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Abstract
Cerebrotendinous xanthomatosis (CTX) is likely to be underdiagnosed and precise epidemiological characteristics of CTX
are largely unknown as knowledge on the disorder is based mainly on case reports. We conducted a nationwide survey on
CTX to elucidate the frequency, clinical picture, and molecular biological background of Japanese CTX patients. In this first
Japanese nationwide survey on CTX, 2541 questionnaires were sent to clinical departments across Japan. A total of 1032
(40.6%) responses were returned completed for further analysis. Forty patients with CTX (50.0% male) were identified
between September 2012 and August 2015. The mean age of onset was 24.5± 13.6 years, mean age at diagnosis was 41.0±
11.6 years, and corresponding mean duration of illness from onset to diagnosis was 16.5± 13.5 years. The most common
initial symptom was tendon xanthoma, followed next by spastic paraplegia, cognitive dysfunction, cataract, ataxia, and
epilepsy. The most predominant mutations in the CYP27A1 gene were c.1214G> A (p.R405Q, 31.6%), c.1421G> A (p.
R474Q, 26.3%), and c.435G> T (p.G145=, 15.8%). Therapeutic interventions that included chenodeoxycholic acid, HMG-
CoA reductase inhibitor, and LDL apheresis reduced serum cholestanol level in all patients and improved clinical symptoms
in 40.5% of patients. Although CTX is a treatable neurodegenerative disorder, our nationwide survey revealed an average
16.5-year diagnostic delay. CTX may be underdiagnosed in Japan, especially during childhood. Early diagnosis and
treatment are essential to improve the prognosis of CTX.

Introduction

Cerebrotendinous xanthomatosis (CTX, MIM# 213700) is
an autosomal recessive lipid storage disease caused by
mutation of the CYP27A1 gene encoding the mitochondrial
cytochrome P 450 enzyme, sterol 27-hydroxylase
(CYP27A1, EC 1.14.15.15), which plays a key role in the
conversion of cholesterol to bile acids [1, 2]. To date, over
80 pathogenic variants of the CYP27A1 gene have been
reported worldwide [3–9]. Deficiency of CYP27A1 results

in impaired bile acid synthesis and increased production of
cholesterol metabolites such as cholestanol that accumulates
mainly in the brain, tendons, lenses, and vessels [1]. CTX is
characterized by neonatal cholestatic jaundice, chronic
unexplained diarrhea, juvenile cataract, juvenile osteo-
porosis, tendon xanthoma, coronary artery disease, and such
neurological symptoms as mental retardation/cognitive
impairment, spastic paraplegia, ataxia, parkinsonism, per-
ipheral neuropathy, and epilepsy [3, 9–13]. The broad and
diverse nature of clinical symptoms in CTX reportedly
cause a substantial diagnostic delay of 20–25 years [3, 12,
13]. Moreover, CTX is likely to be underdiagnosed and
precise epidemiological characteristics of CTX are largely
unknown as knowledge on the disorder is based mainly on
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case reports. Although several large series of CTX patients
have been reported from the Netherlands [3], Italy [13], and
the United States [9, 11], only one nationwide survey on
this condition has been performed, in which 25 Spanish
CTX patients were described [12]. Understanding the cur-
rent status of CTX and better characterization of the disease
are of great importance as CTX is considered a treatable
metabolic disorder. We herein report the results of the first
nationwide survey on Japanese CTX that identified 40
patients.

Materials and methods

Nationwide survey

A national survey on CTX was conducted to elucidate the
frequency, clinical picture, and molecular biological back-
ground of Japanese CTX patients. The target population
was patients with CTX who had visited affiliate hospitals
between September 2012 and August 2015. A primary
questionnaire was sent to 2541 neurology, cardiology, and

pediatrics departments across Japan, and 1032 (40.6%)
returned completed (Fig. 1). The first survey inquired only
on the number of patients with suspected or confirmed CTX
who had visited the hospital over the three-year study per-
iod. If such a case was identified, a second questionnaire on
the detailed clinical features of each patient was sent
(Fig. 1).

