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A B S T R A C T

Background: In the 12-month, randomized, double-blind, placebo-controlled Phase 2/3 NPC-002 study 
(NCT02612129), arimoclomol significantly reduced annual disease progression versus placebo, measured by the 
5-domain NPC Clinical Severity Scale (5DNPCCSS). Arimoclomol has been approved in the US for treatment of 
Niemann-Pick disease type C (NPC) in combination with miglustat. This paper introduces the rescored 4-domain 
NPCCSS (R4DNPCCSS) as a post-hoc primary endpoint in NPC-002, discusses its validation, and presents the 
results of the post-hoc primary analysis.
Methods: To more accurately assess changes in disease course over a 12-month time period in a heterogeneous 
group of patients, the Cognition domain was removed from the 5DNPCCSS and the Swallow domain was rescored 
to reflect linearity in disease progression. Rescoring of the Swallow domain was based on input from clinical NPC 
and swallow experts from a qualitative interview-based study (N = 12), resulting in the R4DNPCCSS. To sup
plement prior validation analyses, data supporting the overall validity and reliability of the R4DNPCCSS was 
gathered through additional analyses of construct and convergent validity. The NPC-002 prespecified primary 
efficacy endpoint analysis based on the 5DNPCCSS score change from baseline to 12 months was repeated with 
R4DNPCCSS.
Results: Construct validity analysis demonstrated high agreement between the R4DNPCCSS domain scores and 
the Clinical Global Impression Scale of Severity (CGI-S) and NPC Clinical Database (NPC-cdb) scores. Convergent 
validity was confirmed by strong correlations between the R4DNPCCSS domains and corresponding items on the 
Scale for Assessment and Rating of Ataxia (SARA), 9-hole peg test (9-HPT), and Video Fluoroscopic Swallowing 
Study (VFSS) performance tests. The NPC-002 post-hoc primary analysis showed a mean standard error (SE) 
change in R4DNPCCSS score of 0.35 (0.40) with arimoclomol (N = 34) versus 2.05 (0.54) with placebo (N = 16), 
and a treatment effect in favor of arimoclomol over placebo of − 1.70 (p = 0.0155). In the miglustat subgroup 
analysis, mean (SE) change in R4DNPCCSS score was − 0.23 (1.02) with arimoclomol (N = 22) versus 1.92 (3.37) 
with placebo (N = 12), representing a treatment effect of − 2.21 (p = 0.0077).
Conclusion: The R4DNPCCSS is a valid and reliable measure of disease progression demonstrating consistent 
outcomes with the prespecified 5DNPCCSS endpoint. Arimoclomol significantly slowed disease progression 
through 12 months as measured by the R4DNPCCSS versus placebo.

1. Introduction

Niemann-Pick disease type C (NPC) is an ultra-rare disease caused by 
autosomal recessive pathogenic variants in NPC1 (~95 % of cases) or 
NPC2, encoding lysosomal/ endosomal proteins involved in intracellular 
lipid transport and homeostasis. Mutations in these genes result in 
defective endosomal-lysosomal cholesterol trafficking, accumulation of 
multiple lipid species, and impaired lysosomal calcium homeostasis 
[1–4], which in turn lead to progressive neurodegeneration and pre
mature death [4–8]. The core symptoms of NPC are cerebellar ataxia, 
dysarthria, dysphagia, progressive dementia and vertical supranuclear 
gaze palsy [3–5,7,9,10]. Disease progression is highly variable. Early 
onset in neonates and infants is typically associated with rapid deteri
oration and early mortality. Patients with onset at an older age typically 
have slower disease progression and may survive into their sixth or 
seventh decade [5,9]. While disease progression is apparently linear, 
individuals may show considerable changes in progression rate over 
time [11,12].

Recently, arimoclomol (MIPLYFFA™, Zevra Therapeutics), an orally 
bioavailable small molecule crossing the blood-brain barrier, received 
first approval in the US for the treatment of neurological manifestations 
of NPC in adults and children aged ≥2 years [13]. The Food and Drug 
Administration (FDA) approved arimoclomol for use in combination 
with miglustat, the standard of care for NPC [4]. Miglustat, which in
hibits the enzyme glucosylceramide synthase, has been approved for 
treatment of NPC in Europe and several countries outside the US for over 
a decade. In the US approximately 70 % of NPC patients currently 
receive this treatment [14,15]. Clinical trials with miglustat have shown 
a modest reduction in NPC disease progression [16–18]; long-term 
follow-up data has shown an impact on disease progression and sur
vival [19–21].

