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Introduction

Aims Cysteamine, the only drug available for the treatment of cystinosis in paediatric
patients, is available as the hydrochloride, the bitartrate and as sodium phosphocystea-
mine salts. It has been suggested that cysteamine bitartrate and phosphocysteamine
are better tolerated and may have a better bioavailability than cysteamine
hydrochloride. This has, however, never been demonstrated.

Methods We compared the pharmacokinetics and tolerance of these three formu-
lations of cysteamine in 18 healthy adult male volunteers in a double-blind, latin-
square, three-period, single oral dose cross-over relative bioavailability study.
Results No statistical difference was found between relative bioavailabilities, AUC
(0, o0) (geometric mean and s.d. in pmol 1" 'h: 169451, 158 +46, 173 +49 with
cysteamine hydrochloride, phosphocysteamine and cysteamine bitartrate respectively),
Cinax (geometric mean and s.d. in pmol 17" 664255, 59+ 12, 63 +20) and £,
(median and range in h: 0.88 (0.25-2), 1.25 (0.25-2), 0.88 (0.25-2)) with each of
the three forms of cysteamine tested. Bioequivalence statistics (90% confidence
intervals) showed non equivalence of C,,, of cysteamine base as the only non
equivalence of pharmacokinetics between the three formulations: 90% CI for C,.
relative ratios to cysteamine hydrochloride were [75.6—105.8] for phosphocysteamine
and [74.2—-124.2] for cysteamine bitartrate. The only significant adverse event was
vomiting whose frequency was inversely correlated with body weight (Spearman’s
r=—0.76, P<0.001). The nature of the salt tested did not influence vomiting.
Conclusions While none of the three forms of cysteamine tested has a clear
advantage over the others in terms of pharmacokinetics and tolerance profile, this
should now however be addressed in patients treated for cystinosis during repeat
administrations.
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Cysteamine (8-mercapto-ethylamine) has been used as
a cystine depleting agent under its hydrochloride formu-

Cystinosis generally leads to death in infancy before 10
years of age unless dialysis or renal transplantation is
performed. No current therapy can definitively cure the
disease. Due to its relatively low prevalence, the
pharmaceutical industry has little interest in developing
drugs for its treatment and cystinosis can therefore be
considered as an orphan disease.
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lation for more than 20 years [1] (50 mg kgi1 dayil) in
paediatric patients. Previous studies showed that its absolute
bioavailability could be less than 10% [2] and it has been
suggested that it could be improved by administration of
sodium phosphocysteamine [3] (cysteamine phosphothioes-
ter) which has been approved for clinical use since 1980
in the USA [4] 32 mg kgi1 daily). Another cysteamine
salt, cysteamine bitartrate with an allegedly improved
bioavailability relative to cysteamine hydrochloride [5] has
recently been approved by the FDA.

However, the optimal dosing regimen and relative
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bioavailability of the various cysteamine formulations
remain unknown. The present study compares the relative
bioavailability and pharmacokinetics of cysteamine base
following administration of three cysteamine formulations
and compares their gastro-intestinal tolerance.

Methods

Mean age of the 20 subjects included in this study was
2645 years (range: 20 to 36 years) and mean body
weight was 71 + 10 kg (range: 52 to 92 kg). Two subjects
(body weight 59 kg and 66 kg) withdrew after the first
study period due to intolerable vomiting. Eighteen
healthy male adults were given single oral administrations
of 15.55 mmol (1200 mg) of cysteamine base (1768 mg
cysteamine hydrochloride (C,H,;NS.HCI), 2750 mg
phosphocysteamine (C,H;NS.NaPO3) or 3534 mg cyst-
eamine bitartrate (CoH;NS.C4HgOyg)) conditioned into

11 gelatin capsules, in a double-blind, randomized cross-
over balanced latin-square trial. All subjects were studied
after an overnight fast and a light standardized breakfast
on three occasions separated by a drug-free interval of 3
to 5 days. The study was approved by the Committee
for the Protection of Human Subjects in Biomedical
Research of Cochin Hospital (Paris).