The second questionnaire included the parameters of
gender, ethnic background, family history, initial symp-
toms, age at onset, age at diagnosis, age at the latest
examination, presenting symptoms and onset age of each
symptom, modified Rankin Scale score at the latest exam-
ination, CYP27A1 genotype, serum cholestanol and cho-
lesterol levels, results for brain and spinal magnetic
resonance imaging (MRI), electroencephalography (EEG),
nerve conduction study (NCV), carotid artery ultra-
sonography, coronary angiography, coronary computed
tomography angiography (CTA), ankle-brachial index
(ABI), and bone mineral density (BMD), type of treatment,
adverse events during treatment, and treatment response. If
a particular examination was performed more than once, the
latest result was adopted, except for serum cholestanol, for

Departments contacted for
na�onwide survey
2541 departments 

Experience trea�ng CTX
38 departments

56 pa�ents

Response received
1032 departments

No response received
1509 departments

No experience trea�ng CTX
994 departments 

Response received
31 departments

49 pa�ents

No response received
7 departments

7 pa�ents

Fulfilled criteria for 
definite or probable CTX

40 pa�ents

Did not fulfill criteria for 
definite or probable CTX

9 pa�ents

Secondary survey

Primary survey

Analysis

Fig. 1 Flowchart for the present
study
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which the serum levels before and after treatment were
employed. This study was approved by the Ethical Com-
mittee of Shinshu University School of Medicine (approval
numbers: 3221 and 3316).

Diagnosis of CTX and definition of clinical
phenotypes

A diagnosis of CTX was made if the patient fulfilled the
criteria of definite or probable CTX described in Table 1.
Since there were no generally accepted diagnostic criteria
for CTX, we established original criteria in this study that
included clinical symptoms, biochemical findings, genetic
testing, and differential diagnosis (Table 1). CTX was
categorized into three phenotypes: classical form, spinal
form, and non-neurological form. Classical form CTX
patients exhibited neurological symptoms attributed to the
brain (cerebrum, cerebellum, and/or brainstem). Spinal form
CTX patients displayed neurological symptoms limited to
spinal cord (i.e., chronic myelopathy), while non-
neurological form CTX patients were without any

apparent neurological symptoms. In the non-neurological
form CTX, patients without genetic testing were excluded
from the study, as differential diagnosis from sitosterolemia
was difficult without genetic testing.

Statistical analysis

Statistical comparisons between the early-onset (age at
onset: <15 years) and late-onset (age at onset: ≥15 years)
groups were performed using Fisher’s exact test for binary
outcomes and the Wilcoxon rank sum test for continuous
variables. Statistical comparisons among the clinical phe-
notypes (classical, spinal, and non-neurological form) were
performed using Fisher’s exact test for binary outcomes and
the Steel–Dwass test for continuous variables. Statistical
comparison of serum cholestanol levels before and after
treatment were carried out using the paired t-test. In all
analyses, P< 0.05 was taken to indicate statistical
significance.

Results

Demographic features of Japanese CTX patients

A total of 49 cases of suspected or confirmed CTX patients
were reported from all over Japan (Fig. 1). Among them, 40
(20 male and 20 female) patients fulfilled the criteria of
definite (18 subjects) or probable (22 subjects) CTX
(Table 1) and were analyzed for detailed clinical informa-
tion (Fig. 1). Most patients (n= 34, 85.0%) were reported
from a neurology department, with the remaining patients
being identified by departments of metabolism/endocrinol-
ogy (n= 3), cardiology (n= 1), orthopedics (n= 1), or
dermatology (n= 1). No patients were reported from a
pediatrics department. Although we sent questionnaires to
neurology, cardiology, and pediatrics departments, five
patients were reported from other departments, (i.e., meta-
bolism/endocrinology, orthopedics, and dermatology). As
these patients were managed by several departments, the
questionnaires were completed and returned by the depart-
ments mainly in charge of the patients.