The pivotal Phase 2/3 CT-ORZY-NPC-002 trial (further referred to as 
the NPC-002 trial) of arimoclomol in NPC (ClinicalTrials.gov identifier: 
NCT02612129) demonstrated a statistically significant and clinically 
meaningful reduction in annual disease progression relative to placebo 
[22]. The primary endpoint of the study was disease progression, 
assessed using the disease-specific 5-domain NPC Clinical Severity Scale 

(5DNPCCSS) and analyzed with a mixed model for repeated measures 
(MMRM), as prespecified in the study protocol [22,23]. The treatment 
effect of arimoclomol was found to be greater in prespecified subgroups 
of patients receiving concomitant miglustat and patients aged ≥4 years 
at treatment initiation [22]. Treatment was well-tolerated.

The 5DNPCCSS that was used as the primary outcome in the NPC- 
002 study is an abbreviated version of the 17-domain NPCCSS, a 
disease-specific, clinician-reported clinical severity scale designed to 
characterize and quantify disease progression in NPC. The NPCCSS has 
been widely used in NPC clinical care worldwide for over 15 years, 
significantly contributing to the understanding of the complex, pro
gressive symptoms of NPC [24]. The 5DNPCCSS is validated as an 
endpoint to measure changes in key domains for NPC trials [23]. The 
five domains of the 5DNPCCSS were those previously determined to be 
most clinically relevant to patients, caregivers, and clinicians: Ambula
tion, Swallow, Cognition, Speech, and Fine Motor Skills [23]. The cur
rent paper discusses the rationale behind the introduction of a rescored 
4-domain NPCCSS (R4DNPCCSS) as a post-hoc primary endpoint in NPC- 
002, discusses its validity, and presents the results of the post-hoc pri
mary analysis.

2. Methods

2.1. NPC-002 trial

The study design and results of the Phase 2/3 international multi- 
center NPC-002 trial were previously described in detail by Mengel 
et al. [22]. The study included a 12-month, randomized, double-blind 
(DB), placebo-controlled phase followed by a single-arm, 48-month, 
open-label extension phase. Eligible patients were male or female, 
aged 2–18 years with a genetically confirmed diagnosis of NPC and 
either positive filipin staining or elevated cholestane-triol level (>2 ×
upper limit of normal), at least one neurological symptom, able to walk 
independently or with assistance and, if treated with miglustat, on a 
stable dose for at least 6 months. Exclusion criteria included severe liver 
or renal insufficiency, being neurologically asymptomatic, or having 
severe uncontrolled epileptic seizures. Patients were randomized 2:1 to 
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arimoclomol or placebo in addition to their routine clinical care [22].
The trial was conducted in accordance with the protocol and in line 

with the International Council Tripartite Guideline for Harmonisation of 
Good Clinical Practice (June 1996), the Ethical principles of the 
Declaration of Helsinki, and local regulatory and legal requirements 
(International Conference on Harmonisation of Technical Requirements 
for Registration of Pharmaceuticals for Human Use; World Medical As
sociation). Approval of the study protocol was obtained from the rele
vant Institutional Review Board/Independent Ethics Committee. 
Written informed consent was obtained from the participants or their 
legal guardians.

2.2. Introduction of the R4DNPCCSS

2.2.1. Rationale
The prespecified primary efficacy endpoint of the DB phase of NPC- 

002 was change in disease severity on the 5DNPCCSS from baseline to 
12 months [23]. The 5DNPCCSS is an abbreviated version of the 17- 
domain NPCCSS, comprising five domains: Ambulation, Swallow, 
Cognition, Speech, and Fine Motor Skills [23].

To more accurately assess changes in disease state over a 12-month 
time-period in a heterogeneous group of patients and to align with 
regulatory guidance, the primary outcome measure of the DB phase of 
trial NPC-002 was supplemented with the R4DNPCCSS endpoint 
following an evaluation of the 5DNPCCSS scale, which raised potential 
issues: as for all cognitive tests, the cognition domain ratings rely on the 
patient environment (e.g., access to services) and may not be sensitive to 
change within the 12-month trial; furthermore, it was found that the 
scoring algorithm for the Swallow domain could be improved to provide 
a more linear interpretation of the scoring categories.

2.2.2. Development and validity of the R4DNPCCSS
To address the issues outlined above, the Cognition domain was 

removed from the 5DNPCCSS, and input from NPC clinical and swallow 
experts collected in a qualitative study was used to develop an improved 
scoring algorithm for the Swallow domain. The qualitative study was 
carried out by an independent research organization utilizing semi- 
structured interviews that were designed to gather expert insights on 
the assessment methods and structure of the Swallow domain. The in
terviews were followed by cognitive debriefing of the experts on the 
interview outcomes to inform appropriate rescoring of the NPCCSS 
Swallow domain and to assess whether the response categories 
adequately capture severity and progression of swallow dysfunction in 
the setting of a clinical trial.

