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CROSS-LINKING STUDIES FOR KERATOCONUS AND ECTASIA BEGIN IN THE
UNITED STATES '

Clinical trials have begun in the United States to study the safety and effectiveness of
corneal collagen cross-linking (CXL) in patients with progressive keratoconus and
corneal ectasia after corneal refractive surgery. Corneal collagen cross-linking is a
procedure that stiffens the cornea by exposing it to ultraviolet (UVA) light after it is
saturated with niboflavin (vitamin B2). In the United States, the UVA light (UV-X™™
[lumination System; IROC, Zurich, Switzerland) and riboflavin (MedioCross™,; Peschke
Meditrade GmbH; Huenenberg, Switzerland) are regulated as a combination product
under the jurisdiction of the Center for Drug Evaluation (CDER) of the U.S. Food and
Drug Administration (FDA). FDA recently completed it review of the keratoconus and
ectasia clinical study protocols and gave permission to begin enrollment of 160 patients
into each study at up to 20 investigative sites in the United States.

The corneal collagen cross-linking procedure was developed at the University of Dresden
in Germany, and has been under investigation there since 1998. The cross-linking
procedure is performed by instillation of riboflavin drops onto the eye over a period of 30
minutes to saturate the cornea. Riboflavin drops are then continued for another 30
minutes as the eye 1s exposed to a UVA light positioned above the cornea to deliver a
carefully determined dose of UVA light. As the UVA light interacts with the riboflavin,
chemical bonds (cross-links) form between the corneal collagen molecules and make the
cornea stiffer. As a result, the corneal collagen tissue is stronger and can more uniformly
retain its natural curved shape, rather than bow forward into the cone-like shape that is
the hallmark of keratoconus and ectasia.

Keratometry results from an ongoing CXL clinical study in Dresden, where over 800
eyes have been treated, showed a 1.25 diopter reduction in the maximum comeal
curvature at 6 months after the CXL procedure and that corneal curvature continued to
flatten for up to 7 years after treatment in the cross-linked eyes.! Eyes treated in an
ongoing study in Australia showed a similar flattening effect and more than a 2-line
improvement in best spectacle corrected vision.> Most importantly, none of the patients
treated in either the Dresden or Australian clinical trials have had their keratoconus or
ectasia progress to corneal transplantation, which is the traditional treatment for these
conditions when all other treatment options fail.

The combination of riboflavin concentration and UVA light exposure parameters that are
being used in the Dresden, Australian, and U.S. studies have been carefully selected such
that ~95% of the UV A light is absorbed in the first 400 microns of the cornea. This
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minimizes the passage of the UV A light through the entire comea and protects the
remainder of the eye from damage. There is only one report of endothelial cell
dysfunction in the international clinical trials and in the published literature on cross-
linking, which occurred in an eye with a thinner cornea than is now recommended. In the
U.S. clinical trial, corneal thickness at the thinnest point on the cornea must be at least
400 microns before the UVA light treatment can start to assure safety of the treatment.

The U.S. studies are randomized, controlled, prospective clinical trials. One eye of each
subject will be randonmzed to receive either the cross-linking treatment with riboflavin
and UVA light (with epithelium removal) or treatment with riboflavin alone (without
epithelium removal). After three months, the results in the two groups will be compared.
Then, the riboflavin only eyes that show no effect and untreated fellow eyes can receive
the cross-linking treatment treatment with riboflavin and UVA light, if the physician and
the subject feel this is appropriate, based on the information available at the time.

The cross-linking procedure used in the U.S. studies requires removal of the epithelium
(the outer layer of cells covering the surface of the cornea) before the start of the
riboflavin administration. Although some surgeons advocate performing the procedure
without removing the epithelium, experimental work recently reported by Asota et al.
demonstrated that corneas with the epithelium removed had complete riboflavin
saturation, whereas, riboflavin showed little to no penetration in corneas with intact
epithelium.’ These experiments confirmed that removal of the epithelium is necessary to
achieve riboflavin diffusion across the corea and corneal saturation can be achieved
using the riboflavin dosage regimen from the U.S. clinical studies.

In order to be included in the U.S. study, potential subjects must have a well-established
diagnosis of keratoconus that has progressed within the past two years or a diagnosis of
ectasia after LASIK or PRK. There may not be any other diseases that might affect the
outcome of treatment, and the cornea must be thick enough to allow treatment without
damage to the endothelial cells, which are on the posterior surface of the cornea.
Subjects must also have best corrected vision that is worse than 20/20 and must be
available for follow-up at the investigational site for one year after the cross-linking
treatment,

The study description can be found at http://www.clinicaltrials. gov/ct2/search keyword =
cross-linking. Further information on becoming a study participant can be obtained by
contacting one of the investigators listed below or by sending an email to
crosslinking@crc-regulatory.com .

Investigational sites are: Emory University (Drs. Doyle Stulting and Bradley Randleman;
Atlanta, GA); Gordon Binder Weiss Vision Institute (Drs. Perry Binder; Michael Gordon,
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and Jack Weiss; San Diego, CA); Ophthalmic Consultants of Long Island/TLC Laser Eye
Center (Drs. Eric Donnenfeld and Marguerite McDonald; Garden City, NY); Cornea and
Laser Eye Institute (Dr. Peter Hersh; Teaneck, NI}, Price Vision (Dr. Frank Price, Jr.;
Indianapolis, IN); Columbia University (Dr. Stephen Trokel; New York, NY); Durrie
Vision (Dr. Damel Durrie; Overton, Kansas); Minnesota Eye Consultants (Drs. David
Hardten, Richard Lindstrom, Elizabeth Davis, and Sherman Reeves; Minneapolis, MN);
Center for Excellence in Eye Care (Dr. William Trattler; Miami, FL); and, Wilmer Eye
Institute of Johns Hopkins Medical Center (Drs. Walter Stark, Albert Jun and Roy
Chuck).