Drugs were administered at 08.30 h and subjects stayed
in a sitting position for 1 h thereafter. Standardized meals
were given at 13.00 h and 19.00 h. During each study
period, a 7 ml blood sample was taken before and 0.25,
0.5,0.75, 1, 1.25, 1.5, 2, 4, 6, 8 and 12 h after cysteamine
administration. Cysteamine was quantified using a sensi-
tive and specific h.p.l.c. assay, with fluorescence detection
of cysteamine base as described previously [6]. The limit
of quantification was 2 nmol ml ! and a limit of detection
(signal-to-noise ratio of 3) of 0.5 nmol ml™" was
obtained. The CV (%) was 10.4 and 11.5 (respectively

Table 1 Plasma pharmacokinetic parameters of cysteamine hydrochloride, phosphocysteamine and cysteamine bitartrate for 18 subjects.

Cysteamine

hydrochloride Phosphocysteamine Ratio of geometric means (90% CI)
Cnax (\u.rnoll_l) 65.8 (25.6) 58.9 (12.4) 89.4 75.6—105.8
AUC(0,1) (LLmoll_1 h) 158.8 (51.1) 149.1 (45.9) 93.9 82.7-106.6*
AUC(0,00) (pmollilh) 168.6 (50.9) 157 8 (46.4) 93.6 82.9-105.7*
t1,5 (h) 1.75 (0.74) 7 (0.6)
frax (h) 0.88 (0.25-2) 5 (0.25-2)
Relative bioavailability 0.97 (0.25)
Cysteamine Cysteamine
hydrochloride bitartrate Ratio of geometric means (90% CI)
Cnax (\un101171) 65.8 (25.6) 63.2 (19.9) 96 74.2—124.2
AUC(0,1) (pm101171 h) 158.8 (51.1) 157.6 (44.3) 99.6 86.2—114.3%
AUC(0,00) ((J.Hloll_l h) 168.6 (50.9) 172.6 (49) 102.4 89.6—117.1%
t1,5 (h) 1.75 (0.74) 1.88 (0.87)
fnax (h) 0.88 (0.25-2) 0.88 (0.25-2)
Relative bioavailability 1.05 (0.24)
Cysteamine
Phosphocysteamine bitartrate Ratio of geometric means (90% CI)
Crnax (\umollfl) 58.9 (12.4) (19.9) 107.3 91.7-125.7
AUC(0,1) ((J.Hloll_l h) 149.1 (45.9) 157.6 (44.3) 105.7 95—-117.7%
AUC(0,00) (pm101171 h) 157.8 (46.4) 172.6 (49) 109.4 95.3—125%
t1,> (h) 1.7 (0.6) 1.88 (0.87)
fax (h) 1.25 (0.25-2) 0.88 (0.25-2)

Relative bioavailability 1.12 (0.27)

Values are geometric mean and geometric standard deviation with 90% confidence interval (log-normal parameters: C,,., and AUC).

Values are arithmetic mean and standard deviation in parenthesis for t;,, and relative bioavailability.

Values are median and range in parenthesis for f,,,..
* =bioequivalence if within [80—-125].
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within and between day) for a concentration of
2 ymol1~" and 0.7 and 0.8 for 150 pmol 1~ .

Pharmacokinetic parameters were calculated with use
of a non-compartmental model using data from eighteen
subjects who received the three forms of cysteamine and
completed the whole study. After log transformation,
AUC(0,t) AUC(0,00) and C,., were compared by
ANOVA and Dunnett-test. Parameters expressed as 90%
confidence interval ratio had to be within the 80-125%
range to declare bioequivalence [7]. Experimental £,
data were compared by using the Kruskall-Wallis and
Wilcoxon non parametric tests for paired samples.
Tolerance parameters (number of vomitings episodes and
ease for digesting cysteamine capsules assessed on a 10 cm
visual analogue scale, VAS) were analyzed, 3 and 10 h
after drug administration, with use of non parametric
tests using data of all subjects (n=20).

