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Abstract
Cerebrotendineous xanthomatosis (CTX) is an autosomal recessive disorder of bile acids synthesis. Patients may present with 
a variety of clinical manifestations: bilateral cataract and chronic diarrhea during childhood, then occurrence of neurological 
debilitating symptoms in adulthood (cognitive decline, motor disorders). Plasma cholestanol is used as a diagnostic marker 
of CTX, and to monitor the response to the treatment. Current treatment for CTX is chenodeoxycholic acid (CDCA), which 
was reported to improve and/or stabilize clinical status and decrease levels of plasma cholestanol. Rare published reports 
have also suggested a potential efficacy of cholic acid (CA) in patients with CTX. In this retrospective Franco-Belgian mul-
ticentric study, we collected data from 12 patients treated with CA, evaluating their clinical status, cholestanol levels and 
adverse effects during the treatment period. The population was divided in two subgroups: treatment-naive (who never had 
CDCA prior to CA) and non-treatment-naive patients (who had CDCA prior to CA introduction). We found that treatment 
with CA significantly and strongly reduced cholestanol levels in all patients. Additionally, 10 out of 12 patients clinically 
improved or stabilized with CA treatment. Worsening was noted in one treatment-naïve patient and one non-treatment-naïve 
patient, but both patients experienced similar outcomes with CDCA treatment as well. No adverse effects were reported 
from patients with CA treatment, whereas elevated transaminases were observed in some patients while they were treated 
with CDCA. In conclusion, these findings suggest that CA may be a suitable alternative treatment for CTX, especially in 
patients with side effects related to CDCA.
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Introduction

Cerebrotendinous xanthomatosis (CTX: OMIM#213700) 
is a rare disorder of bile acid synthesis with an autosomal 
recessive inheritance and a prevalence estimated between 
1:72,000 and 1:150,000 [1]. CTX may have different clini-
cal manifestations including neonatal cholestasis, chronic 
diarrhea, bilateral cataract and learning difficulties during 
childhood, and later occurrence of motor disorders (from 
cerebellar and/or pyramidal and/or peripheral nerves dys-
functions), cognitive decline, psychosis, epilepsy and ten-
dons xanthomas. Because of its heterogeneous phenotype, 

CTX is often diagnosed several years after symptom onset 
[2–4].

27-sterol-α-hydroxylase, a cytochrome P450 encoded by 
CYP27A1 gene, responsible for cholesterol oxidation and 
consequent generation of 27-hydroxycholesterol, is defective 
in CTX [5] leading to a reduced production of bile acids, 
especially chenodeoxycholic acid (CDCA), and to a lesser 
extent cholic acid (CA). As CDCA and CA physiologically 
have a negative feedback on 7-α-hydroxylase, the rate-
limiting enzyme of bile acids synthetic pathway, in CTX 
7-α-hydroxylase activity is highly enhanced. Consequently, 
some intermediate compounds of this metabolic pathway, 
i.e., bile alcohols and cholestanol, pathologically accumu-
late in tissues (mostly central nervous system, tendons and 
lens) [6, 7]. Evidence of bile alcohols urinary accumulation 
and increased plasmatic cholestanol levels are routinely used  *	 Yann Nadjar 
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to detect CTX in suspected patients, before confirmatory 
genetic testing [8, 9].

Currently, the standard of care for CTX is oral bile acid 
supplementation with CDCA [2]. CDCA was initially pre-
ferred to CA as CTX treatment due to more intense reduced 
synthesis observed in CTX, and strongest negative feedback 
on 7-α-hydroxylase [10, 11]. Several studies have shown 
its efficiency in lowering cholestanol levels and stabilizing/
improving neurological symptoms in CTX [4, 8], especially 
if treated early [12].

CA may also be considered as potential treatment for 
CTX, however, to our best knowledge, only three old clini-
cal studies have investigated the effect of CA in CTX: (1) 
CA was successfully administered to two children having 
CTX, with a clinical stabilization/improvement and no side 
effects reported [7], (2) three adult patients showed, under 
CA, a clinical stabilization and a normalization of urinary 
bile alcohols [13], (3) a cohort of adult Dutch CTX patients 
treated with either CDCA (n = 13) or CA (n = 8), showed a 
similar reduction of serum cholestanol and urinary bile alco-
hols without a clear clinical improvement in all patients [14]. 
In this latter study, CA caused less adverse events compared 
with CDCA (nausea, diarrhea, liver dysfunction). Addi-
tionally, CDCA was found responsible for highly elevated 
transaminases in a neonate with cholestasis due to CTX [15].

