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Efficacy and Safety of Topical Cysteamine in
Corneal Cystinosis: A Systematic Review and

Meta-Analysis
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JAIMINI BHATTACHARYYA, HARPINDER KAUR, SUBODH KUMAR, BIKASH MEDHI, JAGAT RAM,

DIPANKAR DAS, PRAMOD AVTI, AJAY PRAKASH, RAHUL SINGH, AND ANUSUYA BHATTACHARYYA
� PURPOSE: To evaluate safety and efficacy of topical
cysteamine ophthalmic solution for corneal cystinosis.
� METHODS: Seven databases were searched (PubMed,
OVID, EMBASE, Web of Science, Cochrane Central,
Google Scholar, and ClinicalTrials.gov) for relevant
studies, using appropriate keywords. Comparative obser-
vational studies and randomized controlled trials
comparing cysteamine with control or other formulations
for treatment of corneal or ophthalmic cystinosis were
included. Outcome measurements were improvement or
response to therapy, change in corneal cystine crystal
score (CCCS), in vivo confocal microscopy score
(IVCM), cystine crystal depth, contrast sensitivity
(CS), photophobia score, and safety.
� DESIGN: Systematic review and meta-analysis.
� RESULTS: Seven studies were included. Compared to
placebo and control, the cysteamine arm was better in
terms of improvements and responses to therapy (2
studies showed a risk ratio [RR] of 16; 95% confidence
interval [CI]: 2.30-111.37) and crystal density score (1
study showed a mean difference [MD] of L0.80; 95%
CI: L1.56 to L0.04). No significant differences were
observed in terms of improvement in CS (1 study
showed an RR of 7.00; 95% CI: 0.47-103.27).
Compared to cystamine, cysteamine showed benefits in
terms of crystal density score (MD L0.94; 95%
CI: L1.64 to L0.24). Compared to a newer formula-
tion, the standard formulation (cysteamine [Cystaran];
0.55% cysteamine hydrochloride D benzalkonium chlo-
ride 0.01%) performed better in terms of decreasing
CCCS. Another newer, viscous formulation, Cysta-
drops, performed better than the standard formulation
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in terms of change in CCCS, IVCM score, corneal crys-
tal depth, and photophobia score; however, local adverse
effects and blurring were higher in the group receiving
Cystadrops.
� CONCLUSIONS: Conventional cysteamine (0.1% to
0.3%) performed better than placebo (control) in terms
of response to therapy. In terms of decreasing corneal
cystine density, cysteamine (0.55%) was better than cyst-
amine (0.55%), and the viscous Cystadrops (0.55%) was
better than the standard formulation (0.1%). (Am J
Ophthalmol 2021;223:275–285. � 2020 Elsevier Inc.
All rights reserved.)

C
YSTINOSIS IS A RARE AUTOSOMAL RECESSIVE DIS-

ease associated with mutation of cystinosin, a lyso-
somal transporter protein (encoded by the CTNS

gene located in the short arm of chromosome 17). Cystino-
sin is involved in facilitated transport of cystine from lyso-
some.1 A defect in this transporter (caused by a mutation in
the cystinosin gene) leads to defective accumulation of the
disulfide amino acid cystine in lysosomes of various tissues,
causing multiple organ damage.1 Although kidneys are the
organs most affected,2 cystine crystals are also deposited in
ocular structures and more specifically in the cornea, which
makes it a disease of concern for ophthalmologists.2 Typi-
cally, corneal cystine crystal deposition cases present with
photophobia, blepharospasm, and corneal erosions.3,4

Cysteamine is a type of free aminothiol sulfhydryl com-
pound which can enter lysosomes and form disulfide bonds
with cystine at room temperature, forming a complex (the
cystine-cysteamine complex),2,5 which resembles lysine
and leaves the cystinotic lysosome using a lysine transport
system, making it an alternative pathway for clearance of
cystine.5,6 Oral cysteamine is effective in the management
of nephropathic cystinosis. However, it fails to reduce the
symptoms associated with corneal cystinosis (which may
be due to suboptimal concentrations deposited in the
cornea owing to its relative avascularity).1,5,7 Thus, the
need arose to develop a new treatment option or an alter-
native formulation of cysteamine, which shows significant
corneal penetration and alters the disease pathology in pa-
tients with corneal cystinosis. In response, a topical prepa-
ration (eye drops) of cysteamine hydrochloride (CH) was
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developed, which showed efficacy in terms of reducing
corneal cystine crystals and photophobia.2–4,8 However,
the formulation needed to be stored at �20-degrees after
opening and required frequent instillation (up to 12
times/day), which was a major cause of poor patient
compliance.9,10 This form was followed by trials of topical
cystamine,6 however, it failed in clinical studies.9

