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Abstract

Background: Niemann-Pick disease type C (NP-C) is a rare neurovisceral disease characterized by progressive
neurodegeneration and premature death. We report data recorded at enrolment in an ongoing international NP-C
registry initiated in September 2009 to describe disease natural history, clinical course and treatment experience of
NP-C patients in clinical practice settings.

Methods: The NPC Registry is a prospective observational cohort study. Participating sites are encouraged to
evaluate all consecutive patients with a confirmed diagnosis of NP-C, regardless of their treatment status. All
patients undergo clinical assessments and medical care as determined by their physicians. Data are collected
through a secure internet-based data collection system.

Results: As of 197 March, 2012, 163 patients have been enrolled in centres across 14 European countries, Australia,
Brazil and Canada. The mean (SD) age at enrolment was 19.6 (13.0) years. In general there was a long lag time
between the mean (SD) age at neurological onset (10.9 (9.8) years) and age at diagnosis (15.0 (12.2) years). Among
all enrolled patients, 107 were diagnosed based on combined genetic testing and filipin staining. Sixteen (11%) out
of 145 patients with available age-at-neurological-onset data had early-infantile neurological onset, 45 (31%) had
late-infantile onset; 45 (31%) had juvenile onset and 39 (27%) had adolescent/adult onset. The frequencies of
neonatal jaundice, hepatomegaly and/or splenomegaly during infancy were greatest among early-infantile patients,
and decreased with increasing age at neurological onset. The most frequent neurological manifestations were:
ataxia (70%), vertical supranuclear gaze palsy (VSGP; 70%), dysarthria (66%), cognitive impairment (62%), dysphagia
(52%). There were no notable differences in composite NP-C disability scores between age-at-neurological-onset
groups. Miglustat therapy at enrolment was recorded in 117/163 (72%) patients.

Conclusions: Approximately two-thirds of this NP-C cohort had infantile or juvenile onset of neurological
manifestations, while the remaining third presented in adolescence or adulthood. While systemic symptoms were
most common among patients with early-childhood onset disease, they were also common among patients with
adolescent/adult onset. The profiles of neurological manifestations in this Registry were in line with previous
publications.
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Background

Niemann-Pick disease type C (NP-C) is a rare neurovisc-
eral disease characterized by progressive neurodegenera-
tion and premature death, with an estimated incidence at
diagnosis of 1:100,000-120,000 live births [1,2]. NP-C is
caused by autosomal recessive mutations in the NPCI gene
(in 95% of cases) or the NPC2 gene, leading to severely
impaired intracellular lipid transport and accumulation of
unesterified cholesterol, sphingosine and a range of glyco-
sphingolipids in various tissues, including the brain [3,4].

Advances in knowledge regarding the underlying bio-
chemical disease pathways in NP-C over the last 20 years,
such as the discovery of cholesterol storage abnormalities
and characterisation of causal gene mutations, have led to
increasing awareness of the disease among physicians and
a large number of new diagnoses. In turn, the broad clin-
ical heterogeneity of NP-C has become increasingly recog-
nised based on several observational studies [2,5-9].

Clinical presentations of NP-C feature a range of sys-
temic and neurological signs that are not specific to the
disease, arise at different ages, and progress at different
rates [1,2,5,6,9,10]. Very early-onset patients are often diag-
nosed based on isolated systemic manifestations [11,12],
but patients most often present during childhood with one
or more neurological manifestations such as saccadic eye
movement abnormalities, cerebellar ataxia, learning pro-
blems and clumsiness [1,9,10]. Increasing numbers of
patients with adolescent/adult onset of neurological disease
are also being detected and diagnosed [13-15].

Recent large cohort studies have shown that catego-
rization of patients according to age at onset of neurological
manifestations is useful for the evaluation of disease course
and responses to therapy, and helps in clinical disease man-
agement and genetic counselling [1,2,6,10,16]. In addition,
the establishment of disease-specific disability scales and
their application in a number of observational studies has
allowed more objective, semi-quantitative assessments of
neurological disease progression and response to therapy
[6,16-18].

A variety of symptomatic treatments can alleviate the
neurological manifestations of NP-C [19], and the appro-
priate application of such therapies can have an import-
ant influence on patient quality of life [10]. Miglustat
(Zavesca®; Actelion Pharmaceuticals Ltd) is currently the
only disease-specific therapy for the treatment of progres-
sive neurological manifestations in children and adults
with NP-C [20]. Miglustat was approved in Europe in
2009, and has since been approved in a number of other
countries. As a result, clinical experience with this drug is
increasing [7,8,16,21].

Here, we report data from an ongoing international NP-
C registry, which was initiated to describe the natural his-
tory, disease course, clinical outcomes and treatment
experience of NP-C patients in clinical practice settings.
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The NPC Registry enrols patients regardless of their treat-
ment status, although a large proportion is receiving
miglustat. As such, the Registry forms part of the post-
marketing surveillance for miglustat. Patient and disease
characteristics at enrolment in all patients included in the
Registry as of 19™ March, 2012 are summarised.

