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Purpose: Corneal cystine accumulation results in photophobia and affects patients’ quality of life. We assessed the efficacy and safety 
of cysteamine 0.55% solution in Japanese cystinosis patients with corneal cystine crystals for 52 weeks.
Patients and Methods: This was a Phase III, open-label, single-arm study conducted in Japan (jRCT2021200029; registered on 07/ 
12/2020). Patients with white blood cell cystine levels >1 nmol/half-cystine/mg protein or presence of corneal cystine crystal deposits 
identified by slit-lamp biomicroscopy were included. The primary endpoint was assessed as the in vivo confocal microscopy (IVCM) 
total score of 7 corneal layers. Visual acuity, photophobia and safety (adverse events [AEs]) endpoints were also evaluated.
Results: Six patients (four males and two females) were included. The mean age (standard deviation [SD]) of the patients was 29.0 
(10.30) years, with a mean treatment duration of 13.7 (0.52) months. Although the acquisition of the IVCM total score was limited, an 
overall downward trend was observed in IVCM scores for each layer of the cornea. A decrease in the average of smoothed intensity 
was observed in four out of six patients at Week 16. Most patients reported at least 1-step improvement in physician and patient- 
reported photophobia assessment. Thirty-three AEs were reported in five patients (83.3%). Three patients (50.0%) reported eye and 
general disorders and administration site conditions. Tingling sensation was the most frequently reported local adverse drug reaction. 
No serious AEs or deaths were reported.
Conclusion: Cysteamine eye drops were efficacious and well tolerated in the Japanese cystinosis patients with corneal cystine 
crystals.
Keywords: cystine, clinical trial, corneal crystals, IVCM total score, photophobia, Japan

Introduction
Cystinosis is a rare autosomal recessive lysosomal storage disorder caused by mutations in the cystinosin gene (CTNS) on 
chromosome 17.1,2 CTNS encodes a membrane transporter protein, cystinosin, which exports lysosomal cystine into the 
cytoplasm. This protein’s dysfunction results in cystine crystals accumulating throughout the body, leading to multiple 
organ damage.1,2

The prevalence of CTNS gene mutations has primarily been reported in European and North American populations3–6 

and rarely in the Asian and Middle Eastern populations, including Japan, due to the absence of the 57-kb Northern 
European founder deletion in the CTNS gene.7,8

The worldwide prevalence of cystinosis is estimated to be 1/100,000–200,000 live births.2 A considerably lower 
incidence of cystinosis was reported in Japan.9 The severe form of cystinosis, which manifests as infantile nephropathic 
cystinosis, affects 95% of children by 6–12 months of age.7 The less severe forms are juvenile nephropathic cystinosis 
and ocular non-nephropathic cystinosis, which manifests in late childhood or adolescence and adulthood, respectively.7,10 

Adult, ocular non-nephropathic cystinosis is mainly identified by photophobia due to cystine crystals in the cornea.11 
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Ocular deposition of cystine crystals starts in the anterior segment of the eye (in the cornea and conjunctiva) and 
gradually progresses towards the posterior segment.12,13 The visual manifestations include photophobia, blepharospasm, 
corneal ulcer, superficial keratopathy, and band keratopathy.14 When left untreated, ocular cystinosis can lead to vision 
loss, eventually necessitating keratoplasty.15,16

Over the last 20 years, aminothiol cysteamine has been used to treat cystinosis.17 Cornea being an avascular tissue, 
oral cysteamine is ineffective in treating corneal symptoms as the corneal tissues do not absorb it.18 The failure of oral 
cysteamine in treating ocular cystinosis, which was effective in treating nephropathic cystinosis, necessitated the 
development of topical cysteamine.18–21 Topical cysteamine is effective for lysis of cystine crystals in the cornea and 
helps reduce corneal crystal density and photophobia.14,21,22 In 2012, the Food and Drug Administration approved 
a 0.44% cysteamine with 0.01% benzalkonium chloride formulation.18 Similarly, a 0.55% cysteamine hydrochloride 
(CH) topical formulation was found to have optimal performance when sodium hyaluronate was used as a vehicle.23 In 
Europe, a viscous formulation of 0.55% CH (equivalent to 0.37% cysteamine), CYSTADROPS®, Recordati Rare 
Diseases SARL, was approved in 2017,24 and subsequently also approved in the United States in 2020.25 In addition, 
Cystadrops Ophthalmic Solution, Viatris Pharmaceuticals G.K., was approved in Japan in 2024.26

