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Abstract: Cystinosis is a rare, autosomal recessive disorder leading to defective transport of 

cystine out of lysosomes. Subsequent cystine crystal accumulation can occur in various tissues, 

including the ocular surface. This review explores the efficacy of cysteamine hydrochloride eye 

drops in the treatment of corneal cystine crystal accumulation and its safety profile.
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Introduction to epidemiology, etiology, and 
pathophysiology of cystinosis
Cystinosis is a rare disease affecting lysosomal storage.1,2 Normally, cystine – a 

disulfide amino acid – is transported out of lysosomes into the cytoplasm via cysti-

nosin with the aid of H+ ions.3,4 Cystinosin is a 367-amino acid protein with seven 

transmembrane domains. It is coded for by the CTNS gene of 12 exons spanning 23 

kb on chromosome 17p13.2 discovered in 1998.2–5 Patients with infantile or nephro-

pathic cystinosis, the commonest subgroup of cystinosis, develop renal symptoms by 

6–12 months of age in addition to the extra-renal complications.2,3 Juvenile or ado-

lescent cystinosis has a later onset and is a milder form of the disease with effects on 

the kidneys and the eyes.2,3 Ocular cystinosis merely shows evidence of ophthalmic 

crystal deposition.2,3

Cystinosis is an autosomal recessive disorder leading to failure of cystine transport 

out of the lysosomes.2,4 The 57-kb deletion of the CTNS gene is the commonest muta-

tion encountered in the European population with infantile cystinosis, where 76% are 

either homozygous or heterozygous with this mutation.5–7 Moreover, this deletion affects 

CARKL and TRPV1 genes. The CARKL gene is involved in sedoheptulose phosphoryla-

tion in the pentose phosphate pathway, and sedoheptulose levels in blood and urine can 

be used to screen families carrying this mutation.5,8 Many other mutations as well as no 

mutations have been reported to give rise to this condition.9–12 In contrast, this commonly 

reported 57-kb deletion has not been encountered in non-European countries, such as 

Egypt and Turkey, highlighting the array of varied mutations within different population 

groups.13–15 Typically, the mutation involved in infantile cystinosis leads to complete loss 

of cystine transport protein, whereas that involved in adolescent and ocular cystinosis 

leads to a reduction in the functioning cystine transport system.16,17 Crystal production 

from a defective or diminished transport system and subsequent accumulation of cystine 

leads to a variety of phenotypes. In vivo studies have shown that lysosomal cystine leads 

to apoptosis of cells via cysteinylation or mixed disulfide formation.18,19
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Epidemiological studies dating back to 1959 show that 