Seven patients (17.5%) had a family history of parental
consanguinity and 10 (25.0%) possessed a family history
suggestive of CTX. The age of onset ranged from 0 to 50
years (mean± standard deviation [SD]: 24.5± 13.6 years,
Fig. 2a) and the age at diagnosis ranged from 5 to 71 years
(mean± SD: 41.0± 11.6 years, Fig. 2b). Although 11
patients developed the disease before 15 years of age, only
one was diagnosed as having CTX before that time point
(Fig. 2a, b). The duration of illness from onset to diagnosis
ranged from 0 to 57 years (mean± SD: 16.5± 13.5 years)
and displayed a bimodal distribution (Fig. 2c). The duration

Table 1 Diagnostic criteria for cerebrotendinous xanthomatosis used
in this study

A. Symptoms

 1. Tendon xanthoma

 2. Progressive neurological dysfunctionsa or mental retardation

 3. Juvenile cataract

 4. Juvenile coronary artery disease

 5. Chronic unexplained diarrhea

 6. Juvenile osteoporosis

 7. Prolonged neonatal cholestasis

B. Biochemical finding

 Elevated serum cholestanol level

C. Genetic testing

 Pathogenic mutation in the CYP27A1 gene (homozygosity or
compound heterozygosity)

D. Differential diagnosis

 Increased serum cholestanol level due to following diseases should
be excluded

 • Familial hypercholesterolemia

 • Sitosterolemia

 • Obstructive biliary tract diseases

 • Hypothyroidism

Diagnostic category

 Definite: At least one of symptom in A and B+C+D

 Probable: At least one of symptom in A and B+D

 Possible: At least one of symptom in A and B

aRepresentative progressive neurological dysfunctions include cogni-
tive dysfunction, cerebellar symptoms, pyramidal symptoms, extra-
pyramidal symptoms, seizure, peripheral neuropathy, and sensory
disturbance attributed to spinal cord
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of illness from onset to diagnosis in patients who developed
CTX at <15 years old (mean± SD: 27.1± 16.8 years) was
significantly longer than that in patients who manifested the
disease at ≥15 years old (mean± SD: 12.4± 9.6 years, P=
0.008). Patient age at the latest hospital visit ranged from 16
to 79 years (mean± SD: 47.0± 13.9 years). The mean± SD
modified Rankin Scale score was 2.8± 1.5 in the cohort. No
deaths were reported over the 3-year study period.

Clinical features

The most common initial symptom was tendon xanthoma
(n= 17, 42.5%, Supplemental Fig. 1A), followed next by
spastic paraplegia (n= 13, 32.5%), mental retardation/cog-
nitive impairment (n= 12, 30.0%), juvenile cataract (n=
10, 25.0%), cerebellar ataxia (n= 6, 15.0%), epilepsy (n=
3, 7.5%), parkinsonism/dystonia (n= 3, 7.5%), sensory
disturbance attributed to spinal cord/disturbance of posterior
column (n= 2, 5.0%), peripheral neuropathy (n= 1, 2.5%),
and juvenile osteoporosis/pathologic fracture (n= 1, 2.5%).
At the time of survey, the main clinical findings present in
descending order of frequency were tendon xanthoma (n=
38, 95.0%), mental retardation/cognitive impairment (n=
28, 70.0%), spastic paraplesia (n= 26, 65.0%), juvenile
cataract (n= 24, 60.0%), cerebellar ataxia (n= 17, 42.5%),
sensory disturbance attributed to spinal cord/disturbance of
posterior column (n= 13, 32.5%), coronary artery disease
(n= 8, 20.0%), chronic unexplained diarrhea (n= 8,
20.0%), parkinsonism/dystonia (n= 8, 20.0%), peripheral
neuropathy (n= 5, 12.5%), epilepsy (n= 4, 10.0%), and
juvenile osteoporosis/pathologic fracture (n= 4, 10.0%).
Other findings included stroke, neurogenic bladder, cardi-
omyopathy, and chronic renal failure in one patient (2.5%)
each (Fig. 3). Arteriosclerosis obliterans was not observed
in any patients. The most common site of tendon xanthoma
was the Achilles tendon (n= 27, 67.5%), followed next by
the patellar tendon (n= 7, 17.5%), elbow (n= 3, 7.5%),
and heel (n= 2, 5.0%). While many CTX patients displayed

mental retardation, epilepsy, and diarrhea at a young age,
the occurrence of coronary artery disease and osteoporosis/
pathologic fracture was more frequently observed in middle
age (Fig. 3).