In vivo confocal microscopy (IVCM) is the gold standard for quantification of cystine crystals in corneal layers.27 

Topical cysteamine has improved the IVCM score from baseline to Month 48.28 In a study by Labbé et al, 0.55% CH 
significantly reduced the IVCM score by 29.9 ± 26.29% (p=0.001) compared to 0.1% CH eye drop, administered 4 times 
daily.28 Liang et al demonstrated a significant change in the mean scores of IVCM from baseline to Day 90 in the 0.55% 
CH group (−4.6 ± 3.1) versus the 0.10% CH group (−0.46 ± 3.38; p < 0.0001). Photophobia was also significantly 
improved in the 0.55% CH group.29 Although oral drugs containing cysteamine tartrate with the lytic action of 
intracellular cystine crystals in vascularized structures have been approved in Japan for nephrogenic cystinosis,30 it 
was ineffective in treating cystine crystals accumulated in the cornea. Hence, a 0.55% ophthalmic cysteamine solution 
developed by Recordati Rare Diseases SARL was tested in a Phase I study in Japanese adult men and was well tolerated 
(Data on file).

Since cystinosis is a rare disease, no data on the efficacy and safety of CH are available in Japan. Here, we evaluated 
the efficacy and safety of a 0.55% ophthalmic solution of cysteamine in Japanese patients presenting with corneal cystine 
crystals.

Materials and Methods
Study Design and Participants
This was a Phase III, open-label, single-arm study (jRCT2021200029; registered on 07/12/2020) conducted between 
January 2021 to April 2022 across multiple centers in Japan.

The study was conducted based on the principles of the Declaration of Helsinki (revised on October 19, 2013) and the 
standards specified in Article 14, Article 3, and Article 80 (2) of the Law Concerning Quality, Efficacy, and Safety of 
Clinical Trial Protocols, Pharmaceuticals, and Medical Devices and Good Clinical Practice (Ministry of Health and 
Welfare dated March 27, 1997) implemented in compliance with Order No. 28 and its amended ministerial ordinance and 
other relevant notices.

Patients were informed of the objectives, methods, duration, nature of drug, effects, anticipated adverse reactions, etc 
of the study, and voluntary written consent to participate in the study was obtained for all patients before study entry. The 
respective ethics committees of the study centers (All Tohoku Clinical Trial Review and Audit Organization 
(ACTIVATO), Yokohama City University Medical Center Institutional Review Board, and Japan Community Health 
Care Organization Chukyo Hospital Institutional Review Board) approved the study.

Patients with cystinosis, demonstrated by either white blood cell cystine levels >1 nmol/half-cystine/mg protein 
before the initiation of treatment with oral cysteamine or the presence of corneal cystine crystal deposits identified by 
slit-lamp biomicroscopy at screening were included. For study inclusion, patients also had to meet the following 
inclusion criteria: patients willing to comply with 4 doses of the investigational product per day for the study, patients 
for whom the principal investigator or a sub-investigator ascertains that they can adhere to the protocol-defined 
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procedures, and patients or legally accepted representatives (if minor) who were willing to provide informed consent 
before study initiation.

Excluded patients were ones who received cysteamine ophthalmic solution within 1 year before administration of the 
investigational product, those with uncontrolled liver, heart, and neurological diseases and complications of malignancy, 
history of hypersensitivity to cysteamine, benzalkonium chloride, edetate disodium, carmellose sodium, citrate mono-
hydrate, and penicillamine, patients with alcohol or drug dependence or a history of substance abuse, pregnant women or 
possibly pregnant or breastfeeding, those of childbearing potential without adequate contraception (eg complete absti-
nence, condoms, diaphragms, intrauterine devices, or oral contraceptives) and those who participated in a clinical or post- 
marketing study within 4 months before ophthalmic solution administration.

Treatment and Administration
The study product comprised A0003, an ophthalmic solution of 0.55%, containing 3.8 mg of cysteamine in 1 mL dosage 
form. This was a fixed-dose study in which the cysteamine ophthalmic suspension of 0.55% was administered four times 
daily (4-hour intervals) as a single drop in both eyes or to either eye per the treatment requirement over 52 weeks.