Following this, Sigma-Tau Pharmaceuticals (Gaithersburg,
Maryland) developed a new cysteamine formulation in
2003 (0.55% CH solution in combination with 1.85%
monosodium phosphate and disodium ethylenediaminete-
traacetic acid (EDTA, 0.10% with 0.01% benzalkonium
chloride [BAC]).7 The new formulation had the advantage
of greater stability at room temperature (stable free thiol
formulation, storage up to 7 months at room temperature
and 24 months in refrigeration)7; however, it performed
poorly compared to the standard formulation. In 2012,
the standard topical formulation (Cystaran) by Sigma-
Tau Pharmaceuticals, having 0.44% cysteamine with a
formulation of 0.01% BAC received U.S. Food and Drug
Administration (FDA) approval.1 This formulation was
equivalent to the 0.55% CH topical formulation previously
used in the U.S. National Institutes of Health (NIH) clin-
ical trials. The differences that appeared in the concentra-
tions of both formulations were due to different labeling
practices as the NIH formulation also took the moisture
content into account.1,11 Another viscous formulation
(Cystadrops) containing 0.55% cysteamine hydrochloride,
was approved as an orphan drug for the treatment of
corneal cystinosis in Europe in 2017.12 Cystadrops had
the advantages of being instilled 4 times daily and was sta-
ble at 25-degrees after opening for 7 days.13

The aim of the current meta-analysis was to evaluate the
safety and efficacy of different topical CH ophthalmic formu-
lations in clearing corneal cystine crystal in corneal cystinosis
patients. This is the first systematic review and meta-analysis
addressing comparative efficacy and safety of different cyste-
amine formulations in patients with corneal cystinosis.

MATERIAL AND METHODS

THIS CURRENT META-ANALYSIS WAS PERFORMED IN

accordance with Cochrane group guidelines,14 an Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines15 were followed. PROSPERO regis-
tration number for the study is CRD42019146406. The
PRISMA checklist is included in Supplemental Table.

� PURPOSE: To evaluate the efficacy and safety of topical
cysteamine ophthalmic solution in patients with corneal
cystinosis.

� STUDY HYPOTHESIS: The null hypotheses for the study
were 1) there are no differences in efficacy and safety be-
tween conventional topical cysteamine and placebo/con-
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trol in patients with corneal cystinosis; 2) there are no
differences in efficacy and safety between topical cyste-
amine and cystamine in patients with corneal cystinosis;
and 3) there are no differences in efficacy and safety be-
tween topical conventional cysteamine and newer formu-
lations of cysteamine in patients with corneal cystinosis.

� INCLUSION/EXCLUSION CRITERIA: All published
studies evaluating comparative efficacy of topical cyste-
amine versus placebo, cystamine, and newer formulations
in patients with corneal cystinosis were included. Age
and sex were not kept as a bar for inclusion. We included
comparative observational studies and interventional clin-
ical trials (both randomized and nonrandomized). Studies
with no control group, case reports, and case series were
excluded from the study.

� DATABASE SEARCH: Three independent reviewers
(H.K., A.B., and S.K.) searched 7 databases (PubMed,
OVID, EMBASE, ClinicalTrials.gov, Cochrane Central,
Web of Science, and Google Scholar) independently.
Searches were performed on February 2, 2020. Keywords
were: ‘‘cystinosis,’’ ‘‘cornea,’’ ‘‘cystine,’’ ‘‘corneal cystine
crystal,’’ ‘‘cysteamine,’’ ‘‘Cystaran,’’ and ‘‘Cystadrops.’’
There were no language restrictions. For articles written
in languages other than English, Google Translate was
used to obtain relevant information. In cases where the
translation was not understandable, data were collected
only from the abstract. If neither the translation of the
article nor the abstract were comprehensible, the article
was excluded from the review.

� SCREENING OF RELEVANT ARTICLES: After databases
were searched, the data files were extracted using EndNote.
After removing duplicates, the EndNote file was exported
as a.txt file and saved. This.txt file was uploaded in Rayyan
QCRI, a Web-based application for systematic review. The
title and abstract of all studies were screened for identifica-
tion of relevant articles. The full article of studies fitting the
present inclusion/exclusion criteria were retrieved and
screened by 2 reviewers (S.K. and A.B.). In case of any
discrepancy, P.S. and H.K. were consulted, and the issue
was resolved.

