reported a 
meaningful improvement in NPC progression rate. Importantly, the improved progression rate in 
these patients remained stable for up to 4 years of open-label treatment. Patients randomized to 
arimoclomol in the double-blind phase maintained approximately the same progression rate 
through both study phases for up to 5 years of arimoclomol treatment. A more detailed 
discussion on this piece of confirmatory clinical evidence is provided in Section 7.1.3.1. 
A complementary beneficial effect was observed when miglustat was dosed together with 
arimoclomol in Study 002. This finding is consistent with the results of the in vitro and animal 
studies and supports that the in vitro studies identified the mechanistic pathways of arimoclomol, 
and that the treatment benefits found in the animal studies are directly related to the clinical 
benefits reported in NPC patients. 
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7.2.1.1 Effect of Arimoclomol on the Transcription Factors TFE3 and TFEB 
A critical step in the MOA for arimoclomol is its involvement in the trafficking of the 
transcription factors TFE3 and TFEB from the cytosol to the nucleus, and their subsequent 
binding to various CLEAR gene promoters resulting in enhanced lysosomal and autophagic 
function (Figure 24). Both transcription factors, but particularly TFEB, have been identified as 
key components in enhancing lysosomal catabolic efficiency. An investigation of TFE3 and 
TFEB in healthy and NPC patient fibroblasts provided evidence that arimoclomol treatment 
increases the activation and translocation of these transcription factors to the nucleus and 
produces subsequent upregulation of the CLEAR network genes including NPC1 and HSPA1A 
(encoding HSP70 chaperone/heat shock protein). In addition, it has been extensively reported 
that TFEB governs the expression of genes critical for the autophagy process including 
autophagy initiation, autophagosome membrane elongation, substrate capture, and 
autophagosomes trafficking and fusion with lysosomes (Palmieri et al., 2011; Settembre et al., 
2011; Martina et al., 2014; Sardiello, 2016). Therefore, activation of TFE3/TFEB would be 
expected to initiate a marked increase in autophagy to support degradation of undesirable 
intracellular components.  
Figure 24: Arimoclomol Increased Activation of TFEB and TFE3 Upregulates 

Expression of CLEAR Genes Including NPC1 

 
GBA = β-glucosylceramidase; GLA = α-galactosidase; MCOLN1 = mucolipin TRP cation channel 1; NPC1/2 = 
NPC intracellular cholesterol transporter 1/2; RRAGD = Ras related GTP binding D; SQSTM1 = sequestosome 1. 
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Results demonstrate a key component of both the NPC1-dependent and the NPC1-independent 
pathway in arimoclomol’s MOA by showing how arimoclomol facilitates mobilization of 
transcription factors TFE3/TFEB, paving the way for upregulation of CLEAR genes, including 
NPC1. 
7.2.1.2 Effects of Arimoclomol on the Expression of CLEAR Network Genes 
The promoter region of the NPC1 gene contains several elements for transcriptional regulation 
including CLEAR motifs (i.e., specific nucleotide sequences related to CLEAR genes). Promoter 
regions of lysosomal genes that contain CLEAR motifs belong to the CLEAR network (Sardiello 
et al., 2009; Palmieri et al., 2011). Activation of CLEAR genes has been shown to reduce lipid 
accumulation in several cell and animal models of lysosomal storage disorders, including NPC 
(Medina et al., 2011; Spampanato et al., 2013) by enhancing transcription of genes encoding 
lysosomal proteins that are required for lipid and glycan catabolism and export (Contreras et al., 
2020). In addition, TFEB and thus, CLEAR gene activation, enhances several downstream 
pathways that are critical for cell health and longevity including lysosomal biogenesis, 
autophagy, and exo- and endocytosis (Yang et al., 2021; Sardiello et al., 2009. Palmieri et al., 
2011; Zhang et al., 2020). 
Another study showed that treatment with arimoclomol (400 μM) significantly enhanced the 
binding of TFE3 to the CLEAR promoter elements of NPC1, NPC2, GBA, MCOLN, and GLA in 
human wild type fibroblasts (Figure 27). This indicates that arimoclomol raises TFE3 
recruitment to promoter regions of CLEAR genes resulting in increased expression of lysosomal 
genes including NPC1.  
Figure 27: Enhanced Binding of TFE3 to CLEAR Elements in Target Gene Promoters 

after Arimoclomol Treatment  

 
For each gene promoter, ChIP data are presented as TFE3 immunoprecipitated DNA as % of input in control 
(PBS) or arimoclomol (400 µM, 84–86 hours) treated healthy human fibroblasts (n = 3, mean is shown as a bar. 
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.  
ChIP = chromatin immunoprecipitation; CLEAR = coordinated lysosomal expression and regulation; 
NPC = Niemann-Pick disease, type C; PBS = phosphate buffered saline; TFE3 = transcription factor E3. 