Laboratory, radiological, and physiological findings

All CTX patients exhibited increased serum cholestanol level
(mean± SD: 21.1± 10.5 μg/mL, range: 5.8–49.6 μg/mL,

Fig. 2 Distribution of age at onset a, age at diagnosis b, and duration of illness from onset to diagnosis c among Japanese cerebrotendinous
xanthomatosis patients

33.6 ± 12.0

38.1 ± 9.6

30.3 ± 14.1

34.3 ± 9.6

39.4 ± 10.1

52.5 ± 5.8

18.5 ± 11.5

37.4 ± 9.5

12.3 ± 8.3

44.0 ± 9.7

36.0 ± 17.3

MR 7.4 ± 5.9
CI 37.7 ± 9.3 

Frequency of symptoms (%)

Onset of each symptom
(mean age ± SD, years)

0.0 20.0 40.0 60.0 80.0 100.0

chronic renal failure

cardiomyopathy

Neurogenic bladder

Stroke

Juvenile osteoporosis /
Pathologic fracture

Epilepsy

Peripheral neuropathy

Parkinsonism / Dystonia

Chronic unexplained diarrhea

Coronary artery disease

Sensory disturbance
a�ributed to spinal cord

Cerebellar ataxia

Juvenile cataract

Spas�c paraplegia

Mental retarda�on (MR) /
Cogni�ve impairment  (CI)

Tendon xanthoma

49

N/A

N/A

N/A

Fig. 3 Frequency of symptoms and onset of each symptom among
Japanese cerebrotendinous xanthomatosis patients. N/A data on age of
onset was not available
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normal: 2.4± 0.7 μg/mL), which was compatible with pre-
vious CTX series of different ethnic background [3, 9, 11–13].

All subjects were subjected to brain MRI. Abnormal
hyperintense signals on T2-weighted and/or fluid-attenuated
inversion recovery (FLAIR) images were detected in 34
(85.0%) patients Supplemental Fig. 1B, C). Primary sites of
abnormal intensity were the dentate nucleus of the cere-
bellum (n= 25, 62.5%), cerebral white matter (n= 17,
42.5%), corticospinal tract (n= 13, 32.5%), cerebellar white
matter (n= 8, 20.0%), substantia nigra (n= 4, 10.0%),
corpus striatum (n= 2, 5.0%), globus pallidus (n= 2,
5.0%), and thalamus (n= 2, 5.0%). Atrophy of the cere-
brum, cerebellum, and brainstem was observed in 40.0% (n
= 16), 45.0% (n= 18), and 22.5% (n= 9) of patients,
respectively. MRI angiography was evaluated in 31 patients
but displayed no abnormal findings, such as cerebrovascular
stenosis/occlusion. Carotid artery ultrasonography of 14
patients disclosed increased intima-media thickness in three
but no stenosis or occlusion of the carotid artery. Spinal
cord MRI of 21 patients revealed abnormal hyperintense
signals on T2-weighted images in eight patients. Abnormal
intensity was located mainly in the cervical cord (n= 8),
followed next by the thoracic cord (n= 4) and lumbar cord
(n= 2), at the dorsal and/or lateral column. One patient
exhibited an abnormal signal at the lumbar nerve roots.
EEG was performed on 25 patients and revealed wave
slowing in 13 patients and epileptic discharge in two. NCV
testing of 26 patients showed abnormal findings in 12 as

decreased motor conduction velocity (n= 7), prolonged
distal motor latency (n= 6), decreased amplitude of com-
pound muscle action potential (n= 5), decreased sensory
conduction velocity (n= 5), and decreased amplitude of
sensory nerve action potential (n= 4).

