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SUPPLEMENTARY MATERIAL
Inclusion Criteria 
Participants must have met all of the following inclusion criteria to be eligible for enrolment:
1. The participant had the ability to read, comprehend, sign and date the consent form (performed according to local regulations). In addition, the participant must have been able to comply with all study procedures, discontinue and/or withhold medications as specified in the protocol and attend scheduled study visits, including all-day, multiple-day stays in the Clinical Research Unit.
2. Healthy, adult, male or female, 18 to 55 years of age, inclusive, at screening.
3. Continuous non-smoker who had not used nicotine containing products for at least 3 months prior to the first dosing and throughout the study, based on participant self-reporting.
4. Body mass index (BMI) ≥18.0 and ≤32.0 kg/m2 at screening.
5. Medically healthy as deemed by the Investigator or delegate and determined by medical history, physical examination, vital signs, 12-lead ECGs and clinical laboratory results obtained within 28 days before the start of the study.
6. Females of childbearing potential (FOCBP) must have had a negative blood pregnancy test prior to administration of palovarotene. FOCBP must have agreed to remain abstinent during treatment and for 1 month after treatment or, if sexually active, to use two effective methods of birth control during and for 1 month after treatment. Additionally, sexually active FOCBP participants must have already been using two effective methods of birth control or must have been abstinent 1 month before treatment was to start. Specific risk of the use of retinoids during pregnancy and the agreement to remain abstinent or use two effective methods of birth control were clearly defined in the informed consent and the participant must have specifically signed this section.
7. Male participants must have agreed to use a condom with spermicide or abstain from sexual intercourse during the study until 30 days after the last dosing and must have agreed not to donate sperm from the first dosing until 30 days after the last dose. (A male who had been vasectomised less than 4 months prior to the first dose must have followed the same restrictions as a non-vasectomised male).
8. Tolerate topical administration to the eye.
9. Best corrected visual acuity is equal or better than 70 Early Treatment Diabetic Retinopathy Study (ETDRS) letter score in both eyes.
Exclusion Criteria
Participants meeting any of the following exclusion criteria were not enrolled:
1. Was mentally or legally incapacitated or had significant emotional problems at the time of the screening visit or expected during the conduct of the study.
2. History or presence of clinically significant medical (systemic or ophthalmic) or psychiatric condition or disease in the opinion of the Investigator or delegate.
3. History of any illness that, in the opinion of the Investigator or delegate, might have confounded the results of the study or posed an additional risk to the participant by their participation in the study.
4. History or presence of alcoholism or drug abuse within the past 18 months prior to the first dosing.
5. History or presence of hypersensitivity or idiosyncratic reaction to the study drug, systemic retinoids such as isotretinoin or related compounds (e.g. topical tretinoins, vitamin A), fluorescein, or parabens, or to the inactive ingredients in the study formulation.
6. History of any ocular surgery or laser within the past 6 months prior to screening.
7. History of herpes simplex keratitis.
8. History or presence of: 
· Any chronic eye disease other than refractive error, incipient cataract, strabismic amblyopia, or anisometropic amblyopia.
· Acute eye disease (such as infection, corneal abrasion, or allergy) within the past 6 months from screening.
9. Any currently active ocular condition that required use of topical eye drops.
10. Had an intraocular pressure >21 mmHg.
11. If ophthalmological examination at screening or Day 1 predose revealed abnormalities of the cornea, evidence of ocular infection, inflammation (dry eyes, blepharitis, allergic conjunctivitis, iritis and uveitis), advanced or moderately injected pterygium, keratitis, narrow anterior chamber angles, clinically significant Meibomian gland dysfunction, or any finding in either the anterior segment or posterior segment of the eye, that could have compromised the study as per Investigator or delegate discretion.
12. Any macular integrity issues or optic nerve head (ONH) cupping/abnormality on retinal exam.
13. Occurrence of active seasonal allergies including ocular allergies (e.g. annual hay fever).
14. Needed to wear contact lenses during the study.
15. Female participants with a positive pregnancy test or lactating.
16. Positive urine drug or alcohol results at screening or first check-in.
17. Positive results at screening for human immunodeficiency virus, hepatitis B surface antigen, or hepatitis C virus.
18. Seated blood pressure less than 90/40 mmHg or greater than 140/90 mmHg at screening.
19. Seated heart rate lower than 40 bpm or higher than 99 bpm at screening.
20. QTcF interval >460 msec (males) or >470 msec (females) or clinically significantly abnormal ECG findings as assessed by the Investigator or delegate at screening.
21. Unable to refrain from or anticipates the use of:
· Any drug, including prescription and non-prescription medications, herbal remedies, or vitamin supplements beginning 14 days prior to the first dosing and throughout the study, unless permitted by the Investigator or delegate. After randomisation, acetaminophen (up to 2 g per 24 hours) may have been administered at the discretion of the Investigator or delegate. Thyroid hormone replacement medication may have been permitted if the participant had been on the same stable dose for last 3 months prior to first study drug administration. Hormone replacement therapy and oral contraceptives were also allowed.
· Any drugs known to be significant inhibitors and inducers of CYP3A4 enzymes, including St. John's Wort, for 30 days prior to the first dosing and throughout the study. Appropriate sources (e.g. Flockhart Table™) were to be consulted to confirm lack of PK/pharmacodynamics interaction with study drug.
· Ocular medication of any kind (including artificial tears), antihistamines, anticholinergics and/or oral/nasal steroids for 30 days prior to the first dosing and throughout the study.
· Isotretinoin or other systemic retinoids beginning 30 days or 5 half-lives, whichever was longer, prior to signing the ICF and throughout the study.
22. Blood donation of 50 mL or more 28 days prior to first study drug administration.
23. Blood donation of 500 mL or more 56 days prior to first study drug administration.
24. Plasma donation within 7 days prior to the first dosing.
25. Participation in another clinical study within 30 days or 5 half-lives of the Investigational Product (IP) from the last drug administration in the previous study, whichever was longer, prior to the first dose.