Additionally, the relevant CLEAR genes related to lysosomal function (NPC1, NPC2, GBA, 
GLA, MCOLN1, RRAGD, SQSTM1) were investigated to determine whether expression of these 
genes was upregulated by arimoclomol in healthy human fibroblasts.  
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Transcriptional upregulation of all 7 tested CLEAR genes was observed with arimoclomol 
(400 μM) (Figure 28). The mean expression levels ranged from 1.48-fold to 10.86-fold higher vs 
control with most genes being expressed at approximately 2–3-fold higher rates. These results 
indicate that arimoclomol stimulates a CLEAR response for various genes. 
Figure 28: Expression Levels of Selected CLEAR Network Genes After Treatment with 

400 μM Arimoclomol in Wild Type Fibroblasts  

 
Relative gene expression of following 5-day treatment with 400 μM arimoclomol vs control (PBS). Left: NPC1, 
NPC2, GBA, GLA, SQSTM1, and MCOLN1. Right: RRAGD (shown separately as the expression rate was 
markedly higher compared to the other genes). Gene quantification was performed by quantitative RT-PCR. 
Treatment effects were evaluated by a paired 2-tailed t-test: *p<0.05, **p<0.01. 
CLEAR = coordinated lysosomal expression and regulation; GBA = β-glucosylceramidase; 
GLA = α-galactosidase; MCOLN1 = mucolipin TRP cation channel 1; NPC1/2 = NPC intracellular cholesterol 
transporter 1/2; PBS = phosphate buffered saline; RRAGD = Ras related GTP binding D; RT-PCR = reverse 
transcription quantitative polymerase chain reaction; SQSTM1 = sequestosome 1. 