To supplement previous validation analyses for the 5DNPCCSS, 
which are also applicable to the R4DNPCCSS, additional analyses were 
conducted to further support the construct and convergent validity of 
the individual domains of the R4DNPCCSS. The construct validity 
analysis examined whether the severity of each R4DNPCCSS domain 
score accurately reflects overall disease severity, as measured by two 
other assessments in NPC-002: the Clinical Global Impression Scale of 
Severity (CGI-S), a 7-point Likert scale, and the NPC Clinical Database 
(NPC-cdb) score [11,25], a disease-specific tool covering 72 signs and 
symptoms of NPC. In this analysis, data from both the DB and open-label 
phase (active and placebo group combined) of NPC-002 were used. To 
assess convergent validity, correlations were calculated and distribution 
patterns were compared between the individual NPCCSS Ambulation, 
Fine Motor Skills, and Speech domains and subitems of the Scale for 
Assessment and Rating of Ataxia (SARA). The SARA comprises eight 
domains, of which the following five assess NPC-relevant symptom
atology: Gait, Speech disturbance, Finger chase, Nose-finger test, and 
Fast alternating hand movements. Additionally, correlations were 
calculated between the NPCCSS Fine motor skills domain and the 9-hole 
peg test (9-HPT). Both polychoric and Spearman correlations were used 
based on data collected at baseline, month 6, and month 12 in the NPC- 
002 study. Since no functional swallow test was included in the NPC-002 

study, convergent validity for the NPCCSS Swallow domain was estab
lished using data from the National Institutes of Health (NIH) NPC 
natural history cohort [8], which applied similar NPCCSS Swallow 
scoring procedures. This cohort study also included two additional 
swallow scales: the American Speech-Language-Hearing Association 
National Outcomes Measurement System (ASHA-NOMS), a 7-point scale 
assessing swallowing safety, and the Penetration-Aspiration Scale (PAS) 
[26], which evaluates the risk of penetration or aspiration. Both scales 
are part of the Video Fluoroscopic Swallowing Study (VFSS) and are 
broadly used across patient populations with different disorders. To 
align assessments across subjects in the NIH dataset, visits were grouped 
into yearly intervals from baseline, and only the first observation per 
subject per interval was included. Analyses were limited to data from the 
first 5 years due to low sample sizes in later intervals.

2.3. NPC-002 primary and subgroup analyses using R4DNPCCSS

The prespecified primary efficacy endpoint analysis of the NPC-002 
study data was based on the 5DNPCCSS score change from baseline to 
12 months using a MMRM with a hypothetical estimand [22]. This 
analysis was repeated with the post-hoc primary endpoint R4DNPCCSS 
using the same source data. The model included treatment, visit, 
treatment-by-visit interaction, and use of miglustat at baseline as fixed 
effects and baseline R4DNPCCSS value as a covariate.

For a subgroup analysis in patients receiving miglustat at enrollment, 
data were analyzed using a treatment-policy estimand that included 
imputation rules for discontinued patients. All available patient data 
were used to evaluate the treatment effect. The data for discontinued 
patients was combined with observed patient data to create a total of 
1000 datasets. The treatment difference for each dataset was estimated 
based on the R4DNPCCSS score change from baseline at month 12 using 
an analysis of covariance (ANCOVA) with treatment as fixed effect and 
baseline R4DNPCCSS score as covariate. The results of all datasets were 
combined using Rubin’s rule.

3. Results

3.1. Rescoring of the Swallow domain

Based on input received from the qualitative study involving eight 
clinical NPC experts (four from NPC-002, four independent of the study) 
and four swallow experts, the scoring algorithm of the NPCCSS Swallow 
domain was optimized to better reflect linearity of dysfunction, without 
altering the scoring categories (i.e., descriptions of different domain 
severity levels) (Supplementary file Table S1). The revised scoring 
reranked dysphagia by frequency (intermittent = 2 or consistent = 3), 
and assigned a supplemental tube-feeding score of 4, and a tube-feeding- 
only score of 5. Since the Cognition domain was also removed from the 
5DNPCCSS to address the concern that cognition relies on the patient 
environment and may not be sensitive enough to change over 12 
months, the resulting R4DNPCCSS comprises the four domains of 
Ambulation, Fine motor skills, Speech, and Swallow (Table 1). Indi
vidual R4DNPCCSS domain scores range from 0 to 5, based on defined 
criteria, with higher scores representing more severe clinical impair
ment. The total score range is 0 to 20 points.