consanguinity plays a role in the incidence of cystinosis and 

it tends to vary among different population groups. However, 

its highest incidence was reported to be 1 in 3,613 and 1 in 

25,989 live births in a cohort of Pakistani-origin popula-

tion living in West Midlands, UK, and Brittany, France, 

respectively.20–29

Renal compromise leads to hypophosphatemic rickets 

and growth retardation.30 Extra-renal sequelae include hypo-

thyroidism secondary to thyroid gland fibrosis (75%), male 

hypergonadotropic hypogonadism secondary to testicular 

fibrosis and atrophy (74%), myopathy (50%), swallowing 

difficulties (60%), pulmonary failure secondary to muscle 

weakness and atrophy (69%), diabetes mellitus requiring 

insulin (24%), hypercholesterolemia (33%), vascular calci-

fications (31%), and cerebral calcifications (22%).4,31

Ocular abnormalities include both anterior and posterior 

segment pathology.32,33 Cystine crystals are deposited in all 

layers of the cornea – mostly, the stroma and, typically, in the 

peripheral cornea – by 16 months of age.34 Consequences of 

crystal deposition include photophobia, punctate keratopathy, 

filamentary keratitis, recurrent epithelial erosions causing 

pain, visual impairment, and scarring.34,35 Further, these 

crystals aggregate in the conjunctiva, iris, and ciliary body 

with further complications of band keratopathy, corneal 

neovascularization, posterior synechiae, pupillary block, and 

secondary glaucoma.35 Crystal accumulation in the posterior 

segment, including the retina, choroid, and optic nerve, pres-

ents as pigmentary retinopathy, reduced color vision, reduced 

night vision, reduced contrast sensitivity, field loss, and 

central vision loss.4,35–37 Moreover, papilledema has been 

reported secondary to raised intracranial pressure.35

A study carried out, in 1983, among 205 patients with 

cystinosis showed a median survival time of 8.5 years.38 The 

average time to end-stage renal failure was approximately 

9 years.38,39 Subsequent studies after the introduction of 

oral cysteamine (beta-mercapto-ethyl-amine) or Cystagon, 

approved by the Food and Drug Administration (FDA) 

in 1994, showed more hopeful outcomes.4 A study from 

2007 among 100 patients enrolled at the National Institutes 

of Health with nephropathic cystinosis and receiving oral 

cysteamine found that renal transplantation usually occurred 

by a mean age of 12.3 years and death occurred at a mean 

age of 28.5 years in one-third of their study population.4 

Similar results were seen in a European study from 2011 

of a cohort of patients with infantile cystinosis, where renal 

replacement therapy was only required at a mean age of 

12.8 years.40 Studies showed that this increase in time to 

renal failure was contributed to by the introduction of oral 

cysteamine therapy.40–42 Furthermore, renal transplants were 

shown to have better prognosis in patients with cystinosis, 

where graft survival was 94% at 5 years and 86.5% at 

10 years.40,42,43 Moreover, a study showed that patients with 

cystinosis in developing countries, where only 54% of their 

study population received oral cysteamine, had their median 

time to kidney failure reduced by 6.4 years compared to a 

study population in developed countries, where all patients 

received oral cysteamine.44 Once oral cysteamine became 

more accessible in the developing world, this discrepancy 

in time to renal failure reduced to 3.8 years.44

Due to the rich vascular supply of choroid and retinal 

pigment epithelium, oral cysteamine showed a benefit in 

treating retinal crystal deposition.36 However, such success 

was not evident in treating anterior segment ocular surface 

cystine accumulation, and a case report also documented 

recurrence of cystine crystals on donor cornea following 

penetrating keratoplasty for cystinosis.45,46 With regard to 

corneal changes, a study on CTNS(-/-) knockout mice showed 

an increase in crystal deposition with time. Treatment with 

cysteamine drops showed a significant reduction in crystal 

deposition in the treated eyes with time (15% rise) compared 

to untreated eyes (173% rise).47

The aim of this article is to review the efficacy and 

the safety of topical cysteamine hydrochloride drops in 

patients with cystinosis who have corneal cystine crystal 

deposition.

Review of pharmacology, mode of action, 
and pharmacokinetics of cysteamine 
hydrochloride eye drop solution
Cysteamine is a free aminothiol which enters lysosomes.4 

A disulfide reaction with cystine results in cysteine and 

cysteine–cysteamine compounds that can exit lysosomes via 

a different route to the conventional cystinosin pathway.4,48

The current cysteamine drops have several drawbacks and 

limitations. The hydrophilic cysteamine eye drops have poor 

penetration through the lipophilic corneal epithelium; there-

fore, lesser amount of drug reaches the hydrophilic stroma, 

where cystine crystals are vastly deposited.49 This was evident 

in a study that compared the pharmacokinetics of cysteamine 

through a full-thickness cornea and de-epithelialized cornea 

and found cysteamine penetration was greater through a 

de-epithelialized cornea.49 In addition, as with most topical 

drops, cysteamine drops are known to have a brief residence 

time on the ocular surface, thus requiring regular administra-

tion of treatment – up to 12 times per day and likely leads 
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to poor compliance by patients.49 Moreover, it is unstable in 

