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1. EXECUTIVE SUMMARY

In this submission, Sigma Tau Pharmaceuticals (STP), hereby denoted as Applicant, provides an

original NDA for the use of Cystoran (cysteamine hydrochloride, 0.65% with benzalkonium

chloride (BAK), 0.01%) ophthalmic solution one drop every waking hour in the treatment ®¢

®® of corneal cystine crystal accumulation in cystinosis patients ®e

®9 Three clinical studies, STP869294 (CAPTOC), 98-EI-0109S, and 98-EI-

1090E, were submutted to provide efficacy and safety data for this NDA. The CAPTOC Study is

a combined study of three historically controlled single center studies (Protocols 86-EI-0062, 94-

EI-0116, 92-EI-0230), Study98-EI-0109S and Study98-EI-0109E are double-masked,

randomized, within-patient-controlled study. Five Formulations were used in these studies (see
Table 1.1) and Formulation 3 was the one for the proposed label.

Table 1.1 Formulations Used in Clinical Studies

Formulation Concentration and Inactive Ingredients
1 Cysteamine hydrochloride 0.11% (tested in study CAPTOC)
B _Cysteamine hydrochloride 0.65% (tested in study CAPTOC)
3 Cysteamine hydrochloride 0.65% with benzalkonium chloride (BAK), 0.01% (tested in studies CAPTOC,
 98-E1-0109S, and 98-EI-1090E)
4 Cysteamine hydrochloride 0.55% ®® (tested in study CAPTOC)
®@

i

Cysteamine hydrochloride 0.55%
(tested in studies 98-EI-0109S, and 98-EI-1090E)

1.1 Conclusions and Recommendations

Corneal crystals accumulate progressively in the first few years of life, such that virtually every
cystinosis patient has visible crystals by age 16 months, and plateau in early adolescence, at
which time the corneas are packed with crystals, having a Corneal Cystine Crystal Score (CCCS)
of 3.00 (Gahl, 2000). Corneal crystal accumulation also indicates no spontaneous reduction in
cormneal cystine crystal score with age.

The Applicant defined a response as an eye with a decrease from baseline of at least 1.00 unit in
CCCS at some time during the study when baseline CCCS is > 1.00 or CCCS does not increase
by at least 1.00 unit at any time during the study when baseline CCCS is < 1.00. This implies
that the reduction, in eyes with high CCCS (=1) at baseline, need not be sustained but the lack of
mcrease in CCCS, in eyes with low CCCS (<1) at baseline, has to be sustained. Thus, the
reviewer defined a sustained response as an eye with a reduction of at least 1.00 unit through out
the study, and a transient response as an eye with a reduction of at least 1.00 unit at some time
but not at all time points of the study.

The CAPTOC Study shows that 30.5% (98/321) [95% CTI: (25.6, 35.9)] of eyes using cysteamine
ophthalmic solution (Formulations 1-4) responded, as described above, in the mITT population.
This population is defined as all patients enrolled in the study to whom one or more doses of
study drug was administered and for whom a baseline CCCS assessment and at least one post-
baseline CCCS assessment was available. The response rate was 32% (94/291) [95% CI: (27,
38)] for eyes with baseline CCCS =1 and 13% (4/30) [95% CI: (1, 26)] for eyes with baseline
CCCS <1. Furthermore, for eyes with baseline CCCS >1, the sustained response rate was 7.6%
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(22/291) [95% CI: (5, 11)] and the transient response rate was 24.7% (72/291) [95% CI: (20,
30)]. Among subjects who were considered excellent compliers 42.1% (77/183) [95% CI: (35,
50)] of eyes had a response at some time while for those considered non-compliers, 15.2%
(21/138) [95% CI: (10, 23)] of eyes had a response at some time. The difference in proportion
between compliers and non-compliers is 26.9% [95% CI: (17, 36)].

In Study98-EI-0109S, there was no response for Formulation 5 and the response rate for
Formulation 3 was 33% (3/9) [95% CI: (9, 69)]. The mean change from baseline CCCS score at
month 6 in Formulation 3 is -0.2222 [95% CI: (-0.503, 0.058)] and 0.2361 [95% CI: (-0.045,
0.517)] for Formulation 5. The difference between these two Formulations is 0.4583 [95% CI:
(0.061, 0.866)].

In Study98-EI-0109E the response rate was higher (»p = 0.0047 based on McNemar’s test) in
those eyes that received Formulation 3 66.7% (10/15) [95% CIL: (39, 88)] compared with
Formulation 5 13.3% (2/15) [95% CI: (2,42)]. The sustained response rate was 20% (3/15) [95%
CI: (5, 49)] with Formulation 3 treatment and 6.7% (1/15) [95% CI: (0, 34)] with Formulation 5
treatment. The difference in the mean change from baseline CCCS is higher in Formulation 3
than in Formulation 5 at every visit from Month 3, Month 6, Month 9, and Month 12.

The three studies demonstrate that Formulation 3 elicits reduction in the formation of corneal
crystals. Furthermore, strict adherence to therapy is essential to the efficacy of Formulation 3.
The proportion of patients who had response at some time in complier population is more than
that of non-compliers in the CAPTOC Study.

1.2 Brief Overview of Clinical Studies

Three clinical studies were submitted to support that cysteamine ophthalmic solution is effective
in the treatment of ocular cystinosis. The first study is the Combined Analysis of Patients
Treated with Ophthalmic Cysteamine (CAPTOC) Study which aggregates three historically
controlled single center studies (Protocols 86-EI-0062, 94-EI-0116, 92-EI-0230) to demonstrate
the safety and efficacy of cysteamine ophthalmic solution in the treatment of corneal cystine
crystals in 247 cystinosis patients who were concurrently receiving oral cysteamine. Protocol 86-
EI-0062 is a randomized clinical trial with patients, aged 6 months to 25 years, to whom
Formulation 1 (0.11% cysteamine ophthalmic solution) was to be administered to one eye and
placebo (saline) to the companion eye, once each waking hour. The study was amended on
several occasions as Formulations and trial conduct were changed. Table 1.2 shows the list of
major protocol revisions during the course of the trial. The two other studies Protocol 92-EI-
0230 and Protocol 94-EI-0116 were to further conducted concurrently to evaluate the
tolerability, along with the effectiveness, of Formulation 3 as compared to Formulation 2, and of
Formulation 3 with Formulation 4 (0.55% cystamine B

The second study is Study 98-EI-0109S which was a double-masked, randomized, within-
patient-controlled study in outpatients, children of at least 1 year of age and adults, who had been
diagnosed with cystinosis and were currently enrolled in Protocol 86-EI-0062. The primary
objective of this study was to evaluate the safety of Formulation 5 in cystinosis patients who
were currently receiving cysteamine ophthalmic solution Formulation 3 under post-study follow-
up activities at the NEI Clinical Center. In this study, 20 patients were randomized to receive
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cysteamine ophthalmic solution Formulation 3 in one eye and Formulation 5 in the companion
eye, concurrently. Treatment was administered every waking hour for a period of 6 months, with
periodic re-evaluation every 6 months at the NEI Clinical Center.

Table 1.2 CAPTOC Study Major Protocol Revisions

Amendment Summary of Major Protocol Revision

86-E1-0062 Patients switched to receive 0.65% cysteamine ophthalmic solution plus 0.01% BAK (Formulation 3) in 1
Amendment A eye and 0.65% cysteamine ophthalmic solution (Formulation 2) in the companion eye (May 20, 1992).a
86-E1-0062 Patients switched to receive Formulation 3 in both eyes (July 2, 1993).b

Amendment B

86-EI-0062 Patients switched to receive Formulation 3 in both eyes (November 2, 1995).c

Amendment C

a = Pilot toxicity study involving 5 patients.
b = Patients transferred from Protocol 92-EI-0230 and included patients currently enrolled in Protocol 86-EI-0062.
¢ = Patients transferred from Protocol 92-EI-0116 and included patients currently enrolled in Protocol 86-EI-0062.

