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2. Background 
 
General Regulatory Background 
This NDA application was originally submitted with a request for two indications (treatment of 
progressive keratoconus and treatment of ectasia following refractive surgery).  The application was 
administratively split based on the indications and the combination product was approved for the 
treatment of patients with progressive keratoconus on April 15, 2016. 
 
 
Combination Product 
Avedro’s riboflavin ophthalmic solution/UVA irradiation is a combination product consisting of a 
UVA 365 nm wavelength light source and riboflavin administered in conjunction with the UVA light 
as a photoenhancer.   
 
Drug Constituent- Riboflavin 
Photrexa Viscous (riboflavin 5’-phosphate ophthalmic solution) 1.46 mg/mL with 20% dextran and 
Photrexa (riboflavin 5’-phosphate ophthalmic solution) 1.46 mg/mL contain riboflavin 5’-phosphate 
sodium, sodium chloride, sodium phosphate monobasic, sodium phosphate dibasic, and sterile water 
for injection. Photrexa Viscous contains 20% dextran 500 and Photrexa does not.  
 
Device Constituent- KXL System 
The KXL System is an electronic medical device that delivers ultraviolet light (365 nm wavelength) in 
a circular pattern onto the cornea after application of Photrexa or Photrexa Viscous (riboflavin 
ophthalmic solution).  UVA flux and irradiation time at the cornea are controlled by an onboard 
computer system.   
 

3. Product Quality  
 
DRUG PRODUCT COMPOSITION 
 
Each mL contains: 
Ingredient Photrexa Viscous Photrexa Function 
Riboflavin 5’-Phosphate Sodium, USP 1.53 mg 1.53 mg Active 
Dextran 500 
Sodium chloride, USP 
Sodium phosphate, monobasic, USP 
Sodium phosphate, dibasic, USP 
Sterile water for injection, USP 
*1.53% riboflavin 5’-phosphate sodium is equal to 0.146% riboflavin 5’-phosphate and equal to 0.120% 
riboflavin.  
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5. Clinical Pharmacology/Biopharmaceutics  
 
NDA 203-324 has been reviewed by the Clinical Pharmacology review team. The application was 
considered approvable from a Clinical Pharmacology perspective during an earlier review cycle and no 
additional information has been submitted to alter that conclusion.   
 
There were no pharmacokinetic studies conducted to determine the actual systemic exposures to 
riboflavin following topical ocular instillation of the 0.12% riboflavin ophthalmic solutions during 
one-time corneal collagen crosslinking treatment. 
 
Assuming 100% bioavailability of riboflavin following topical ocular instillation of the proposed 
0.12% riboflavin eye drops, the average systemic exposure to riboflavin during one-time CCXL 
treatment of one eye in the 12-month UVX trials would not exceed  mg, which is below the Joint 
FAO/WHO Expert Committee on Food Additives upper limit of acceptable oral daily intake of 
riboflavin (35 mg for a 70 kg person). 

6. Clinical/Statistical – Efficacy 
The applicant has submitted two adequate and well controlled trials for both the keratoconus (UVX-
001 and UVX-002) and corneal ectasia (UVX-001 and UVX-003) indications; these trials 
demonstrate statistical significance between groups at Month12 favoring the CXL treatment for both 
indications as shown below. 
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7. Safety  
 
In corneal ectasia subjects, the most common ocular adverse reactions were corneal opacity (haze), 
corneal epithelium defect, corneal striae, dry eye, eye pain, punctate keratitis, photophobia, reduced 
visual acuity, and blurred vision. These events are expected sequelae following epithelial corneal 
debridement and occurred at a higher incidence than observed in control subjects, who did not undergo 
debridement or exposure to UVA light.  
 
Adverse events reported in non-study, non-randomized CXL treated were similar in in terms of 
preferred terms and frequency to those seen in randomized study eyes. 
 
For additional safety details, see the CDER Medical Officer’s reviews dated 3/7/14 and 3/24/15 and 
the CDER CDTL reviews dated 3/10/14, 3/27/15 and 4/15/16. 
 

8. Regulatory Briefing/Advisory Committee Meeting  
 
A Regulatory Briefing was held on Friday, March 20, 2015.  For additional details, see the  
CDER CDTL review 3/27/15. 
 
A joint meeting of the Dermatologic and Ophthalmic Drugs Advisory Committee (DODAC) and the 
Ophthalmic Devices Panel of the Medical Devices Advisory Committee (OP-MDAC) was held on 
February 24, 2015. For additional details, see the CDER CDTL review 3/27/15. 
 

9. Pediatrics 
 
Submission of a pediatric assessment was not required because the application is for an 
orphan-designated indication.  
 