aqueous solution at room temperature as cysteamine oxidizes 

to its inactive form cystamine; therefore, it needs to be stored 

at -20°C and kept refrigerated once opened.49 The Sigma-

Tau Pharmaceuticals product Cystaran, 0.44% cysteamine 

with benzalkonium chloride (BAC) 0.65%, received FDA 

approval in October 2012, and was commercially available 

from May 2013 – nonetheless, costing US$875 per 15 mL 

bottle.50 Due to the unstable nature of the drug, it has a limited 

shelf life of 1 week.50

A Franz-type diffusion model was used to study pen-

etration of 0.44% cysteamine in the donor compartment 

through porcine cornea.49 Cysteamine penetration was 

analyzed using the receptor solution and was only detected 

after 60 minutes, which was deemed to be due to its poor 

penetrance and instability.49 Furthermore, corneal penetra-

tion of cysteamine was found to be poor at pH 4.2, but was 

enhanced at pH 7.4 because cysteamine existed in both 

unionized and amphiphilic forms at pH 7.4.49 It was assumed 

that, in vivo, lacrimal fluid with pH 7.4 would result in a pH 

shift of the unbuffered cysteamine solution, allowing greater 

corneal penetration.49 However, at pH 7.4 and at increased 

temperatures, these unionized thiol groups were more prone 

to oxidation.49

The study group further examined excipients and dis-

covered that disodium edetate (EDTA) did not aid cysteam-

ine penetration at either pH 4.2 or 7.4.49 In contrast, BAC 

enhanced cysteamine penetration by ten times after 5 hours, 

and the initial time at which the receptor compartment 

identified cysteamine then reduced to 1 hour from 4 hours.49 

Furthermore, BAC reduced the surface tension, allowing the 

gel more dispersive power on the ocular surface.51 Moreover, 

alpha-cyclodextrin allowed 20 times greater penetrance of 

cysteamine at a concentration of 5.5%.49 The time to identifica-

tion of cysteamine in the receptor compartment still remained 

at 1 hour.49 BAC and alpha-cyclodextrin did not alter the 

stability of cysteamine.49 In contrast, EDTA – on its own or 

when combined with sodium phosphate – had a protective 

effect on cysteamine stability.49 It did not negatively affect 

the enhanced permeability effect of alpha-cyclodextrin.49 The 

aforementioned findings have yet to be investigated in vivo.49

The bioavailability of a drug on the ocular surface can 

be optimized with gels, fornix inserts, punctual plus, sub-

conjunctival inserts, and contact lenses.52 In vitro studies 

attempted to investigate some of the above vehicles as a 

form of delivering cysteamine to the ocular surface, with 

the aim of ultimately improving patient compliance and 

their quality of life.

A study from 2008 investigated Hi-Tech Pharmaceutical’s 

preparation of cysteamine hydrochloride 0.55%, monosodium 

phosphate, disodium EDTA, and BAC, made viscous with 

hydroxypropylmethylcellulose (HPMC).53 Increased vis-

cosity was seen with HPMC concentrations of 0.5%–1.5%; 