In the absence of treatments for conditions resulting from the accumulation of cystine in the cornea in Japan, it was 
considered that active drugs could not be used as a control. Using a placebo was considered ethically unsuitable; thus, the 
study used a single arm.

Endpoints and Assessments
The primary efficacy endpoint was comprehensive scoring of crystal density of 7 layers of the cornea (superficial 
epithelium, basal epithelium, Bowman’s membrane, stroma [shallow, middle, and deep layers], endothelium) measured 
using IVCM global score (IVCM total score). The IVCM total score was measured at baseline (8 weeks before the study 
initiation), then during the follow-up at 13–16 weeks, and 49–52 weeks after ophthalmic solution administration. Details 
of IVCM measurements are presented in Supplementary Methods 1.

The secondary endpoints were the assessment of luminous waveform (anterior segment optical coherence tomography 
[AS-OCT]) of corneal cystine crystals and photophobia severity assessed by the physicians and patients. Additional 
details are in Supplementary Methods 2 and 3. These endpoints were measured at baseline (8 weeks before the study 
initiation) and during follow-up after the study initiation at Weeks 4, 16, 28, 40, and 52.

The incidence of adverse events (AEs) and local adverse drug reactions (LADRs) were assessed throughout the study. 
After ophthalmic solution administration, AEs were reviewed through Weeks 4, 16, 28, 40, and 52. If safety issues, such 
as the occurrence of AEs, led to treatment discontinuation, the investigator or sub-investigator took appropriate measures 
and the patient was followed up until symptoms (laboratory values, etc) resolved to almost the status before the start of 
the study, or at least for one month. The detailed assessment and intensity, and relationship to the treatment is presented 
in Supplementary Methods 4.

Visual acuity testing (logarithm of the minimum angle of resolution [logMAR] visual acuity), contrast-sensitivity, 
refractive testing, intraocular pressure testing, corneal geometry analysis (corneal topography), fluorescein staining, and 
fundus examination (fundus photography) were evaluated from baseline to Weeks 4, 16, 28, 40, and 52. The ophthal-
mological assessments of visual acuity testing are presented in Supplementary Methods 5.

Blood pressure (seated), pulse rate (seated), body temperature (axilla), 12-lead electrocardiogram (ECG), hematology, 
serum chemistry, and urinalysis were also evaluated. Pregnancy tests were performed only on females of childbearing 
potential at Week 52. Details of the tests and the assessment criteria are presented in Supplementary Methods 6.

Statistical Analyses
Previously, in a Phase I/IIa28 and an open-label, Phase III clinical study29 the means and standard deviations (SD) of the 
differences in IVCM total score on Day 90 in the drug group were 3.19 (1.80) and −4.6 (3.1), respectively. A sample size 
of 6 and 8 patients was required at one-sided α = 0.025 and 90% power to observe this difference. The number of patients 
with cystinosis in Japan was estimated to be 14.9 Hence, considering the possibility of discontinuations and drop-offs, the 
sample size was set as 14 evaluable patients.
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The primary efficacy analysis was performed on the full analysis set (FAS: all eligible patients with data available for 
the efficacy endpoint). The safety analysis was performed on the safety analysis set (SAS: all eligible patients who 
received the investigational product and for whom safety data was available). The secondary analysis was performed on 
the per-protocol set (PPS: all patients from the FAS and SAS who complied with all protocol-specified procedures and 
had no protocol violations).

Summary statistics were provided as mean, SD, median, minimum, and maximum. Descriptive statistics (summary 
statistics and transition chart of the mean) were performed for IVCM total score, luminance waveform for each eye, left 
and right by AS-OCT, within 8 weeks before study treatment, 13–16 weeks after treatment, and 49–52 weeks after 
treatment.

A paired t-test was performed for differences in IVCM total score and average of smoothed intensity (ASI) between 
8 weeks before and 13–16 weeks after study initiation. Descriptive statistics (power and graphs) for photophobia 
assessment by physicians and by patients (scale: 0, 1, 2, 3, 4, 5) for the pre- and post-dose at Weeks 4, 16, 28, 40, 
and 52 were provided.