� DATA EXTRACTION (SELECTION AND CODING): Data
were extracted independently by 2 authors (P.S. and
A.B.) using a pretested data extraction form. Information
included study design, baseline demographic characteris-
tics, treatment in the experimental and control group,
and outcome details. After independent verification by
B.M. and H.K., data were entered into Review Manager
version 5.3 software (Cochrane, London, United
Kingdom) by P.S.

� OBJECTIVES: Comparative evaluation of efficacy of
cysteamine in terms of improvements and responses to
MARCH 2021OPHTHALMOLOGY
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therapy, change in corneal cystine crystal score (CCCS)
from the baseline and safety. Secondary objectives were
evaluation of comparative efficacy of cysteamine in terms
of change in in vivo confocal microscopy (IVCM) score
from the baseline and change in cystine crystal depth
from baseline.

� TIMING AND EFFECT MEASUREMENTS: A minimum of
1-month follow-up was carried out after the application.

� COMPARISONS: Comparisons were made among cyste-
amine, placebo, and cystamine and between cysteamine
and newer formulations.

� STATISTICAL ANALYSIS: Review Manager 5.3 software
was used for the meta-analysis. Data were presented as
mean 6 SD for continuous data and absolute change
mean difference (MD) and 95% confidence interval (CI)
were calculated. On the other hand, risk ratio (RR) was
calculated for dichotomous data. Heterogeneity among
the included studies was estimated using chi-squared and
I2 tests. I2 more than 50% indicated significant heterogene-
ity, and in that case, random effects were used; otherwise, a
fixed effect model was used for analysis.16 A P value <.05
was considered statistically significant while calculating
overall effect in each parameters.

� RISK OF BIAS ASSESSMENT: The methodological quality
of included randomized controlled trials (RCTs) was
assessed in accordance with the risk of bias criteria given
by the Cochrane Handbook for Systematic Reviews of Inter-
ventions.17 For nonrandomized studies ROBINS-I scale
(Cochrane Methods) was used.18 For observational studies,
the Newcastle Ottawa scale was used.19
RESULT

� STUDY SELECTIONDETAILS: A total of 527 articles were
recognized after 7 different medical literature databases
were searched. After duplicates were removal, 480 articles
were carried forward for further screening using title and
abstract. Full text was screened for 11 relevant articles, of
which 7 studies fulfilling predefined inclusion and exclu-
sion criteria were included in the systematic review and
meta-analysis (Figure 1). Characteristics of included
studies are described in Table 1.

� CYSTEAMINE VERSUS PLACEBO: Three articles
compared cysteamine to placebo/control in patients with
corneal cystinosis. However, in the study by MacDonald
and associates,20 treatment assignments among the eyes
were not clear. Therefore, although that reference was
included in a systematic review, it was not included for
meta-analysis. For the analysis, a decrease was taken in
VOL. 223 EFFICACY AND SAFETY OF TOPICAL CYS
crystal density score of 0.5 or higher from baseline as im-
provements and responses to therapy. In case of subjective
assessment by a physician, response to therapy as judged by
the clinician on the basis of crystal density was taken for-
ward for the meta-analysis.
In this study, in terms of response to therapy or improve-

ment, eyes treated with cysteamine showed higher im-
provements and responses to therapy than placebo-
treated eyes (consisting of 2 studies [n ¼ 25] in the cyste-
amine arm and n ¼ 25 in the control/placebo arm, with a
RR 16.00; 95% CI: 2.30-111.37) (Figure 2). As the hetero-
geneity among studies was low (I2 ¼ 0%), a fixed effect
model was used for the analysis. Other efficacy parameters
where cysteamine showed benefit compared to placebo was
crystal density score (1 study [n ¼ 5] in each arm;
MD �0.80; 95% CI: �1.56 to 0.04) (Table 2). Although
the cysteamine-treated eyes showed improvement in
contrast sensitivity (CS) (in a single study, an improve-
ment was seen in 3 of 4 eyes in the cysteamine-treated
group and, in the placebo-treated eyes, 4 of 4 eyes, none
of the eyes showed improvement); however, while pooling
the results, the differences between the 2 groups were not
found to be statistically significant (RR 7.00; 95% CI:
0.47-103.27) (Table 2).
Regarding vision, Kaiser-Kupfer and associates3 reported

improvement in visual acuity in 2 patients in the cyste-
amine (0.5%) arm (total sample size in the cysteamine
arm was 25, but among those, 16 patients were below 4
years of age) after 6-9 months of treatment. Similarly, in
the study by Bradbury and associates,8 slight improvement
in visual acuity was seen at 6 months in 3 patients (total
sample size ¼ 5). However, in the study by McDonald
and associates,20 no differences in visual acuity was were
seen between the treated and untreated eye after a
follow-up of 7 months (n ¼ 4 in each arm). In the present
study, although improvement was seen in terms of visual
acuity in 2 patients, the authors inferred that the improve-
ment was due to improved cooperation while testing and
progression from symbol chart to Snellen chart (from a pe-
diatric patient).
However, none of the studies compared adverse effects,

and no adverse effects are reported in any of the studies.

