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1 | INTRODUCTION

Cerebrotendinous xanthomatosis (CTX; OMIM #213700)
is an autosomal recessive disorder due to mutations of
the CYP27A1 gene, resulting in a deficiency of sterol-
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Abstract

Background: In patients with cerebrotendinous xanthomatosis (CTX),
chronic diarrhea is one of the earliest and main symptoms of the disease. In
the current study, we evaluated the characteristics of the diarrhea and its
response to chenodeoxycholic acid (CDCA) therapy in a cohort of Dutch CTX
patients.

Methods: We performed a retrospective review of medical records for 33 genet-
ically confirmed CTX patients, and abstracted the characteristics of the diar-
rhea and the response to CDCA therapy (15 mg/kg/day up to 750 mg/day).
The Bristol Stool Scale (BSS) was used for qualitative characterization of the
stool.

Results: Twenty-five patients had diarrhea documented at baseline (76%). Of
these patients, 10 had diarrhea rated as 6 (fluffy pieces with ragged edges, a
mushy stool), and 6 had diarrhea rated as 7 (watery, no solid pieces, entirely
liquid) using the BSS. In 10 patients for whom data were recorded, the median
stool frequency at baseline was 3 per day (range 2-6 per day). The response rate
with CDCA for diarrhea resolution was 100% based on at least one post-
baseline visit without diarrhea and 95% as assessed at the first post-baseline
visit. In 68% of cases resolution was complete and sustained as no episodes of
diarrhea were documented for follow-up periods as long as 25 years.
Conclusions: Chronic diarrhea persisting for years without spontaneous
remission is a common feature of CTX at diagnosis. Chenodeoxycholic acid is
an effective treatment for symptomatic relief of diarrhea in patients with CTX.
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27-hydroxylase." The clinical presentation of CTX is het-
erogeneous and ranges from being nearly asymptomatic
in early childhood up to severe disability secondary to
progressive neurological dysfunction at adult age.
Early diagnosis and initiation of treatment with
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chenodeoxycholic acid (CDCA) is felt important in
preventing the progression of neurologic deterioration.>*
Chronic diarrhea is one of the earliest symptoms in CTX,
typically beginning in childhood, and may be the only
symptom present for many years in these patients.>**!
However, relatively limited information is available on its
natural history or granular features. In the current study,
we evaluated the characteristics of diarrhea and its
response to CDCA, in a cohort of Dutch CTX patients.

2 | METHODS

2.1 | Data abstraction

Medical records of 33 Dutch patients presenting to the
Neurology Clinic at Canisius-Wilhelmina Hospital from
1981 until 2014, diagnosed with CTX and for whom pre-
treatment data were available, were reviewed. The Neu-
rology Clinic is a national referral center for the care of
patients with CTX, and pre-diagnosis medical records
were available for a subset of the cohort. All patients
were evaluated at visits by one of the authors (AV) in a
systematic manner and data recorded in the medical
chart. The patients reported here were included in previ-
ous publications focussing on other clinical aspects of
CTX.>"

The records for all visits for each patient were
reviewed to determine if diarrhea was assessed. If a spe-
cific entry documented the presence of diarrhea, the
patient was included as having diarrhea at that visit. If an
entry documented the absence of diarrhea the patient
was included as not having diarrhea at the visit. If no spe-
cific entry addressed diarrhea than the visit did not con-
tribute to the analysis. Additionally, if the record
contained information on stool quality, this was scored
using the Bristol Stool Scale (BSS).* Similarly, if the
number of stools per day was available, these data were
abstracted.

2.2 | Patient diagnosis and management
The diagnosis of CTX was based on history, family his-
tory, clinical examination, and confirmed by measure-
ment of plasma cholestanol concentrations and/or urine
bile alcohol excretion, and genotyping in all patients.
Treatment with CDCA was initiated in all patients.
The starting dose was 15 mg/kg/day to a maximum of
750 mg/day, divided into three equal doses per day. The
dose was adjusted based on tolerability and response to
the therapy as assessed by plasma cholestanol concentra-
tions, urine bile alcohol excretion, and clinical findings.

Follow-up visits at the Neurology Clinic were done on an
as-needed basis without a fixed timing.