3.2. Validity of the R4DNPCCSS

3.2.1. Applicable data from the 5DNPCCSS validation
Most of the validation work was initially conducted using all five 

domains of the 5DNPCCSS, prior to revisiting the scoring methodology 
for the Swallow domain and removing the Cognition domain, as previ
ously reported [23]. Briefly, these analyses demonstrated strong corre
lations between the 5DNPCCSS and the 17-item NPCCSS total score 
(excluding the Auditory brainstem response and Hearing domains) (r2 =

0.97). Additionally, convergent validity of the 5DNPCCSS total score 
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and the Fine motor skills domain score against the 9-HPT (both r2 =

0.65) and between the 5DNPCCSS total score and SARA (r2 = 0.86) was 
demonstrated. The results of these analyses also apply to the 
R4DNPCCSS since scoring of the Ambulation, Speech, and Fine motor 
skills domains were not changed and descriptions of the Swallow 
response categories were maintained.

3.2.2. NPC and swallow expert feedback on the R4DNPCCSS
The qualitative study involving clinical NPC and swallow experts 

provided additional evidence for the validity and standardization of the 
Swallow domain. Details on the clinical background and experience of 
the experts are provided in Table S2 and Table S3 of the Supplementary 
file. Overall, the experts agreed that the response categories of the 
Swallow domain capture relevant clinical features in proper order of 
severity and can track changes over time across ages, thus allowing for 
consistent patient assessments in NPC-002. They noted that the scoring 
method effectively reflects progression in disease severity, with each 
stepwise increase in dysfunction corresponding to a numeric score in
crease. However, multiple experts indicated that a linear rather than an 
additive scoring system would be more appropriate to assess swallow 
function.

3.2.3. Construct validity of the R4DNPCCSS
Construct validity analyses of the individual domains of the 

R4DNPCCSS demonstrated high agreement between each of the 
R4DNPCCSS scores and the NPC-cdb score and CGI-S. A higher score of 
each of the individual R4DNPCCSS domains corresponded to a higher 
adjusted mean estimate of disease severity on both the CGI-S and NPC- 
cdb, which strongly supports the construct validity of each of the four 
domains (Supplementary file, Fig. S1).

3.2.4. Convergent validity of the R4DNPCCSS
Additional evidence for convergent validity of the NPCCSS Ambu

lation, Fine motor skills, and Speech domains was provided by corre
lation analyses showing high agreement between the domains of the 
R4DNPCCSS and the performance-based instruments that were 
employed in the NPC-002 study. Overall, polychoric (rpc) and Spearman 
(rS) correlations between these NPCCSS domains and corresponding 
items on various performance-based tests were found to be moderate 
(0.40–0.60) to strong (≥0.60) (Table 2) [27].

Strong polychoric and Spearman correlations were seen at baseline 
and at months 6 and 12 between the NPCCSS Ambulation domain and 
the SARA Gait item and between the NPCCSS Fine motor skills domain 
and the SARA Finger chase, Nose-finger test and Fast alternating hand 
movements items. The NPCCSS Fine motor skills score was also corre
lated with the performance test 9-HPT showing moderate to strong 
polychoric correlations at baseline and months 6 and 12. As a consid
erable number of patients in the trial could not complete the 9-HPT 
(38–43 % per visit), the number of patients with data for this 

comparison was lower than for the SARA scale items. Strong correlations 
were also found between NPCCSS Speech and SARA Speech disturbance 
at all time points. The histograms for score patterns at baseline, and 
months 6 and 12 showed generally similar distribution patterns for all 
scores that were compared, supporting that the observed strong corre
lations are statistically meaningful. Overall, these results support the 
convergent validity of the NPCCSS Ambulation, Fine Motor Skills and 
Speech domains.

The convergent analyses of the NPCCSS Swallow domain, using data 
from the NIH natural history study (clinicaltrials.gov NCT00344331), 
showed moderate to strong correlations with the ASHA-NOMS and PAS 
for both absolute values and changes from baseline (Table 3). Addi
tionally, mean scores for NPCCSS swallow, ASHA-NOMS, and PAS in the 
NIH natural history cohort over a 10-year period showed very similar 
patterns between the three scales. Score distributions were similar be
tween all three instruments. Together, these findings support that the 
NPCCSS Swallow domain truly reflects progression in Swallow 
dysfunction and track changes in swallowing dysfunction over time.