The third study is Study 98-EI-0109E which was a multicenter clinical trial in patients who had
never received cysteamine ophthalmic solution with the primary objective of assessing the
proportion of eyes with a reduction in CCCS of 1.00 unit or more in the eye treated with
cysteamine ophthalmic solution Formulation 3 in comparison with the companion eye treated
with Formulation 5. The treatment period was 1 year. In this study, 16 patients, ages 2-12 years
(inclusive), were randomized to receive cysteamine ophthalmic solution Formulation 3 in one
eye and Formulation 5 in the other eye. Study investigators and all clinic staff were to be masked
to treatment assignments. Study visits to the clinic occurred every 3 months and efficacy
assessments were to be made at baseline, 3 months, 6 months, 9 months, and 12 months after
treatment.

1.3 Statistical Issues and Findings

There was no formal Statistical Analysis Plan (SAP), no hypotheses defined, nor sample size
determination prepared a priori for the three studies (CAPTOC, Study98-EI-109S, and Study98-
EI-109E).

CAPTOC Study

The database was locked in July 13, 2005 for CAPTOC study. A brief outline of the planned
analyses was prepared by @@ in October 2009 for the NDA submission.

This analysis plan defined the primary endpoint as a response of an eye if the difference between
the minimum of all CCCS measurements and baseline CCCS is < -1 when the baseline CCCS >
1, or the difference between the maximum of all CCCS measurements and baseline CCCS is < 1
when the baseline CCCS < 1. Because the definition of this response used the post baseline
minimum CCCS measurement for eyes with a baseline CCCS = 1, the reduction of CCCS can be
transient at some time during the study and may not be maintained at the end of the study. Thus,
the reviewer defined a sustained response as an eye with a reduction of at least 1.00 unit through
out the study, and a transient response as an eye with a reduction of at least 1.00 unit at some
time but not at all time points of the study.



According to this plan, no inferential statistics were presented for the efficacy variables because
no pre-specified hypotheses were defined.

This analysis plan also defined some secondary endpoints. They included mean CCCS change
from baseline, shift from baseline to lowest post-baseline CCCS category, shift from baseline to
post-baseline time points (years) in CCCS categories, improvement in corneal haziness,
improvement in photophobia, improvement in foreign body sensation, and correlation between
CCCS and photophobia.

The efficacy analysis was performed for the modified Intent-To-Treat (mITT), mITT-1, and
mITT-2 populations, which are described below:

e mITT: Included all ITT patients for whom a baseline CCCS assessment and at least one
post-baseline CCCS assessment was available.

e mITT-1: Included all mITT patients who started study medication before July 2, 1993
(the study period that included the use of placebo).

e mlITT-2: Included all mITT patients who started study medication on or after July 2, 1993
(the study period that discontinued the use of placebo).

Furthermore, in the absence of a control treatment, the reviewer also considered treatment effect
of the drug in non-compliers and compliers. The complier population in this analysis consists of
those patients who were scored excellent at some time in the study, i.e., in at least at one of the
visits they were scored excellent, and can be thought of as the treatment group while the non-
compliers can be thought of as a conservative analysis based on the premise that a spontaneous
reduction of CCCS a maximum 1.00 unit decrease without treatment in 12 months) may occur in
only 7% of follow-up examinations of patients (Gahl, 2000), and these spontaneous reductions
are not sustained.

The treatment of patients with corneal cystine crystals in cystinosis with ophthalmic cysteamine
had been studied at NEI for many years under various different protocols. This is the main issue
in the post-hoc analysis of the CAPTOC Study. The estimates may be affected by variable
protocol deviations in timing of assessments, missing data, and study design adaptations that
were not pre-specified by the protocol. It should be noted that the Applicant’s estimates of the
primary endpoint were not correct since the missing values were mistakenly treated as responses
in their calculation. Therefore, the results presented in this review were all produced by the
reviewer.

Using the response endpoint described above, 30.5% (98/321) [95% CI: (25.6, 35.9)] of eyes had
a response at some time for the mITT population in the CAPTOC Study. Most responses
occurred in eyes with CCCS >1 at baseline 32.3% (94/291) [95% CI: (27.0, 38.1)]. Cumulative
response rates were also calculated for eyes with CCCS >1 at baseline. In these eyes, about 10%
had response in Year 1 and by Year 6 about 30% of the patients had response at some time
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during the study. In terms of the average change from baseline in CCCS, results show that there
is marginal increase [0.140; 95% CI (-0.034, 0.246)] in the mITT population. In eyes with
CCCS >1 at baseline, the average change from baseline in the highest CCCS is -0.052 [95% CI:
(-0.138, 0.035)]. The plot of the lowest CCCS in eyes with response by year is shown in Figure
1.1 which depicts transient reduction in CCCS.

Reviewer remark: Cumulative response rates do not mean that by Year 6 30% of the patients still
have reduced CCCS for those eyes with CCCS >1 at baseline. As mentioned before, the response
definition used the post baseline minimum CCCS measurement for eyes with a baseline CCCS >
1, the reduction of CCCS can be transient at some time during the study and may not be
maintained at the end of the study. In fact, among the 94 response eyes, there were only 22 eyes
had sustained reduction; the proportion of eyes with sustained responses was 7.5% (95% CI:
4.5%, 10.6%) and the proportion of eyes with transient responses was 24.7% (95% CI: 19.8%,
29.7%).

The treatment effects in two populations: mITT-1 and mITT-2, were also analyzed. The overall
response in the mITT-1 is 28.9% (53/183) [95% CI: (22.6%, 36.2%)], and the overall response in
the mITT-2 is 32.61% (45/138) [95% CI: (25.0%, 41.2%)].

Figure 1.1 Boxplot of the Lowest CCCS in Responder Eyes with CCCS > 1 at Baseline
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In terms of the average change from baseline in CCCS, the mean change from baseline in CCCS
is 0.422 in the mITT-1 population while in the mITT-2 the mean change from baseline in CCCS
is -0.236. The difference between the two populations in the mean change from baseline in
CCCS is 0.658 [95% CI: (0.456, 0.861)].

Reviewer remark: The above results have to be interpreted with caution. The difference between
mITT-2 and mITT-1 as the estimate of the treatment effect of cysteamine ophthalmic solution is
conservative because mITT-1 patients were not on placebo all the time.

Among subjects who were considered excellent compliers 42.1% (77/183) [95% CI: (34.9%,
49.6%)] of eyes had a response at some time. In subjects who were considered non-compliers,
15.2% (21/138) [95% CI: (9.9%, 22.6%)] of eyes had a response at some time including 19 with
CCCS > 1 at baseline and 2 eyes with CCCS<I at baseline. The difference in proportion between
compliers and non-compliers is 26.9% [95% CI: (16.6, 36.1)].

Reviewer remark: The use of the difference between compliers and non-compliers needs to be
interpreted prudently because these two groups are determined after the baseline visit and were
not pre-specified by the protocol.

Study98-EI-0109S: The primary objective of this study was to provide safety data comparing
Formulation 3 with Formulation 4 and efficacy endpoints were treaded as secondary but were
analyzed in the same manner as the CAPTOC study. In this study, only eight eyes treated with
Formulation 5 and nine eyes treated with Formulation 3 had a CCCS >1.00 unit at baseline.
There were no responders among the eight eyes treated with Formulation 5 and there were only 3
eyes who responded among the 9 eyes treated with Formulation 3. However, the mean change
from baseline CCCS score at month 6 in Formulation 3 is -0.2222 [95% CI: (-0.503, 0.058)] and
0.2361 [95% CI: (-0.045, 0.517)] for Formulation 5. The difference between these two values is
0.4583 [95% CI: (0.061, 0.866)] which is statistically significant.