Therefore, CA could be a potential therapeutic option for 
patients with CTX, especially CTX patients with adverse 
events due to CDCA. To investigate this further, we con-
ducted a retrospective study on adult French and Belgian 
CTX patients who were treated by CA. We aimed at evaluat-
ing tolerance, and clinical and biological efficiency of CA 
in those patients.

Methods

This was a multicenter retrospective study, conducted in 
France and Belgium. Adult patients diagnosed with CTX 
and treated with CA were enrolled. Patients were identified 
from a French national registry of all individuals receiv-
ing CA treatment. The diagnosis of CTX was defined by 
suggestive clinical and radiological features, high serum 
cholestanol levels and, when genetic testing was performed, 
the presence of CYP27A1 pathogenic variants. In the period 
between February and November 2018, data were collected 
from eight centers in France and one in Belgium through 
reviewing medical records and questionnaires filled in by 
treating clinicians, concerning demographic data and the 
following clinical information:

•	 Modalities of CA prescription (duration of treatment, 
posology, etc.).

•	 Cholestanol levels in plasma before and after introduc-
tion of CA; the measurements were normalized, as they 
were dosed in different laboratories with different normal 
ranges (with 1 equal to the upper limit of normal).

•	 Liver function tests (AST, ALT, gammaGT, bilirubin) 
before and under CA treatment (and also under CDCA 
when available), for which all laboratories had the same 
normal range.

•	 Clinical signs of CTX and their evolution under CA. 
Clinical evolution in patients treated with CA, at last 
follow-up, was assessed by physician judgement, in 
which the patient’s condition was defined as “better”, 
“stable” or “worse”, compared to condition at the time 
of CA introduction. Subjects who went through surgery 
for cataract or xanthomas were not considered for this 
evaluation.

Some patients were treated with CDCA before CA, so 
we divided our population in two subgroups: the treatment-
naive patients (n = 7), who never had CDCA (n = 5) or 
their switch span between CDCA and CA was superior to 
100 days (n = 2); the non-treatment-naive patients (n = 5), 
who had CDCA before CA, and the switch span between 
CDCA and CA was less than 10 days.

A Wilcoxon signed-rank test was used as a statistic test 
to compare cholestanol levels means before and after CA 
treatment, and under CDCA versus CA.

Results

Fourteen patients treated with CA were identified for inclu-
sion in this study. Two patients were excluded for lack of 
data, with 12 patients enrolled (6 males, 11 families) treated 
for an average of 798 ± 377 days (145–1311) (see individual 
data in Table 1). All patients initiated CA during or after 
2014. Mean age at last follow-up was 45.25 ± 11.8 years 
and mean age at the time of CTX diagnosis was 32.9 years. 
All subjects received CA 750 mg/day, except for patients 5 
(550 mg/day), 6 (600 mg/day) and 7 (500 mg/day). For all 
patients who had CDCA before CA except one, the switch 
for CA was due to CDCA supply difficulties; for patient 7, 
CDCA was switched to CA due to CDCA adverse events 
(see below).

In the subgroup of treatment-naïve patients (n = 7, 
patients 1, 2, 3, 4, 5, 6, 7), five subjects (patients 1, 4, 5, 6, 
7) showed a clinical improvement after introduction of CA, 
one remained stable (patient 3) and one (patient 2) dete-
riorated (increased gait difficulties and worsened peripheral 
neuropathy in nerve conduction study) at the point that, after 
830 days of CA, and despite cholestanol normalization, she 
was switched to CDCA (see in Table 2 the evolution of CTX 
manifestations under CA for each patient). She continued to 
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deteriorate after CDCA introduction, needing gastrostomy. 
In the subgroup of non-treatment-naive patients (n = 5, 
patients 8, 9, 10, 11, 12), two were globally stable under 
CA (patients 8 and 12), two others had worsening behavioral 
disorders, but improved their gait (patients 9 and 10), one 
recovered from diarrhea but his gait worsened (patient 11; 
gait was reported to equally slowly worsen already under 
CDCA, before CA introduction).

Patients who received a slightly lower dose of CA 
(patients 5, 6, 7) clearly improved their clinical status nev-
ertheless. Globally, all the patients improved or stabilized 
under CA, except the only two patients (2 and 11) who had 
brain MRI images of cerebellar vacuoles. The symptoms 
more prone to improvement were gait and cognition disor-
ders whereas xanthomes and peripheral neuropathy, on the 
other hand, did not show variations under treatment. Behav-
ioral disorders were described as “worsened” in patients 9 
and 10, although this evaluation was only made by following 
the subjective impressions of the caregivers.