The potential for upregulation of these genes was also investigated in NPC patient fibroblasts 
(with ER missense mutation I1061T). In another study, seven CLEAR genes (NPC1, NPC2, 
GBA, GLA, MCOLN1, RRAGD, SQSTM1) and one gene involved in the heat shock and unfolded 
protein response, HSPA1A (encoding Hsp70 protein), were explored for potential upregulation 
by arimoclomol (0–400 μM), miglustat (0–100 μM), or by a combination of both (to assess any 
complementary effect). It is believed that miglustat improves lysosomal function by inhibiting 
glucosylceramide synthase (Ficicioglu, 2008). Most patients who participated in the clinical 
efficacy Study 002 also received miglustat with/without arimoclomol (26/34 in the arimoclomol 
group and 12/15 in the placebo group). 
The expression rates of all 7 CLEAR genes as well as HSPA1A increased in a dose-dependent 
manner with arimoclomol alone and miglustat alone (Figure 29). When either treatment was 
dosed alone at 100 μM, the fold-increase in expression with either compound was comparable 
for NPC1, NPC2, and RRAGD. At 100 μM, expression rates were higher with miglustat for GBA, 
GLA, MCOLN1 (encoding TRPML1, an iron channel located in endosomal/lysosomal 
membranes) and HSPA1A, and higher with arimoclomol for SQSTM1 (encoding sequestosome-1, 
an autophagosome cargo protein). At concentrations > 100 μM (without miglustat), arimoclomol 
continued to accelerate expression levels of all 7 genes reaching statistical significance for 
NPC2, RRAGD, and SQSTM1, and HSPA1A at 400 μM. 
Notably, a complementary effect of arimoclomol and miglustat was observed for the 7 CLEAR 
genes under nearly all conditions. This complementary effect reached statistical significance for 
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Another study showed that increasing the expression of NPC1 and other CLEAR genes with 
arimoclomol can activate or accelerate cholesterol clearance from lysosomal compartments. 
Results indicated that this overexpression can be further enhanced in the presence of miglustat. 
Based on these results, a follow-up study investigated the effects of combined treatment with 
arimoclomol (0–200 μM) and miglustat (0–100 μM) on the cholesterol clearance in NPC 
fibroblasts.  
The design of the follow-up study was similar to its predecessor. The cell lines (I1061T/I1061T 
vs wild type) compared in both studies were also the same. After incubation for 7 days, a dose-
dependent reduction in unesterified cholesterol in the lysosomal compartment was observed with 
arimoclomol alone compared to vehicle control although the percent difference in filipin staining 
intensities between the lowest (50 μM) and the highest (200 μM) dose was relatively modest 
(83% vs 79% of untreated; Table 23).  
Filipin staining intensities with miglustat alone were lower at 30 μM vs 10 μM but appeared to 
plateau at higher concentrations even in combination with arimoclomol. Combining miglustat at 
10 μM with arimoclomol also did not improve cholesterol clearance. However, complementary 
effects were found when miglustat concentrations were increased from 10 to 30 μM at any 
arimoclomol dose. Maximum reduction in unesterified cholesterol (52% of vehicle control) was 
reported at 200 μM arimoclomol in combination with 30 or 100 μM miglustat.  
The experiments were then repeated with a longer treatment period of 14 days. As expected, the 
unesterified cholesterol content in the lysosomal compartment continued to decrease beyond 
7 days of treatment relative to control. While the general patterns between 
arimoclomol/miglustat concentrations and filipin staining intensities were comparable after 7 and 
14 days of treatment, the reductions in unesterified cholesterol were markedly larger after 
14 days vs 7 days at most doses (Table 23; Figure 35). Together, these data indicate that the 
maximum effect with arimoclomol alone was achieved between 14 and 21 days in human 
fibroblast. 
Stain intensities were comparable at 50 and 100 μM at any given miglustat dose, but a 
considerable reduction was found by increasing the arimoclomol concentration from 100 to 
200 μM. Lysosomal cholesterol content decreased in a dose-dependent manner with miglustat 
from 10-100 μM. Combining arimoclomol and miglustat resulted in a substantial complementary 
effect. At 200 μM/100 μM arimoclomol/miglustat for 14 days, a reduction in filipin staining 
intensity of nearly 80% was observed compared to vehicle control. Notably, treatment for 
14 days with lower dose combinations of both compounds, e.g., 50 μM/30 μM 
arimoclomol/miglustat, already reduced lipid burden by approximately 50%.  
These data are consistent with reports that miglustat can decrease glycosphingolipid 
accumulation with downstream reduction of cholesterol in NPC fibroblasts (Patterson et al., 
2007; Ficicioglu, 2008; Brogden et al., 2020). Therefore, it appears that arimoclomol and 
miglustat can act on independent pathways to provide complementary effects with respect to 
reducing lipid burden in the lysosomal compartment of NPC patients. This complementary effect 
of arimoclomol and miglustat was also observed in the rearing behavior and survival of Npc1-/- 
mutant mice, and in a slower progression rate (as measured by change in 4D-NPCCSS from 
baseline) in NPC patients receiving concomitant arimoclomol and miglustat when compared to 
the FAS in Study 002. 
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7.2.1.5 Summary of In Vitro Evidence 
The in vitro studies demonstrate that arimoclomol has significant effects along multiple 
mechanistic pathways that appear clinically relevant for NPC therapy. Prolonged activation of 
the transcription factors TFE3/TFEB facilitated by their translocation from the cytosol to the 
nucleus is a crucial step that results in upregulation of a series of downstream processes that 
improve lysosomal function and cell viability. The following is a summary of the key steps 
involved in the MOA of arimoclomol: 

1. Arimoclomol initiates translocation to and/or prolongs localization of the 
transcription factors TFE3 and TFEB in the cell nucleus. 

2. In the nucleus, TFE3 binding to CLEAR motifs is enhanced in the promoter regions 
of lysosomal genes (CLEAR network genes). 

3. Prolonged activation and improved binding of TFE3 to CLEAR gene promoters 
increases CLEAR gene expression. 

4. Upregulation of CLEAR gene expression raises CLEAR network protein levels 
including NPC1 and Hsp70 (heat shock protein and regulator of the unfolded protein 
response). 

5. Higher concentrations of post-translational NPC1 mutant protein also increase the 
amount of properly folded (possibly amplified by higher levels of Hsp70) and mature 
protein that can escape the ER quality control and migrate through the cis-Golgi to 
ultimately reach the late endosomes/lysosomes.  

6. Greater availability of at least partially functioning NPC1 protein (depending on 
genotype) in the late endosomal/lysosomal membranes results in improved clearance 
of unesterified cholesterol.  

7. In an NPC1-independent pathway, upregulation of key CLEAR genes likely 
improves general cell health through heightened lysosomal efficiency and autophagy 
flux independent of NPC1 protein availability and functional capacity. 