Study98-EI-0109E: The primary objective of this study was to provide evidence of efficacy for
Formulation 3 by comparing it with Formulation 4 using a similar analysis as the CAPTOC
study. In Study98-EI-0109E, the proportion of responses was statistically significantly higher (p
= 0.0047 based on McNemar; p-value = 0.0078 based on Fisher’s exact test) in those eyes
received Formulation 3 (10 [66.7%]) compared with Formulation 5 (2 [13.3%]). The sustained
response rate was 20% (3/15) [95% CI: (5, 49)] with Formulation 3 treatment and 6.7% (1/15)
95% CI: (0, 34) with Formulation 5 treatment. In addition, the mean change from baseline CCCS
score at month 12 in Formulation 3 is -0.9000 [95% CI: (-1.285, -0.515)] and -0.0833 [95% CI:
(-0.468, 0.301)] for Formulation 5. The difference between these two Formulations is 0.8167
[95% CI: (0.2727, 1.3606)] which is statistically significant. Furthermore, the difference in the
mean change from baseline CCCS score between Formulation 3 and Formulation 5 is
statistically significant at every visit from Month 3, Month 6, Month 9, and Month 12.
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2. INTRODUCTION

2.1 Overview

Cystinosis is an inherited (autosomal recessive) lysosomal storage disorder characterized by the
defective transport of the amino acid cystine out of lysosomes (Iwata, 1998; Gahl, 1995; Gahl,
1986). When this function is impaired, cystinosis (accumulation of cystine) occurs; free cystine
is poorly soluble and builds up continuously and it forms intracellular crystal deposits throughout
the body. These crystals negatively affect many systems in the body, especially the kidneys and
eyes (Gahl, 1995). In the eyes, cystine crystals initially appear in the central cornea and progress
to the full thickness of the peripheral cornea and anterior two thirds of the central cornea with
age (Gahl, 2000). In fact, the natural history of corneal crystal accumulation indicates no
spontaneous reduction in CCCS with age (Gahl, 2000). The accumulation is partly responsible
for clinical symptoms of photophobia, recurrent corneal erosions, secondary blepharospasm and
loss of visual acuity that complicate longstanding cystinosis (Kaiser-Kupfer, 1987).

There is no known cure for cystinosis, although symptomatic replacement of renal losses is
standard therapy, and renal transplantation may cure the kidney problem (Gahl, 2000). The
mainstay of cystinosis therapy is oral cysteamine (Cystagon) which lowers intracellular cystine
content and has proven efficacy in delaying renal glomerular deterioration, enhancing growth,
preventing hypothyroidism, and lowering muscle cystine content. However, oral cysteamine
does not affect the corneal crystal accumulation due to inadequate delivery of cysteamine to the
cornea (Kaiser-Kupfer, 1987; Gahl, 2000). Therefore, the use of cysteamine ophthalmic solution
to circumvent the humoral route of cysteamine delivery to the cornea is necessary.

In this submission, the Applicant provides justification that cysteamine hydrochloride might be
of potential significant benefit for the treatment of ocular cystinosis. Cysteamine hydrochloride
reacts with cystine to form disulfide complex allowing removal without a transporter (Gahl,
2000). By doing this cysteamine is expected to prevent cystine accumulation in lysosomes and
this way rescue the cell damage that occurs because of cysteamine deficiency.

The application is being filed under the provisions of Section 505(b)(2) of the Federal Food,
Drug, and Cosmetic Act to reference investigations describing certain pharmacology, toxicology,
and systemic clinical safety of cysteamine in NDA 020329, the currently approved Cystagon@)
(cysteamine bitartrate) Capsules application. The Applicant also seeks reference to IND Rl
and to its Orphan Drug Designation (ODD 97-1059) for the use of cysteamine hydrochloride in
the treatment of corneal cystine crystal accumulation in cystinosis patients. The National
Institute of Health (NIH) administered this IND in conjunction with the National Eye Institute
(NEI). The Applicant received two Orphan Drug Grants for the development of ophthalmic
cysteamine (FD-R-001769-01 on September 26, 2000, and FD-R-O 1769-02 on July 25, 2001,
entitled "Cysteamine Hydrochloride Eye Drops-New Formulation").

2.1.1 History of Cysteamine Ophthalmic Solution

In 1986, the National Institute of Health (NIH), in conjunction with the National Eye Institute
(NEI), administered @@ for the use of cysteamine hydrochloride in the treatment of
corneal cystine crystal accumulation in cystinosis patients. The principal study, Protocol 86-EI-
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0062, entitled “A Double Masked Placebo Controlled Randomized Clinical Trial of Topical
Cysteamine in the Treatment of Corneal Cystine Crystal Accumulation in Cystinosis,” assessed
the tolerability and efficacy of 0.11% cysteamine ophthalmic solution (Formulation 1)
administered to the cornea of patients who were presently receiving orally administered
cysteamine.

As a result of the nonclinical toxicity study and the preliminary analysis by NEI showing
diminished efficacy in older children with denser crystal accumulation, Study 86-EI-0062 was
amended (Amendment 1) in April 15, 1998 to increase the concentration of cysteamine
ophthalmic solution from 0.11% to 0.55% for the remainder of the clinical study. However
starting 1991, NIH had begun adjusting the amount of cysteamine in NIH formulations e

®) @

The corrected actual mean concentration (w/v) of cysteamine in NIH
formulations was 0.65% (Formulation 2). New patients enrolled after this date were to be
administered Formulation 2 1in one eye and placebo in the companion eye, and existing patients
were to be provided Formulation 2 in place of Formulation 1 upon receipt of their next clinical
supply. In addition, the amendment expanded enrollment to 30 patients. Results from this
amended clinical trial provided further support of corneal crystal clearing from treatment with
cysteamine ophthalmic solution (Kaiser-Kupfer, 1990). Although outside the provisions of the
protocol, active treatment was again extended to both eyes in responders.

On February 24, 1992, Study 86-EI-0062 was further amended (Amendment 2) to determine if
long-term administration of Formulation 2 was effective in maintaining a crystal-free or near
crystal-free cornea in cystinosis patients. This amendment also broadened the eligibility age
range (birth-40 years of age) and increased the planned size of the treatment population to 125
patients. Study 86-EI-0062 was again amended (Amendment A) in May 20, 1992 to provide for
a pilot clinical toxicity study in five patients currently receiving Formulation 2 in both eyes. The
purpose of this study was to demonstrate whether the addition of the preservative affected the
safety of 0.65% cysteamine ophthalmic solution. Patients in this pilot study received Formulation
2 in one eye and Formulation 3 (0.65% cysteamine plus 0.01% benzalkonium chloride [BAK]) in
the companion eye.

Based on the results of the pilot study, an additional study was conducted under a separate
protocol 92-EI-0230 on July 13, 1992 to further evaluate the tolerability, along with the
effectiveness, of Formulation 3 as compared to Formulation 2. This study was conducted under
the same IND and enrolled patients from Protocol 86-EI-0062 who were receiving Formulation 2
mn both eyes and the five patients that had participated in the former pilot study. It was later
terminated because there was no evidence of toxicity associated with the inclusion of 0.01%
BAK in the 0.65% cysteamine ophthalmic solution, even after 6 months of treatment in some
patients. Concurrently, a decision was reached by NEI to no longer include a placebo control
arm.

12



On July 02, 1993, the ongoing Study 86-EI-0062 was amended (Amendment B) to extend
treatment with Formulation 3 to both eyes. New patients enrolled after this date were to be
administered Formulation 3 to both eyes and existing patients were to be provided with
Formulation 3 for both eyes upon receipt of their next clinical supply. This amended clinical
study was conducted under IND 040593 of William Gahl, M.D.

Cysteamine in solution is known to rapidly oxidize to cystamine disulfide when dispensed at
room temperature. The effect of this degradant was assessed in Study 94-EI-0116 (approved
February 22, 1994), a randomized, controlled, double-masked trial in which 14 cystinosis
patients naive to ophthalmic cysteamine were randomized such that one eye of each patient was
treated with Formulation 3 while the companion eye was treated with Formulation 4 (0.55%
cystamine @@ While side effects were negligible in both preparations,
Formulation 3 was more beneficial in removing corneal crystals than Formulation 4 (Iwata,
1998). Study 94-EI-0116 was terminated on November 2, 1995, and the use of Formulation 4
was discontinued. The patients were then given the opportunity to receive Formulation 3 in both
eyes under Protocol 86-EI-0062. Subsequent modifications, Amendment C (November 2, 1995)
and Amendment D (March 19, 1999), to Protocol 86-EI-0062 provided for the continuation of
the study to determine whether long-term administration of cysteamine ophthalmic solution
safely and effectively maintained a crystal-free or near crystal-free cornea, and simultaneously
provided for the availability of cysteamine ophthalmic solution to needy patients in a
compassionate use manner.