Methods

Study design and population

The NPC Registry is an international, prospective observa-

tional cohort study. All patients with a confirmed diag-

nosis of NP-C are eligible for entry regardless of their

treatment status. Participating sites are encouraged to

evaluate all consecutive NP-C patients (both incident and

prevalent) attending outpatient and/or inpatient visits.
Patients included in the Registry undergo clinical assess-

ments and medical care as determined by their physicians.

Data collection and assessments

Data on the demographics, diagnosis, disease character-
istics and treatment of patients from clinical practice set-
tings are entered through a secure, internet-based data
collection system. Data are only recorded from visits
that take place after all necessary study-specific and site-
specific approvals as well as written informed consent
were received. Before entering any visit data, written
informed consent was obtained from all patients (includ-
ing children) and/or their legal guardians.

Data collected include information from assessments that
are routinely performed for NP-C patients in clinical prac-
tice: demographics, diagnostic tests and findings, medica-
tions (including miglustat exposure), non-drug therapies,
growth characteristics, neurological manifestations, func-
tional disability. Physicians are also encouraged to enter
data on the medical history, general physical status of
patients and findings from other assessments performed:
organ volumes, ears and eyes examinations, laboratory
findings, and neuroimaging.

Patient functional disability status is evaluated using a
disease-specific disability scale that assesses four key
domains of neurological disease in NP-C [6,18]. Briefly,
ambulation is assigned a rating on a five-point scale ran-
ging from normal to wheelchair-bound. Manipulation is
rated on a four-point scale from normal to severe dysme-
tria/dystonia. Language function is rated on a five-point
scale from normal to absence of communication, and
swallowing is rated a four-point scale from normal to gas-
tric button feeding. Based on these ratings, each functional
domain was assigned a score ranging from 0 (best) to 1
(worst) to provide equal weighting across all domains.

An independent Scientific Committee advises on med-
ical and scientific aspects of the Registry. For data quality
assurance, the data collection system keeps an audit trail
of all entries and changes, and performs data checks of
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both data range and plausibility. In addition, the study
database is also periodically reviewed for missing data and
incomplete information.

Data analysis
This analysis summarises patient data recorded at enrol-
ment, which includes information from clinical assess-
ments as outlined above, as well as relevant data from
patient histories based on their medical records. Age at
diagnosis, age at neurological disease onset, time since
diagnosis, treatment exposure time and disease severity
are also provided. Patient ages at diagnosis are calculated
based on the date at which the first positive genetic and/
or positive filipin staining test results were reported.
NP-C disability scale analyses were based on scores for
all four functional domains as well as a composite score,
which is calculated as the mean of all four domain scores
[18]. Disability scale data and other relevant patient/disease
characteristics were stratified by age at onset of neuro-
logical manifestations according to previously published
age categories: early-infantile onset (<2 years), late-infantile
onset (2 to <6 years), juvenile onset (6 to <15 years), and
adolescent/adult onset (>15 years) [1,2,6,10]. Due to the
limited number of cases (n=3), pre/peri-natal patients
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(aged between 0 and 3 months) were merged with the
early-infantile onset category.

Analyses of data at enrolment are purely descriptive in
nature. Continuous variables are summarised using de-
scriptive statistics including mean, standard deviation
(SD), median, range and 95% confidence intervals (CI)
of the mean. Categorical variables are summarised using
counts and percentages. By nature, this is an observed
cases analysis, with all summary statistics and percen-
tages calculated relative to number of patients with
available data. In the following sections, the denomina-
tors for analysis were the numbers of patients with the
corresponding data available; different parameters have
different denominators.

Results

Demographics

A total of 163 patients have been enrolled as of 19"

March, 2012. Patients have been enrolled from centres

in 14 European countries, Australia, Brazil and Canada.

Table 1 and Figure 1 provide an overview of patient and

disease characteristics and of relevant age milestones.
The mean (SD) age at enrolment was 19.6 (13.0) years.

A total of 146 patients had neurological symptoms prior

to or at enrolment. Among patients with available age at

Table 1 Demographics and age at diagnosis of all patients at enrolment

Characteristic n (%) Mean (SD) Median (range)
Overall patient population (n=163)

Gender, male: female 84 (51.5): 79 (48.5) - -

Age at enrolment (yrs) 163 19.6 (13.0) 17.1 (0.9-64.1)
Patients with neurological manifestations (n =146)

Age at neurological onset (yrs): 145% 10.9 (9.8) 74 (0-48.0)
Early infantile (<2 yrs) 16 (11) 0.8 (0.6) 1.0 (0-1.6)
Late infantile (2 - <6 yrs) 45 (31) 42 (1.3) 45 (2.0-6.0)
Juvenile (6 - <15 yrs) 45 (31) 9.7 (2.8) 9.2 (6.0-14.8)
Adolescent/adult (215 yrs) 39 (27) 24.0 (8.9) 20.9 (15.0-48.0)
Age at diagnosis (yrs): 140" 150 (12.2) 12.8 (0.1-53.9)
Early infantile (<2 yrs) 16 (12)F 1.0 (1.0) 0.8 (0.1-4.0)
Late infantile (2 - <6 yrs) 43 31)* 82 (74) 6.1 (0.1-33.1)
Juvenile (6 - <15 yrs) 41 (30)* 138 (50) 13.0 (04-26.6)
Adolescent/adult (215 yrs) 39 (28)* 29.7 (10.0) 28.1 (14.4-53.9)
Patients with no neurological manifestations (n=5)