Pharmacokinetic Parameter Definitions
AUCtau: The area under the concentration-time curve during a dosing interval (tau) at steady state (AUC0-12h for BID on Day 7; or AUC0-24h for QD on Day 10).
AUCtau,AM: The area under the concentration-time curve during the morning (AM) dosing interval (i.e. from time 0 to 12h following the first daily dose), as calculated by the linear up log down trapezoidal method. Calculated on Day 7 for BID Groups 2,4 and 6. 
AUCtau,PM: The area under the concentration-time curve during the evening (PM) dosing interval (i.e. from time 0 to 12h following the second daily dose), as calculated by the linear up log down trapezoidal method. Calculated on Day 7 for BID Groups 2,4 and 6.
AUC0-24h: The sum of AUCtau,AM and AUCtau,PM from BID dosing.
AUC0-t: The area under the concentration-time curve, from time 0 to the last observed non-zero concentration, as calculated by the linear up log down trapezoidal method.
CL/F: Apparent total plasma clearance after topical administration, calculated as Dose/AUCtau.
Cmax,ss: Maximum observed concentration at steady state. (Day 7 for BID groups following AM and PM doses; Day 10 for QD groups following morning dose).
Cavg: Average concentration at steady state calculated as ratio of AUCtau to the corresponding dosing interval (tau).
Tmax: Time to reach Cmax at steady state. If the maximum value occurs at more than one time point, Tmax is defined as the first time point with this value. Tmax is assessed after AM and PM dose for BID groups.
kel: Apparent first-order terminal elimination rate constant calculated from a semi-log plot of the plasma concentration versus time curve from the last dose (Day 10 after last dose for QD groups or Day 7 after last PM dose for BID groups) over a sampling schedule of 48 hours.
t½: Apparent first-order terminal elimination half-life, calculated as 0.693/kel.
	
Vss/F: Apparent volume of distribution, calculated as Dose/(AUCtau•kel)
2

	Study Procedure
	
	Study Days
	FU±2 Days3
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	Ocular Assessments

	Best-corrected visual acuity
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	Intraocular pressure measurement
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	Slit lamp examination
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	Dilated fundus examination
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	Ocular symptoms8
	X
	X
	X
	X
	X
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	X
	X
	X
	X
	X
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	Other Assessments/Procedures

	Serum pregnancy test (females only)
	X
	X
	
	
	
	
	
	
	
	
	
	
	X9
	
	

	Adverse event monitoring
	X
	X
	X

	1Within 28 days prior to Day 1 study drug administration.