The coronary artery was evaluated in eight patients
(coronary angiography: six patients, coronary CTA: two
patients) to disclose stenosis (≥50%) in five. The BMD of
14 patients relative to age-matched normal values was 75.8
± 17.6% in the lumbar spine and 84.7± 9.8% in the femoral
neck. ABI assessed in 11 patients was normal in all cases.

CYP27A1 genotype

Genetic analysis of the CYP27A1 gene performed on 19
patients revealed 10 different variants. The most common
variant in Japanese CTX patients was c.1214G> A (p.
R405Q, 31.6%), followed by c.1421G> A (p.R474Q,
26.3%), c.435G> T (p.G145=, 13.2%), c.1420C> T (p.
R474W, 7.9%), c.1176_1117delGA (5.3%), c.254A> G (p.
Q85R, 2.6%), c.673C> T (p.R225C, 2.6%), c.1004C> T (p.
A335V, 2.6%), c.1238T> A (p.V413D, 2.6%), and
c.1342_1343insCACC (2.6%). Two frameshift variants,
c.1176_1117delGA and c.1342_1343insCACC, have not
been described previously. Although c.673C> T was
registered as a benign variant at the National Center for
Biotechnology Information (https://www.ncbi.nlm.nih.gov/
clinvar/variation/256798/), one patient with compound

Table 2 Demographic and
characteristics of the patient
population separated by clinical
phenotype of cerebrotendinous
xanthomatosis

Clinical phenotypes Classical form Spinal form Non-neurological
form

Sex M 17, F 13 M 2, F 4 M 1, F 3

Age at onset (years old) 22.5± 14.5 32.8± 5.5 27.3± 11.6

Age at diagnosis (years old) 39.3± 10.4 50.8± 12.3 38.5± 15.1

Age at survey (years old) 45.6± 13.3 58.0± 13.2 41.3± 14.4

Serum cholestanol level (μg/ml)a 24.0± 9.5 11.9± 9.6 12.3± 12.3

Tendon xanthoma 96.7% 83.3% 100%

Diarrhea 26.7% 0% 0%

Cataract 66.7% 50.0% 25.0%

Osteoporosis 13.3% 0% 0%

Coronary artery disease 16.7% 33.3% 25.0%

Modified Rankin Scaleb 3.1± 1.2 2.8± 1.8 0.5± 0.6

CYP27A1 genotype p.R474Q 40.9%, p.R474W 13.6%

p.R405Q 13.6%, p.G145= 9.1% p.G145= 37.5%

p.R372Q 9.1% p.R405Q 87.5% p.R405Q 25.0%

c.1176_1117delGA 9.1% p.Q85R 12.5% p.R225C 12.5%

p.A335V 4.5%, p.V413D 4.5% p.R474Q 12.5%

c.1342_1343insCACC 4.5%

aClassical form vs. Spinal form: P= 0.03
bClassical form vs. Non-neurological form: P= 0.003, Spinal form vs. Non-neurological form: P= 0.03
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heterozygosity of c.673C> T (p.R225C) and c.1421G> A
(p.R474Q) showed markedly elevated serum cholestanol
level (30.7 μg/ml) and relevant clinical findings, including
tendon xanthoma and coronary artery disease. The potential
impact of the c.673C> T variant on the structure and
function of CYP27A1 was assessed using the Polymorph-
ism Phenotyping-2 (PolyPhen-2, http://genetics.bwh.harva
rd.edu/pph2/) bioinformatics tool [14] and determined to be
likely damaging (score: 1.00). Therefore, we judged
c.673C> T to be a pathogenic variant in CTX.