The clinical visit at which CDCA treatment was initi-
ated was considered baseline. Antecedent visits were con-
sidered as pre-baseline, and subsequent visits were
considered as post-baseline. If plasma cholestanol was
not measured at the baseline visit the value from the visit
closest to baseline was used as the baseline assessment.

2.3 | Data presentation

Data for continuous variables are presented as mean
+ SD, and categorical variables as percentages. Medians
and ranges are used for datasets with skewed distribu-
tions. Where data elements were unavailable in the medi-
cal record no attempt was made to impute values. No
prospective hypotheses were developed, and thus no P-
values are reported.

3 | RESULTS

3.1 | Cohort characteristics at baseline
Baseline characteristics are shown in Table 1. The mean
age at baseline was 27years. Twenty-five of the
33 patients (76%) had diarrhea documented at baseline.
Patients with diarrhea averaged 25 + 13 years of age
(N = 25) as compared with 33 + 16 years of age (N = 8)
for those without diarrhea. Of note, the cohort without
diarrhea included an infant screened based on family his-
tory and which skewed the cohort's means for age.
Excluding this infant, patients without diarrhea were 37
+ 10 years of age (N = 7).

Sixteen medical records included a description of the
stool at baseline which permitted assignment of a score
using the BSS." Ten of these cases were rated as 6 (fluffy
pieces with ragged edges, a mushy stool) and six were
rated as 7 (watery, no solid pieces, entirely liquid). In
10 records the stool frequency was noted with a median
of 3 stools per day (range 2-6 per day).

Patients with diarrhea had mean plasma cholestanol
concentrations at baseline of 84 + 62 pmol/L with a
median of 69 pmol/L (n = 22). This compares with a
mean of 71 + 37 pmol/L and a median of 79 pmol/L
(n = 6) in patients without diarrhea (Table 1, Figure 1).

3.2 | Antecedent diarrhea history

Ten patients with diarrhea at baseline had documenta-
tion of pre-baseline visits in which diarrhea was assessed.
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TABLE 1 Baseline characteristics of 33 genetically confirmed Dutch CTX patients
Age at baseline Sex Bristol Stool Stools Cholestanol
(years) (M/F) Scale per day (pmol/L)?
All patients (Includes 27 + 14 20/13 N/A N/A 81 + 57
patients with and (N = 33) (N =28)
without diarrhea)
Patients without 33+ 16 4/4 N/A N/A 71 + 37
diarrhea (N =28) (N=6)
Patients with diarrhea 25+ 13 16/9 Score 7 (N = 6) 3 [2-6] 84 + 62
(N =25) Score 6 (N = 10) (N =10) (N =22)

Note: Values are mean + SD or medians with range in brackets.

Abbreviations: N, number of patients, shown in parentheses; N/A, not applicable.

#Upper limit of normal for plasma cholestanol is 12.5 pmol/L.

FIGURE 1 Plasma cholestanol 150
concentration (umol/L) at baseline. Box
and whisker plot with the median value 300
shown as the horizontal line, the box
shows the medians for the range of the E 250
first and third quartiles, the whiskers the g
range except for outliers which are = 200
shown as individual points. Patients g
were separated into those with (N = 22) -“—; 150
and without (N = 6) diarrhea at §
baseline. Upper limit of normal for the 5 o
cholestanol assay is 12.5 pmol/L =

50 |

The number of pre-baseline visits available for these
patients ranged from 1 to 7. All of these visits docu-
mented the presence of diarrhea. The period between the
earliest documented visit with diarrhea and the baseline
visit was a median of 4 years with a range of less than
1 year to 30 years.

3.3 | Response to CDCA therapy

All patients were started on CDCA treatment at the base-
line visit. No patient without diarrhea at baseline reported
diarrhea during the post-treatment period. Twenty-four of
the 25 patients with diarrhea at baseline had the absence
of diarrhea documented at their first post-baseline clinic
visit (Table 2). The response rate with CDCA for diarrhea
resolution was 100% based on at least one post-baseline
visit without diarrhea and 95% as assessed at the first post-

O Patients without diarrhea M Patients with diarrhea

baseline visit. In 68% of cases resolution was complete and
sustained as no episodes of diarrhea were documented for
follow-up periods as long as 25 years. Due to the referral
nature of the clinic the time between the baseline and first
subsequent visit varied substantially (median 14 months,
range 2-151 months) and precluded assessing the timing of
symptom resolution.