The number and percentage of patients with AEs and adverse drug reactions (ADRs) by system organ class (SOC) 
and by events related to the ophthalmic solution, respectively, were tabulated. Incidence and percentage of serious AEs 
(SAEs) were analyzed based on the relationship to the ophthalmic solution. Similar tabulations were performed for 
medically significant events. The number and incidence of LADRs by symptom type (hyperemia, blurred vision, itching, 
tingling, burning, etc) were also tabulated. Concomitant medications and treatment compliance were tabulated. Summary 
statistics for the changes from baseline were shown for physiologic (excluding 12-lead ECG), ophthalmologic, and 
laboratory test (urinalysis is pH only) parameters by time point. The transition from administration initiation is provided 
for urinalysis (urine protein, urine sugar, occult blood, urobilinogen, bilirubin, ketone body). Summary statistics for 
physiologic tests, hematological parameters, ophthalmological examinations, and general laboratory values were 
provided.

A post-hoc analysis was performed to assess the IVCM total score by stratum for the five middle layers of the cornea 
to generate the crystal density score, since the evaluation of the primary efficacy endpoint was limited due to the small 
sample size.

All statistical analyses were performed using SAS® version 9.4. Additionally, JMP® version 11.2.1 and OriginPro 
2015J Sr2 softwares were used.

Results
Patient Demographics and Characteristics
A total of 6 patients (four males and two females) who met the inclusion criteria were enrolled (Figure 1). The mean age 
(SD) of patients was 29 (10.30) years (Table 1). The median duration of cystinosis was 23.0 years (range, 8–41 years); 
five patients had infantile nephropathic cystinosis (83.3%), one had intermediate cystinosis (16.7%) and none had non- 
nephropathic cystinosis. Four patients had a history of peritoneal dialysis (66.7%), and one (16.7%) underwent 
hemodialysis. Five patients (83.3%) had undergone renal transplantation at a mean age of 17.8 (2.28) years. All 6 
patients used systemic cysteamine; the mean treatment duration with systemic cysteamine was 13.7 (0.52) months 
(Table 1). Median treatment adherence in the FAS (n=3) was 92.40% (91.0%–99.4%) and in the SAS (n=6) was 95.85% 
(88.0%–99.4%).

Treatment Efficacy
The primary endpoint could not be evaluated because of the inability to obtain the samples as planned. Hence, a post-hoc 
analysis was performed using the IVCM total score of the 5 middle layers of the cornea. Tables 2 and 3 provide the 
details of IVCM scores for each corneal layer and the middle 5 corneal layers for 3 patients whose eyes were partially 
scored. Crystalline densities were scored in all 7 corneal layers, IVCM total score was calculated for only 1 patient 
(Patient C) at Week 13–16 post-dose, and IVCM total score for the left and right eyes were 4.50 and 5.40, respectively. 
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Due to the sample being limited to one patient, the statistical tests for differences in IVCM total score between 8 weeks 
before (baseline) and 13–16 weeks (first follow-up) could not be performed.

In another patient (Patient B), IVCM for the left eye was partially scored within 8 weeks before administration of 
ophthalmic solution and 13–16 weeks after administration. Scores increased in some of the corneal layers in deep stroma. 
However, a downward trend in IVCM total scores was observed. In Patient C in both eyes, IVCM was partially scored at 
each evaluation time point (baseline, 13–16 weeks, and 49–52 weeks post-dose). A decrease in scores was observed over 
time (Figure 2 and Table 2). A similar trend of decreasing scores was also observed in the 5 middle layers of the cornea 
(Figure 3 and Table 3).

With regards to ASI, one of the secondary endpoints, the mean ASI per patient was 85.7 (10.1) for all patients and 
91.7 (11.7) for FAS (n=3) at baseline and decreased to 85.1 (10.4) and 91.2 (10.4) at Week 16, respectively 
(Supplementary Table 1).

The mean ASI by eye for each patient was 83.6 (8.3), which decreased to 82.7 (9.1) at Week 16 for all eyes (n=10). In 
the FAS cohort (n=4) it was 89.3 (10.7) at baseline and decreased to 88.4 (10.5) at Week 16. There were no statistically 

Figure 1 Patient disposition. 
Abbreviations: GCP, good clinical practice; IVCM, in vivo confocal microscopy; n, number of patients in each category; N, total number of patients.
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significant differences between the baseline and 16-week post-dose ASI by eye for each patient in the FAS cohort (one- 
sided t-test, one-sided p=0.3743) (Supplementary Table 2).