Clinical phenotype of CTX

The demographic and clinical characteristics of the patient
population according to clinical CTX phenotype are sum-
marized in Table 2. There were 30 patients with the clas-
sical form, six with the spinal form, and four with the non-
neurological form. Spinal form patients tended to develop
the disease later in life (mean± SD age: 32.8± 5.5 years) as
compared with those exhibiting the classical form (mean±
SD age: 22.5± 14.5 years) or the non-neurological form
(mean± SD age: 27.3± 11.6 years), although the differ-
ences were not statistically significant. With respect to
serum cholestanol level, classical form patients showed
significantly higher levels (mean± SD: 24.0± 9.5 μg/mL)
than did spinal form patients (11.9± 5.6 μg/mL, P= 0.03).
Moreover, subjects with the classical form of CTX were
more likely to have general symptoms, including diarrhea,
cataract, and osteoporosis, as compared with the other
clinical phenotypes (Table 2). As expected, subjects with
the non-neurological form showed significantly lower
modified Rankin Scale, as compared with the other clinical
phenotypes (vs. classical form: P= 0.003, vs. spinal form:
P= 0.03, Table 2). Regarding genotype–phenotype corre-
lations, it appeared that c.1421G> A (p.R474Q), c.1214G>

A (p.R405Q), and c.435G> T (p.G145=) had associations
with classical, spinal, and non-neurological CTX forms,
respectively (Table 2, Fig. 4).

Treatment response

Fifteen patients received chenodeoxycholic acid (CDCA)
monotherapy, two received 3-hydroxy-3-methylglutaryl
coenzyme A reductase (HMGR) inhibitor monotherapy,
18 received combination therapy of CDCA and HMGR
inhibitor, and three underwent low-density lipoprotein
(LDL) apheresis. LDL apheresis was performed in combi-
nation with CDCA alone or with HMGR inhibitor: all three
patients received CDCA and two received additional
HMGR inhibitor. CDCA dosage ranged from 125 to 900
mg (mean± SD: 440.6± 148.6 mg). All treatment mod-
alities reduced serum cholestanol level, among which
CDCA monotherapy, combination CDCA and HMGR
inhibitor, and combination LDL apheresis and CDCA/
HMGR inhibitor decreased cholestanol significantly
(Table 3). Symptomatic improvement (i.e., improvements in
gait disturbance, cognitive dysfunction, tremor, spasticity,
ataxia, weakness, psychiatric symptoms, and tendon xan-
thoma) was observed in six patients treated with CDCA, six
with combination CDCA and HMGR inhibitor, and two
with combination LDL apheresis and CDCA/HMGR inhi-
bitor (Table 3). Four patients discontinued CDCA due to
liver injury.

Discussion

The present study describes the results of the first nation-
wide survey on CTX in Japan and identifies 40 CTX
patients over a three-year study period from September

Classical
90% (9)

Classical
25% (3)

Spinal
58% (7)

Classical
40% (2)Non-

Neurological
60% (3)

Non-neurological
17% (2)

Non-neurological
10% (1)

p.R474Q
(c.1421G>A)

p.R405Q
(c.1214G>A)

p.G145=
(c.435G>T)

A B C

Fig. 4 Genotype–phenotype correlation among Japanese cerebrotendinous xanthomatosis patients. The percentage of alleles (number of alleles)
associated with each clinical phenotype is shown. a p.R474Q (c.1421G>A). b p.R405Q (c.1214G>A). c p.G145= (c.435G>T)
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2012 to August 2015. Although CTX has been considered a
rare hereditary disease, this disorder is likely under-
diagnosed according to a recent epidemiological study
based on the ExAC cohort, a large cohort of over 60,000
unrelated adults, that estimates the incidence of CTX to be
1:134,970–1:461,358 in Europeans, 1:263,222–1:468,624
in Africans, 1:71,677–1:148,914 in Americans,
1:64,247–1:64,712 in East Asians, and 1:36,072–1:75,601
in South Asians [15]. According to this estimation, the
number of Japanese CTX patients is calculated to be
between 1961 and 1975, which is approximately 50 times
higher than the number of patients identified in our
nationwide survey. In addition, there was a considerable
diagnostic delay (mean± SD: 16.5± 13.5 years) for CTX in
the present survey, which was similar to previous studies [3,
12, 13]. It is therefore probable that CTX is underdiagnosed
in Japan, especially during in childhood; in fact, only one
patient was diagnosed as having CTX before 15 years of
age despite 11 developing the disease before that time point.
To our surprise, no CTX patients were reported from among
525 major pediatrics departments surveyed nationwide. The

diagnostic delay in patients who developed CTX at <15
years old (mean± SD: 27.1± 16.8 years) was >2 times
longer than in patients who manifested symptoms at ≥15
years old (mean± SD: 12.4± 9.6 years). Intriguingly, the
duration of illness from onset to diagnosis showed a
bimodal distribution (Fig. 2c), suggesting that it may take
several decades for a diagnosis if not identified correctly in
childhood.