� CYSTEAMINE VERSUS CYSTAMINE: Only 1 study, con-
ducted by Iwata and associates,6 compared cysteamine
with cystamine. Cysteamine showed benefit in terms of
crystal density score (1 study with 12 participants in each
arm; MD �0.94; 95% CI: �1.64 to �0.24) (Table 2).
Regarding vision parameters, the study by Iwata and as-

sociates6 reported that there was an improvement in best-
corrected visual acuity (BCVA) (improvement of 5 or
more letters from the Early Treatment Diabetic Retinop-
athy Study chart) in 3 of 14 eyes; however, the treatment
arm in which improvement was seen was not clearly
mentioned, although the authors mention that the better
eye was always found to be the cysteamine-treated eye, so
277TEAMINE IN CORNEAL CYSTINOSIS



FIGURE 1. PRISMA flow diagram of the study.
we assume that the improved eyes were the cysteamine-
treated eyes. None of the patients in any of the arm re-
ported a decrease in vision.

With regard to adverse effects, in the cysteamine arm, 2
patients reported a burning sensation. No other adverse ef-
fects were reported by that study.

� EFFICACY OF NEW FORMULATIONS OVER STANDARD
CYSTEAMINE FORMULATION: A total of 3 studies evalu-
ated efficacy of 2 new formulations (Cystaran in 1 study
and Cystadrops, the viscous formulation, in 2 studies, one
of which was a phase I/IIa study and the other one was a
phase III study). Detail of the formulations are shown in
Table 3.

� STANDARD CYSTEAMINE (CYSTARAN) VERSUS NEWER
FORMULATION: In the case of Cystaran, a proportion
of patients showing >_1 unit of improvement in CCCS
was higher in the Cystaran group than in the group
278 AMERICAN JOURNAL OF
treated with the newer formulation (47% showed
improvement in the standard cysteamine group compared
to 7% in the new formulation group; n ¼ 15 in each
arm; P ¼ .004); and the median change in CCCS from
baseline in the standard formulation group (Cystaran)
was �0.75 and 0.00 in case of the newer formulation.7

These findings highlight that the standard formulation
(Cystaran) performed better than the newer formulation
in terms of efficacy.
Both the newer formulation and the standard formula-

tion (Cystaran) showed comparable adverse effects, most
commonly, redness, itching, discomfort, irritation, and
burning sensation.7

� NEWER VISCOUS FORMULATION (CYSTADROPS)
VERSUS STANDARD FORMULATION: Although there
were 2 studies4,21 comparing the new viscous formulation
(Cystadrops) to the standard cysteamine, results of both
the studies were not combined (efficacy part) owing to their
MARCH 2021OPHTHALMOLOGY



TABLE 1. Characteristics of Included Studies in the Systematic Review and Meta-Analysis

Study

Y Study Design Study Population Diagnosis of Cystinosis Intervention/Sample Size

Comparison or Control/

Sample Size Study Parameters Follow-Up (mo) Oral Cysteamine

Kaiser-Kupfer

19903
RCT 2 mo-31 y Typical clinical

features, leukocyte

cystine

concentration

0.1% CH/25 Placebo NS/25 CSSS, VA, CS,

subjective

assessment

4-24 mo Yes

Mc Donald

199019
Controlled clinical

trial

All age groups Typical clinical signs

and symptoms and

demonstration of

corneal cystine

crystal deposition

in slit lamp

examination.

0.3%CH drop in NS

eyes 4 times daily/4

NS/4

4 times daily

VA 7 mo Yes

Bradbury

19918
RCT >_8 y Typical clinical

features, diagnosis

confirmed by either

leukocyte cystine

concentration or

fibroblast culture

Topical CH 0.2% in

NS/5

6 times daily

Placebo NS/5 VA, CCCS, subjective

assessment

6 mo Yes

Iwata

199812
RCT >_3 y Clinical feature and

leukocyte cystine

content.