Patients were followed for a median of 9 years (range:
1-25 years; Table 2) with a median of three visits per
patient over the post-baseline period. Eight patients had
visits at which the presence of diarrhea was documented
post-baseline; 7 patients had one such visit, and 1 patient
had two positive visits (Table 3). In patients 1 and 10, irri-
table bowel syndrome was diagnosed as an alternative
cause of diarrhea. Patient 11 had a delayed response
(>4 months after starting CDCA therapy) for unknown
reasons. In patient 18, who was wheelchair bound at
baseline, severe constipation resulting in paradoxical
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TABLE 2 Response to chenodeoxycholic acid in patients with diarrhea at baseline. Treatment with chenodeoxycholic acid was initiated

in all patients at the baseline visit

Timing of first Diarrhea at first Timing of last Diarrhea at last

Patient Age at baseline  post-baseline visit post-baseline visit  post-baseline visit post-baseline visit
number (years) (months post-baseline) (Yes/No) (months post-baseline) (Yes/No)
1 12 2 No 84 Yes

2 14 5 No 92 No

3 10 6 No 94 No

4 35 7 No 51 No

5 36 151 No 254 No

6 26 5 No 220 No

7 38 10 No 230 No

8 35 138 No 185 No

9 11 33 No 33 No

10 13 9 No 26 No

11 4 4 Yes 109 No

12 8 6 No 110 No

13 13 12 No 164 No

14 2 15 No 210 No

15 46 17 No 89 No

16 8 4 No 67 No

17 31 18 No 180 No

18 32 19 No 180 No

19 46 16 No 16 No

20 32 8 No 158 No

21 37 56 No 156 No

22 17 14 No 80 No

23 20 89 No 131 No

24 40 50 No 297 No

25 33 132 No 304 No

diarrhea was diagnosed as the cause of the observed epi-
sode of post-baseline diarrhea. In the remaining patients
no clinical reasons for their episode of diarrhea were
identified. In seven of the eight cases, one or more visits
were negative for diarrhea subsequent to the positive
visit. Plasma cholestanol concentrations were docu-
mented near or below the upper limit of normal in five of
the eight cases at the visit with documented diarrhea,
while for three visits cholestenol concentrations were not
assessed.

One patient, an infant without diarrhea at presenta-
tion, had presumed CDCA-induced hepatotoxicity.'* The
patient was managed with temporary discontinuation of
CDCA therapy, with subsequent reintroduction of CDCA
at a dose of 5 mg/kg/day. No other CDCA-attributable
adverse events were reported.

4 | DISCUSSION
The current retrospective chart review confirms that diar-
rhea is a common symptom at the time of CTX diagnosis.
Initiation of CDCA treatment resulted in at least one
diarrhea-negative visit in 100% of cases. Intractable diar-
rhea in CTX patients has been recognized since 1991.
Cruysberg et al® described three patients who suffered
from intractable chronic diarrhea since infancy. In the
young age group, neurological symptoms and tendon
xanthomas can be absent, so it is important to recognize
that diarrhea can be the only symptom in CTX. An early
diagnosis of CTX results in an early start of the CDCA
therapy, that can prevent the neurological phenotype.>*
The mechanism of CTX-associated diarrhea is
unknown. Deficiency of bile acids can cause steatorrhea,



BRASS ET AL. JIMDrerorrs >\ sem ERVVA | LEYM

TABLE 3 Patients with post-baseline diarrhea-positive visits

Plasma cholestanol Diarrhea at visit Plasma cholestanol

Patient® at baseline (umol/L)® Post-baseline visits) (Yes/No) at post-baseline visit (umol/L)

1 68 2 months No 37
3 months No 28
72 months Yes 7
84 months Yes N/A

6 54 5 months No 21
16 months No 8
43 months Yes 14
84 months No N/A
98 months No N/A
132 months No 7
156 months No 10
220 months No N/A