however, the active drug release was better at a concentration 

of 1.0% compared to HPMC 1.5%.53 The stability of this gel 

cysteamine formulation decreased with time over 1 year at 

room temperature, but remained constant at 4°C.53 A study 

from 2010 also used Carbomer 934 to prepare a cysteamine 

hydrochloride gel and showed continuous drug release in 

its active form.54 A study from 2016 considered hydrogel 

formulations for cysteamine hydrochloride 0.55% and BAC 

as a preservative.51 Hydrogels can be pseudoplastic, trans-

parent, and bioadhesive, thereby permitting prolonged drug 

release and, thus, optimizing bioavailability and compliance 

through less frequent drug administration.51 Carbomer 974 

(0.25%) and xanthan (0.3%) gels were proven to be of poor 

stability.51 In contrast, sodium hyaluronate (0.3%), carbomer 

934 (0.3%), and hydroxyethyl cellulose (0.8%) dispensed 

cysteamine over 45–50 minutes.51 However, only sodium 

hyaluronate (0.3%) showed long-term stability and was 

greatest when dispensed in ampoules.51

In vitro studies showed that contact lenses saturated with 

50 mg/mL cysteamine can result in six times higher bioavail-

ability, but the drug-dispensing time was short due to the low 

molecular weight of cysteamine and its hydrophilic proper-

ties.52 In contrast, 1-Day Acuvue® TrueEye with vitamin E 

10.22% and Acuvue Oasys contact lenses combined with 

vitamin E 19.14% extended cysteamine drug-release time 

to 25 minutes and 3 hours, respectively, from 10 minutes.52 

Moreover, vitamin E had a protective role from oxidation 

of cysteamine.52 It was thought that vitamin E ensured 

separate transport of oxygen in silicone-rich channels in the 

hydrogels and transport of cysteamine in the hydrophilic 

channels.52

A more advanced hydrogel polymer called nanowafers, 

which are transparent circular discs with a refractive index 

similar to that of soft contact lenses and malleable to the 

ocular surface, were also investigated as a vehicle for 

cysteamine.55 Cysteamine was converted to cystamine on 

nanowafers made of carboxymethyl cellulose, polyvinylpyr-

rolidone, and HPMC within 2 weeks.55 Conversely, nano-

wafers made with poly(vinyl alcohol) kept cysteamine in 

its active form for 4 months at room temperature and only 

dimerized to cystamine after 6 months.55 When compared 

to instillation of cysteamine 0.44% (44 µg) drops twice per 

day to a nanowafer with cysteamine 10 µg once per day, 
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the latter was more effective at clearing up cystine crystals 

by 65%, compared to 34% with the drops.55 The additional 

advantages of nanowafers are that they self-disintegrate after 

4–5 hours, are safe, and have lubricating properties on the 

ocular surface.55

Efficacy studies, including any relevant 
case reports
Shams et al described a summary of treatment modalities 

available for corneal cystine crystal deposition.56 This review 

summarizes the efficacy studies, including case reports, 

of cysteamine hydrochloride drops in chronological order 

(Table 1).

Kaiser-Kupfer et al carried out a double-blind, random-

ized, placebo-controlled trial between November 1985 and 

September 1989 investigating 25 patients with cystinosis.57 

They assigned patients into two groups: Group 1 comprised 

those younger than age 4 and Group 2 included patients 

between ages 4 and 31.57 They investigated instillation of 

0.1% cysteamine in normal saline (prepared by National 

Institutes of Health Clinical Center’s Pharmaceutical 

Development Service) in one eye, compared to placebo 

of normal saline in the second eye, instilled hourly during 

waking hours, with new bottles dispensed every 5 days.57 

The cysteamine concentration was changed to 0.5% during 

the trial for some patients following animal studies and 

subsequent approval for use in patients.57 Investigators 

blinded to study allocation determined an end point as a dif-

ference in the “corneal density score” between the two eyes 

and a decrease in the “corneal density score” in the “better” 

eye compared to the previous visit.57 This corneal cystine 

crystal score included arbitrary units from 0 to 3.00, with 0.25 

increments, by subjectively comparing to a library of standard 

corneal transparency slides.57 Of the 16 patients in Group 1, 

50% showed a reduction in corneal cystine crystal score in 

the eye receiving both 0.1% or 0.5% cysteamine drops and 

the median time to the end point was 8 months.57 Of the nine 

patients in Group 2, two patients receiving 0.5% cysteamine 

reached the end point at 6 and 9 months and the study elu-

cidated that compliance was better in these patients than in 

patients not reaching the end point.57 This study concluded 

that, possibly, early administration of cysteamine drops at a 

young age would have a more beneficial effect on corneal 

cystine crystal clearance than at older ages.57

A subsequent case report from 1991 is of a 2-year-old 

with nephropathic cystinosis treated with 0.5% cysteamine 

drops hourly during waking hours in one eye.58 At 3 months, 

the cornea, especially in the center, had significantly less 

cystine crystals.58 The untreated eye remained status quo, T
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Cysteamine hydrochloride eye drop solution for corneal cystine crystals