Age at enrolment (yrs) 503) 15.9 (14.6) 114 (4.3-40.9)
Age at diagnosis (yrs) 4 ) 124 (16.8) 53 (1.9-37.3)
History of systemic symptoms:

Neonatal jaundice, present 2 (40) - -
Hepatomegaly during infancy, present 1(20) - -
Splenomegaly during infancy, present 2 (40) - -

*One patient had missing age at neurological onset, five had no neurological manifestations and 12 had no available information regarding neurological
manifestations. TSix patients with missing age at diagnosis data; *percentages calculated relative to total patients with available data for both age at diagnosis
and age at neurological onset (N = 139); *age at diagnosis data missing in one patient.



Patterson et al. Orphanet Journal of Rare Diseases 2013, 8:12
http://www.ojrd.com/content/8/1/12

Page 4 of 10

0 5 10 15 20 25 30 35

Age (Years)

Figure 1 Overview of patient and disease characteristics.
.

?E B Period before neurological manifestations
S O Period with neurological manifestations
| B Period on miglustat

|-="=% A First miglustat use (period on miglustat not specified)
A Diagnosis

]

==

==

B

-}

=

=

|

=

e

5—

|

==

e

40 45 50 55 60

neurological onset data (N =145), 16 (11%) had the
early-infantile onset form, 45 (31%) had late-infantile
onset; 45 (31%) had juvenile onset and 39 (27%) had
adolescent/adult onset. Three patients in the early
infantile-onset group presented with perinatal hypotonia.
Information regarding neurological manifestations was
missing for 12 patients.

Forty-two patients had ‘psychiatric’ manifestations at
enrolment. The proportion of adolescent/adult-onset
patients among this subgroup was higher (16/40 [40%])
than those in the earlier-onset categories (3—30%).

Five patients had no neurological manifestations recorded
prior to or at enrolment (Table 1). All five had a confirmed
biochemical diagnosis based on filipin staining, among
which three were also shown to carry NPCI mutations.
All five patients had visceral involvement at enrolment;

histories of neonatal jaundice, hepatomegaly and/or spleno-
megaly during infancy were recorded in two patients each.

One adult male patient (current age 43 years; enrolled
at age 41 years), who displayed only hepatosplenomegaly
at enrolment was diagnosed aged 37 years based on
positive filipin staining. No genetic testing results were
available and cholesterol esterification was not assessed.
This patient did not have a history of visceral manifesta-
tions during infancy.

Diagnosis

Among all 163 enrolled patients, 107 had an NP-C diag-
nosis established by combined genetic testing and filipin
staining, 39 by genetic testing alone and 14 by filipin
staining alone. Documentation related to diagnostic test
results was missing for three patients.
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Filipin staining was recorded as having been performed
in 121 out of 140 patients with available data (86%). The
filipin test gave positive results for 113 patients. Results
were reported as negative in two patients, one with
juvenile-onset (aged 6.9 years) and one with adolescent/
adult-onset of neurological manifestations (aged 17.9 years),
although both of these patients had disease-causing NPCI
gene mutations. Filipin staining results were not known for
six patients.

Gene mutation analysis was recorded as having been
performed in 146 out of 154 patients with available data
(95%). Of the 137 patients with available genetic results,
134 had NPCI mutations and three had NPC2 mutations.
Results from genetic testing were not known for nine
patients.

Findings from LDL-induced cholesteryl ester formation
assays were recorded in 63 out of 120 patients with avail-
able data (53%). Among these, 56 patients had a reduced
rate of cholesteryl ester formation. Five patients had a nor-
mal rate: one patient (aged 5 years) had missing age-
at-onset data but did have neurological manifestations at
enrolment; one (aged 9 years) had no neurological mani-
festations; two had juvenile neurological onset; one had
adult neurological onset.

Patient age milestones

In general there was a long lag time between the mean
(SD) age at neurological onset (10.9 (9.8) years; range 0—
48 years) and age at diagnosis (15.0 (12.2) years; range
0.1-53.9 years) (Table 1). This period appeared longer
among adolescent/adult-onset patients compared with
the early-, late- and juvenile-onset groups.

Eight out of 16 (50%) early-infantile onset patients were
diagnosed with NP-C before the appearance of neuro-
logical manifestations. Most (72-95%) late-infantile, ju-
venile and adolescent/adult-onset patients were diagnosed
after neurological onset.

Systemic manifestations
Data on patient histories of neonatal jaundice, hepato-
megaly and/or splenomegaly during infancy are sum-
marised in Figure 2. The overall proportions of these
systemic manifestations were: neonatal jaundice during in-
fancy (49/126; 39%); hepatomegaly during infancy (50/127;
39%); splenomegaly (69/127; 54%). The prevalence of neo-
natal jaundice, hepatomegaly and/or splenomegaly during
infancy was particularly high among early-infantile onset
patients, and decreased with increasing age at neurological
onset. Nevertheless, 21% of adolescent/adult-onset patients
had a history of neonatal jaundice and 30% had hepatosple-
nomegaly during infancy.