In conclusion, the collective in vitro data provide substantial mechanistic evidence of how 
arimoclomol promotes lysosomal function, autophagy flux, and clearance of unesterified 
cholesterol from the lysosomal compartment, thereby imparting treatment benefits in patients 
with NPC. Additionally, the combination of arimoclomol and miglustat demonstrated 
upregulation of CLEAR genes and subsequent reduction in unesterified cholesterol accumulation 
that was superior compared to each compound alone. Consistent with these results, subgroup 
analyses of the Study 002 data showed that the treatment effect of arimoclomol on the revised 
primary efficacy endpoint was larger in the miglustat subgroup of Study 002. 
7.2.2 In Vivo Studies 
Arimoclomol was investigated in six in vivo primary PD studies, five with arimoclomol alone 
and one with a combination of arimoclomol and miglustat. Two of these studies were previously 
submitted to the IND, and only study was included in the original NDA submission. The animal 
studies were designed to assess survival, functional capabilities, and exploratory biomarkers in 
two mouse models (double null Npc1-/- and homozygous Npc1nmf164 missense mutant mice). An 
overview of all studies is provided in Table 24. Note that all animal doses shown in this section 
are expressed as dose of arimoclomol citrate.  
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Rearing activity in NPC mutant mice was typically higher at doses ≥ 10 mg/kg/day arimoclomol 
with the largest treatment effects observed between 30 and 100 mg/kg/day when compared to 
untreated control animals. Differences between arimoclomol-treated and untreated animals were 
more pronounced near the end of the studies as disease progression resulted in more noticeable 
effects on rearing behavior in the untreated control group and mice in the arimoclomol groups 
had been treated for a longer period of time. While the rearing frequency in arimoclomol-treated 
mice still decreased over time, the combined data across the in vivo studies showed that this 
decline was slower in Npc1-/- and Npc1nmf164 mutant mice treated with arimoclomol compared to 
the vehicle control groups.  
A combination treatment of 30 mg/kg/day arimoclomol and 600 mg/kg/day miglustat showed 
increased rearing events and longer preservation of rearing ability when compared to untreated 
Npc1-/- mice. The combination also outperformed animals treated only with miglustat and only 
with arimoclomol. This complementary effect related to rearing behavior is consistent with the 
results from multiple in vitro studies that demonstrated complementary treatment effects of 
arimoclomol in combination with miglustat with respect to the upregulation of CLEAR genes 
and reduction in cholesterol accumulation. This finding is also congruent with the increased 
survival observed in Npc1-/- mice, and ultimately the increased treatment effect found in the 
miglustat subgroup of NPC patients in clinical Study 002.  
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may be a reason why total cholesterol was significantly higher in the liver but not in the brain of 
NPC mice compared to wild type and arimoclomol-treated mice.  
7.2.2.4 Biomarker Investigation: NPC1 Protein Concentrations in Brain and Liver of 

Npc1nmf164 Mice 
Analysis of NPC1 protein concentrations in the brain of wild type and Npc1nmf164 mice showed 
the presence of 2 different isomers of NPC1. Isoform 1 (> 250 kDa) appeared to be a protein 
dimer (2 protein units) while isoform 2 (~150 kDa) was assumed to be a monomer (1 protein 
unit) of NPC1.  
The NPC1 dimer is a more complex, mature, and highly glycosylated form of NPC1 that unlike 
the monomer was resistant to endoglycosidase (Endo) H degradation (Endo H resistance 
indicates that the newly formed protein has moved out of the ER into the Golgi complex) 
(Brogden et al., 2020). This dimer seemed to be more thermodynamically stable and trafficking 
competent than the monomer. Consequently, this isoform of NPC1 was able to migrate out of the 
ER to the late endosomes.  
The data indicated a numerically higher mean concentration of the dimeric isoform 1 of NPC1 
protein in the brain of mutant mice treated with arimoclomol at 100 mg/kg/day vs untreated 
animals (Figure 41). Moreover, the isoform 1 levels in the arimoclomol group were comparable 
to concentrations found in brain of the wild type mice.  
Figure 41: Concentrations of Mature Isoform 1 of NPC1 Protein in Brains of Wild-type, 

Untreated, and Arimoclomol-treated NPC dependent (Npc1nmf164) Mouse 

 
* NPC1 protein levels (isoform 1: >250 kDa and isoform 2: ~150 kDa) are normalized to tubulin.  
Note: NPC1-dependent mice (Npc1nmf164) have a D1005G point mutation.  
NPC1 = NPC intracellular cholesterol transporter 1. 