In 1997, cysteamine ophthalmic solution Formulation 5 was developed in order to provide a
product that did not require freezing. This formulation (0.5% cysteamine, ]

retains cysteamine as the free thiol in stable form for 7 months at room
temperature and up to 24 months under refrigeration. In 1998, the Phase 3 Study 98-EI-0109S
was initiated at a single study site, the NEI Clinical Center of NIH. This was a double-masked,
randomized, within-patient-controlled study in outpatients, children of at least 1 year of age and
adults, who had been diagnosed with cystinosis and were currently enrolled in Protocol 86-EI-
0062. Furthermore, in 1998, the Phase 3 Study 98-EI-0109E was initiated several months after
Study 98-EI-0109S began. Study 98 EI-0109E was a multicenter clinical trial conducted by the
NEI Clinical Center of NIH and two additional clinical research centers—the University of
Michigan and University of California, San Diego.

The Applicant in conjunction with the National Eye Institute (NEI) and the National Institutes of
Health (NIH) developed cysteamine hydrochloride ophthalmic solution 0.65% for the treatment
@@ of corneal cystine crystal accumulation in cystinosis patients. The Applicant
received two Orphan Drug Grants for the development of ophthalmic cysteamine (on September
26, 2000, and on July 25, 2001, entitled “Cysteamine Hydrochloride Eye Drops-New
Formulation) and an Orphan Drug Designation (ODD 97-1059). A pre-NDA meeting was
subsequently held with the division on October 19, 2001. During this meeting, the Applicant
agreed provide a complete CMC section for the proposed drug substance and eye drop
formulation, information to support pharmacology/toxicology as well as a reference to the oral
Cystoran data on file, and clinical data from NEI to support efficacy and safety. The Applicant
also agreed to provide all available case report forms (CRFs) from these studies for all patients.
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2.1.2 Clinical Studies Reviewed
The clinical studies submitted for review are the following:

1. CAPTOC Study: this study composed of three historically controlled single center
studies (Protocols 86-EI-0062, 94-EI-0116, 92-E1-0230) to collectively demonstrating the
safety and efficacy of cysteamine ophthalmic solution in the treatment of corneal cystine
crystals in 247 cystinosis patients who were concurrently receiving oral cysteamine.

2. Study 98-EI-0109S: this is a single center, double-masked, randomized, within-patient-
controlled study in outpatients, children of at least 1 year of age and adults, who had been
diagnosed with cystinosis and were currently enrolled in Protocol 86-EI-0062.

3. Study 98 EI-0109E: this is a multicenter clinical trial conducted by the NEI Clinical
Center of NIH and two additional clinical research centers—the University of Michigan
and University of California, San Diego to assess the proportion of eyes with a reduction
in CCCS of 1.00 unit or more in the eye treated with cysteamine ophthalmic solution
Formulation 3 in comparison with the companion eye treated with Formulation 5 in
patients who had never received cysteamine ophthalmic solution.

2.2 Data Sources

The clinical study reports were provided in an electronic submission located in
\\CDSESUBI1\EVSPROD\NDA200740. Datasets for the analysis of primary and secondary
endpoints are provided in this electronic submission as well.

The treatment of patients with corneal cystine crystals in cystinosis with ophthalmic cysteamine
had been studied at NEI for many years under various different protocols. With the lack of a data
management plan or an adequate clinical database of the data collected during these studies, the
Applicant undertook to gather the data in an extraction and cleaning process to provide a relevant
and reliable database to support a more formal statistical analysis of the data. Given the history
of these studies, there were several sources of data collected to create a complete CRF book for
each patient. Accordingly, CRFs were retrospectively developed based on available source
documentation for the time periods when CRFs were not available. This process was completed
under a Retrospective Data Management Plan, which provides a retrospective discussion of the
data extraction, CRF collection, and processing activities performed by the Applicant.
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3 STATISTICAL EVALUATION

3.1 Evaluation of Efficacy
Three clincal studies, STP869294 (CAPTOC), 98-EI-0109S, and 98-EI-1090E, were submitted
to provide efficacy and safety data for this NDA.

CAPTOC (Combined Analysis of Patients Treated with Ophthalmic Cysteamine): This was a
combined analysis of three historically controlled single center studies (Protocols 86-EI-0062,
94-EI-0116, 92-EI-0230) collectively demonstrating the safety and efficacy of cysteamine
ophthalmic solution in the treatment of corneal cystine crystals in 247 cystinosis patients who
were concurrently receiving oral cysteamine (see Figure 3.1). The descriptions of these studies
and their amendments are as follows:

Protocol 86-EI-0062 is a randomized clinical trial of topical cysteamine in the treatment of
corneal cystine crystal accumulation in cystinosis. The trial has a planned enrollment of 15
patients, aged 6 months to 25 years, to whom Formulation 1 (0.11% cysteamine ophthalmic
solution) was to be administered to one eye and placebo (saline) to the companion eye, once each
waking hour. Active treatment was extended to both eyes in responders. Patients were
considered responders when a marked difference between the two eyes in corneal crystal content
was observed. It was considered inappropriate to continue placebo treatment in the less
responsive eye. Although outside the provisions of the protocol, the NEI IRB individually
authorized extension of active treatment to both eyes on a case-by-case basis.

o Amendment 01: Study 86-EI-0062 was amended (April 15, 1988; Amendment 1) to increase
the concentration of cysteamine ophthalmic solution from 0.11% to 0.55% for the remainder
of the clinical study. It should be noted that although the study protocols indicated that the
concentration of cysteamine was 0.55%, a retrospective review of the NIH PDS batch
records by the Applicant revealed that starting in 1991, NIH began adjusting the amount of
cysteamine i NIH formulations ®e

The corrected
actual mean concentration (w/v) of cysteamine in NIH formulations was 0.65%. New
patients enrolled after this date were to be administered Formulation 2 (0.65% cysteamine) in
one eye and placebo in the companion eye, and existing patients were to be provided
Formulation 2 in place of Formulation 1 upon receipt of their next clinical supply. In
addition, the amendment expanded enrollment to 30 patients. Results from this amended
clinical trial provided further support of corneal crystal clearing from treatment with
cysteamine ophthalmic solution. Although outside the provisions of the protocol, active
treatment was again extended to both eyes in responders.

o Study 86-EI-0062 was further amended (February 24, 1992; Amendment 2) to determine if
long-term administration of Formulation 2 was effective in maintaining a crystal-free or near
crystal-free cornea in cystinosis patients. This amendment also broadened the eligibility age
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range (birth-40 years of age) and increased the planned size of the treatment population to
125 patients.

o Study 86-EI-0062 was again amended (May 20, 1992; Amendment A) to provide for a pilot
clinical toxicity study in five patients currently receiving Formulation 2 in both eyes. The
purpose of this study was to demonstrate whether the addition of the preservative affected the
safety of 0.65% cysteamine ophthalmic solution. Patients in this pilot study received
Formulation 2 in one eye and Formulation 3 (0.65% cysteamine plus 0.01% benzalkonium
chloride [BAK]) in the companion eye. The five patients demonstrated no adverse reactions
after 2 months of administration of Formulation 3.

o Study 86-EI-0062 was amended (July 02, 1993; Amendment B) to extend treatment with
Formulation 3 to both eyes. New patients enrolled after this date were to be administered
Formulation 3 to both eyes and existing patients were to be provided with Formulation 3 for
both eyes upon receipt of their next clinical supply. This amendment also broadened the
eligibility age (birth-60 years of age) and increased the planned size of the treatment
population to 150 patients. The clinical course of pre-Amendment B patients was to be
compared to his/her baseline condition and newly admitted patients were to be evaluated
with the natural history of the disease serving as a control.

o Amendment C (November 2, 1995) and Amendment D (March 19, 1999), to Protocol 86-EI-
0062 provided for the continuation of the study to determine whether long-term
administration of cysteamine ophthalmic solution safely and effectively maintained a crystal-
free or near crystal-free cornea, and simultaneously provided for the availability of
cysteamine ophthalmic solution to needy patients in a compassionate use manner. In 1997,
cysteamine ophthalmic solution Formulation 5 was developed in order to provide a product
that did not require freezing. This formulation (0.5% cysteamine, R

retains cysteamine as the free thiol in stable form for 7 months at room
temperature and up to 24 months under refrigeration. Formulation 5 was evaluated in rabbits
for its potential to produce ocular irritation after sustained use (two drops per hour for 8
consecutive hours per day) over a 30 day period.