Overall, a history of hepatic failure during the neonatal
period was recorded in 7/120 (6%) patients. Hepatic fail-
ure was recorded as having resolved in six of these cases.
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Systemic outcome data were missing for the remaining
patient.

Neurological manifestations

Based on medical data recorded prior to patients’ enrol-
ment in the Registry, the most frequent neurological
manifestations among all those with available data (N =
138) were: ataxia (70%), vertical supranuclear gaze palsy
(VSGP; 70%), dysarthria (66%), cognitive impairment
(62%), dysphagia (52%), dystonia (46%), seizures (33%),
and cataplexy (26%).

The profiles of neurological manifestations according
to age-at-neurological-onset category are summarised in
Figure 3. Ataxia and VSGP were both recorded in over
70% of late-infantile, juvenile and adolescent/adult-onset,
and dysarthria in >60% of patients in these age categor-
ies. The prevalence of cognitive impairment (recoded as
‘delayed development’ in very young patients) was con-
sistently high across all age groups (60—-70%). Dysphagia
was also a consistent finding in approximately 50% of all
age categories. Seizures and cataplexy were more often
recorded among late-infantile/juvenile onset patients
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(37-57%) compared with early-infantile onset (17%) and
adolescent/adult-onset patients (6—9%).

Disability score

A categorical analysis of scores for individual disability
scale parameters by age at neurological onset group is
summarised in Figure 4. Across all age-at-onset categor-
ies, more patients were categorised as having severe
impairments in ambulation and manipulation than in
language and swallowing. Severe impairments in lan-
guage and swallowing were more common in early-
infantile and late-infantile onset patients compared with
juvenile and adolescent/adult-onset patients.

Among all patients, means (SD [95% Cls of the mean])
for individual disability domain scores were 0.42 (0.35
[0.36, 0.48]) for ambulation, 0.48 (0.35 [0.42, 0.54]) for
manipulation, 0.35 (0.26 [0.31, 0.39]) for language and
0.37 (0.33 [0.32, 0.43]) for swallowing.

Mean (SD) composite disability scores were 0.40 (0.35)
in early-infantile onset patients, 0.41 (0.30) in late-
infantile onset patients, 0.47 in juvenile-onset patients
and 0.35 (0.20) in adolescent/adult-onset patients. The
95% Cls of the mean scores in these patient groups over-
lapped across all age categories, indicating no notable
differences between patients based on age at neuro-
logical onset (Table 2).

Miglustat exposure

A total of 117/163 (72%) patients were recorded as being
treated with miglustat therapy at enrolment. The mean
(SD) duration of exposure to miglustat was 1.78 (1.88)
years (median 1.13; range 0-7.73 years). Individual patient
disease and treatment timelines indicated that the period
from diagnosis to initiation of miglustat therapy was
highly variable across all age-at-onset groups (Figure 1).

A total of 10 patients with neurological manifestations
of NP-C were treated before having a confirmed diag-
nostic test result (excluding patients with missing test
dates). Some cases were treated based on sibling disease
history, and others were treated from the time physi-
cians requested confirmatory diagnostic tests (already
having a high suspicion for NP-C based on the overall
clinical picture).

Four patients were treated before the onset of neuro-
logical manifestations, and at the time of enrolment in the
Registry, three had developed neurological manifestations.
One patient had early-infantile onset of neurological man-
ifestations and was aged 0.8 years at miglustat start, two
had late infantile-onset and were aged 2.1 and 5.3 years at
miglustat start, and one had adolescent/adult-onset and
was aged 16.3 years at miglustat start. The time period
from the start of miglustat therapy to onset of neurological
manifestations in these patients ranged from approxi-
mately 5 months to approximately 17 months. All four
patients had confirmed diagnoses based on genetic testing;
one patient also had a positive filipin staining result.

Discussion
These observations come from an international registry
population of 163 patients, which represents the largest
cohort of living NP-C patients reported to date. As such,
the findings reported in this paper provide an important
contribution to existing knowledge regarding both disease
and patient characteristics. This Registry population also
comprises appreciable numbers of patients across all
age-at-neurological-onset categories (early-infantile, late-
infantile, juvenile and adolescent/adult). Notably, adoles-
cent/adult onset patients make up almost one-third of
the Registry population.

As has been reported in previous NP-C patient cohorts,
a high proportion of early-infantile and late-infantile onset
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patients had a history of neonatal jaundice, hepatomegaly
and/or splenomegaly [2,9]. This confirms the importance
of these symptoms as tangible clues toward a possible
diagnosis of NP-C in new-borns, although it should be
borne in mind that they are often transient manifestations
[11,12].