Results
Pharmacokinetics

There was no significant difference in AUC(0,f) and
AUC(0,00) among the various formulations of cysteamine
(Table 1). The 90% confidence interval ratios were within
the 80—125% interval. Thus, all three forms
bioequivalent with respect to AUC. There was no
statistically significant difference in the relative bio-
availability or in f, for cysteamine among the various
formulations. Although there was no statistically signifi-
cant differences among values of observed C,,, the
values did not strictly reflect bioequivalence (Table 1)
according to the 80-125% criterion. Referring to the
70-143% C,,. bioequivalence interval proposed by
Steinijans ef al. [8] and the FDA’s Guidelines, the
formulations would be declared bioequivalent on the
basis of values for C,,,,.

were

Digestive tolerance

Eleven subjects (55%) never vomited during the study.
Their mean (+s.d.) body weight was 78 +8 kg (range
72 to 92 kg). Nine subjects (45%) vomited at least once
during their participation in the study (median and
extreme times from drug intake: 2.5h (0.7 to 3.4 h)).
AUC(0,00), Cpaxs tmax and ¢y did not differ significantly
in subjects who vomited and in those who did not. In
the first study period, the mean body weight was
63+7 kg (range 52 to 74 kg) in subjects who vomited
and was lower than the body weight of subjects who did
not (P<0.05). There was an inverse correlation
(Spearman’s r= —0.76; P<0.001) between the total
number of vomiting episodes experienced during the first
study period and body weight in the 20 subjects who
were included in the study.
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Relative bioavailability of three formulations of cysteamine

All subjects who vomited at least once did so during
the first study period, whichever form was administered
first in the randomization schedule. However, this
statistically-significant (P<0.03) study-period effect was
not associated with a treatment effect, i.e. the nature of
the cysteamine formulation administered did not influence
the occurrence of vomiting. There was no significant
difference in the gastro-intestinal tolerance, measured
with the VAS, for each formulation of cysteamine
(Table 2). Digestive tolerance significantly improved over
time (between 3 h and 10 h post drug intake) following
administration of cysteamine hydrochloride and phospho-
cysteamine but not of cysteamine bitartrate.

There was an inverse correlation between body weight
and ease of digestion of the three cysteamine forms at 3 h
(Spearman’s  r=—0.35, P=0.008) and at 10h
(Spearman’s r= —0.59, P<0.001).

Discussion

No significant pharmacokinetic difference was found in
our study among the three formulations of cysteamine.
Digestive tolerance was equally poor and was significantly
associated with a low body weight. Data indicated the
three formulations to be bioequivalent except for C, ..
which tended to be higher after administration of
cysteamine hydrochloride. However, using a wider
confidence interval, as has recently been proposed [8],
the values of this parameter also suggest bioequivalence.

Table 2 Visual scale assessment of cysteamine gastro-intestinal
tolerance.

t+3h t+10h P value
Cysteamine 575 (0.1-9.4) 4.2 (0.1-7.4)  0.009%
hydrochloride
Phosphocysteamine 5.6 (0.1-8.4)  4.35 (0.1-7.9)  0.0057*
P value 0.37 0.67
Cysteamine 5.75 (0.1-9.4) 4.2 (0.1-7.4)  0.009%
hydrochloride
Cysteamine bitartrate 5.1 (0.1-8) 4.5 (0.1-8.9) 0.16
P value 0.39 0.55
Phosphocysteamine 5.6 (0.1-8.4)  4.35 (0.1-7.9)  0.0057*
Cysteamine bitartrate 5.1 (0.1-8) 4.5 (0.1-8.9) 0.16
P value >0.99 0.39

Values are medians and ranges in parenthesis of the distance (in mm)
between the left edge of the scale and the point where the subjects
mark intercept the 10 mm line. Higher values reflect lower tolerance.
*=P<0.05.
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Our results do not support the preferential use of one of
these forms of cysteamine over the others based on a
clear advantage in terms of pharmacokinetic profile or
gastro-intestinal tolerance.

We performed this study in healthy volunteers and it
is questionable whether our findings can be extrapolated
to children treated for cystinosis and to repeat adminis-
tration. However, there is no evidence that age influences
the pharmacokinetics of cysteamine. Additionally, in view
of its short half-life, it is unlikely that cysteamine will
accumulate in plasma on repeat administration.

Gastro-intestinal intolerance to cysteamine is a major
source of non-compliance to treatment which was
reported to be as high as 14% in a study of 93 children
receiving cysteamine hydrochloride orally [9]. However,
gastro-intestinal intolerance is also observed after intra-
venous administration suggesting that cysteamine may
have a centrally-mediated emetic action [10].
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