CH 0.5%/12 Cystamine 0.5%/12 CCCS, subjective

assessment

8- 20 mo Yes

Tsilou

20037
RCT >1 y Clinical features,

demonstration of

corneal crystals

and leukocyte

cystine content

measurement.

0.55% CHþ MnPO4

1.85% þ DSEDTA

0.10% þ
benzalkonium

chloride 0.01%.

0.55% CHþ
benzalkonium

chloride 0.01%

ADE, CCCS, CS, VA 1 y Yes

Lobbe

201420
Phase I/IIa clinical

trial: open label,

dose-response

pilot study

All age groups Typical clinical

features and

leukocyte cystine

concentration

vCH 0.55% 3-5 times

daily/8 (treatment

90 days)

CH 0.1% 3-5 times

daily/8 (initial run-in

period of 30 days)

IVCM, CCCS, OCT

DCD, OCT CCT,

VA, IOP, ADE,

subjective

assessment

4 y Yes

Liang

20174
RCT >_2 y Typical clinical

features and

cysteamine

concentration in

WBC

vCH 0.55%/15

4 times daily

CH 0.1%/16

4 times daily

IVCM, CCCS, ADE,

subjective

assessment

3 mo Yes

ADE ¼ adverse effect; CCCS ¼ corneal cystine crystal score; CCT ¼ central corneal thickness; CH ¼ cysteamine hydrochloride; CS ¼ contrast sensitivity; DCD ¼ depth of crystal deposition;

DSEDTA¼ disodium ethylene diamine tetraacetic acid; IOP¼ intraocular pressure; IVCM¼ in vivo confocal microscopy; MnPO4¼monosodium phosphate; NS¼ normal saline; RCT¼ randomized

control trial; VA ¼ visual acuity; vCH ¼ viscous cysteamine hydrochloride; WBC ¼ white blood cell.
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FIGURE 2. Comparative evaluation between cysteamine and placebo in terms of improvements and response to therapy.
differences in study design.23 The first study, by Labbe and
associates,21 was a Phase I/IIa open label, dose-response pi-
lot study. There was an initial run-in period of standard
cysteamine, which was followed by switching over to the
newer viscous formulation (Cystadrops). During the 4-
year study period, treatment with Cystadrops resulted in a
significant decrease in IVCM score from baseline.21

The second study, by Liang and associates,4 was a Phase
III study. In that study, treatment with Cystadrops resulted
in more decrease in the change of CCCS from baseline,
IVCM score (total score at day 90), corneal crystal depth
change from baseline at day 90, and change of photophobia
score from baseline on day 90 compared to the standard
formulation (Table 2).

Regarding vision, in the study by Labbe and associates,21

although photophobia decreased (compared to baseline
photophobia score), BCVA remained unchanged during
the study compared to baseline values (n¼ 16 eyes). How-
ever, in the phase III parallel group RCT by Liang and as-
sociates4 (n ¼ 22 eyes in viscus cysteamine hydrochloride
(vCH) 0.55% arm and n ¼ 20 eyes in the standard CH
0.1% formulation arm), both reduction in photophobia
and improvement in visual acuity and contrast sensitivity
were seen in the Cystadrops arm (vCH 0.55%) compared
to the standard formulation (0.1%).

With regard to safety of new viscous formulation (Cysta-
drops), although there were no differences seen in terms of
occurrence of serious adverse events (RR 1.07; 95% CI:
0.17-6.64), but local adverse events occurred more often
in the new viscous formulation-treated group (RR 1.47;
95% CI: 1.10-1.97). Blurring of vision (RR 2.70; 95% CI:
1.09-6.69) was more common in the Cystadrops-treated
arm (Figure 3). Among local adverse effects, burning sensa-
tion (RR 2.67; 95% CI: 1.06-6.70) occurred more
commonly in the viscous group than in the conventional
group (Table 4).