Protocol 92-EI-0230: Based on the results of the pilot study, an additional study was conducted
under a separate protocol (92-EI-0230; July 13, 1992) to further evaluate the tolerability, along
with the effectiveness, of Formulation 3 as compared to Formulation 2. This study was
conducted under U.S. @@ and enrolled patients from Protocol 86-EI-0062 who were
receiving Formulation 2 in both eyes and the five patients that had participated in the former
pilot study. After enrollment and treatment of 20 cystinosis patients, there was no evidence of
toxicity associated with the inclusion of 0.01% BAK in the 0.65% cysteamine ophthalmic
solution, even after 6 months of treatment in some patients. As a result, Study 92-EI-0230 was
terminated, and a decision was reached by NEI to no longer include a placebo control arm.
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Figure 3.1 Applicant’s diagram of CAPTOC Study STP869294
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Table 3.1 CAPTOC Study: Comparison of Protocol and Treatment

Protocol Treatment Dates

86-EI-0062 Formulation 1 vs Placebo® March 20, 1986
86-EI-0062Amendment 1 Formulation 2 vs Placebo® April 15, 1988
86-EI-0062 Amendment A Formulation 3 vs Formulation 2 May 20, 1992
92-EI1-0230 Formulation 3 vs Formulation 2 July 13, 1992
86-EI-0062 Amendments B-D Formulation 3 both eyes July 2, 1993
94-EI-0116 Formulation 4 vs Formulation 3 February 22, 1994
98-EI-0109S" Formulation 5 vs Formulation 3 September 21, 1998
98-EI-0109E" Formulation 5 vs Formulation 3 November 3, 1998

a = Responders received active treatment in both eyes. b = Only baseline data from Protocol 98-EI-0109S and Protocol 98-EI-
0109E used in CAPTOC analysis.

Protocol 94-EI-0116: Cysteamine in solution is known to rapidly oxidize to cystamine disulfide
when dispensed at room temperature. The effect of this degradant was assessed in Study 94-EI-
0116 (approved February 22, 1994), a randomized, controlled, double-masked trial in which 14
cystinosis patients naive to ophthalmic cysteamine were randomized such that one eye of each
patient was treated with Formulation 3 while the companion eye was treated with Formulation 4
(0.55% cystamine @@ After 8-20 months, six patients showed a reduction of
corneal crystal scores only in the eye that received cysteamine ophthalmic solution (Formulation
3). While side effects were negligible in both preparations, Formulation 3 was more beneficial in
removing corneal crystals than Formulation 4. Study 94-EI-0116 was terminated on November 2,
1995, and the use of Formulation 4 was discontinued. These patients were then given the
opportunity to receive Formulation 3 in both eyes under Protocol 86-EI-0062

Due to the progressive nature of formulation and clinical development of the ophthalmic
cysteamine studies at NEI, the Applicant determined that a conventional approach of
independent analyses would not portray an accurate reflection of the clinical exposure regarding
safety and efficacy. Therefore, an approach to combine all available exposure data from NEI
studies was undertaken (see Figure 3.1).

Study 98-EI-0109S" In 1998, the Phase 3 Study 98-EI-0109S was initiated at a single study site,
the NEI Clinical Center of NIH. This was a double-masked, randomized, within-patient-
controlled study in outpatients, children of at least 1 year of age and adults, who had been
diagnosed with cystinosis and were currently enrolled in Protocol 86-EI-0062. The primary
objective of this study was to evaluate the safety of Formulation 5 in cystinosis patients who
were currently receiving cysteamine ophthalmic solution Formulation 3 under post-study follow-
up activities at the NEI Clinical Center. In Study 98-EI-0109S, 20 patients were randomized to
receive cysteamine ophthalmic solution Formulation 3 in one eye and Formulation 5 in the
companion eye. Treatment was administered every waking hour for a period of 6 months, with
periodic re-evaluation every 6 months at the NEI Clinical Center.

Study 98-EI-0109E: Study 98 EI-0109E was a multicenter clinical trial conducted by the NEI

Clinical Center of NIH and two additional clinical research centers—the University of Michigan

and University of California, San Diego. The primary objective of this efficacy study was to

assess the proportion of eyes with a reduction in CCCS of 1.00 unit or more in the eye treated

with cysteamine ophthalmic solution Formulation 3 in comparison with the companion eye
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treated with Formulation 5 in patients who had never received cysteamine ophthalmic solution.
The treatment period was 1 year. In this study, 16 patients, ages 2-12 years (inclusive), were
randomized to receive cysteamine ophthalmic solution Formulation 3 in one eye and
Formulation 5 in the other eye. Study investigators and all clinic staff were to be masked to
treatment assignments. Study visits to the clinic occurred every 3 months and efficacy
assessments were to be made at baseline, 3 months, 6 months, 9 months, and 12 months after
treatment.

3.1.1 Endpoints

In Protocol 86-EI-0062 (March 20, 1986), the primary endpoint is the prevention of further
crystal formation in patients with minimal corneal crystals and the disappearance of corneal
crystals in patients with densely packed corneal crystals. Amendments 1-2 retain the same
endpoints. In Amendment A, the primary endpoint is symptoms of irritation, redness, or
discomfort. In Protocol 92EI-0230, the primary endpoint is symptoms of irritation, redness, or
discomfort while the secondary endpoint is the Prevention of further crystal formation in patients
with minimal corneal crystals and the disappearance of corneal crystals in patients with densely
packed corneal crystals. Amendment B (July 2, 1993) of Protocol 86-EI-0062, the primary
endpoint is the same as with the original protocol (Protocol 86-EI-0062; March 20, 1986) and the
secondary endpoint is symptoms of irritation, redness, or discomfort. Endpoints for the
concurrent study 94-EI-0116 and its subsequent Amendment 1 and Amendments C-D to Protocol
86-EI-0062 use the same endpoint as Protocol 86-EI-0062 Amendment B.

In the aggregate program CAPTOC Study, the primary end point is a reduction of CCCS
(Corneal Cystine Crystal Score) in eyes with CCCS 21 at baseline, and lack of increase in CCCS
in eyes with CCCS <1 at baseline. The primary and secondary end points are based on
photo-rated CCCS. The use of photo-rated CCCS (slit-lamp photography in conjunction with a
photography-based scoring system) has been used successfully to quantify and document the
accumulation of corneal cystine crystal accumulation in cystinosis patients over time. Secondary
end points includes mean CCCS change from baseline, shift from baseline to lowest
post-baseline CCCS category, shift from baseline to post-baseline time points (years) in CCCS
categories, improvement in corneal haziness, improvement in photophobia, improvement in
foreign body sensation, and correlation between CCCS and photophobia.

In Study 98-EI-0109S, there is no identified a priori efficacy variable. The primary end point of
this study is the proportion of patients who experienced an SAE in one eye treated with
Formulation 5 and in the companion eye treated with Formulation 3.

In Study 98-EI-0109E, the primary endpoint is the estimated proportion of eyes with a reduction
of 1.00 unit or more in the CCCS relative to baseline (where the CCCS baseline value was >1)
any time during the treatment period; and, the estimated proportion of eyes with a reduction of
1.00 unit or more in the CCCS relative to baseline (where the CCCS baseline value was >1) at
Month 3, Month 6, Month 9, and Month 12. The secondary end points is the estimated
proportion of eyes with a reduction of <1.00 unit in CCCS relative to baseline at Month 3, Month
6, Month 9, at Month 12.
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3.1.2 Number of Patients per Analysis Population
The following table summarizes the analysis population in the CAPTOC Study:

Table 3.2 CAPTOC Study: Summary of the Analysis Population

Population Definition Number

Safety/ITT included all patients enrolled in the study to whom one or more doses of study medication 247
was administered.

mITT included all ITT patients for whom a baseline CCCS assessment and at least one post- 161
baseline CCCS assessment was available.

mITT-1 included all mITT patients who started study medication before July 2, 1993 (the study 92
period that included the use of placebo).

mITT-2 included all mITT patients who started study medication on or after July 2, 1993 (the 61

study period that discontinued the use of placebo).

In Study 98-EI-0109S, 18 of the 20 eyes per formulation group randomized in this study received
at least one post-baseline CCCS assessment for the primary and secondary end point analyses
and were, therefore, included in the Per-Protocol Population. All 20 eyes per formulation group
randomized received at least one treatment dose; therefore, the safety analysis population was
comprised of the same 18 eyes per formulation group included in the Per-Protocol Population in
addition to two eyes per formulation group. For the subset of patients 2-12 years of age, 10 eyes
per formulation group comprised the safety population and eight eyes per formulation group
comprised the Per-Protocol Population.