3.3. NPC-002 primary analysis using R4DNPCCSS

3.3.1. Study population
The R4DNPCCSS was used as a post-hoc primary outcome measure in 

NPC-002. As previously described, of 50 patients who started the DB 
placebo-controlled phase of this study (arimoclomol N = 34; placebo N 
= 16), 42 completed 12 months of treatment [22]. Reasons for with
drawal, baseline demographics and disease characteristics have been 
published previously [22]. The mean age for the total cohort was 11.1 
years. Baseline mean (SD) R4DNPCCSS score was 9.2 (5.8) in the ari
moclomol group and 6.7 (5.2) in the placebo group.

3.3.2. Primary analysis
Table 4 summarizes the primary analysis results for both the pre

specified endpoint 5DNPCCSS, as previously reported by Mengel et al. 
[22], and the post-hoc R4DNPCCSS endpoint. Mean scores at baseline 
and 12 months are presented in the supplementary file, Table S4. Both 
analyses demonstrate that patients treated with arimoclomol experi
enced significantly slower disease progression compared to those 
receiving placebo during the DB phase of NPC-002. In the post-hoc 
analysis, the mean (SE) change in R4DNPCCSS score was 0.35 (0.40) in 
the arimoclomol group versus 2.05 (0.54) in the placebo group, resulting 
in a statistically significant and clinically meaningful treatment effect in 
favor of arimoclomol over placebo of − 1.70 (p = 0.0155).

3.4. Subgroup analysis of R4NPCCSS in patients receiving miglustat

Thirty-nine (78 %) subjects in the NPC-002 study, equally distributed 
over the arimoclomol and placebo groups, used concomitant miglustat 
at enrollment as part of routine clinical care. A subgroup analysis in 

Table 1 
Definitions and scoring for each domain of the R4DNPCCSS.

Domain 
score

Ambulation Fine Motor Skills Speech Swallow

0 Normal Normal Normal Normal

1
Clumsy, bangs into 
things Slight dysmetria/dystonia (independent manipulation) Mild dysarthria (easily understood) Cough while eating

2
Ataxic unassisted 
gait

Mild dysmetria/dystonia (requires little to no assistance, 
able to feed self easily)

Severe dysarthria (difficult to 
understand) Intermittent dysphagia

3 – –
Non-verbal/functional 
communication skills for needs

Dysphagia

4 Assisted 
ambulation

Moderate dysmetria/dystonia (limited fine motor skills; 
difficulty feeding self

–
Nasogastric tube or gastric tube for 
supplemental feeding

5
Wheelchair 
dependent

Severe dysmetria/dystonia (gross motor limitation, 
requires assistance for self-care activities) Minimal communication

Nasogastric tube or gastric tube 
feeding only

R4DNPCCSS: rescored 4-domain Niemann-Pick disease type C Clinical Severity Scale.
See Supplementary file Table S1 for more details on how items in the Swallow domain are scored.
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these patients showed a mean (SE) change in R4DNPCCSS score of 
− 0.23 (1.02) in the arimoclomol group versus 1.92 (3.37) for placebo, 
with a statistically significant and clinically meaningful treatment effect 
in favor of arimoclomol over placebo of − 2.21 points (p = 0.0077) 
(Fig. 1). Data for the subgroup of patients who did not take miglustat are 
not presented given the small sample size (three in the placebo arm and 
eight in the arimoclomol arm) that resulted in marked baseline imbal
ances between the treatment arms preventing generalizability and reli
ability of inferences from any statistical analysis.

4. Discussion

The primary analysis of the 12-month DB randomized trial of ari
moclomol (NPC-002) previously demonstrated a significant and clini
cally meaningful impact of arimoclomol on disease progression over 12 
months compared to placebo [22]. The data presented here confirm that 
these findings are reproducible using the R4DNPCCSS, introduced as a 
post-hoc primary endpoint in NPC-002 to more accurately assess changes 

in disease state over a 12-month time period in a heterogeneous group of 
patients and to align with regulatory guidance. This revised R4DNPCCSS 
endpoint was adapted from the original 5DNPCCSS by omitting the 
Cognition domain and simplifying the scoring algorithm for the Swallow 
domain to improve the linearity of response categories with disease 
severity. Notably, while the R4DNPCCSS offers better alignment with 
disease severity, it will be more challenging to compare with natural 
history studies which used the original score. The Cognition domain was 
removed to address the concern that cognition relies on the patient 
environment and may not be sensitive enough to short-term changes. 
While this means the scale no longer directly captures cognitive decline, 
a recognized marker of NPC progression, the validation analysis shows 
that it remains a robust and valuable tool for tracking disease progres
sion, with a focus on more reliably measurable domains.