� RISK OF BIAS ASSESSMENT: Overall high risk of bias was
seen in the domain in terms of blinding of participants and
personals (performance bias). In the other domains, risk of
bias assessment, the risk of bias was either low or unclear
(Figure 4).
280 AMERICAN JOURNAL OF
DISCUSSION

IN OPHTHALMIC CYSTINOSIS, THE SYMPTOMS ARE DUE TO

severe anterior stromal disease, which stimulates the sen-
sory nerve endings at the level of the basal epithelial cells.8

It has been shown that cysteamine (HS-CH2-CH2-NH3)
depletes cystine from cystinotic cells. It first crosses the
plasma and lysosomal membranes and then gets concen-
trated in the acidic lysosomes (owing to positively charged
amine groups). Inside the lysosome, free thiol groups and
stored cystine form a complex (disulfide interchange reac-
tion) which freely exits from the cystinotic lysosome using
lysine transport system.9In this way topical cysteamine
treatment bypasses the defective lysosomal-cystine car-
rier-mediated transport, thus accumulated cystine crystals
are depleted.6

� CYSTEAMINE VERSUS PLACEBO: Pooling the results of 2
studies comparing cysteamine with placebo8,24 resulted in
the cysteamine-treated patients showing higher improve-
ments and responses to therapy. Topical application of
cysteamine also resulted in improvement in crystal density
score compared to placebo (1 study; small sample size of n¼
5 in each arm). Although in the study by Bradbury and as-
sociates8 3 of 4 eyes in the cysteamine arm and 0 of 4 eyes in
the placebo arm showed improvement in terms of improve-
ment in contrast sensitivity, the association was not statis-
tically significant (Table 2). Regarding vision, Kaiser-
Kupfer and associates3 reported definite improvement in
visual acuity in 2 patients who received cysteamine treat-
ment. Although Bradbury and associates also reported
improvement in visual acuity in some proportion of pa-
tients, they concluded that improvement in visual acuity
could be attributed to improvement in photophobia and
blepharospasm rather than improvement in corneal trans-
parency.8 Again, Mc Donald and associates20 reported
that the improvement in visual acuity was due to improved
cooperation while testing and progression from symbol
chart to Snellen chart. None of the studies compared
adverse effects.
In terms of evaluation of the formulations, Bradbury and

associates and Kaiser-Kupfer and associates3,24 used
MARCH 2021OPHTHALMOLOGY



TABLE 2. Efficacy Comparison among Standard Cysteamine Drop, Placebo, Cystamine and Newer Formulations of Cysteamine

Comparison Parameter

Number

of Studies

Sample Size

MD/SMD (95% CI) RR (95% CI)

Heterogeneity

Chi-squared/df P Value I2A B

Cysteamine (A)

versus. Placebo (B)

Improvement/response to

therapy

2 25 25 NA 16.00 (2.30-111.37) 0.05/1 .82 0

Crystal density score 1 5 5 �0.80 (�1.56 to �0.04) NA NA NA NA

Improvement in contrast

sensitivity

1 4 4 NA 7.00 (0.47-103.27) NA NA NA

Cysteamine (A)

versus cystamine

(B)

Cysteine density score 1 12 12 �0.94 (�1.64 to �0.24) NA NA NA NA

Cysteamine new

viscous formulation

(Cystadrops) (A)

versus. conventional

Cysteamine

formulation (B)

CCCS score (CFB on day 90) 1 30 30 �0.70 (�0.90 to �0.50) NA NA NA NA

IVCM score (Total score on

day 90)

1 17 17 �3.80 (�5.86 to �1.74) NA NA NA NA

Corneal crystal depth (CFB

on day 90)

1 28 29 �56.90 (�82.81 to �30.99) NA NA NA NA

Photophobia score (CFB on

day 90)

1 30 31 �0.70 (�1.02 to �0.38) NA NA NA NA

CFB¼ change from baseline; CI¼ confidence interval; df¼ degree of freedom; CCCS¼ corneal cystine crystal score; IVCM¼ in vivo confocal microscopy (score); MD¼mean difference; SMD¼
standard mean difference; RR ¼ risk ratio.
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FIGURE 3. Comparison of adverse event between the new viscous formulation (Cystadrops) and the standard cysteamine
formulation.

TABLE 3. Comparative Details of the Two Formulations of Cysteamine (Cystaran and Cystadrops)

Cystaran Cystadrops

Manufacturer Sigma-Tau Pharmaceuticals Orphan Europe France

Composition Cysteamine (6.5 mg/ml CH ¼ 0.44% active

cysteamine ¼ 0.55% CH according to NIH

labeling practices1] with 0.01% BAC.7

Gel-like formulation of cysteamine containing

cysteamine, 3.8 mg/mL (equivalent to 0.55%

CH, also known as vCH 0.55%) containing

carmellose sodium as a viscous agent.4

Other ingredients are BAC, disodium

edetate, citric acid monohydrate, sodium

hydroxide, and 0.1 M hydrochloric acid.21

Frequency of instillation

(1 drop in each eye)