Interestingly, a notable proportion of adolescent/adult-
onset patients in the NPC Registry also had a record of
neonatal jaundice and/or hepatosplenomegaly during in-
fancy. Despite memory bias, hepatosplenomegaly in older-
onset patients often goes unrecognised [15]. Abdominal

Table 2 Composite disability scores

ultrasound examination and/or a detailed investigation of
patients’ medical histories with regard to previous liver
disease may help to detect systemic NP-C symptoms dur-
ing diagnostic work up in adolescent/adult cases [10,22].
The profile of neurological symptoms in this Registry
was consistent with data from previous large cohort
studies [2,5,6,9]. In particular, VSGP was confirmed as a
frequent finding across all age-at-onset categories. Sac-
cadic eye movement abnormalities are known to be one
of the earliest specific signs of neurological deterioration
in NP-C, progressing over time to full VSGP in most

Patient group n Mean (SD) 95% Cl of mean Median (range)
All patients with available scores 146 039 (0.28) 035, 044 0.35 (0-1.00)
Age at neurological onset*:

Early infantile (<2 yrs) 14 040 (0.35) 0.19, 0.60 042 (0-1.00)
Late infantile (2 — <6 yrs) 42 041 (0.30) 032,051 0.35 (0-1.00)
Juvenile (6 - <15 yrs) 41 047 (0.24) 039,055 0.44 (0-0.88)
Adolescent/adult (215 yrs) 33 0.35 (0.20) 0.28,043 0.29 (0.06-0.94)

*Age at neurological onset not available for 16 patients.



Patterson et al. Orphanet Journal of Rare Diseases 2013, 8:12
http://www.ojrd.com/content/8/1/12

cases [10,23,24]. These data therefore support existing
knowledge and underline the importance of systematic
examination of saccades and vergence movements as
well as pursuit movements in the detection of possible
NP-C [10,25-27].

The common occurrence of cataplexy and seizures in
late-infantile and juvenile-onset NP-C patients, with lower
levels seen in early-infantile and adolescent/adult-onset
patients, is also in close agreement with existing reports
[2,10]. These manifestations impair patient quality of life
and in some severe cases, prognosis. Treatment directed
toward achieving adequate control of cataplexy and sei-
zures is essential [10].

Cognitive impairment was one of the most consistent
neurological findings, reported in 60—70% of patients across
all age-at-onset categories. While progressive cognitive de-
cline eventually affects most, if not all, patients with NP-C,
it is generally less commonly recognised during early child-
hood. Impaired cognition frequently manifests as poor
school performance in juveniles and adolescents, and as
NP-C progresses patients experience a general decline,
leading to frank dementia in many cases [10,15,28,29]. In
younger-onset patients it is more likely to be recognised ini-
tially as developmental delay [5].

Similar to cognitive decline, previous studies have
reported psychiatric manifestations more frequently
among adolescent/adult-onset NP-C patients compared
with younger-onset patients [2,14,15]. In the Registry
population 40% of adolescent/adult-onset patients had
psychiatric manifestations, although this value might
have been artificially high due to ‘cognitive decline’ hav-
ing been recorded as a psychiatric manifestation; this was
certainly the case in the early- and late-infantile groups.
Nevertheless, schizophrenia-like psychosis has previously
been reported in up to 25% of NP-C patients, and other
major psychiatric illnesses reported in association with
NP-C include depression, bipolar disorder and obsessive-
compulsive disorder [10]. The frequency of NP-C in
patients diagnosed with psychiatric disorders is an import-
ant aspect because in some patients, psychiatric manifesta-
tions can overshadow systemic symptoms and subtle
neurological signs of NP-C, which leads to significant
delays in the detection and diagnosis of NP-C [30,31].
Studies are currently ongoing to further establish the fre-
quency of NP-C among psychiatric patients [32].

Analysis of patient age milestones illustrated that early-
infantile patients have a greater tendency to be diagnosed
before the onset of neurological manifestations compared
with late-infantile, juvenile and adolescent/adult-onset
patients, who are diagnosed after neurological onset. This
is likely due to the greater prominence of systemic symp-
toms in very young patients. Overall, there were long
delays between the onset of neurological manifestations
and confirmation of the diagnosis of NP-C. This finding is
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consistent with data from previous studies [10,18,33], and
highlights this major problem in NP-C.

Delayed diagnosis can have a considerable impact on
quality of life for patients and/or their family and pri-
mary caregivers. In addition, it has been recommended
that disease-specific therapy with miglustat should be
started as early as possible in the course of neurological
disease in order to stabilise neurological function [1,10].
Possible measures that might enhance the detection of
NP-C and expedite future diagnoses include the use of
novel screening tools such as the NP-C suspicion index
[27], increased vigilance for early systemic symptoms,
and the development of potential new disease biomar-
kers such as plasma oxysterols [34].

The composite disability scores among patients in the
Registry at enrolment were comparable with baseline
scores reported in previous cohort studies that utilised
this disability scale [7,18,35]. It is notable that there were
no significant differences in composite scores between
age-at-onset categories among the Registry patients. The
95% ClIs of the mean composite scores all overlapped. It
also remains to be seen whether changes in composite
scores over time in this Registry reflect previously
observed differences in the rates of disease progression
between the age-at-onset categories.

It is not possible to state whether any single disability
scale measure (ambulation, manipulation, language or
swallowing) was statistically more affected than others at
enrolment based on the current categorical analysis.
However, the distribution of scores for each disability
parameter in the Registry appeared comparable with
those seen at baseline during a previous cohort study
based on the same disability scale [18].