Prior and new validation analyses support the new R4DNPCCSS tool 
as a valid and reliable measure of disease progression in NPC. Applicable 
previous validation work completed for the domains of the 5DNPCCSS 
showed significant (p ≤ 0.0001) correlations between the 5DNPCCSS 
total score versus the SARA total score, the NPCCSS Fine motor skills 
versus the 9-HPT, and the 5DNPCCSS total score versus the 9-HPT, 
providing substantial evidence of convergent validity of the 
5DNPCCSS [23]. These findings remain relevant for the R4DNPCCSS 
since scoring of the Ambulation, Speech, and Fine motor skills domains 
were not changed and descriptions of the Swallow response categories 
were maintained.

The additional validation analyses presented here show that the in
dividual domains of the R4DNPCCSS are able to capture clinical pro
gression in NPC disease severity, support that experienced and trained 
clinicians can interpret and differentiate the response options within 
each domain of the R4DNPCCSS, and support the suitability of the 
Swallow domain for assessing progression of swallow dysfunction. In 
addition, construct validity of the Ambulation, Fine motor skills, and 
Speech domains was confirmed by high agreement between each of the 
4DNPCCSS scores and the disease-specific NPC-cdb score as well as 

Table 2 
Convergent validity analysis: correlations between absolute scores of NPCCSS Ambulation, Fine motor skills and Speech and related items of other performance tests 
(SARA and 9-HPT) at baseline and months 6 and 12 of the NPC-002 study (N = 50).

NPCCSS domain 
(score range)

Performance test item n at 0, 6 and 12 months Polychoric correlation at 0, 6 
and 12 months

Spearman correlation at 0, 6 
and 12 months

0 6 12 0 6 12

Ambulation 
(0–5, score 3 is not an option)

SARA Gait (0–8)a 49, 44, 41 0.91 0.97 0.94 0.85 0.92 0.90

Fine motor skills 
(0–5, score 3 is not an option)

SARA Finger chase (0–4)a 47, 43, 40 0.74 0.85 0.93 0.66 0.76 0.85
SARA Nose-finger test (0–4)a 47, 43, 40 0.71 0.85 0.88 0.62 0.76 0.81
SARA Fast alternating hand movements (0–4)a 46, 43, 40 0.67 0.82 0.82 0.58 0.73 0.76
9-HPT (seconds)b 31, 26, 25 0.45 0.73 0.72 0.58 0.84 0.77

Speech 
(0–5, score 4 is not an option)

SARA Speech disturbancea 49, 44, 41 0.94 0.99 0.97 0.89 0.94 0.92

9-HPT: 9-hole peg test; N: number of subjects in population; n: number of observations; NPCCSS: Niemann-Pick disease type C Clinical Severity Scale; SARA: Scale for 
the Assessment of Rating of Ataxia.

a Normal cerebellar function = 0, unable to perform the test = highest score.
b Completion of the 9-HPT included one practice test for both the dominant and non-dominant hand without timing to familiarize the patient with the test followed 

by one timed test for each hand.

Table 3 
Correlations between absolute values and change scores of NPCCSS Swallow and 
ASHA-NOMS and PAS; all visits from baseline to year 5 (natural history cohort, 
N = 120).

Correlation NPCCSS Swallow vs ASHA- 
NOMS

NPCCSS Swallow vs PAS

Absolute (n =
252)

Changes (n =
132)

Absolute (n =
251)

Changes (n =
131)

Polychoric 0.81 0.65 0.82 0.56
Spearman 0.59 0.53 0.57 0.47

ASHA-NOMS: American Speech-Language-Hearing Association National Out
comes Measurement System; N: number of subjects in the cohort; n: number of 
observations; NIH, National Institutes of Health; NPCCSS: Niemann-Pick disease 
type C Clinical Severity Scale; PAS: Penetration-Aspiration Scale (methods as 
described by Solomon et al. [26,28]).

Table 4 
Primary efficacy endpoint analysis based on the prespecified 5DNPCCSS endpoint and the post-hoc R4DNPCCSS endpoint (NPC-002 study).