Every waking hour 4 times per day

Storage Pre-use: �25 to �158; During use: 2-258 for

7 days22
Pre-use: 2-88 (refrigerated).22

During use: refrigerated for 7 days (can be

refrigerated at night, kept at room

temperature during the daytime,21 however it

can also be stored at room temperature after

opening.4)

BAC ¼ benzalkonium chloride; CH ¼ cysteamine hydrochloride; NIH ¼ US National Institutes of Health; vCH ¼ viscous cysteamine

hydrochloride.
aqueous solutions of cysteamine ranging from 0.1%-0.5%.8

As the efficacy of cysteamine 0.1% was low in terms of
clearing cystine crystals, Kaiser-Kupfer and associates3,24

advocated the use of 0.5% cysteamine drops.3 In their
study, they had to switch patients from 0.1% cysteamine
to 0.5% cysteamine because of nonresponses with the lower
282 AMERICAN JOURNAL OF
dose.3 The concentration of cysteamine used by Bradbury
and associates was 0.2%, and the authors recommended
0.5% CH for better clearing of corneal crystals.8 CH in a
conventional formulation was well tolerated by all pa-
tients. However, the eye drops were required frequent
instillation (6 times per day according to Bradbury and
MARCH 2021OPHTHALMOLOGY



TABLE 4. Comparison of the Adverse Events Between New Viscous Formulation (Cystadrops) And Standard Formulation of
Cysteamine

Comparison Adverse Effect

Number

of Studies

Sample Size

RR (95% CI)

Heterogeneity

Chi-squared/df P Value I2A B

Cysteamine new viscous formulation

(cystadrops) (A) versus. conventional

cysteamine formulation (B)

Itching 1 15 16 1.60 (0.56-4.58) NA NA NA

Burning sensation 1 15 16 2.67 (1.06-6.70) NA NA NA

Redness 1 15 16 1.37 (0.69-2.74) NA NA NA

CI ¼ confidence interval; df ¼ degree of freedom; NA ¼ not applicable; RR ¼ risk ratio..

FIGURE 4. Risk of bias of the included randomized controlled trials.
associates8 and hourly while awake according to Kaiser-
Kupfer and associates3), which creates compliance issues
and is difficult to maintain in the long term.

Another issue was instability of the solution at room
temperature and short shelf life. At room temperature,
the cysteamine preparation oxidizes to cystamine disulfide,
which mandates compliance to stringent storage
conditions.6

� CYSTEAMINE VERSUS CYSTAMINE: Iwata and associates
evaluated the comparative efficacy of 0.5% cystamine
versus 0.5% cysteamine topical solution.6 In that study,
cysteamine was better than cystamine in terms of crystal
density score. However, none of the patients showed
decrease in vision6 compared to baseline. However, subjec-
tive improvement of photophobia and/or discomfort was
reported in 5 of 6 patients, which resulted in remarkably
increased quality of life.6With regard to adverse effects,
in the cysteamine arm, 2 patients reported burning sensa-
tion. No other adverse effect was reported in the other
arm.6

Although there are reports stating that cystamine de-
pletes granular fraction of cystine in cystinotic fibroblasts,
its efficacy is less than that of cysteamine in dissolving
corneal crystal, and it is postulated that corneal cells do
VOL. 223 EFFICACY AND SAFETY OF TOPICAL CYS
not have the ability to reduce cystamine to cysteamine,
which is a primary requisite for its action.7

� NEWER FORMULATIONS OF CYSTEAMINE: In order to
overcome the problems associated with the conventional
cysteamine solution, 2 newer formulations have been deliv-
ered. One study compared a new preparation consisting of
monosodium phosphate, BAC, and EDTA to the existing
standard cysteamine (Cystaran) formulation.7 Two studies
compared a new viscous formulation (Cystadrops) with the
standard cysteamine formulation (Table 3).4,21

In 2003, Tsilou and associates7 developed a formulation
containing cysteamine hydrochloride 0.55% along with
0.10% disodium EDTA, 1.85% monosodium phosphate,
and 0.01% benzalkonium chloride (Investigational New
Drug 40593; Sigma-Tau Pharmaceuticals), with the inten-
tion of enhancing patient convenience and compliance
due to its longer shelf-life. Cysteamine in its stable free
thiol form can be maintained in this new formulation for
7 months at room temperature and for 24 months in refrig-
eration.8Benzalkonium chloride (BAC) was used as a pre-
servative.1 BAC enhances penetration of cysteamine and
also decreases surface tension and increases dispersion of
gel formulations on ocular surface.11,25 In the formulation
by Tsilou and associates,7 the change in CCCS from
283TEAMINE IN CORNEAL CYSTINOSIS