	2Participants were admitted to the CRU on Day -1, at the time indicated by the CRU.

	3All participants who received at least one dose of study drug and did not terminate the study early returned to the CRU approximately 14 days after the last study drug administration for ocular assessments and to determine if any AE had occurred since the last study visit. Participants who received at least one dose of study drug and terminated the study early were contacted by a CRU staff member by phone approximately 14 days after the last study drug administration to determine if any AE had occurred since the last study visit.

	4Complete physical examination at screening and Days -1, 3, 7, and 11. Symptom-driven physical examination may have been performed, at the Investigator’s or delegate’s discretion at the other follow-up visits.

	5Performed prior to dosing and only HR and BP were performed during the follow-up examination.

	6Performed prior to dosing.

	7Includes serum chemistry, haematology and urinalysis. Samples for serum chemistry were obtained following a fast of at least 8 hours.

	8The following ocular symptoms to evaluate acute tolerability were assessed: itching, foreign body sensation, burning/stinging, blurred vision, and pain. Symptoms were reported using the following scale: 0 (none), 1 (minimal), 2 (mild), 3 (moderate), and 4 (severe). Symptoms were evaluated twice, before and 15 to 30 minutes after the first dose of study drug on Day 1 for Groups 1, 3, and 5 only; and then before study drug administration for all other visits and during the follow-up examination.

	9Performed on last visit day or prior to early termination from the study.

	Abbreviations: AE: adverse event; BP: blood pressure; CRU: clinical research unit; ET: early termination; FU: follow-up; HR: heart rate; RR: respiratory rate;
T: temperature. 


Supplementary Table 1. Schedule of Assessments (Groups 1, 3 and 5)

	Study Procedure
	
	Study Days
	FU±2 Days3

	
	Screening1
	-12
	1
	2
	3
	4
	5
	6
	7
	8/ET
	9
	

	Safety Evaluations

	Complete physical examination4
	X
	X
	
	
	
	X
	
	
	
	X
	
	

	12-Lead safety electrocardiogram5
	X
	X
	
	X
	
	X
	
	
	
	X
	
	

	Vital signs (HR, BP, RR, T)5
	X
	X
	X
	X
	
	X
	
	
	
	X
	
	X5

	Clinical lab assessments6
	X
	X
	
	X
	
	X
	
	
	
	X
	
	

	Ocular Assessments

	Best-corrected visual acuity
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	X

	Corneal fluorescein staining
	X
	X
	X
	
	
	X
	
	
	
	X
	
	X

	Tear break-up time
	X
	X
	X
	
	
	X
	
	
	
	X
	
	X

	Intraocular pressure measurement
	X
	X
	
	
	
	
	
	
	
	X
	
	X

	Slit lamp examination
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	X

	Dilated fundus examination
	X
	X
	
	
	
	
	
	
	
	X
	
	X

	Ocular symptoms7
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	X

	Other Assessments/Procedures

	Serum pregnancy test (females only)
	X
	X
	
	
	
	
	
	
	
	X8
	
	

	Adverse event monitoring
	X
	X
	X

	1Within 28 days prior to Day 1 study drug administration.

	2Participants were admitted to the CRU on Day -1, at the time indicated by the CRU.

	3All participants who received at least one dose of study drug and did not terminate the study early returned to the CRU approximately 14 days after the last study drug administration for ocular assessments and to determine if any AE had occurred since the last study visit. Participants who received at least one dose of study drug and terminated the study early were contacted by a CRU staff member by phone approximately 14 days after the last study drug administration to determine if any AE had occurred since the last study visit.

	4Complete physical examination at screening and Days -1, 4 and 8. Symptom driven physical examination may have been performed, at the Investigator’s or delegate’s discretion for the other follow-up visits.

	5Performed within 24 hours prior to dosing and only HR and BP were performed during the follow-up examination.

	6Includes serum chemistry, haematology and urinalysis. Samples for serum chemistry were obtained following a fast of at least 8 hours.

	7The following ocular symptoms were evaluated before dose administration for all visits: itching, foreign body sensation, burning/stinging, blurred vision, and pain. Symptoms were reported using the following scale: 0 (none), 1 (minimal), 2 (mild), 3 (moderate), and 4 (severe). Symptoms were also evaluated during the follow-up examination.