The data summarised in this report should be inter-
preted with the awareness that disease registries come with
a number of inherent limitations. As with all disease regis-
tries, the integrity and comparability of the NPC Registry
data relies on the accurate entry of patient information by
the treating physicians and other nominated staff at each
participating centre. The potential for ascertainment bias
(also present to some extent in all published NP-C cohorts)
should be recognised. Registries can also suffer from selec-
tion bias. In the former case, the inclusion of all consecu-
tive patients (both incident and prevalent) who present for
outpatient and/or inpatient visits irrespective of treatment
status is one measure stipulated in the NPC Registry proto-
col to minimise selection bias. Finally, most patients with a
confirmed diagnosis of NP-C are currently being treated
with miglustat, and there are only a few treatment-naive
patients available for study within the Registry population.
At this point in time, this precludes meaningful compari-
sons between treated and untreated patients.

In summary, these data derived from the largest NP-C
Registry cohort reported to date, provide a useful overall
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snapshot of patient and disease characteristics that can
be considered alongside epidemiological data from pre-
vious large cohort studies. Our findings confirm that
systemic symptoms are common among patients with
early-childhood onset of neurological manifestations but
are also a common finding among patients with adoles-
cent/adult onset disease. The profiles of neurological mani-
festations seen among all age-at-onset categories in the
Registry are in line with previous publications. Longitu-
dinal data from follow up assessments are required to dis-
cern any differences in disease progression and degrees of
neurological stability between early-infantile, late-infantile,
juvenile and adolescent/adult-onset groups, and will be
reported in future publications.

Abbreviations

Cl: Confidence interval; NP-C: Niemann-Pick disease type C; NPC1/NPC2
mutations: Disease-causing gene mutations in NP-C; SD: Standard deviation;
VSGP: Vertical supranuclear gaze palsy.

Competing interests

MCP has received research grants from the National Institutes of Health [NS
65768-01], the National MS Society and Actelion Pharmaceuticals Ltd . He
has also received honoraria and consulting fees from Actelion
Pharmaceuticals Ltd, Orphazyme, Shire HGT, Stem Cells, Inc, and Up-To-Date.
EM has received consulting fees, honoraria and research grants from
Actelion Pharmaceuticals Ltd. FAW has received consulting fees, honoraria
and research grants from Actelion Pharmaceuticals Ltd. AM and BS are
permanent employees of Actelion Pharmaceuticals Ltd. HD (Numerus Ltd)
conducted statistical analyses that were paid for by Actelion Pharmaceuticals
Ltd. MTV has received travel expenses, consulting fees and presentation
honoraria from Actelion Pharmaceuticals Ltd and Shire HGT, and travel
expenses from Genzyme Corporation. MP has received consulting fees,
honoraria and research grants from Actelion Pharmaceuticals Ltd.

Authors’ contributions
All' authors have reviewed and interpreted the data, reviewed each draft of
the manuscript, and approved the final version for submission.

Acknowledgements

Dr James E Wraith is also acknowledged for his contribution to the design
and creation of this Registry. The authors thank the following participating
physicians who enrolled patients in this registry, as of 19" March, 2012:
Walterfang M, Australia; Baumgartner C, Nia S, Austria; Guigliani R, Brazil;
Rockman-Greenberg C, Canada; Malinova V, Nevsimalova S, Czech Republic;
Audoin B, Broue P, Baruteau J, Cances C, Cuisset J-M, Héron B, Sedel F,
Tranchant C, Valayannopoulos V, France; Amraoui Y, Hertzberg C, Klinemann
HH, Koch S, Korenke GC, Korinthenberg R, Luecke T, Marquardt T, Mengel E,
Reichelt G, Rutsch F, Stablober-Degwerth M, Germany; Niktari G, Covanis A,
Likopoulou E, Greece; Andria G, Bembi B, Filla A, Uziel G, Italy; Wijburg FA,
Van der Hout JM, Nicolai J, Netherlands; Skorpen J, Norway; Fonseca MJ,
Portugal; Hlavatd A, Kolnikova M, Slovak Republic; Arellano M, Madruga M,
Pineda M, Spain; Rask O, Sweden; Rohrbach M, Switzerland; Cox TM, Deegan
P, Hughes D, Jones S, Jovanovic A, Sharma R, Waldeck S, Wraith JE, UK.

This Registry is sponsored by Actelion Pharmaceuticals Ltd. Medical writing
assistance was provided by Matthew Reilly PhD at InTouch Medical Ltd, paid
for by Actelion Pharmaceuticals Ltd.

Author details

'Mayo Clinic, Rochester, MN, USA. Villa Metabolica, ZKIM, MC, University of
Mainz, Mainz, Germany. *Academic Medical Centre, University of Amsterdam,
Amsterdam, The Netherlands. “Actelion Pharmaceuticals Ltd, Allschwil,
Switzerland. *Numerus Ltd.,, Wokingham, UK. SINSERM Unit 820, Lyon, France.
’Fundacio Hospital Sant Joan de Déu, Barcelona, Spain. ®Department of
Neurology, Mayo Clinic, 200 First Street SW, Rochester, MN 55905, USA.