With regards to photophobia severity, the other secondary endpoint, the physician-assessed photophobia by eyes 
(n=10) at Week 16 was compared with the baseline (Supplementary Table 3). A 2-step improvement was observed in 1 
patient (1 eye), 1-step improvement was observed in 2 patients (1 eye each), and the condition remained unchanged in 3 
patients (5 eyes) and worsened in 1 patient (2 eyes). At Week 52, two patients showed two-step improvement from 
baseline (one eye in each patient). One patient (1 eye) reported improvement, 4 patients (7 eyes) remained unchanged, 
and no deterioration in the condition was observed in any patients. For one patient, all photophobia assessments by the 
physician were “0”. No photophobia was observed under slit light at the maximum light level 1.

Photophobia assessed by the patients (n=10) was evaluated at Week 16 (Supplementary Table 4). Two-step 
improvement was observed in 1 patient (1 eye), 1-step improvement was observed in 4 patients (7 eyes), the condition 
remained unchanged in 1 patient (2 eyes), and there were no reports of deterioration. At Week 52, 2-step improvement 
was observed in 1 patient (1 eye), 1-step improvement was observed in 3 patients (5 eyes), and no change was observed 
in 2 patients (4 eyes) from baseline. Most patients improved by one step.

In the FAS cohort (n=3 or n=4), eye-by-patient ASI (paired t-test, one-sided p=0.3743) (Supplementary Table 2), and 
patient-by-patient ASI (paired t-test, one-sided p=0.4445) (Supplementary Table 1) were not statistically significant 
between baseline and 16 weeks post-dose.

Ocular Safety
A total of 33 AEs were reported by 5 patients (83.3%). Three (50.0%) patients reported eye and general disorders and 
administration site conditions (Table 4). ADRs were reported by 3 patients (50.0%), all related to the eye (Table 4). 
Corneal disease, eye irritation, eye pain, and eyelash change were reported by one patient each (16.7%). Tingling 
sensation was the most frequently reported LADR (Table 5).

In the ophthalmological, laboratory (hematological, biochemical, and urinalysis) and physiological examinations, 
abnormal changes were observed occasionally and reported as AEs. However, these parameters had no specific trends 
except for the aggravation of the primary disease (Supplementary Tables 5 to 12).

Table 1 Patient Demographics and Baseline Characteristics

Patient characteristics Total number of patients (N=6)

n Mean (SD) Median (Min – Max)

Age (years) 6 29.0 (10.30) 24.5 (19–43)

Age at diagnosis (months) 6 39.2 (51.06) 26.5 (0–141)

Disease duration (years) 6 26.0 (12.88) 23.0 (8–41)

Height (cm) 6 152.33 (16.218) 157.20 (129.0–168.3)

Body weight (kg) 6 40.98 (7.589) 40.95 (30.3–49.4)

BMI (kg/m2) 6 17.87 (3.549) 17.80 (12.7–22.9)

Duration of treatment with topical cysteamine (months) 0 – –

Duration of treatment with systemic cysteamine (months) 6 13.7 (0.52) 14.0 (13–14)

Age at kidney transplantation (years) 5 17.8 (2.28) 18.0 (15–20)

Abbreviations: cm, centimeter; kg, kilogram; kg/m,2 kilogram per meter square; Max, maximum; Min, minimum; n, number of 
patients in each category; N, total number of patients; SD, standard deviation.
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Table 2 Summary of IVCM Scores for Each Corneal Layer by Patient

Patient Eye Time (relative to drug 
administration)

Epithelium Basal 
epithelium

Bowman’s 
layer

Shallow 
stroma

Middle 
stroma

Deep 
stroma

Endothelium Total 
score

A Left Within 8 weeks NC NC NC NC NC NC NC NC
After 13–16 weeks NC NC NC NC NC NC NC NC

After 49–52 weeks NC NC NC NC NC NC NC NC

B Left Within 8 weeks NC 1.00 1.67 3.20 2.33 1.14 NC NC
After 13–16 weeks 0.00 0.50 1.80 2.00 1.40 3.00 NC NC

After 49–52 weeks – – – – – – – –

C Left Within 8 weeks NC 1.20 1.50 2.40 3.30 0.00 0.60 NC
After 13–16 weeks 0.00 0.00 0.00 1.70 2.20 0.10 0.50 4.50
After 49–52 weeks NC 0.00 0.00 0.70 1.30 0.71 NC NC