Endpoint Arimoclomol (N = 34) Placebo (N = 16) LSM difference (95 % CI) p-value

LSM (SE) LSM (SE)

Change in 5DNPCCSS from baseline to 12 months [22] 0.72 (0.40) 2.11 (0.55) − 1.40 (− 2.76, − 0.03) 0.0456
Change in R4DNPCCSS from baseline to 12 months 0.35 (0.40) 2.05 (0.54) − 1.70 (− 3.05, − 0.34) 0.0155

Mixed effects model for repeated measurements analysis including treatment, visit, treatment-by-visit interaction, and use of miglustat at baseline as fixed effects and 
baseline R4DNPCCSS or 5DNPCCSS value as a covariate.
5DNPCCSS: 5-domain Niemann-Pick disease type C Clinical Severity Scale; CI: confidence interval; LSM: least squares mean; N: number of patients in population; 
R4DNPCCSS: rescored 4-domain Niemann-Pick disease type C Clinical Severity Scale; SE: standard error.
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global severity of disease as assessed by the CGI-S. Convergent validity 
of each of the NPCCSS domains was documented by correlations to 
performance-based measures and distribution graphs showing high 
agreement between the NPCCSS domains and the performance-based 
instruments that were used in the NPC-002 and the NIH natural his
tory [8,22]. Since the scales are intended to measure different aspects of 
the disease and due to differences in individual score ranges and cate
gory descriptors, the scores cannot be perfectly mapped between per
formance tests and related NPCCSS domains. Nevertheless, strong 
correlations were found that validate all four domains of the 
R4DNPCCSS and confirm that this tool is well-defined and standardized 
for consistent use across patients and clinical sites in NPC clinical trials.

In line with the findings from the prespecified primary endpoint 
(5DNPCCSS) analysis [22], the post-hoc primary analysis using the 
R4DNPCCSS endpoint demonstrated a statistically significant treatment 
effect favoring arimoclomol over placebo, with a clinically meaningful 
difference of − 1.70 during the 12-month DB phase (p = 0.0155), indi
cating a slowing of disease progression. The pre-specified primary 
MMRM analysis, yielding a hypothetical estimand, assessed the ex
pected benefit on the 5DNPCCSS that a future population might expe
rience after 12 months of uninterrupted exposure to arimoclomol in 
addition to routine clinical care, compared to routine clinical care alone. 
This estimand provides NPC clinicians with a basis to discuss the pre
dicted clinical outcomes of sustained arimoclomol treatment over a year 
with patients and their caregivers. However, the MMRM analysis 
excluded data from patients who prematurely discontinued the study or 

died prior to 12 months. Since a review of the excluded data revealed 
evidence of disease progression, a different statistical approach was used 
for the subgroup analysis of miglustat, incorporating imputation rules to 
account for patients who discontinued. This analysis showed a signifi
cantly slower rate of disease progression, as measured by the 
R4DNPCCSS, in patients receiving both arimoclomol and miglustat 
compared to those on miglustat alone. The treatment effect was − 2.21 in 
favor of arimoclomol and miglustat (p = 0.0077). These findings align 
with results from the prespecified subgroup analysis using the 
5DNPCCSS endpoint, which showed a treatment difference of − 2.06 (p 
= 0.006). Of note, the original anchor-based analyses for the validation 
of the 5DNPCCSS suggested that progressing beyond a 1-point wors
ening on the 5DNPCCSS would be clinically meaningful and preventing 
a 2-point worsening would be a viable treatment goal [23]. Other 
findings from the primary analysis that were previously reported, 
including secondary endpoints and safety outcomes, remain valid [22].

5. Conclusions

Overall, the presented data demonstrate that R4DNPCCSS is a valid 
and reliable measure of disease progression that is suitable for use across 
patients and clinical sites in NPC clinical trials. Arimoclomol signifi
cantly slowed disease progression through 12 months of treatment, as 
measured by the R4DNPCCSS, versus placebo in the full analysis set and 
the miglustat subgroup of the NPC-002 study, confirming the statisti
cally significant and clinically meaningful reduction in disease 

Fig. 1. Arimoclomol and placebo change from baseline in R4DNPCCSS over 12 months in the subgroup of patients who also received miglustat (NPC-002 study). 
Changes in R4DNPCCSS from baseline to month 12 were compared using an analysis of covariance (ANCOVA) model fitted with treatment and baseline R4DNPCCSS 
as covariate. 
CI: confidence interval; LSM: least squares mean; N: number of patients in population; R4DNPCCSS: rescored Niemann-Pick disease type C Clinical Severity Scale; SE: 
standard error.
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progression observed with the prespecified 5DNPCCSS endpoint [22].
Supplementary data to this article can be found online at https://doi. 

org/10.1016/j.ymgmr.2025.101233.
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[8] N.M. Yanjanin, J.I. Vélez, A. Gropman, et al., Linear clinical progression, 
independent of age of onset, in Niemann-pick disease, type C, Am. J. Med. Genet. B 
Neuropsychiatr. Genet. 153B (2010) 132–140.