In treatment-naive patients (n = 7) a clear and statisti-
cally significant reduction in serum levels of cholestanol 
with CA was observed over time (Fig. 1), from an average 
of 10.13 ± 5.26 to an average of 1.41 ± 0.99 (mean reduction 
of 86.08%, p = 0.028), for a mean duration of treatment of 
899 ± 411 days (225–1311). In non-treatment-naive patients 
(n = 5), three showed low levels of cholestanol with CDCA 
(0.68 ± 0.37), which remained stable after switch to CA 
(0.5 ± 0.02; p = 0.068), with a mean of 725.67 ± 228.67 days 
of follow-up (Fig. 2). For one non-treatment-naive patient 

(patient 11), cholestanol levels were not available under 
CDCA, but strongly reduced under CA, when compared to 
cholestanol levels before any treatment (reduction of 94.65% 
after 1305 days treated by CDCA then 132 days by CA). 
Patient 12 was not considered for monitoring the effect of 
CA on plasma cholestanol, because no dosage was per-
formed after the introduction of CA.

No patient reported adverse events with CA treatment. 
Patient 10 showed a mild elevation of AST and ALT (already 
present with CDCA), while patient 8 had a normalization of 
liver function tests with CA, which were slightly elevated 
with CDCA (Fig. 3). Patient 7, who was switched from 
CDCA to CA due to persistent elevated transaminases (ALT 
4.7N, AST 2N), had normal transaminases under CA.

Discussion

In this population of 12 adult patients affected with CTX, 
it was determined that CA was able to significantly reduce 
cholestanol levels in all treatment-naïve patients, and keep 
cholestanol levels unchanged in patients switched from 
CDCA in non-treatment-naïve patients, with clinical stabi-
lization or improvement in 10 out of 12 patients.

However, despite the biological efficacy of CA, two cor-
rectly treated patients (#2 and #11) worsened nevertheless. 
Noteworthy, they were the only patients presenting MRI 
images of cerebellar vacuoles, which have been recently 
indicated as a marker of poor prognosis in CTX [16]. 

Table 1   Demographic, clinical, biological, and MRI features of our patients

Cholestanol and transaminases (normal values < 1) are showed as normalized values
ND not documented, N normal
*Already mildly elevated under CDCA
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Table 2   Part 1—treatment-naive patients and part 2—nontreatment-naive patients
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Otherwise, they did not show any other significant clinical or 
biological difference (such as CA posology, duration of the 
treatment, clinical features or cholestanol levels in plasma), 
when compared to good responders to CA treatment. The 
delay between the onset of neurological symptoms and the 
first administration of the treatment (which is known to be 
another marker of poor prognosis) was not strictly analyzed 
in our patients, due to lack of data. Furthermore, as previ-
ously reported, this study confirmed that there is no strict 
correlation between plasma cholestanol levels and neuro-
logical symptoms evolutions in CTX [17, 18].

Those two patients who neurologically worsened under 
CA showed a similar trend of decline with CDCA, admin-
istered either before (patient 11) or after (patient 2) CA, 
suggesting that patients who do not respond to CDCA are 
unlikely to respond to CA, and vice versa. However, inter-
estingly, patient 11, despite its global clinical aggravation, 
clearly improved diarrhea under CA, which was not the case 
with CDCA.

Except for these two patients (#2 and #11), all the 
other patients, treatment-naïve or not, stabilized or clearly 
improved under CA, advocating for the capability of CA 
to have the same positive effects as those already demon-
strated by CDCA.

CA seems to be a potential safe and well-tolerated treat-
ment, with no adverse events reported so far in literature 
[7, 13–15, 19] and in the current study, whereas CDCA 
can be the source of persistently elevated transaminases. 
However, definitive conclusions about compared adverse 
events between CA and CDCA need much more observa-
tional data, as only sporadic cases of CTX patients treated 
with CA have been published so far.

In conclusion, current data support the possible impor-
tance of CA as an alternative treatment for CTX patients 
taking CDCA that develop related adverse events. Further 
studies could be useful to confirm potential efficacy and 
safety of CA treatment in CTX, especially compared to 
CDCA.