The early diagnosis of CTX is crucial since several
disease-modifying therapies, such as CDCA, can reverse
metabolic derangement and may prevent or even improve
the neurologic dysfunction associated with this disease [11,
16–18]. Most importantly, treatment effects may diminish
once neurological symptoms are fully established, pre-
sumably due to the irreversibility of lesions [19, 20], and so
therapy is considered more efficacious if started early in the
disease course [12, 21]. Several reports have indicated that
prolonged unexplained neonatal cholestasis could be the
earliest symptom of CTX [10, 13, 21]. Along with mental
retardation, epilepsy, and chronic diarrhea, prolonged
unexplained neonatal cholestasis represents a key clinical

Table 3 Efficacy of treatments for cerebrotendinous xanthomatosis

Treatment Number
of
patients

Details of each treatment Serum
cholestanol
before
treatment
(μg/ml)

Serum
cholestanol
after
treatment
(μg/ml)

P value Change in clinical
symptoms

Adverse
effects

CDCA 15 Dosage of CDCA: 250–750 mg/
day (mean± SD: 442.5± 155.2)

23.2 ± 10.1 5.2± 3.3 0.0005 Improved 6 (tremor 2,
ataxia 1, cognitive
dysfunction 1, psychiatric
symptom 1, tendon
xanthoma 1) Unchanged 9

Liver injury 3

HMGR inhibitor 2 Dosage of HMGR inhibitor:
Atorvastatin 10 mg/day,
Lovastatin 2.5 mg/day

13.3 ± 10.8 8.2± 0.1 0.6 Unchanged 2 None

CDCA+HMGR
inhibitor

18 Dosage of CDCA: 125–900 mg/
day (mean± SD: 438.2± 169.6)

21.6 ± 11.7 8.8± 11.3 0.009 Improved 6 (gait
disturbance 3, spasticity
1, cognitive dysfunction
2) Unchanged/unknown
11, Deteriorated 1

Liver injury 1
(due to CDCA)

Dosage of HMGR inhibitor:
Atorvastatin 10–20 mg/day,
Lovastatin 2.5–5 mg/day,
Pitavastatin 2–4 mg/day,
Pravastatin 5–10 mg/day,
Simvastatin 10 mg/day

LDL- apheresis+
CDCA+ (HMGR
inhibitor)

3 Apheresis was performed 9–70
times. Dosage of CDCA:
250–500 mg/day (mean± SD:
416.7± 144.3)

23.7 ± 7.1 6.3± 1.0 0.049 Improved 2 (gait
disturbance 2, spasticity
1, weakness 1, cognitive
dysfunction 1)
Unchanged 1

None

Dosage of HMGR inhibitor:
(HMGR inhibitor was
administered in two patients)
Lovastatin 2.5–5 mg/day
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symptom in diagnosing childhood CTX. However, no CTX
patient had a history of prolonged neonatal cholestasis in
the present survey. One possible reason for this discrepancy
is an ethnic difference among study populations [10, 13,
21]. Alternatively, such a medical history could have been
missed since the mean ± SD age of the patients was 47.0±
13.9 years at the time of survey and no detailed medical
history during the neonatal period was available.