[9] J. Imrie, L. Heptinstall, S. Knight, K. Strong, Observational cohort study of the 
natural history of Niemann-pick disease type C in the UK: a 5-year update from the 
UK clinical database, BMC Neurol. 15 (2015) 1–23.

[10] M. Walterfang, M. Fahey, P. Desmond, et al., White and gray matter alterations in 
adults with Niemann-pick disease type C: a cross-sectional study, Neurology 75 
(2010) 49–56.

[11] M. Stampfer, S. Theiss, Y. Amraoui, et al., Niemann-pick disease type C clinical 
database: cognitive and coordination deficits are early disease indicators, Orphanet 
J. Rare Dis. 8 (2013) 1–11.

[12] M. Cortina-Borja, D. Te Vruchte, E. Mengel, et al., Annual severity increment score 
as a tool for stratifying patients with Niemann-pick disease type C and for 
recruitment to clinical trials, Orphanet J. Rare Dis. 13 (2018) 143.

[13] M.E. Cudkowicz, J.M. Shefner, E. Simpson, et al., Arimoclomol at dosages up to 
300 mg/day is well tolerated and safe in amyotrophic lateral sclerosis, Muscle 
Nerve 38 (2008) 837–844.

[14] C. Ficicioglu, E.M. Berry-Kravis, W. Al-Heratani, et al., Arimoclomol safety profile 
in the treatment of NPC in a real-world setting: long-term data from and expanded 
access program in the USA, Soc. Study Inborn Errors Metabol. Ann. Sympos. (2024) 
PO–20950.

[15] W. Al-Hertani, E.M. Berry-Kravis, R. Wang, et al., Arimoclomol for the treatment of 
NPC in a real-world setting: long-term outcomes from an expanded access program 
in the USA, Soc. Study Inborn Errors Metabol. Ann. Sympos. (2024) PO–212.

[16] M.C. Patterson, D. Vecchio, H. Prady, et al., Miglustat for treatment of Niemann- 
pick C disease: a randomised controlled study, Lancet Neurol. 6 (2007) 765–772.

[17] M.C. Patterson, D. Vecchio, E. Jacklin, et al., Long-term miglustat therapy in 
children with Niemann-pick disease type C, J. Child Neurol. 25 (2010) 300–305.

[18] J.E. Wraith, D. Vecchio, E. Jacklin, et al., Miglustat in adult and juvenile patients 
with Niemann-pick disease type C: long-term data from a clinical trial, Mol. Genet. 
Metab. 99 (2010) 351–357.

[19] M.C. Patterson, W.S. Garver, R. Giugliani, et al., Long-term survival outcomes of 
patients with Niemann-pick disease type C receiving miglustat treatment: a large 
retrospective observational study, J. Inherit. Metab. Dis. 43 (2020) 1060–1069.

[20] M.C. Patterson, E. Mengel, M.T. Vanier, et al., Treatment outcomes following 
continuous miglustat therapy in patients with Niemann-pick disease type C: a final 
report of the NPC registry, Orphanet J. Rare Dis. 15 (2020) 1–10.

[21] B.I. Solomon, A.C. Smith, N. Sinaii, et al., Association of Miglustat with Swallowing 
Outcomes in Niemann-pick disease, type C1, JAMA Neurol. 77 (2020) 1564–1568.

[22] E. Mengel, M.C. Patterson, R.M. Da Riol, et al., Efficacy and safety of arimoclomol 
in Niemann-pick disease type C: results from a double-blind, randomised, placebo- 
controlled, multinational phase 2/3 trial of a novel treatment, J. Inherit. Metab. 
Dis. 44 (2021) 1463–1480.

[23] M.C. Patterson, L. Lloyd-Price, C. Guldberg, et al., Validation of the 5-domain 
Niemann-pick type C clinical severity scale, Orphanet J. Rare Dis. 16 (2021) 79.

[24] W. Evans, M. Patterson, F. Platt, et al., International consensus on clinical severity 
scale use in evaluating Niemann–Pick disease Type C in paediatric and adult 
patients: results from a Delphi Study, Orphanet J. Rare Dis. 16 (2021) 482.

[25] J. Busner, S.D. Targum, The clinical global impressions scale: applying a research 
tool in clinical practice, Psychiatry (Edgmont) 4 (2007) 28–37.

[26] B.I. Solomon, A.M. Muñoz, N. Sinaii, et al., Swallowing characterization of adult- 
onset Niemann-pick, type C1 patients, Orphanet J. Rare Dis. 19 (2024) 231.

[27] I. McDowell, Measuring Health: A Guide to Rating Scales and Questionnaires, 
Oxford University Press, New York, 2006.
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