but was treated with 0.5% cysteamine drops thereafter and 

showed similar advancement in corneal cystine crystal 

reduction.58

Bradbury et al carried out another double-blind, random-

ized, placebo-controlled study on five patients with cystinosis 

between December 1989 and May 1990.59 Patients received 

0.2% cysteamine hydrochloride with disodium edetate 

0.02% in normal saline (prepared by Pharmacy Department, 

St James’ Hospital, Leeds, UK) in one eye, and the other eye 

received normal saline six times per day.59 Two observers 

determined the corneal cystine crystal score (on an arbitrary 

scale from 0 to 4.00, with increments of 0.5) of slit-lamp 

photographs of corneas and were blinded to the treatment 

administered to that particular cornea.59 The corneal cystine 

crystal score improved in the treated eye in all patients by a 

mean score of 0.80 arbitrary units over 6 months.59

Furthermore, Iwata et al carried out a double-blind, 

randomized trial to compare cysteamine 0.5% with BAC 

drops, using the unstable cystamine 0.5% with BAC drops 

(prepared by National Institutes of Health Pharmaceutical 

Development Service under Investigational New Drug 

[IND] Exemption No 45321) in patients with cystinosis.60 

Both drugs were frozen prior to use.60 Half of the patients 

showed a reduction in the corneal cystine crystal score at first 

follow-up at 6–8 months in the eyes receiving cysteamine 

0.5% drops.60 Mean decrease in the corneal cystine crystal 

score was 1.02 units in the cysteamine 0.5% group, which was 

significantly greater than the reduction of the corneal cystine 

crystal score by 0.07 units in the cystamine 0.5% group.60

Tsilou et al carried out two prospective double-blind, 

randomized controlled trials investigating the efficacy of 

cysteamine hydrochloride 0.55% with BAC 0.01% in one 

eye of 15 patients (prepared by the National Institutes of 

Health Pharmaceutical Development Service under IND No 

40593) and a new formulation (same as US FDA-approved 

0.44% cysteamine from Sigma-Tau Pharmaceuticals without 

accounting for the moisture content of the hydrochloride) 