 Arimoclomol Capsules                           
Zevra Therapeutics GeMDAC 

 

Page 106 of 115 

9. Benefit-Risk Conclusions 
NPC is an ultra-rare, progressive, and fatal neurodegenerative disease, with a devastating impact 
on all aspects of life for patients, caregivers, and families. 
At present, there are no therapies approved for NPC in the US. Treatment relies largely on 
symptom management and care from a multidisciplinary team. Thus, there is a high unmet 
medical need for effective and safe pharmacological treatments. The impact on patients with 
NPC and caregivers cannot be overstated, given the severe and debilitating nature of the disease 
and its high burden of care. 
The MOA of arimoclomol is novel and targets the fundamentals of NPC etiology by both 
NPC1-dependent and NPC1-independent pathways: (1) via the NPC1-dependent pathway, the 
pool of functional and properly trafficked NPC1 protein is increased, thereby counteracting the 
primary etiology of the disease, and (2) via the NPC1-independent pathway, expression of 
CLEAR genes that encode a multitude of lysosomal proteins is broadly upregulated to mitigate 
the deleterious effects of impaired cholesterol trafficking and autophagy to improve overall cell 
health by increasing lysosomal biogenesis and autophagic flux.  
Arimoclomol capsules were developed to support administration in a population comprising 
pediatric patients and patients with swallowing difficulties. They can be swallowed whole, or the 
contents can be sprinkled onto liquid or soft food, or the contents can be dissolved in water and 
administered through a feeding tube. 
The results from the pivotal study demonstrated a clinically meaningful and statistically 
significant treatment difference in change from 4D-NPCCSS baseline score between 
arimoclomol and placebo in the primary analysis. Patients randomized into the arimoclomol 
group experienced a slower rate of disease progression with stabilization of NPC symptoms 
during the double-blind phase compared to placebo patients. The progression rate of the 
arimoclomol treated patients was also slower compared to no treatment in Study 001. Disease 
stabilization is a clinically relevant outcome for patients and families affected by this fatal and 
progressive neurodegenerative disease.  
Converging confirmatory evidence across several clinical and nonclinical studies consistently 
aligns, reinforces, and confirms the benefit of arimoclomol demonstrated in the pivotal 
Study 002. Patients who switched to arimoclomol treatment in the OLE phase of Study 002 after 
one year of placebo in the double-blind phase, demonstrated a persistent slowing of disease 
progression. Importantly, the slowed progression in these patients remained stable through up to 
4 years of treatment. Moreover, patients randomized to arimoclomol in the double-blind phase 
maintained a consistent progression rate through both study phases for up to 5 years of 
arimoclomol treatment. When arimoclomol patients were matched with an NIH natural history 
cohort, arimoclomol treatment resulted in slower disease progression over 4 years. 
Arimoclomol’s MOA translated to tangible benefits in NPC mice with increased brain 
concentrations of mature NPC1 protein, improved rearing behaviors, and most importantly, 
increased survival. 
Overall, arimoclomol was well-tolerated and did not add to the high burden of disease. There 
was a generally similar incidence of most AEs between arimoclomol and placebo. SAEs 
occurred less frequently in the arimoclomol group than in the placebo group. No unexpected 
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safety signals were observed based on the analyses of AEs during the OLE phase of Study 002 or 
during the more than 3 years of Expanded Access NPC Program.  
At present, there is no cure and no approved treatment option for NPC in the US. Arimoclomol 
offers patients with NPC an effective, well-tolerated, and easy to administer therapy to address 
the significant unmet medical need in this ultra-rare, progressive, and fatal disease. The totality 
of data provides substantial evidence of efficacy and a positive benefit-risk profile supporting 
approval for the treatment of NPC. 
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11. Appendix 
11.1 Death Narratives 
11.1.1 Study 002 Double-blind Phase 
A female patient age 8 years with a history of dysphagia, aspiration of liquids, and seizures 
experienced epileptic encephalopathy and malnutrition approximately 6 months after starting 
arimoclomol, followed by respiratory distress a month later, and cardiopulmonary arrest 
approximately 8 months after starting Study 002. All events were consistent with NPC disease 
progression and assessed as not related to arimoclomol. 

11.1.2 Study 002 Open-label Extension Phase 
A female patient age 13 years with a history of seizures, elevated aspartate aminotransferase 
(AST), and scoliosis contracted lower respiratory tract infection approximately 1 month after 
starting treatment in the OLE. The infection progressed and could not be eliminated and became 
fatal approximately 2 months after starting the OLE. Treatment with arimoclomol was 
maintained throughout the illness, which was evaluated as severe and not related to trial drug. 

— 

A male patient age 19 years experienced severe pneumonia, approximately 1 year after starting 
arimoclomol in the double-blind phase. The event resolved and was assessed as related to NPC 
disease and not related to arimoclomol. Approximately 10 months later, the patient had a serious 
and fatal event of aspiration pneumonia. The event was assessed as not related to arimoclomol. 






