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INTRODUCTION
• NPC is a rare, chronic neurological disease caused by mutations in the NPC1 or NPC2 gene. NPC  

affects infants, juveniles and adults with an estimated incidence of 1:100,000 live births1-6

• NPC is characterized by progressive and disabling neurological symptoms4 (Figure 1)

• The 17 domain NPC Clinical Severity Score (NPCCSS) is an established disease-specific clinician-
reported outcome measure to inform disease progression in NPC patients7

• An abridged version, 5-domain NPCCSS,  was developed comprising five domains selected by NPC 
patients, caregivers and experts  as the most clinically relevant: ambulation, speech, cognition, fine 
motor skills, and swallow

– High correlation (Spearman’s correlation = 0.93) is found between the 5-domain NPCCSS and 
the 17-domain NPCCSS8

– Establishing inter and intra-rater reliability is a necessary step in the minimization of 
measurement error7,9

METHODS
Inclusion Criteria

• NPC1 or NPC2 patients of either gender (aged 8-, 10-, 12-, and 17-years) with at least one 
neurological sign of disease and ability to walk independently or with assistance were used to 
develop the video case studies for clinicians to rate in the inter- and intra-rater reliability exercise

• Caregiver and patient fluent in English

Study Design

• Study design is schematically shown in Figure 2

• Medical interview and physical examination of patients and caregivers were conducted by a medical 
expert in NPC; these were video-recorded and format was standardized by following a prespecified 
story board

• Videos were used to assess inter-rater and intra-rater reliability by a group of 13 clinicians, who 
were blinded to other raters’ scores; raters did an initial scoring for the 5-domain NPCCSS for each 
patient; scoring was repeated, in a random fashion, after at least 3 weeks 

Statistical Analysis

• Analytical data set incorporates initial and repeat ratings from each of the 13 raters for each of the 
four patient videos

• Results are reported for all time points where there was sufficient sample size to allow for 
meaningful interpretation of findings

• Inter- and intra-rater reliability was assessed using intra-class correlation (ICC) coefficients (score 
level) and kappa statistics (item level) at a 0.70 acceptability criteria threshold10

• As a sensitivity analysis to identify potential error in the reliability estimates due to rater bias, a Many-
FACETs item response analysis was conducted which allows the clinician rating of severity to be derived 
using a standardized scale similar to the patient and the item (ie, equating to a similar metric).11

RESULTS
Evaluation of 5-domain NPCCSS

• The intraclass coefficients agreement statistics associated with the evaluation of the 5-domain 
NPCCSS were high between the initial and repeat timepoints (intra-rater reliability ICC(2,13) = 0.937), 
as well as between clinician ratings (ICC(2,1) = 0.995)

• For the individual domains, the coefficients were above the 0.70 criterion threshold for all domains 
at the initial timepoint (range 0.763–0.954)

• At the repeat timepoint, ambulation fell slightly below the criterion threshold (coefficient of 
concordance = 0.681), with all other domains above the criterion threshold (range 0.723–0.949) 
(Table 1)

• As a sensitivity analysis, an evaluation of the clinician ratings, patient videos, and 5-domain NPCCSS 
using the item-levels FACETS analysis, indicated strong agreement across the clinician group (57.3% 
exact agreement; 0.87 correlation across ratings; sample error = 0.01) 

– In terms of patient videos utility, there were no videos which performed poorly (eg, all videos fit 
the model, none were misfitting; infit value ≥ 1.5; range 0.76–1.11) and the correlation across 
ratings was 0.73 with an error rate of 0.02

• For the individual domains, there were no misfitting domains (infit value ≥ 1.5; range 0.72–1.16) 
and the correlation across ratings was 0.85 with an error rate of 0.01 

• Rating scale analysis, conducted using FACETS, an extension of Rasch measurement for judge-
mediated data, indicated monotonic increases in severity rating from lowest (verbal response 
option = 0; average person measure = −4.59) to most severe (verbal response option = 5; average 
person measure = 3.53)

• Agreement between the patient video severity ratings was observed between the classical 
descriptive statistics on the 5-domain NPCCSS and the item-level FACETS analysis. In each analysis, 
Subject C was the most severe (NPCCSS mean: initial 18.15, repeat 18.85; FACETS 3.30) and Subject 
D was the least severe (NPCCSS mean: initial 4.46, repeat 4.77; FACETS -2.20).

CONCLUSIONS
• The inter- and intra-rater reliability analyses suggest that clinicians were able to rate patients similarly 

and consistently, as well as designate each of the categorical severity ratings in the manner intended: 

– More specifically, clinicians were able to utilize the measure in the manner intended, whilst 
reviewing multiple videos representing each level of clinical severity 

– Patients with less severity were rated with lower categories on the 5-domain NPCCSS by 
participating clinicians

• The supportive FACETS Rasch analysis illustrated that each of the items contributing to the 5-
domain NPCCSS was locally independent and that the instrument is able to target patients along the 
severity continuum with complementary precision 

• Based on this analysis, the 5-domain NPCCSS measurement tool should be considered both valid 
and reliable as an endpoint in future studies
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OBJECTIVE
• Measure inter- and intra-rater reliability of the 5-domain NPCCSS, total score and individual items as  

a step to verify the validation of the 5-domain NPCCSS to be used as an instrument of assessment in 
NPC patients

Visit Variable Kappa Coefficient of Concordance

Initial Ambulation Score 0.785

Speech Score 0.954

Swallow Score 0.813

Fine Motor Skills Score 0.763

Cognition Score 0.917

Repeat Ambulation Score 0.681

Speech Score 0.949

Swallow Score 0.858

Fine Motor Skills Score 0.723

Cognition Score 0.883

Table 1. Item Level Coefficient of Concordance

Figure 1. Conceptual Model
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Figure 2. Overview of Study Design

CGI-S = Clinician Global Impressions of Severity; NPC = Niemann-Pick disease type C; NPCCSS = Niemann-Pick type C Clinical Severity Score
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