containing cysteamine hydrochloride 0.55% with monoso-

dium phosphate 1.85%, disodium EDTA 0.1%, and BAC 

0.01% (prepared by Sigma-Tau Pharmaceuticals as an 

amendment to IND No 40593) in the second eye, admin-

istered hourly during waking hours.50,61 The drug was kept 

frozen, thawed before use, and kept at room temperature for 

1 week only.61 A new frozen bottle was used each week.61 

The corneal cystine crystal score showed at least one arbitrary 

unit of improvement (ranging from central clarity to great-

est cysteine crystal density) in 47% receiving the standard 

treatment and no change in the patients receiving the new 

formulation.61 Authors suggested that the latter outcome 

might be secondary to the more frequently reported stinging 

and burning sensation with the new formulation, resulting in 

reflex blinking and elimination of the drug from the corneal 

surface prior to absorption.61 Moreover, a prospective study 

on 32 patients with nephropathic cystinosis had 2-hourly 

treatment with cysteamine 0.55% drops to both eyes (pre-

pared by King Faisal Specialist Hospital & Research Center 

pharmacy, Riyadh, Saudi Arabia).62 New bottles were used 

every 10 days.62 Approximately, two-thirds of the patients did 

not show a significant change in the corneal cystine crystal 

score and the other one-third of the patients had a significant 

increase of the corneal crystal score over a mean follow-up 

period of 4 years.62 The authors suggested that this might have 

been secondary to dissolution of cysteamine eye drops with 

blinking, poor absorption of drug, low concentration of drug 

used, or high density of cystine crystals on the cornea.62

In contrast, Labbé et al carried out a phase I/IIa trial, 

which was an open-label, dose–response, nonrandomized 

pilot study called The Cystadrops OCT-1 study, over 2008 

and 2012, in France.63 They treated eight patients with 

infantile cystinosis with 0.1% cysteamine hydrochloride 

(prepared by Pharmacie Centrale des Hopitaux de Paris, 

France) in both eyes with a mean of 4.0±0.5 drops per day 

for the first 30 days.63 At this point, treatment in both eyes 

was switched to mercaptamine, Cystadrops gel (cysteamine 

hydrochloride 0.55%, carmellose sodium, BAC, disodium 

edetate, citric acid monohydrate, sodium hydroxide, 0.1 M 

hydrochloric acid, and purified water in dark bottles prepared 

by Orphan Europe, France) at the same frequency and titrated 

at 3 months.63 In case of an increase in cystine crystal density, 

treatment was either stopped or frequency of drug admin-

istration was increased by one instillation.63 In contrast, the 

frequency of drug administration was reduced by one instil-

lation if the cystine crystal density was stable and reduced 

by two instillations if an improvement was observed.63 

At subsequent visits after 3 months, the frequency of drug 

administration was increased by one dose if the cystine 

crystal density showed an increase, continued at the same 

frequency if the disease process was stable, and reduced by 

one instillation if an improvement in the crystal density was 

observed.63 New bottles that were kept in the fridge were 

used every week and, once opened, kept at room temperature 

during the daytime and refrigerated at night.63 In vivo con-

focal microscopy (IVCM) was used to quantify the crystal 

density over a 400×400 µm area of the central cornea on both 

the epithelium and stroma independently and classified as 

0, if no crystals; 1, if covering 25%; 2, if 25%–50%; 3, if 

50%–75%; and 4, if 75% of the defined area.63 The IVCM 

score remained stable over the first month while on 0.1% 
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cysteamine hydrochloride drops.63 However, the IVCM score 

significantly reduced at 3 months after starting mercaptamine 

gel treatment and remained stable thereafter for a duration of 

4 years of active treatment.63 This decrease was significant 

compared to the baseline at 4 years, even with down-titration 

of the treatment to a mean 3.0±1.07 drops per day.63 When 

comparing layers of the cornea, the IVCM score of the epi-

thelium reduced at 1 month (0.1% cysteamine chloride) and 

at 3 months (mercaptamine gel), compared to the baseline.63 

The IVCM score continued to decrease with mercaptamine 

gel, especially in the anterior stroma, even with reductions 

in frequency of instillations.63 The same group successively 

carried out an open-label phase III randomized trial com-

paring cysteamine hydrochloride 0.55% gel (equivalent to 

mercaptamine 0.55%, Orphan Europe, France) with carmel-

lose sodium stored in dark vials that were renewed weekly 

and 0.1% cysteamine hydrochloride drops (prepared by 

Pharmacie Centrale des Hôpitaux de Paris [AGEPS], AP-HP 

Hospital Pharmacies, Paris, France) four times per day to 

both eyes.64 They had 15 patients in the cysteamine 0.55% 

gel group and 16 in the cysteamine 0.1% group.64 The mean 

IVCM score reduced significantly from 10.6±4.2 at baseline 

to 6.0±2.1 at 3 months in the cysteamine 0.55% gel group, 

and from 10.8±3.5 to 9.8±3.8 in the cysteamine 0.1% group.64 

The absolute reduction of 4.6±3.1 in the cysteamine 0.55% 

gel group was significantly greater than the absolute reduc-

tion of 0.5±3.4 in the cysteamine 0.1% group.64 The IVCM 

scores were considerably lower in most corneal layers in 

eyes treated with cysteamine 0.55% gel after 1 month.64 The 

mean corneal cysteine crystal score reduced by 0.59±0.52 

from a baseline score of 2.26±0.56 in the cysteamine 0.55% 

gel group at 3 months, and this reduction was not apparent 

with cysteamine 0.1%.64 This increase in efficacy was owed 

to the increase in residence time of the 0.55% cysteamine 

hydrochloride gel and, therefore, to its ability to penetrate 

deeper layers of the cornea.64 This preparation of cysteam-

ine hydrochloride 0.55% gel acquired European Marketing 

Authorization in January 2017.64 Cysteamine hydrochloride 

0.1% has now been removed from the market due to its failure 

to show efficacy in treating corneal cystine crystals.65

Safety and tolerability
None of the studies reported any serious adverse events. 