Table 2   (continued)
Clinical evolution of patients treated with CA
Qualitative and quantitative data concerning the clinical evolution under CA are reported in appropriate boxes when possible. Modified Rankin 
Scale: 0 = no symptom; 1 = no significant disability, able to carry out all usual activities, despite some symptoms; 2 = slight disability, able to 
look after own affairs without assistance, but unable to carry out all previous activities; 3 = moderate disability, requires some help, but able 
to walk unassisted; 4 = moderately severe disability, unable to attend to own bodily needs without assistance, and unable to walk unassisted; 
5 = severe disability requires constant nursing care and attention, bedridden, incontinent; 6 = dead
Green improvement, yellow stabilization, red worsening, grey symptom not present, pink not evaluable, E evolution not known, S no data about 
the presence or not of this symptom, P post-surgery, MMSE Mini Mental State Examination, FAB frontal assessment battery, MOCA Montreal 
Cognitive Assessment

Fig. 1   Plasma cholestanol levels over time in treatment-naïve patients (from #1 to #7) treated with CA
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Fig. 2   Plasma cholestanol levels in patients previously treated with CDCA (< 10 days switch between CDCA and CA; from #8 to #11). Zero is 
the time of CA introduction. Lines are dotted when the period of time between the two points is larger than represented here

Fig. 3   ALT/AST over time in our population. Blue lines represent 
periods of treatment with CA; orange lines represent periods of treat-
ments with CDCA. Dots are the transaminases dosages: the white 
ones resulted normal, the red ones resulted high. Serum AST/ALT 

levels are only shown if high (i.e., 4.75/2 in patient 11 means ALT 
4.75 times the upper normal limit and AST 2 times the upper normal 
limit)



2049Journal of Neurology (2019) 266:2043–2050	

1 3

Acknowledgements  We thank Cécile Sourdon for her involvement to 
this research.

Funding  This work was supported by a Grant from Retrophin 
Company.

Compliance with ethical standards 

Conflicts of interest  YN: honorarium for speeches from Amicus, 
Actelion, Orphan Europe, Grants for research from Actelion, Leadiant 
Pharmaceuticals.

Ethical approval  This study has been approved by the appropriate eth-
ics committee.

Informed consent  All patients gave their informed consent prior to 
their inclusion in the study.

References

	 1.	 Appadurai V et al (2015) Apparent underdiagnosis of cerebro-
tendinous xanthomatosis revealed by analysis of ~ 60, 000 human 
exomes. Mol Genet Metab 116(4):298–304

	 2.	 Salen G, Steiner RD (2017) Epidemiology, diagnosis, and treat-
ment of cerebrotendinous xanthomatosis (CTX). J Inherit Metab 
Dis 40(6):771–781

	 3.	 Degos B et al (2016) Natural history of cerebrotendinous xan-
thomatosis: a paediatric disease diagnosed in adulthood. Orphanet 
J Rare Dis 11(1):41

	 4.	 Berginer VM, Salen G, Shefer S (1984) Long-term treatment of 
cerebrotendinous xanthomatosis with chenodeoxycholic acid. N 
Engl J Med 311(26):1649–1652

	 5.	 Gallus GN, Dotti MT, Federico A (2006) Clinical and molecular 
diagnosis of cerebrotendinous xanthomatosis with a review of the 
mutations in the CYP27A1 gene. Neurol Sci 27:143–149

	 6.	 Verrips A et al (2000) Presence of diarrhea and absence of tendon 
xanthomas in patients with cerebrotendinous xanthomatosis. Arch 
Neurol 57(4):520–524

	 7.	 Pierre G, Setchell K, Blyth J, Preece MA, Chakrapani A, Mcki-
ernan P (2008) Prospective treatment of cerebrotendinous 

xanthomatosis with cholic acid therapy. J Inherit Metab Dis 
31:241

	 8.	 Salen G, Meriwether TW, Nicolau G (1975) Chenodeoxycholic 
acid inhibits increased cholesterol and cholestanol synthesis in 
patients with cerebrotendinous xanthomatosis. Biochem Med 
14(1):57–74

	 9.	 Amador MDM et al (2018) Treatment with chenodeoxycholic acid 
in cerebrotendinous xanthomatosis: clinical, neurophysiological, 
and quantitative brain structural outcomes. J Inherit Metab Dis 
41:799

	10.	 Parks DJ et al (1999) Bile acids : natural ligands for an orphan 
nuclear receptor. Science (80-) 284:1365–1368

	11.	 Makishima M et al (1999) Identification of a nuclear receptor for 
bile acids. Science 284(5418):1362–1365

	12.	 Duell PB et al (2018) Diagnosis, treatment, and clinical outcomes 
in 43 cases with cerebrotendinous xanthomatosis. J Clin Lipidol 
12:1169

	13.	 Koopman BJ, Wolthers BG, van der Molen JC, Waterreus RJ 
(1985) Bile acid therapies applied to patients suffering from cer-
ebrotendinous xanthomatosis. Clin Chim Acta 152(1–2):115–122