	8Performed on last visit day or prior to early termination from the study.

	Abbreviations: AE: adverse event; BP: blood pressure; CRU: clinical research unit; ET: early termination; FU: follow-up; HR: heart rate; RR: respiratory rate;
T: temperature.


Supplementary Table 2. Schedule of Assessments (Groups 2, 4 and 6)







Supplementary Table 3. Moderate or severe ocular symptom scores with PVO-OS
	Group
	PVO-OS Dose
	Study Day1
	Ocular Symptom
	Intensity of Ocular Symptom

	
	
	
	
	Right Eye
	Left Eye

	Group 4
	0.05 mg/mL BID
	Day 8
	Burning/Stinging
	Moderate
	Moderate

	Group 6*
	0.10 mg/mL BID
	Day 3
	Itching
	Severe
	None

	Group 6*
	0.10 mg/mL BID
	Day 8
	Burning/Stinging
	Moderate
	Moderate

	Group 6*
	0.10 mg/mL BID
	Day 8
	Hoarseness2
	Moderate
	Not applicable

	Group 6
	0.10 mg/mL BID
	Day 5
	Pain
	Moderate
	Moderate

	1The study day and dosing day were the same day for participants in Groups 2, 4 and 6.
2Eye sides are not applicable for hoarseness assessment. However, its results are displayed under right eye due to a database constraint.
*One participant experienced three ocular symptoms following treatment.
Abbreviations: BID: twice-daily; ID: identification; PVO-OS: palovarotene ophthalmic solution.
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Supplemental Table 4. Clinically significant abnormal physical examination findings

	Body System Class
	Group
	Treatment
	Study Day1

	Abnormal findings


	Abdomen
	Group 1
	0.025 mg/mL QD vehicle
	Day 11
	Sensitivity lower left abdomen palpation  

	Head and Neck
	Group 2
	0.025 mg/mL BID PVO-OS
	Day 8
	Very slight redness outer side of both eyes

	Skin
	Group 4
	0.05 mg/mL BID PVO-OS
	Day 8
	Very slight skin dryness corner of eyes

	Skin
	Group 4
	0.05 mg/mL BID PVO-OS
	Day 8
	Very slight skin dryness corner of eyes

	Skin
	Group 4
	0.05 mg/mL BID PVO-OS
	Day 8
	Very slight skin dryness corner of eyes

	Skin
	Group 4
	0.05 mg/mL BID PVO-OS
	Day 8
	Very slight skin dryness corner of eyes

	1The study day and dosing day were the same day for participants in Groups 2, 4 and 6.
Abbreviations: BID: twice daily; ID: identification; POS: palovarotene ophthalmic solution; QD: once daily.



Supplementary Table 5. Summary of plasma palovarotene pharmacokinetic parameters for QD treatment groups

	
	Group 1 
0.75 µg/eye QDa 
N=2b
	Group 3
 1.5 µg/eye QDa 
N=6c
	Group 5
 3.0 µg/eye QDa 
N=6

	PK Parameters
	Mean
	Coefficient of Variation (% CV)
	Mean
	Coefficient of Variation (% CV)
	Mean
	Coefficient of Variation (% CV)

	Cmax,ss (pg/mL)
	12.4
	8.6
	15.4
	14.1
	58.2
	47.7

	Tmaxd (h)
	0.5
	(0.5–0.5)
	0.5
	(0.5–1.0)
	1.0
	(1.0–1.0)

	AUC0-te (h•pg/mL)
	20.8
	10.4
	37.8
	28.1
	230
	34.8

	AUCtauf (h•pg/mL)
	23.7 
	7.0 
	44.0 
	27.5 
	245 
	38.7

	Cavg (pg/mL)
	1.0 
	7.0 
	1.8 
	27.5 
	10.2 
	38.7

	CL/F (L/h)
	63.3 
	7.0 
	76.1
	46.3 
	26.9 
	29.2

	t1/2 (h)
	1.9 
	NC 
	2.7 
	28.8 
	5.0 
	46.0

	Vss/F (L)
	161 
	NC 
	243 
	28.1 
	203 
	72.1

	Pharmacokinetic parameters were calculated following the last administered (AM) dose of the QD administration of palovarotene ophthalmic solution.
aDose per eye. A QD dosing regimen was evaluated at 0.75, 1.5 and 3.0 μg/eye (0.025, 0.05 and 0.10 mg/mL, respectively). Administration was done in both eyes; therefore, the total dose was 1.5, 3 and 6 µg QD for Groups 1, 3 and 5, respectively. 
bN=1 for t1/2 and Vss/F for Group 1. 
cN=5 for t1/2 and Vss/F for Group 3.
dMedian and range are presented.
eBased on a 48-hour sampling schedule.
ftau = 24 hour.
Abbreviations: NC: not calculated; PK: pharmacokinetic; QD: once-daily.