Right Within 8 weeks NC 0.10 2.00 2.90 2.70 0.00 0.00 NC
After 13–16 weeks 0.00 0.00 1.00 2.00 2.40 0.00 0.00 5.40

After 49–52 weeks NC 0.00 0.00 0.50 0.60 0.00 0.00 NC

Note: No evaluable images were obtained from Patient A due to difficulty in holding the eye still for the duration of the image capture. Due to the spread of COVID-19, Patient B refrained from visiting the medical facility for imaging at 
49–52 weeks. For Patient C, stratified scores could not be calculated as there were <5 images available for evaluation of both the left and right epithelium layers within 8 weeks before administration and the left and right epithelium layers 
and left endothelium layer at 49–52 weeks after administration. 
Abbreviations: IVCM, in vivo confocal microscopy; NC, not calculated; –, not implemented.
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Discussion
This was the first Phase III study evaluating the efficacy and safety of 0.55% ophthalmic solution of CH in Japanese 
cystinosis patients. Consistent with previous reports, the number of confirmed cystinosis patients in Japan at the start of 
the study was 14,9 and considering the rarity of the condition, we could enroll only 6 patients in this study. Overall, we 
observed a decrease in the IVCM scores from baseline to Week 52. However, a statistical significance could not be 
established due to the limited sample size and limitations in performing the tests. An improvement in photophobic 
assessment by both the physician and patients was observed.

The primary endpoint, an IVCM total score (based on evaluating all 7 layers of the cornea), is a highly quantitative 
and reliable outcome. However, only 3 of 6 patients were partially evaluated using IVCM, and the data obtained were 
incomplete due to practical limitations. Using IVCM to measure corneal crystal density in 7 distinct corneal layers 
throughout its depth using a standardized scoring system is a more precise tool but being a technique in which the cornea 
must remain in contact with the lens, it requires high patient cooperation, thus limiting its use.31 Nevertheless, the IVCM 
total score was considered an appropriate tool for our study, in line with previous studies.

Considering the difficulty in evaluating efficacy using the IVCM total score, a post-hoc analysis was performed. This 
analysis used the total score of the 5 middle layers of cornea from the IVCM, the analyses were feasible for 3 eyes in 2 
patients, and the results showed that crystal density decreased after 0.55% CH treatment. Additionally, the results by each 
layer were presented to compensate for the limited data on the primary endpoint. However, it is difficult to compare the 
amount of change (−2.45 ± 1.88, 3 eyes) with the previously reported value (−4.6 ± 3.1, 22 eyes), in which the IVCM 
score was based on all 7 layers of the cornea.29

We further considered the analytical validity of the middle 5 layers of the cornea for the IVCM score. In the corneal 
epithelium, the basal cells divide into wing cells, and the wing cells mature to become superficial cells, and this cycle is 
around 1 to 2 weeks.32 Therefore, it seems unlikely that cystine crystals continue to accumulate in the uppermost corneal 
epithelium. Ozdemir et al33 reported the case of a 36-year-old female with cystinosis with crystal accumulation except in 

Table 3 IVCM Total Score for the Middle 5 Layers of the Cornea (FAS)

Patients Eye Time to measure IVCM total score

Pre-drug 
administration

Post-drug 
administration

Post-drug 
administration

Difference between 
pre- and post-week 

13–16 of drug 
administration

Paired t-test

Within 
8 weeks

Week 13–16 Week 49–52

A Left NC NC NC NC –

B Left 9.34 8.70 – 0.64

C Left 8.40 4.00 2.71 4.40

Right 7.70 5.40 1.10 2.30

Summary statistics

For each patient and 

eye (left/right)

N, eyes 3 3 2 3

Mean 
(SD)

8.48 (0.82) 6.03 (2.41) 1.91 (1.14) 2.45 (1.88) One-sided 
p-value:

0.0766

For each patient N, 
patients

2 2 1 2

Mean 
(SD)

8.70 (0.91) 6.70 (2.83) 1.91 (-) 2.00 (1.91) One-sided 
p-value

0.1897

Abbreviations: FAS, full analysis set which included all eligible patients with data available for the efficacy endpoint; IVCM, in vivo confocal microscopy; –, not implemented; 
n, number of patients in each category; NC, not calculated; SD, standard deviation.
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Figure 2 Change in IVCM score for each corneal layer for a) Patient B - Left eye; b) Patient C - Right eye; and c) Patient C - Left eye. 
Abbreviation: IVCM, in vivo confocal microscopy.
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the epithelium and the endothelium. In addition, Csorba et al34 reported corneal deposits in 6 patients with cystinosis 
(4 males and 2 females, 8–36 years old). In 2 patients (3 out of 12 eyes), no crystal accumulation was observed in the 
epithelium, while all 6 patients (12 out of 12 eyes) reported no crystal accumulation in the endothelium.