10 N/A 9 months No 5
12 months Yes N/A
26 months No N/A

11 28 4 months Yes 3
24 months No 11
109 months No 6

17 186 18 months No 19
24 months Yes N/A
65 months No N/A
91 months No N/A
93 months No N/A
118 months No 7
130 months No N/A
180 months No 12

18 46 19 months No N/A
65 months Yes 9
118 months No 6
143 months No 7
167 months No N/A
180 months No 7

20 154 8 months No 23
56 months No 4
97 months Yes N/A
158 months No N/A

22 53 14 months No N/A
23 months Yes 10
52 months No 10
80 months No N/A

Note: Individual patients are shown with each post-baseline visit categorized as diarrhea-positive or -negative. The elapsed time in months
from baseline for each visit is shown, with each entry representing an individual visit.

“Patient number corresponds with patients as listed in Table 2.

“Upper limit of normal for plasma cholestanol is 12.5 pmol/L.

Abbreviation: N/A, not available.
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however, van Heijst et al® found no evidence for fat mal-
absorption, nor a pure secretory-type of diarrhea.
Koopman et al'> showed that serum levels of essential
fatty acids and fat-soluble vitamins are normal in CTX
patients, indicative of normal fat absorption. It has been
hypothesized that the pathological presence of bile alco-
hols in the lumen of the gut or the intra-luminal defi-
ciency of CDCA are the most likely causes of diarrhea,
perhaps by influencing intestinal motility resulting in an
increased transit.®

Consistent with the above, several patients in the cur-
rent cohort had the presence of diarrhea documented for
extended periods pre-CDCA treatment. These included
cases with multiple visits over time stretching to as long
as 30 years before treatment. These cases illustrate the
challenges of establishing a diagnosis of CTX in the
absence of a high index of suspicion. Notably there was
no evidence of spontaneous remission pre-treatment, as
no visits negative for diarrhea were documented in those
patients with visits positive for diarrhea.

It is unclear why some patients with CTX experience
diarrhea and others do not. Mean plasma cholestanol
concentrations at baseline, the standard biomarker of dis-
ordered bile acid metabolism in patients with CTX, were
numerically higher in patients with diarrhea as compared
to those without. However, there was considerable het-
erogeneity and overlap in the two cohorts, and the
median value was actually lower in those with diarrhea
(Figure 1). Patients with diarrhea tended to be younger
than those without diarrhea at diagnosis. This may be the
result of diarrhea motivating a more comprehensive diag-
nostic evaluation leading to an earlier diagnosis.

The response rate for diarrhea resolution with CDCA
was 100% based on having at least one post-baseline visit
without diarrhea and 95% as assessed at the first post-
baseline visit. In 68% of cases resolution was complete
and sustained as no episodes of diarrhea were docu-
mented for follow-up periods as long as 25years. If
patients with a single post-baseline visit with diarrhea
but with one or more subsequent visits without diarrhea
are considered as responders, the response rate to CDCA
was 95%. The etiology of the rare episodes of diarrhea
while on CDCA treatment could not be determined in
several patients. As CDCA would not modify non-CTX
causes of diarrhea occurring in a general population,
some episodes of non-CTX induced diarrhea would be
expected in long term follow up of patients. The single
patient (patient 1, Table 3) with two post-baseline visits
with diarrhea had initial resolution of diarrhea based on
two post-baseline visits during the first year of treatment.
Irritable bowel syndrome was diagnosed clinically as an
alternative cause of diarrhea in this case.

The current study has limitations due to its retrospec-
tive, medical record-based design centered in a specialty
referral clinic. As a result, some visit records lacked suffi-
cient detail or assessments relevant to the current ana-
lyses. For example, data on stool frequency and BSS
assessments were often not available. The status of the
subjects between visits is unknown, and the time
between visits was highly variable. Nonetheless, this is
the largest dataset focused on CTX-associated diarrhea
currently available.

In conclusion, diarrhea is a common feature of CTX
at the time of diagnosis and has often persisted for years
without spontaneous remission. Plasma cholestanol con-
centrations do not appear to be a surrogate marker for
the presence of diarrhea at the time of diagnosis. CDCA
appears to be a safe and effective treatment for the
sustained, symptomatic relief of the diarrhea in patients
with CTX.
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