For additional pediatric details, see the CDER Medical Officer’s reviews dated 3/7/14 and 3/24/15 and 
the CDER CDTL reviews dated 3/10/14, 3/27/15 and 4/15/16. 
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10. Other Relevant Regulatory Issues  
 
CDRH 

During the review of this application, CDRH has expressed concern about the design and conduct of 
the clinical trials which were submitted in support of the treatment of ectasia following refractive 
surgery.  These concerns have been noted in prior reviews. In his July 13, 2016, memorandum, 
William Maisel, MD, MPH, Deputy Director for Science, CDRH summarizes that based on evaluation 
of the scientific evidence, review of the draft labeling, and plans for a post-approval study of longer-term 
outcomes, CDRH recommends that the NDA be approved for the indication of corneal ectasia following 
refractive surgery.  In addition, CDER concurred with CDRH’s recommendation that the statement, “The 
safety and effectiveness of corneal collagen cross-linking has not been established in pediatric patients 
below the age of 14” which is currently in the package insert of the drug product, also be placed in the 
Device Operator’s Manual. 

       
SEALD 
A Study Endpoints and Labeling Development (SEALD) consult request was made by the Division of 
Transplant and Ophthalmology Products (DTOP) for NDA 203324 on 2/12/15. 

 
For additional details, see the CDER CDTL review 3/27/15. 
 
FINANCIAL DISCLOSURE 
See the original Medical Officer’s review dated 3/7/2014.  No issues precluding approval were 
identified. 
 
OSI 
A routine Office of Scientific Investigations (OSI) audit was requested.  See the original Medical 
Officer’s review dated 3/7/2014.   No issues of data integrity were identified.  
 
DMEPA 
The Division of Medication Error Prevention and Analysis (DMEPA) issued a PROPRIETARY 
NAME REQUEST CONDITIONALLY ACCEPTABLE letter dated 2/2/16.  The proposed proprietary 
names, Photrexa and Photrexa Viscous, were found acceptable. 
 

DMEPA completed a review of the draft labeling on 4/8/16.  They evaluated the proposed syringe 
label, Tyvek® pouch labeling, foil pouch labeling, carton labeling, and insert labeling for Photrexa and 
Photrexa Viscous ophthalmic solutions. 
 

11. Labeling  
 
The labeling for NDA 203324, Photrexa Viscous (riboflavin 5’-phosphate ophthalmic solution) 1.46 
mg/mL with 20% dextran and Photrexa (riboflavin 5’-phosphate ophthalmic solution) 1.46 mg/mL and 
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KXL System, has been revised consistent with recommendations provided by the Agency.  The 
labeling submitted July 14, 2016 is acceptable. 

12. Recommended Regulatory Action 
 
It is recommended that the additional indication for the treatment of cornea ectasia following refractive 
surgery be added to NDA 203324, Photrexa Viscous (riboflavin 5’-phosphate ophthalmic solution) 
1.46 mg/mL with 20% dextran and Photrexa (riboflavin 5’-phosphate ophthalmic solution) 1.46 
mg/mL and KXL System. 
 
RISK BENEFIT ASSESSMENT: 
The applicant has submitted two adequate and well controlled trials for both the keratoconus (UVX-
001 and UVX-002) and corneal ectasia (UVX-001 and UVX-003) indications; these trials 
demonstrate statistical significance between groups at Month12 favoring the CXL treatment for both 
indications.  
 
The Advisory Committee voted that substantial evidence of efficacy and safety been demonstrated for 
the drug-device to support approval for progressive keratoconus.  The Committee also voted that 
substantial evidence of efficacy and safety had been demonstrated to support approval for corneal 
ectasia following refractive surgery.   
 
The most common adverse events for both the keratoconus and corneal ectasia indications occurring 
at 10% to 92% in UVX-001, -002, and -003 were corneal epithelium defect, corneal opacity, corneal 
striae, eye pain, and punctate keratitis. Most of these events appear to represent sequelae following the 
corneal epithelial debridement which accompanied the procedure.  
 
The benefits of the CXL procedure are considered to outweigh the risks for both indications.   
 
CDER Clinical, Pharmacology/Toxicology, Clinical Pharmacology, CMC, Product Quality 
Microbiology, and Biostatistics and have recommended approval for this application.   
 
RECOMMENDATION FOR POSTMARKETING RISK MANAGEMENT ACTIVITIES: 
The applicant has agreed to conduct a clinical registry with a three year annual follow-up of patients 
treated for corneal ectasia following refractive surgery. 

 
 
 

 
 
  

Reference ID: 3959332

66 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this page



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

WILEY A CHAMBERS
07/15/2016

Reference ID: 3959332