A Phase I/IIa28 and an open-label, Phase III clinical study29 supporting regulatory approval in Europe showed cystine 
crystal accumulation in the middle 5 layers of the cornea accounted for >80% of the total accumulation in the 7 corneal 
layers. Based on these findings, additional analysis for cystine crystal accumulation evaluation in the intermediate 5 
corneal layers was considered appropriate.

Reduction in photophobia was observed due to the reduced crystal density representing a clinical benefit for 
cystinosis patients in Japan; as demonstrated by Labbé et al and Liang et al.28,29 These studies showed a significant 
improvement in the IVCM score from baseline to Day 90. Labbé et al28 demonstrated that the improvement in the IVCM 
score was sustained over 4 years from baseline in the group receiving 0.55% CH compared with 0.1% CH solution. 
Significant improvement was also observed in the physician- and patient-assessed photophobia scores from baseline to 
Day 90. In our study, in 4 patients (7 out of 10 eyes), the patient-assessed photophobia score decreased from 2 (before 
administration) to 1 (16 weeks after administration). The decrease in the frequency of blinking from routinely to 
occasionally, which is linked to slight discomfort with light, is likely to contribute to an improvement in the patient’s 
quality of life. Furthermore, this change is of great clinical significance to physicians, as it allows them to make 
a diagnosis based on detailed observation. Cysteamine improved visual acuity scores and contrast sensitivity, and 
provided better response to therapy compared with placebo/saline treatment.22,35 In our study, we did not report any 
vision loss, in line with findings by Iwata et al.36

The report of any AE in our study was 83%. Most were eye-related disorders and administration site conditions (50% 
each). A tingling sensation (33%) was the most frequently reported local AE, although stinging and burning sensations 
have been the most reported local AEs in other cysteamine studies.29,36 While two studies reported blurred vision as 
a common AE,29,37 we did not observe blurred vision due to the ophthalmic solution.

This study provides the long-term efficacy and safety data associated with the 0.55% ophthalmic cysteamine solution 
in patients with cystinosis, besides assessing the treatment compliance and adherence over 52 weeks. Using standard 
diagnostic criteria and methods ensures the generalizability of the study results. Despite the study filling the knowledge 
gap in this rare disease area, the limitations need to be discussed in the context of methodological issues.

Figure 3 Change in IVCM total score for the middle 5 layers of the cornea. 
Abbreviation: IVCM, in vivo confocal microscopy.
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Table 4 Adverse Events and Adverse Drug Reactions During the Study (SAS)

Events by SOC and PT Total number of patients (N=6)