Study 98-EI-0109E has two defined analysis populations, Safety and Per-Protocol. The Safety
Population (at the level of the patient) included all 16 patients that received at least one dose of
study drug. When data were presented at the level of an individual eye, as long as a patient’s eye
had received study drug, it was included in the Safety Population. The Per-Protocol Population
(at the level of the patient) included all patients with at least one post-baseline CCCS for at least
one eye. When data were presented at the level of an individual eye, as long as a patient’s eye
had at least one post-baseline CCCS, it was included in the Per-Protocol Population. Hence, the
Per-Protocol Population includes all 16 patients.

3.1.3 Patient Disposition

The number of patients who completed the study and the number of patients who discontinued
prematurely from the study could not be summarized because there was no provision in the CRF
to capture these data in The CAPTOC program. The nature of these studies involved continuous
treatment under different protocols, and patients were able to continue receiving treatment as
long as they returned to NEI. Patients are still receiving treatment under Protocol 86-EI-0062 at
NEI In addition, patients who may have discontinued taking the ophthalmic solution are able to
receive treatment again under the same protocol whenever they return to NEI. Since there was no
adherence to a regimented follow-up schedule, the cutoff date of July 2005 reflects a time when
the last CRF was collected from NEI by the Applicant. Because of this arbitrary cutoff date,
there was a potential for patients to only have baseline data recorded. Because the protocol
remains subject to open enrollment (and open re-enrollment), and the range of collection
currently spans 19 years, no attempt was made to gather further data. In addition, because this
protocol is the only means for patients to receive ophthalmic cysteamine solution, stopping this
open enrollment was not an ethical option. This protocol has evolved into a treatment protocol.
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Figure 3.2 Patient Disposition Overview
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ITT-1 and ITT-2 populations labeled in this figure are to delineate the discontinuation of placebo treatment. No efficacy analyses
were performed on ITT-1 and ITT-2 populations.

Of the 20 patients enrolled in Study 98-EI-0109S, 20 (100%) eyes comprised the Safety
Population (eyes that received at least one dose of study drug) and 18 (90.0%) eyes comprised
the Per-Protocol Population (eyes with at least one post-baseline CCCS). Only one (5.0%)
patient (Patient 9010) discontinued participating in the study after 2 months of therapy due to
parental unwillingness to continue frequent administration of the eye drops. Another patient
(Patient 9011) was unable to return for the Month 6 visit until 385 days after initiating study
therapy. Consequently, these two patients were omitted from the efficacy analysis.

Because each patient received both formulations (one formulation in the right eye and the
alternate formulation in the left eye), the number of patients that received Formulation 3 was
equal to the number of patients that received Formulation 5 in both the Safety and Per-Protocol
Populations in Study 98-EI-0109S. Of the 16 patients enrolled, 16 (100%) eyes per formulation
group comprised the Safety Population (eyes received at least one dose of study drug) and 15
(93.8%) eyes per formulation group comprised the Per-Protocol Population (eyes with at least
one post-baseline CCCS). Only one (6.3%) patient (Patient 01002) from the NEI site
prematurely discontinued study after 6 weeks of therapy due to patient resistance and parental
unwillingness to continue frequent administration of eye drops. This patient was omitted from
the efficacy analysis.

3.1.4 Protocol Deviations

No protocol deviations were collected during the conduct of the three protocols in the CAPTOC
Study. During the retrospective data management and analysis, it was assumed that due to the
outpatient nature of the study and the variable visit schedule maintained by patients, all patients

21



were regarded as having one or more protocol deviations. The majority of deviations would have
included deviations from planned study procedures. A comparison of actual versus planned study
procedures.

On the other hand, all patients in Study 98-EI-0109S and Study 98-EI-0109E had one or more
protocol deviation, albeit, not predefined in the studies. Most of the deviations documented
departures from protocol-defined timing for study assessments data modifications were
incorrectly documented or Informed Consent Forms (ICFs) were inappropriately signed or dated;
The inability to validate some of the data with source documentation was also listed as a
deviation for many patients, but this impacted a relatively small number of data points overall.

3.1.5 Demographics and Baseline Characteristics

In the CAPTOC Study, the Mean (£SD) age of the ITT Population was 13.8 + 9.94 years, with
130 (52.6%) patients being male and 117 (47.4%) patients being female. Of the 161 patients in
the mITT Population, 83 (51.6%) were male and 78 (48.4%) were female. Percentages of
males/females were similar for both mITT-1 (52.2%/47.8%) and mITT-2 (50.7%/49.3%)
populations. The mean (£SD) age for all 161 patients in the mITT Population was approximately
12.1 £ 9.13 years (range <1 year to 47.9 years). Mean age for the mITT-1 Population was
slightly lower (11.0 £ 8.02 years [range 0.2-30.6]) when compared with the mITT-2 Population
(13.5 £ 10.3 years [range 1.3-47.9]). The youngest patient on study was <1 year and the oldest
patient was approximately 47.9 years.

Table 3.3 Demographic Characteristics in the CAPTOC Study

Population
Demographics ITT mITT mlITT-1 mITT-2
(N =494) (N =322) (N=184) (N=138)
Age (Years)a
Mean + SD 13.8 £9.94 12.1+£9.13 11.0+8.02 13.5+10.30
Median 12.8 10.9 11.8 9.3
Minimum, Maximum 0.2,49.6 0.2,47.9 0.2, 30.6 1.3,47.9
Gender (n%)
Male 130 (52.6%) 83 (51.6%) 48 (52.2%) 35 (50.7%)
Female 117 (47.4%) 78 (48.4%) 44 (47.8%) 34 (49.3%)

a = Day portion of birthdate was set to 01 because it was not collected in the database.

As shown in Table 3.4, the mean (=SD) CCCS of eyes in the ITT Population at baseline was 2.6
+ 0.79. More than 74% (370/494) of eyes were in the highest (>2.00-3.00) CCCS category, with
only 2.0% (10/494) having a baseline CCCS of 0.00. Mean baseline CCCS were also high
(>2.00) and comparable among eyes in the mITT, mITT-1, and mITT-2 populations. Mean
(£SD) photo-rated baseline CCCS for the mITT, mITT-1, and mITT-2 populations were 2.5 +
0.86, 2.4 + 1.00, and 2.7 + 0.58, respectively. The percentage of eyes that were in the highest
(>2.00-3.00) CCCS category were 72.8% (134/184) and 85.5% (118/138) for mITT-1 and mITT-
2, respectively. Only 2.2% (7/322) of eyes in the mITT population had a baseline CCCS of 0.00,
and all were from the mITT-1 Population. The median CCCS was 3.00 (regardless of
population).

22



Table 3.4 Summary of Baseline Corneal Cystine Crystal Score (CCCS) in the CAPTOC Study

Population
Baseline Characteristics ITT mITT mITT-1 mITT-2
(N =494) (N =322) (N =184) (N =138)

Number of Evaluable Eyes 455 321 184 138
Mean + SD 2.6 £0.79 2.5+0.86 2.4+1.00 2.7+0.58
Median 3.0 3.0 3.0 3.0
Minimum, Maximum 0.0, 3.0 0.0,3.0 0.0, 3.0 0.5,3.0
Score (n%)

0 10 (2.0%) 7 (2.2%) 7 (3.8%) 0 (0.0%)

>(0.00-1.00 29 (5.9%) 29 (9.0%) 24 (13.1%) 5 (3.6%)

>1.00-2.00 46 (9.3%) 33 (10.2%) 18 (9.8%) 15 (10.9%)

>2.00-3.00 370 (74.9%) 252 (78.3%) 134 (73.2%) 118 (85.5%)

Reviewer remark: It is not possible to display demographic and baseline characteristics by
treatment (formulation) in this study because patients were progressively moved to different
formulations when amendments were made to the study protocol.