Page 9 of 10

Received: 5 November 2012 Accepted: 7 January 2013
Published: 16 January 2013

References

1. Wraith JE, Baumgartner MR, Bembi B, Covanis A, Levade T, Mengel E, Pineda
M, Sedel F, Topcu M, Vanier MT, Widner H, Wijburg FA, Patterson MC:
Recommendations on the diagnosis and management of Niemann-Pick
disease type C. Mol Genet Metab 2009, 98:152-165.

2. Vanier MT: Niemann-Pick disease type C. Orphanet J Rare Dis 2010, 5:16.

3. Vanier MT: Lipid changes in Niemann-Pick disease type C brain: personal
experience and review of the literature. Neurochem Res 1999, 24:481-489.

4. Vanier MT: Biochemical studies in Niemann-Pick disease. /. Major
sphingolipids of liver and spleen. Biochim Biophys Acta 1983, 750:178-184.

5. Imrie J, Dasgupta S, Besley GT, Harris C, Heptinstall L, Knight S, Vanier MT,
Fensom AH, Ward C, Jacklin E, Whitehouse C, Wraith JE: The natural history of
Niemann-Pick disease type C in the UK. J Inherit Metab Dis 2007, 30:51-59.

6. Iturriaga C, Pineda M, Fernandez-Valero EM, Vanier MT, Coll MJ: Niemann-
Pick C disease in Spain: clinical spectrum and development of a
disability scale. J Neurol Sci 2006, 249:1-6.

7. Heron B, Valayannopoulos V, Baruteau J, Chabrol B, Ogier H, Latour P,
Dobbelaere D, Eyer D, Labarthe F, Maurey H, Cuisset JM, Billette de
Villemeur T, Sedel F, Vanier M: Miglustat therapy in the French cohort of
paediatric patients with niemann-pick disease type C. Orphanet J Rare Dis
2012, 7:36.

8. Chien YH, Peng SF, Yang CC, Lee NC, Tsai LK, Huang AC, Su SC, Tseng CC,
Hwu WL: Long-term efficacy of miglustat in paediatric patients with
Niemann-Pick disease type C. J Inherit Metab Dis 2012, Epub ahead of
print]. Doi: 10.1007/510545-012-9479-9.

9. Garver WS, Francis GA, Jelinek D, Shepherd G, Flynn J, Castro G, Walsh
Vockley C, Coppock DL, Pettit KM, Heidenreich RA, Meaney FJ: The National
Niemann-Pick C1 disease database: report of clinical features and health
problems. Am J Med Genet A 2007, 143:1204-1211.

10.  Patterson MC, Hendriksz CJ, Walterfang M, Sedel F, Vanier MT, Wijburg F, on
behalf of the NPCGWG: Recommendations for the diagnosis and
management of Niemann-Pick disease type C: An update. Mol Genet
Metab 2012, 106:330-344.

11.  Kelly DA, Portmann B, Mowat AP, Sherlock S, Lake BD: Niemann-Pick
disease type C: diagnosis and outcome in children, with particular
reference to liver disease. J Pediatr 1993, 123:242-247.

12. Imrie J, Wraith JE: Isolated splenomegaly as the presenting feature of
Niemann-Pick disease type C. Arch Dis Child 2001, 84:427-429.

13. Walterfang M, Fietz M, Fahey M, Sullivan D, Leane P, Lubman DI, Velakoulis
D: The neuropsychiatry of Niemann-Pick type C disease in adulthood.

J Neuropsychiatry Clin Neurosci 2006, 18:158-170.

14. Imrie J, Vijayaraghaven S, Whitehouse C, Harris S, Heptinstall L, Church H,
Cooper A, Besley GT, Wraith JE: Niemann-Pick disease type C in adults.

J Inherit Metab Dis 2002, 25:491-500.

15. Sevin M, Lesca G, Baumann N, Millat G, Lyon-Caen O, Vanier MT, Sedel F:
The adult form of Niemann-Pick disease type C. Brain 2007, 130:120-133.

16. Pineda M, Perez-Poyato MS, O'Callaghan M, Vilaseca MA, Pocovi M,
Domingo R, Portal LR, Perez AV, Temudo T, Gaspar A, Penas JJ, Roldan S,
Fumero LM, de la Barca OB, Silva MT, Macias-Vidal J, Coll MJ: Clinical
experience with miglustat therapy in pediatric patients with Niemann-
Pick disease type C: a case series. Mol Genet Metab 2010, 99:358-366.

17. Yanjanin NM, Velez JI, Gropman A, King K, Bianconi SE, Conley SK, Brewer CC,
Solomon B, Pavan WJ, Arcos-Burgos M, Patterson MC, Porter FD: Linear clinical
progression, independent of age of onset, in Niemann-Pick disease, type C.
Am J Med Genet B Neuropsychiatr Genet 2010, 153B:132-140.

18. Pineda M, Wraith JE, Mengel E, Sedel F, Hwu WL, Rohrbach M, Bembi B,
Walterfang M, Korenke GC, Marquardt T, Luzy C, Giorgino R, Patterson MC:
Miglustat in patients with Niemann-Pick disease Type C (NP-C):

a multicenter observational retrospective cohort study. Mol Genet Metab
2009, 98:243-249.