The present survey categorized CTX patients into three
clinical phenotypes (classical form, spinal form, and non-
neurological form) and sought to elucidate the clinical and
molecular characteristics of each variant. The possibility of
patients with the non-neurological form later developing
neurological symptoms was considered, but two 50-year-
old genetically confirmed CTX patients showed no evi-
dence of neurological symptoms even ≥20 years after dis-
ease onset. Therefore, we regarded the non-neurological
form as a distinct clinical phenotype of CTX. As expected,
patients with non-neurological CTX showed modest
increases in serum cholestanol and preserved activities of
daily living (Table 2). The concept of spinal form CTX, also
called spinal xanthomatosis, was proposed by Verrips et al.
in 1999 [22]. A total of 25 patients with spinal form CTX
have been reported to date [12, 22–31]. Verrips described
this variant as a “slowly progressive, mainly spinal cord
syndrome that remained for many years the sole expression
of CTX”. Most reported spinal form cases have also dis-
played various neurological symptoms apart from myelo-
pathy, including seizure, dysarthria, cognitive dysfunction,
cerebellar ataxia, and polyneuropathy [12, 22], but four
spinal form patients without other neurological symptoms
have been reported as well [23–26]. In the present study, we
defined spinal form as CTX patients whose neurological
symptoms were limited to the spinal cord and identified six
cases, two of which were previously described [23, 24].
Patients in this subgroup exhibited later disease onset and
lower frequencies of tendon xanthoma, diarrhea, cataract,
and osteoporosis as compared with the classical form
(Table 2). Spinal form patients also showed significantly
lower serum cholestanol levels as compared with the clas-
sical form (Table 2), in contrast to a previous report [12]. A
possible reason for this discrepancy may lie in the definition
of spinal form CTX: spinal form patients in the present
study possessed no neurological symptoms other than
myelopathy, while those described by Pilo-de-la-Fuente
showed various neurological symptoms other than myelo-
pathy [12].

With regard to CYP27A1 genotype, the present survey
revealed that c.1214G> A (p.R405Q), c.1421G> A (p.
R474Q), and c.435G> T (p.G145=) were the three most
common variants in Japanese CTX, accounting for >70% of
variant alleles. Whereas earlier reports indicated no corre-
lation between any given variant and any specific symptom,

onset age, or severity [3, 12], this survey revealed possible
associations between p.R474Q and classical form CTX, p.
R405Q and spinal form CTX, and p.G145= and non-
neurological form CTX (Table 2, Fig. 4), although there
was considerable phenotypic variation among patients with
the same genotype. Greater numbers of genetically con-
firmed patients will be necessary to elucidate the precise
genotype-phenotype correlation of CTX.

Lastly, most patients in the present survey received
disease-modifying therapies for CTX, including CDCA,
HMGR inhibitor, and/or LDL apheresis. Among them, oral
CDCA was the most common treatment. CDCA is believed
to inhibit excessive cholestanol synthesis [11, 12, 16, 17,
32], although no statistical analyses of its efficacy have been
released to date. We observed that CDCA significantly
reduced serum cholestanol level (P= 0.0005, Table 3) and
ameliorated neurological symptoms in 40% of patients with
CDCA treatment (Table 3). HMGR inhibitor monotherapy
reduced serum cholestanol level by 38.3% (Table 3).
Combination therapy with CDCA and HMGR inhibitor [33]
also significantly reduced serum cholestanol level
(P= 0.009, Table 3). However, the percent decrease of
cholestanol by combination therapy (59.3%) was not
superior to that by CDCA monotherapy (77.6%), and so the
efficacy of HMGR inhibitor add-on therapy to CDCA
remains uncertain. LDL apheresis in combination with
CDCA alone or with HMGR inhibitor was performed on
three patients. Serum cholestanol was reduced by approxi-
mately half after each round, but later level returned to pre-
apheresis levels within 2 weeks, as previously reported [34,
35]. Taking into consideration its relatively high invasive-
ness and cost, LDL apheresis may be better suited as an add-
on therapy for CTX patients unresponsive to CDCA and/or
HMGR inhibitors rather than as a stand-alone treatment for
CTX [34–37].

This first nationwide survey might not cover all CTX
patients as we surveyed only neurology, cardiology, and
pediatrics departments across Japan and the response rate
was only modest (40.6%). This study was also limited by
the lack of a strict definition of treatment response and
information on treatment duration. In addition, data on NCS
were insufficiently detailed to determine the type of neu-
ropathy (i.e., demyelination or axonal damage). These
issues need resolution in future follow-up surveys.
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