Table 3.5 Demographic Characteristics in Study 98-EI-0109S

Patients 2-12 Years of

Demographics Overall (n =20) Age (n=10)
Age (Years)?
Mean + SD 13.38 £5.484 9.83 +1.878
Min, Max 59,278 59,12.0
Median 12.30 10.25
Gender (n%)"
Male 13 (65.0%) 8 (80.0%)
Female 7 (35.0%) 2 (20.0%)
Race (N%)"°
White 20 (100%) 10 (100%)
Ethnicity (n%)"
Not Hispanic Origin 20 (100%) 10 (100%)
Hispanic Origin 0 (0%) 0 (0%)

a = Before calculating age, patient data were de-identified by replacing the day portion of date of birth with ‘01°.
b = Percentages are based on the number of patients with non-missing values.
¢ = No other races were enrolled in the study (Black, Asian, Pacific Islander, Native American, Alaskan Native, or Other).

In Study 98-EI-0109S, of the 20 patients enrolled, 13 (65.0%) were male and seven (35.0%)
were female. All 20 patients were of white non-Hispanic origin and the mean age was
approximately 13.4 years (range 5.9 to 27.8 years of age). In the subset population analyzed,
eight (80.0%) were male and two (20.0%) were female. Mean age was approximately 9.8 years
(range 5.9 to 12.0 years of age).

As shown in Table 3.6, the mean CCCS of eyes randomized to Formulation 3 is slightly greater
than 1.00 (1.014 = 0.979); however, median CCCS (0.625) was identical to eyes randomized to
Formulation 5. The greatest number of eyes randomized to Formulation 5 (6 [33.3%]) were
categorized in the group with a CCCS score of 0, and the greatest number of eyes randomized to
Formulation 3 (8 [44.4%]) were categorized in the next higher (>0-1) category. Table 3.6
summarizes the baseline CCCS in patients 2-12 years of age.
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Table 3.6 Summary of Baseline Corneal Cystine Crystal Score (CCCS) in Study 98-EI-0109S

Treatment
Formulation 5 Formulation 3

Baseline Parameter (n=20) (n=20)
Corneal Cystine Crystal Score (CCCS)

Mean + SD 0.931 £0.954 1.014 £0.979

Min, Max 0.00, 2.75 0.00, 2.75

Median 0.625 0.625
Score (n%)b

0 7 (35.0%) 4 (20.0%)

>0-1 5 (25.0%) 8 (40.0%)

>1-2 5(25.0%) 4 (20.0%)

>2-3 3 (15.0%) 4 (20.0%)

b = Percentages were based on the number of eyes with non-missing values.

In Study 98 EI-0109E, of the 16 patients enrolled, 8 (50%) were male and 8 (50%) were female.
All 16 patients were of white, non-Hispanic origin and the mean age was approximately 6.5
years (range 2.7-12.0 years).

Table 3.7 Demographic Characteristics in Study 98-EI-0109E

Demographics Overall (n =16)
Age (Years)?
Mean + SD 6.49 +2.949
Minimum, Maximum 2.7,12.0
Median 6.65
Gender (n%)"
Male 8 (50%)
Female 8 (50%)
Race (N%)"°
White 16 (100%)
Ethnicity (n%)"
Non-Hispanic Origin 16 (100%)
Hispanic Origin 0 (0%)

a = Before calculating age, patient data were de-identified by replacing the day portion of date of birth with ‘01°.
b = Percentages are based on the number of patients with non-missing values.
¢ = No other race was enrolled in the study (Black, Asian, Pacific Islander, Native American, Alaskan Native, or Other).

As shown above in Table 3.8 the mean baseline CCCSs were comparable between eyes
randomized to receive Formulation 5 and Formulation 3. The mean baseline CCCS was greater
than 2.00 for both formulation groups. Most eyes (regardless of formulation) had a CCCS in the
highest category (>2-3) (12 [80%] randomized to Formulation 5 and 13 [86.7%] randomized to
Formulation 3). Although not shown above, the one additional patient that was included in the
Safety Population also had a baseline CCCS in the highest category (>2-3) for the eye
randomized to receive Formulation 5, and a baseline CCCS in category “>1-2” for the eye
randomized to receive Formulation 3.
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Table 3.8 Baseline Characteristics in Study 98-EI-0109E

Treatment
Formulation 5 Formulation 3

Baseline Parameter (n=16) (n=16)
Corneal Cystine Crystal Score (CCCS)?

Mean + SD 2.583 +£0.556 2.683 £0.438

Minimum, Maximum 1.25,3.00 1.75, 3.00

Median 2.750 3.000
Score (N%)°

0 0 (0%) 0 (0%)

>0-1 0 (0%) 0 (0%)

>1-2 3 (18.8%) 3 (18.8%)

>2-3 13 (81.3%) 13 (81.3%)

b = Percentages were based on the number of eyes with non-missing values.

3.1.6 Statistical Methodology

There was no formal Statistical Analysis Plan (SAP), no hypotheses defined, nor sample size
determination prepared a priori in the CAPTOC Study. A brief outline of the planned analyses
was prepared by ®® “in October 2009 to support the objective of collectively
demonstrating the safety and efficacy of cysteamine ophthalmic solution in the treatment of
corneal cystine crystals in cystinosis patients.

In the outline, the efficacy analysis was performed for the mITT, mITT-1, and mITT-2
populations. Each eye treated was independently analyzed for all efficacy variables. As treatment
assignments and compliance data may have been unreliable, all efficacy data were analyzed
together to determine the effect of cysteamine (any formulation) at some time during the study.
Therefore, formulation treatment groups were not separately analyzed or compared.

Corneal cystine crystal score (CCCS) was assessed by photo grade (0, 1, 2, 3). Each photo was
graded independently by two masked graders. If their grades disagreed, a third grader assessed
the photograph. The median of all grades of each photograph was used as the final CCCS for that
patient. If there was more than one CCCS recorded in a given study year, the highest (worst)
CCCS value was used for that year. If there was more than one efficacy measurement recorded
in a given study, the worst category was used for that year.

The primary end point in these studies was a reduction in CCCS in eyes with high CCCS at
baseline, and a lack of increase in CCCS in eyes with low CCCS at baseline. A response was
defined as a decrease from baseline of at least 1.00 unit in CCCS at some time during the study
when baseline CCCS is > 1.00 or CCCS does not increase by at least 1.00 unit at any time during
the study when baseline CCCS is < 1.00. In particular, the Applicant defined an eye as a
response if the difference between the minimum of all CCCS measurements and baseline CCCS
is < -1 whenever his/her baseline CCCS > 1, or the difference between the maximum of all
CCCS measurements and baseline CCCS is < 1 whenever his baseline CCCS < 1.

Reviewer remark: The response definition used the post baseline minimum CCCS measurement
for eyes with a baseline CCCS 2 1, the reduction of CCCS can be transient at some time during
the study and may not be maintained at the end of the study. So for eyes with CCCS = 1, the
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reviewer further differentiated response as either sustained response, decrease from baseline of
at least 1.00 unit in CCCS at all/any time, and transient responses decrease from baseline of at
least 1.00 unit in CCCS at some time.

Protocol 98-EI-0109S was a safety study and so the primary endpoint was a safety endpoint and
the original protocol only defined key data to be summarized descriptively. A post-hoc SAP was
prepared by @@ on July 17, 2009 to outline reasonable statistical tests to be used. In
the SAP, the efficacy analysis will be based on the final CCCS from the Per-Protocol Population
which included all patients with at least one post-baseline CCCS for at least one eye. Treatment
comparisons for binary CCCS-related efficacy endpoints will be made using the McNemar’s test
for paired eye values. The two-sided p-value will be presented. Exact 95% confidence intervals
for proportions of eyes within each treatment group will be calculated using the method by
Clopper and Pearson. As a secondary analysis of efficacy endpoints, a conditional logistic
regression model will be fit to the data with a patient’s eyes as the “matched” pair and with
treatment group, age, baseline CCCS, and treatment compliance as covariates.

Protocol 98-EI-0109E was an efficacy and safety study and the analysis plan for CCCS is the
same as that of Protocol 98-EI-0109S.