These were described to be vision loss, severe redness 

expanding over 50% of the conjunctiva, and severe pain 

affecting daily activities.61 Transient local adverse events 

lasting less than 1 hour were described in most studies. 

These were namely, stinging, burning, and redness and were 

likely due to increased viscosity; therefore, increased resi-

dence time as well as a higher concentration of cysteamine 

hydrochloride were implicated as causes.63,64 A tolerability 

questionnaire in the form of Comparison of Ophthalmic 

Medications for Tolerability was completed by five patients 

in the phase III trial described above and, at 90 days, three 

were “very satisfied” and two were “somewhat satisfied” with 

cysteamine 0.55% gel treatment.64 All five patients expressed 

their preference toward the new treatment compared to their 

previous treatment.64

Patient-focused perspectives, such 
as quality of life, patient satisfaction/
acceptability, adherence, and follow-up
Published data on patient-focused perspectives are limited. 

Compliance, even at 1-hourly instillations, was generally good. 

Adherence was further shown to improve with counseling.57

Impact of photophobia, from cystine crystals likely 

stimulating sensory nerves at the basal epithelium and stroma, 

was considered in most studies.57 This is expected because a 

symptom, such as photophobia, will notably affect a patient’s 

quality of life. In most studies, there was a parallel reduction 

in both subjective photophobia and clinician-assessed photo-

phobia with corneal cystine crystal density when cysteamine 

hydrochloride 0.55% topical treatment was administered, 

which led to younger patients being able to play outdoors and 

even observe sunsets.60,64 Furthermore, some studies reported 

an improvement in visual acuity and contrast sensitivity with 

cysteamine hydrochloride 0.55%.59,64

Conclusion, place of cysteamine 
hydrochloride eye drop solutions as 
a treatment modality for corneal 
cystine crystal deposition
Given that cystinosis is an orphan disease, there are only a 

few reports studying effects of cysteamine hydrochloride 

topical treatment in the treatment of corneal cystine crystals. 

This is a significant reason for various end points studied 

over the course of the last 30 years. In addition, the avail-

ability of more advanced technology has allowed researchers 

to measure corneal cystine crystals both quantitatively and 

qualitatively, such as with in vivo confocal microscopy. 

Although in vivo confocal microscopy may be the best 

method so far in quantifying crystal density and describing its 

distribution in each layer of the cornea, it may not be readily 

available in all eye units. Clinical assessment, as described by 

Al-Hemidan et al,62 where the number of crystals per square 

millimeter is defined, may also be a suitable objective method 
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of quantifying these crystals. However, determining visual 

acuity and level of photophobia may be the most relevant 

method of determining the effect of treatment on the patient’s 

quality of life.

This review shows that topical cysteamine hydrochloride 

at 0.55% is efficacious as well as safe in treating corneal 

cystine crystals. These objective improvements in corneal 

cystine crystal density reduce the risk of complications, 

such as corneal erosions, scarring, and neovasculariza-

tion.57 Furthermore, they can be associated with subjective 

improvements in photophobia and, thence, quality of life.57 

However, treatment in the form of drops requiring frequent 

administration is likely to lead to poor adherence and burden 

on carers who have to instill the treatment to patients who 

are largely a pediatric population. More viscous therapy 

in the form of gels instilled less regularly can be just as 

efficacious, but more studies utilizing contact lenses and 

nanowafers described herein can be valuable. Moreover, this 

expensive drug has practicality issues with regard to being 

unstable at room temperature and having a short half-life 

of 1 week once opened. Finally, cystine crystals can also 

be deposited in the iris and ciliary body causing complica-

tions, such as glaucoma. However, topical cysteamine was 

not shown to reach significant drug levels in the aqueous 

humor in vivo and, therefore, this should be considered in 

future studies.66
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