	14.	 Waterreus RJ, Koopman BJ, Wolthers BG, Oosterhuis HJ (1987) 
Cerebrotendinous xanthomatosis (CTX): a clinical survey of the 
patient population in The Netherlands. Clin Neurol Neurosurg 
89(3):169–175

	15.	 Huidekoper HH, Vaz FM, Verrips A, Bosch AM (2016) Hepa-
totoxicity due to chenodeoxycholic acid supplementation in an 
infant with cerebrotendinous xanthomatosis: implications for 
treatment. Eur J Pediatr 175(1):143–146

	16.	 Mignarri A et al (2017) The spectrum of magnetic resonance find-
ings in cerebrotendinous xanthomatosis: redefinition and evidence 
of new markers of disease progression. J Neurol 264(5):862–874

	17.	 Dotti MT, Lütjohann D, von Bergmann K, Federico A (2004) 
Normalisation of serum cholestanol concentration in a patient 
with cerebrotendinous xanthomatosis by combined treatment with 
chenodeoxycholic acid, simvastatin and LDH apheresis. Neurol 
Sci 25(4):185–191

	18.	 Mignarri A et al (2016) Evaluation of cholesterol metabolism in 
cerebrotendinous xanthomatosis. J Inherit Metab Dis 39(1):75–83

	19.	 Kuriyama M, Tokimura Y, Fujiyama J, Utatsu Y, Osame M (1994) 
Treatment of cerebrotendinous xanthomatosis: effects of cheno-
deoxycholic acid, pravastatin, and combined use. J Neurol Sci 
125(1):22–28

Affiliations

Daniele Mandia1 · Annabelle Chaussenot2 · Gérard Besson3 · Foudil Lamari4 · Giovanni Castelnovo5 · 
Jonathan Curot6,7 · Fanny Duval8 · Philippe Giral9,10 · Jean‑Michel Lecerf11,12 · Dominique Roland13 · 
Heloise Pierdet1 · Claire Douillard14 · Yann Nadjar1 

1	 Neurology Department, Reference Center for Lysosomal 
Diseases, Neurogenetics and Metabolism Unit, Hôpital 
Pitié-Salpêtrière, 47–83 boulevard de l’Hôpital, 75013 Paris, 
France

2	 Service de Génétique Médicale, Centre de Référence 
des Maladies Mitochondriales, Hôpital de l’Archet 2, 
151 Route de Saint‑Antoine de Ginestière, B.P.3079, 
06202 Nice Cedex 3, France

3	 Unité Neurologie générale, Pôle Psychiatrie, Neurologie et 
Rééducation Neurologique, Service de Neurologie, CHU de 
Grenoble site Nord-Hôpital Albert Michallon, boulevard de 
la Chantourne, CS10217, 38043 Grenoble Cedex 9, France

4	 UF Biochimie des maladies neurométaboliques‑Département 
de Biochimie métabolique, Hôpital Pitié-Salpêtrière, 47‑83 
boulevard de l’Hôpital, 75013 Paris, France

5	 Neurological Department, Centre hospitalo-universitaire 
Caremeau, place du Professeur Debré, 30029 Nîmes Cedex, 
France

6	 Department of Neurology, Toulouse University Hospital, 
31059 Toulouse, France

7	 Centre de Recherche Cerveau et Cognition, CNRS, 
UMR5549, 31052 Toulouse, France

http://orcid.org/0000-0003-1466-6957


2050	 Journal of Neurology (2019) 266:2043–2050

1 3

8	 Department of Neurology (Nerve‑Muscle Unit), CHU 
Bordeaux (Pellegrin Hospital), 33076 Bordeaux, France

9	 Inserm, Institute of Cardiometabolism and Nutrition (ICAN), 
UMR_S1166, Sorbonne Université, Paris, France

10	 Department of Endocrinology‑Metabolism, AP-HP, Hôpital 
de la Pitié, Paris, France

11	 Service de Nutrition & Activité Physique, Institut Pasteur de 
Lille, 1, rue du professeur Calmette, 59019 Lille, France

12	 Service de Médecine Interne, Hôpital Claude Huriez-CHRU 
de Lille, 59037 Lille, France

13	 Institut de Pathologie et de Génétique ASBL, Centre 
Agréé des Maladies Héréditaires du Métabolisme, Centre 
de Génétique Humaine, Avenue Georges Lemaitre, 25, 
6041 Gosselies, Belgium

14	 Endocrinology and Metabolism Department, Lille 
University Hospital, C. Huriez Hospital, 1, rue Polonovski, 
59037 Lille Cedex, France


	Cholic acid as a treatment for cerebrotendinous xanthomatosis in adults
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements 
	References