19. Patterson MC, Platt F: Therapy of Niemann-Pick disease, type C. Biochim
Biophys Acta 2004, 1685:77-82.

20.  Miglustat (Zavesca) Summary of Product Characteristics. http://eudrapharm.
eu/eudrapharm/showDocument?documentld=299255761182430949.

21. Fecarotta S, Amitrano M, Romano A, Della Casa R, Bruschini D, Astarita L,
Parenti G, Andria G: The videofluoroscopic swallowing study shows a
sustained improvement of dysphagia in children with Niemann-Pick


http://dx.doi.org/10.1007/s10545-012-9479-9
http://eudrapharm.eu/eudrapharm/showDocument?documentId=299255761182430949
http://eudrapharm.eu/eudrapharm/showDocument?documentId=299255761182430949

Patterson et al. Orphanet Journal of Rare Diseases 2013, 8:12 Page 10 of 10
http://www.ojrd.com/content/8/1/12

disease type C after therapy with miglustat. Am J Med Genet A 2011,
155A:540-547.

22. Sedel F: Clinical diagnosis of the adult form of Niemann-Pick type C
disease. Arch Pediatr 2010, 17 Suppl 2:550-53.

23. Solomon D, Winkelman AC, Zee DS, Gray L, Buttner-Ennever J: Niemann-
Pick type C disease in two affected sisters: ocular motor recordings and
brain-stem neuropathology. Ann N Y Acad Sci 2005, 1039:436-445.

24, Abel LA, Walterfang M, Fietz M, Bowman EA, Velakoulis D: Saccades in
adult Niemann-Pick disease type C reflect frontal, brainstem, and
biochemical deficits. Neurology 2009, 72:1083-1086.

25. Karatas M: Internuclear and supranuclear disorders of eye movements:
clinical features and causes. Eur J Neurol 2009, 16:1265-1277.

26.  Walterfang M, Macfarlane MD, Looi JC, Abel L, Bowman E, Fahey MC,
Desmond P, Velakoulis D: Pontine-to-midbrain ratio indexes ocular-motor
function and illness stage in adult Niemann-Pick disease type C. fur J
Neurol 2011, Epub ahead of print]. Doi: 10.1111/j.1468-1331.2011.3545x.

27.  Wijburg FA, Sedel F, Pineda M, Hendriksz CJ, Fahey M, Walterfang M, Patterson
MC, Wraith JE, Kolb SA: Development of a Suspicion Index to aid diagnosis
of Niemann-Pick disease type C. Neurology 2012, 78:1560-1567.

28.  Klarner B, Klunemann HH, Lurding R, Aslanidis C, Rupprecht R:
Neuropsychological profile of adult patients with Niemann-Pick C1
(NPC1) mutations. J Inherit Metab Dis 2007, 30:60-67.

29. Higgins JJ, Patterson MC, Dambrosia JM, Pikus AT, Pentchev PG, Sato S,
Brady RO, Barton NW: A clinical staging classification for type C Niemann-
Pick disease. Neurology 1992, 42:2286-2290.

30. Turpin JC, Baumann N: [Presenting psychiatric and cognitive disorders in
adult neurolipidoses]. Rev Neurol (Paris) 2003, 159:637-647.

31, Shulman LM, David NJ, Weiner WJ: Psychosis as the initial manifestation of
adult-onset Niemann-Pick disease type C. Neurology 1995, 45:1739-1743.

32. Bauer P, Patterson MC, Sedel F, Linden D, Wraith JE, Pineda M, Priller J,
Muller A, Chadha-Boreham H, Remy C, Ory D, Balding DJ, Klinemann HH:
ZOOM genetic screening study of Niemann-Pick disease type C in adults
with neurological and psychiatric signs. Journal of Neurology 2011,
258:164.

33.  Vanier MT, Pentchev P, Rodriguez-Lafrasse C, Rousson R: Niemann-Pick
disease type C: an update. J Inherit Metab Dis 1991, 14:580-595.

34. Porter FD, Scherrer DE, Lanier MH, Langmade SJ, Molugu V, Gale SE, Olzeski
D, Sidhu R, Dietzen DJ, Fu R, Wassif CA, Yanjanin NM, Marso SP, House J,
Vite C, Schaffer JE, Ory DS: Cholesterol oxidation products are sensitive
and specific blood-based biomarkers for Niemann-Pick C1 disease. Sci
Trans! Med 2010, 2:56ra81.

35. Wraith JE, Guffon N, Rohrbach M, Hwu WL, Korenke GC, Bembi B, Luzy C,
Giorgino R, Sedel F: Natural history of Niemann-Pick disease type C in a
multicentre observational retrospective cohort study. Mol Genet Metab
2009, 98:250-254.

doi:10.1186/1750-1172-8-12

Cite this article as: Patterson et al.: Disease and patient characteristics in
NP-C patients: findings from an international disease registry. Orphanet
Journal of Rare Diseases 2013 8:12.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central



http://dx.doi.org/10.1111/j.1468-1331.2011.3545.x

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and population
	Data collection and assessments
	Data analysis

	Results
	Demographics
	Diagnosis
	Patient age milestones
	Systemic manifestations
	Neurological manifestations
	Disability score
	Miglustat exposure

	Discussion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