Supplementary Table 6. Summary of plasma palovarotene pharmacokinetic parameters for BID treatment groups

	
	Group 2 
0.75 µg/eye BIDa 
N=6b
	Group 4
 1.5 µg/eye BIDa 
N=6c
	Group 6
 3.0 µg/eye BIDa 
N=6

	PK Parameters
	Mean
	Coefficient of Variation (% CV)
	Mean
	Coefficient of Variation (% CV)
	Mean
	Coefficient of Variation (% CV)

	Cmax,ss,AM (pg/mL)
	10.4
	33.5
	13.9
	60.1
	42.4
	7.8

	Cmax,ss,PM (pg/mL)
	13.4
	45.9
	19.9
	86.2
	52.4
	17.0

	Tmax,AMd (h)
	1.0
	(0.5–2.0)
	0.5
	(0.5–1.0)
	1.0
	(0.5–1.0)

	Tmax,PMd (h)
	1.0
	(1.0–1.0)
	1.0
	(1.0–1.1)
	1.0
	(1.0–1.0)

	AUCtau,AM (h•pg/mL)
	38.6 
	19.5
	67.1
	45.5
	205
	11.7

	AUCtau,PM (h•pg/mL)
	54.2 
	19.6
	69.6
	85.7
	231
	4.5

	AUC0-24h (h•pg/mL)
	93.2 
	22.0
	178
	68.4
	436
	6.2

	Cavg,AM (pg/mL)
	3.2
	19.5
	5.6
	45.5
	17.1
	11.7

	Cavg,PM (pg/mL)
	4.5
	19.6
	5.8
	85.7
	19.3
	4.5

	CL/FAM (L/h)
	39.9 
	19.9
	49.9
	45.5
	29.6
	12.4

	CL/FAM (L/h)
	28.5 
	20.3
	61.5
	48.1
	26.0
	4.4

	t1/2,PMe (h)
	2.6
	10.7
	3.5
	21.1
	4.2
	10.5

	Vss/FPM (L)
	109 
	31.1
	284
	55.9
	156
	11.8

	Pharmacokinetic parameters were calculated following the last administered (AM and PM) dose of the BID administration of palovarotene ophthalmic solution.
aDose per eye. A BID dosing regimen was evaluated at 0.75, 1.5 and 3.0 μg/eye (0.025, 0.05 and 0.10 mg/mL, respectively). Administration was done in both eyes; therefore, the total dose was 1.5, 3 and 6 µg BID for Groups 2, 4 and 6, respectively.
bN=3 for AUCtau,AM, AUC0-24h, Cavg,AM, CL/FAM and N=4 AUCtau,PM, Cavg,PM, CL/FPM, t1/2,PM and Vss/FPM.
c N=2 for AUCtau,AM, AUC0-24h, Cavg,AM, CL/FAM and N=5 AUCtau,PM, Cavg,PM, CL/FPM, t1/2,PM and N=4 for t1/2,PM and Vss/FPM.
dMedian and range are presented.
eBased on a 48-hour sampling schedule.
Abbreviations: BID: twice-daily; PK: pharmacokinetic.




Supplementary Figure 1. Description of each region of the corneal surface
 [image: ]
Staining for each region was graded 0–3 whereby: 0 (none) = no staining; 1 (mild) = 1–5 dots; 2 (moderate) = 6–15 dots; 
3 (severe) = ≥16 dots, 1 or more areas of confluent staining, macro staining (>1 mm), or stained filaments. The total corneal staining score was calculated by adding the individual grades from the five regions of the corneal surface: 1: Central; 2: Superior; 3: Temporal; 4: Nasal; 5: Inferior. OD: oculus dexter (right eye); OS: oculus sinister (left eye). 
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