n (%) Number of cases

Adverse events

Total 5 (83.3) 33

Gastrointestinal disorders 2 (33.3) 2

Stomatitis 1 (16.7) 1

Gingival swelling 1 (16.7) 1

General disorders and administration site conditions 3 (50.0) 5

Vaccination site pain 2 (33.3) 3

Pyrexia 2 (33.3) 2

Infections and infestations 1 (16.7) 2

Gastroenteritis 1 (16.7) 2

Eye disorders 3 (50.0) 7

Corneal disorder 1 (16.7) 1

Corneal edema 1 (16.7) 2

Eye irritation 1 (16.7) 1

Eye pain 1 (16.7) 1

Punctate keratitis 1 (16.7) 1

Eyelash change 1 (16.7) 1

Vascular disorders 2 (33.3) 2

Orthostatic hypotension 1 (16.7) 1

Hypertension 1 (16.7) 1

Respiratory, thoracic, and mediastinal disorders 1 (16.7) 2

Vasomotor rhinitis 1 (16.7) 1

Oropharyngeal pain 1 (16.7) 1

Injury, poisoning, and procedural complications 1 (16.7) 5

Shunt stenosis 1 (16.7) 2

Clavicle fracture 1 (16.7) 1

Wound 1 (16.7) 1

Thermal burn 1 (16.7) 1

Cardiac disorders 1 (16.7) 2

Sinus tachycardia 1 (16.7) 2

Metabolism and nutrition disorders 1 (16.7) 1

Hyperuricemia 1 (16.7) 1

(Continued)
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Developing orphan medicines for rare/difficult-to-treat conditions presents many challenges. These challenges are 
faced at several stages such as funding of clinical trials, identifying suitable clinical investigators, and most importantly, 
recruiting sufficient patients.38 Another critical challenge was to obtain sufficient evidence of efficacy given the low 
acceptability of IVCM, the primary evaluation method. Additionally, this was an open-label, single-arm study, lacking 

Table 4 (Continued). 

Events by SOC and PT Total number of patients (N=6)

n (%) Number of cases

Investigations 2 (33.3) 5

Aspartate aminotransferase increased 1 (16.7) 1

Alanine aminotransferase increased 1 (16.7) 1

Gamma-glutamyl transferase increased 1 (16.7) 2

White blood cell count increased 1 (16.7) 1

Adverse drug reactions

Total 3 (50.0) 4

Eye disorders 3 (50.0) 4

Corneal disorder 1 (16.7) 1

Eye irritation 1 (16.7) 1

Eye pain 1 (16.7) 1

Eyelash change 1 (16.7) 1

Abbreviations: n (%), number (percentage) of patients in each category; N, total number of patients, PT, preferred 
terms; SAS, safety analysis set which included all eligible patients who received the investigational product and for whom 
safety data was available; SOC, system organ class.

Table 5 Frequency of Local Adverse Drug Reactions (SAS)

Symptom Total number of patients (N=6)

All Both eyes Left eye Right eye

n (%) Number of 
cases

n (%) Number of 
cases

n (%) Number of 
cases

n (%) Number of 
cases

Total 3 (50.0) 1457 2 (33.3) 1430 2 (33.3) 14 1 (16.7) 13

Hyperemia 1 (16.7) 1 1 (16.7) 1 0 (0.0) 0 0 (0.0) 0

Vision blurred 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0

Itching 1 (16.7) 8 1 (16.7) 3 1 (16.7) 4 1 (16.7) 1

Tingling 2 (33.3) 1445 2 (33.3) 1424 1 (16.7) 9 1 (16.7) 12

Burning sensation 1 (16.7) 2 1 (16.7) 2 0 (0.0) 0 0 (0.0) 0

Stinging sensation 1 (16.7) 1 0 (0.0) 0 1 (16.7) 1 0 (0.0) 0

Other 1 (16.7) 1 0 (0.0) 0 1 (16.7) 1 0 (0.0) 0

Abbreviations: LADRs, local adverse drug reactions; n (%), number (percentage) of patients in each category; N, total number of patients; SAS, safety analysis set which 
included all eligible patients who received the investigational product and for whom safety data was available.
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a control group. However, without a standard of care for this rare condition, we did not use placebo as a control. Thus, 
the absence of blinding as well as a control group may have led to potential observer bias in the assessment of subjective 
variables like photophobia severity. Finally, due to the impact of COVID-19, there was limited access to only one IVCM 
facility, limiting our recruitment efforts. Nevertheless, we developed a protocol to do the best in the given scenario 
considering inputs from preliminary interviews of the experts.

Conclusion
In conclusion, our study findings suggested that efficacy against corneal cystine accumulation and an acceptable safety 
profile of 0.55% CH ophthalmic solution, when administered repeatedly, may be applicable to Japanese patients with 
cystinosis. These findings add to the previous evidence on the efficacy and safety of 0.55% CH ophthalmic solution in 
cystinosis patients. More studies in diverse patient populations are needed to increase the evidence for treatment of this 
rare ocular disease.

Abbreviations
AE, adverse event; ADR, adverse drug reaction; AS-OCT, anterior segment optical coherence tomography; ASI, average 
of smoothed intensity; CH, cysteamine hydrochloride; CTNS, cystinosin; ECG, electrocardiogram; FAS, full analysis set; 
IVCM, in vivo confocal microscopy; LADR, local adverse drug reaction; NIH, National Institute of Health; PPS, per- 
protocol set; SAE, serious adverse event; SAS, safety analysis set; SD, standard deviation; SOC, system organ class.
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