baseline in the standard formulation group (Cystaran)
was �0.75, and the change was 0.00 in case of the newer
formulation, thus the newer formulation performed below
the standard cysteamine formulation in terms of efficacy7;
however, its adverse effect profile was similar to those of
both formulations. In 2012, Sigma-Tau Pharmaceuticals
received FDA approval for its standard cysteamine formu-
lation Cystaran (containing 6.5 mg/ml CH ¼ 4.4 mg/ml of
cysteamine1 ¼ 0.44% free cysteamine base22 ¼ 0.55% CH
according to NIH labeling practices1; the NIH version
takes into account the moisture content, whereas Cystaran
does not1) with benzalkonium chloride 0.01%,1 but cold
storage was still required.1

Following this, Labbe and associates21 and Liang and as-
sociates4 in their Cystadrops OCT study evaluated a new
viscous formulation of cysteamine (Cystadrops), which
was supposed to be used less frequently (4 times per day)
in comparison to the standard formulation.4,21,23 In their
study, switching to Cystadrops was associated with a signif-
icant decrease in IVCM score from baseline at 4 years.21 In
the Phase III study with Cystadrops, significant decrease
was seen in terms of change of CCCS from baseline,
IVCM score (total score on day 90), corneal crystal depth
change from baseline (at day 90), and photophobia score
change from baseline (at day 90). However, the effect of
Cystadrops on visual outcomes was still variable with no
improvement in BCVA despite improvement in photo-
phobia in the early phase study (phase I/IIa).21 In the sub-
sequent larger sample-sized parallel group phase III RCT,
both improvements in visual parameters (visual acuity
and contrast sensitivity) and improvement in photophobia
were seen in the Cystadrops arm.4 With regard to safety of
the new viscous formulation, occurrence of local adverse
effects (2 studies), blurring of vision (2 studies), and
burning sensation (1 study) were higher in the new viscous
formulation group. However there were no differences in
occurrence of serious adverse events. The most common
local adverse events were itching, redness, and burning
sensation. The common local symptoms with the use of
all CH solutions are associated with the requirement of
maintenance of acidic pH for stability and use of BAC as
preservative, which is a known irritant.4,7 The increased
frequency of local reactions seen in the vCH 0.55% arm
could be because of 5-fold higher concentration of CH
(concentration of CH in the control arm was 0.1%) and
owing to its longer contact period with the ocular surface.4
284 AMERICAN JOURNAL OF
In both studies, all adverse events were manageable, and
none of the patients discontinued treatment.
However, the findings of the studies by Liang and associ-

ates,4 Labbe and associates21 are limited by the use of 0.1%
CH drops as control, as earlier studies recommended use of
higher dose (0.5%) of cysteamine for treatment.6–8,24 Pre-
vious animal studies reported occurrence of blepharitis
with 2% cysteamine, but the side effect profile was similar
to that of the placebo in cysteamine ranging from 0.5% to
1% range (Iwata and associates, unpublished data, 1998).6

Again previous studies also used cysteamine in the range of
0.1% to 0.5%6,8,24 without any increase in safety issues
compared to placebo. Many earlier studies recommended
use of 0.5% cysteamine for better clearance of corneal
crystals.8,24

The new viscous formulation (Cystadrops) of cysteamine
hydrochloride was approved as the first orphan drug to treat
corneal cystinosis in Europe in 2017.12 This viscous formu-
lation offers instillation of only 4 times per day, refrigera-
tion before use and storage at 25 C after first use, it needs
no pre-use freezing and is stable for 7 days after opening.12

However, the earlier formulations of cysteamine required
freezing and storage away from an oxidizing environment
to preserve their potency.6 Cysteamine 0.1% has been
discontinued due to lack of efficacy.5
CONCLUSIONS

TOPICAL CYSTEAMINE IS EFFECTIVE IN REDUCING THE

corneal cystine burden. cysteamine is better than cyst-
amine in treatment of corneal cystinosis. The viscous
formulation of cysteamine (vCH 0.55%) is better than
standard formulation of cysteamine 0.1% in terms of effi-
cacy. The lack of efficacy of the standard formulation
may be due to use of low dose (0.1% in the CH group
compared to 0.55% in the vCH group). However, relative
stability and requirement of less frequent application of the
viscous solution gives us an added advantage. Although,
occurrences of local adverse events were more in the
viscous formulation group, they were manageable. More
trials with equivalent dose between the standard and
viscous formulation to evaluate the comparative safety
and efficacy are needed.
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