Table 3.9 CAPTOC Study: Proportion of Eyes with Corneal Cystine Crystal Score (CCCS) Response (mITT
Population)

Total Eyes (N=322)

Applicant® Reviewer’

Time Point n (%) 95% CI n (%) 95% CI
Response at some time during 154/321 (48.0%) (42.4%, 53.6%) 98/321 (30.5%) (25.6%, 35.9%)
the study

Eyes with CCCS = 1.00 at 150/291 (51.5%) (45.7%, 57.4%0 94/291 (32.3%) (27.0%, 38.1%)
Baseline

Eyes with CCCS < 1.00 at 4/30 (13.3%) (4.4%, 31.6%) 4/30 (13.3%) (4.4%, 31.6%)
Baseline

Cumulative Response rate by
Year for Eyes with CCCS > 1

at Baseline
Year 1 32 (11.0%) (7.8%, 15.3%) 28 (9.6%) (6.6%, 13.8%)
Year 2 64 (22.0%) (17.5%, 27.3%) 52 (17.9%) (13.7%, 22.9%)
Year 3 94 (32.2%) (27.0%, 38.1%) 72 (24.7%) (20.0%, 30.2%)
Year 4 107 (36.8%) (31.3%, 42.3%) 80/ (27.5%) (22.5%, 33.1%)
Year 5 117 (40.2%) (34.6%, 46.1%) 85 (29.2%) (24.1%, 34.9%)
Year 6 121 (41.6%) (35.9%, 47.5%) 87 (29.9%) (24.8%, 35.6%)

“ Based on Table 12 in applicant’s study report on p.83.

® Based on Applicant’s definition of responder but treating missing values as failure. Responder is defined in the following code:
Min_CCCS = min(CCCS_MED, CCCS_LOW, CCCS_HI); Max_CCCS = max(CCCS_MED, CCCS_LOW, CCCS_HI); if
CCCS_BL>=1 and MIN_CCCS ne . and Min_CCCS - BL_CCCS <=-1 then Responder = "Yes"; if CCCS_BL<1 and
Max_CCCS ne . and Max_CCCS - BL_CCCS <1 then Responder = "Yes".

3.1.7 Results and Conclusions

CAPTOC Study: For the mITT population (defined as all ITT patients for whom a baseline

CCCS assessment and at least one post-baseline CCCS assessment was available), 30.5%

(98/321) of eyes had a response at some time (overall). Most improvements (responses)

occurred in eyes with CCCS >1 at baseline 32.3% (94/291) (see Table 3.9, FDA analysis).

Furthermore, for eyes with baseline CCCS >1, the sustained response rate was 7.6% (22/291)
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[95% CI: (4.5, 10.6)] and the transient response rate was 24.7% (72/291) [95% CI: (20, 30)].
Cumulative response rates were also calculated for eyes with CCCS >1 at baseline. Cumulative
response rates were also calculated for eyes with CCCS >1 at baseline. In these eyes, about 10%
had response in Year 1 and by Year 6 about 30% of the patients had response at some time
during the study (see also Figure 3.3).

Table 3.10 CAPTOC Study: Proportion of Eyes with Corneal Cystine Crystal Score (CCCS) Response (Using
only one Eye Per Patient in the mITT Population)

Total number of eyes = 161

Time Point n (%) 95% CI1
Response at some time during the 50/161 (31.1%) (24.1%, 38.9%)
study
Eyes with CCCS > 1.00 at Baseline 48/145 (33.1%) (25.7%, 41.4%)
Eyes with CCCS < 1.00 at Baseline 2/16 (12.5%) (2.2%, 39.6%)

Note that the Reviewer’s results differ from what was reported by the Applicant because of the
way missing values were treated in their response rate calculation. In the Applicant’s calculation,
a subject was considered a responder when he/she has a missing CCCS value at a particular year
of assessment. As a result, there were subjects with no change from baseline score all throughout
the study but were considered responders by virtue of missing a CCCS score at a certain eye year
assessment. This was rectified in the reviewer’s calculations; and hence, a different result. In
these studies, a responder is defined as a subject with a decrease from baseline of at least 1.00
unit in CCCS at some time on study when baseline was 21.00, or CCCS did not increase at least
1.00 unit at some time on study when baseline CCCS was <1.00.

Table 3.10 shows a sensitivity analysis for the effect displayed in the preceding table using only
one eye (randomly chosen if two eyes are available) per patient to avoid correlated observations.
In this table, 31.1% (50/161) of eyes had a response at some time (overall). Most improvements
(responses) occurred in eyes with CCCS >1 at baseline 33.1% (48/145). In general, the results
corroborate the results found in Table 3.9.

Table 3.11 CAPTOC Study: Proportion of Eyes with Corneal Cystine Crystal Score (CCCS) Response
(mITT-1 and mITT-2 Population)

mITT mITT1 mITT2 Diff (mITT2-mITT1)
((81))
Response at some time during the study  98/321 (30.5%)  53/183 (28.96%)  45/138 (32.61%)  3.65% (-6.8%, 14.3%)
95% CI (25.6%,35.9%)  (22.6%,36.2%)  (25.0%, 41.2%)
Eyes with CCCS > 1.00 at Baseline  94/291 (323%)  49/156 (314%)  45/135 (33.3%)  1.92% (-9.2%, 13.1%)
95% CI (27.0%,38.1%)  (24.4%,39.4%)  (25.6%, 42.0%)
Eyes with CCCS < 1.00 at Baseline 4/30 (13.3%) 4/27 (14.8%) 0/3 (0.0%) -14.8% (-34.6%, 5.5%)
95% CI (4.4%, 31.6%) (4.9%, 3.5%) (0%, 6.9%)

Due to the progressive nature of formulation and clinical development of the ophthalmic
cysteamine studies at NEI, mITT-1 included all mITT patients who started study medication
before July 2, 1993 [the study period that included the use of placebo]) and mITT-2 included all
mlTT patients who started study medication on or after July 2, 1993 [the study period that
discontinued the use of placebo]). Therefore mITT-1 serves as a conservative analysis based on
the premise that a spontaneous reduction of CCCS a maximum 1.00 unit decrease without
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treatment in 12 months) may occur in only 7% of follow-up examinations of patients (Gahl,
2000), and these spontaneous reductions are not sustained. The overall response in the mITT-1 is
28.9% (53/183) [95% CI: (22.6%, 36.2%)], and the overall response in the mITT-2 is 32.61%
(45/138) [95% CI: (25.0%, 41.2%)] (see Table 3.11).

Figure 3.3 Boxplot of Lowest and Highest CCCS by Year for Eyes with CCCS > 1 at Baseline

25
|
25
|
[+

20
20

1
.

1.0

Corneal Cystine Crystal Score
15
|
1.0

Corneal Cystine Crystal Score
15
|

Black bars represent medians.

In the absence of a control, the treatment effect of non-compliers also offer a conservative
analysis based on the reasoning stated previously. Compliance was scored by the clinical
coordinator based on the response to the patient’s daily calendar. Scoring was based on a three-
point ordinal scale: 1 = Poor (<4 times per day), 2 = Good (4-8 times per day), and 3 = Excellent
(>8 times per day). The complier population in this analysis consists of those patients who were
scored excellent at some time in the study. Among subjects who were considered excellent
compliers 42.1% (77/183) of eyes had a response at some time. Again, most responses occurred
in eyes with CCCS >1 at baseline 40.1% (75/158) compared with eyes with CCCS<1 at baseline
8.0% (2/25). In subjects who were considered non-compliers, 15.2% (21/138) of eyes had a
response at some time including 19 with CCCS > 1 at baseline and 2 eyes with CCCS<I at
baseline. The difference in proportion between compliers and non-compliers is 26.9% [95% CI:
(16.6, 36.1)] (see

Table 3.12).
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Table 3.12 CAPTOC Study: Proportion of Eyes with Corneal Cystine Crystal Score (CCCS) Response
between Complier and Non-Complier Populations

Non- Compliers (N=138) Compliers (N=183) Difference
Time Point n (%) n (%) diff(95%CI)
Response at some time during the study 21/138 (15.2%) 77/183 (42.1%) 26.9% (16.6, 36.1)
(9.9%, 22.6%) (34.9%, 49.6%)
Eyes with CCCS 2> 1.00 at Baseline 19/133 (14.3%) 75/158 (47.5%) 33.2% (22.3,42.8)
(9.0%, 21.7%) (39.5%, 55.5%0) oo
Eyes with CCCS < 1.00 at Baseline 2/5 (40.4%) 2/25 (8.0%) -32.0% (-75.5, 6.1)
(7.3%, 83.0%) (1.4%, 27.5%)

The Reviewer investigated further the complier effect in both mITT-1 and mITT-2 populations
(see Table 3.13). In mITT-1 the difference between compliers and non-compliers in overall
response at some time during the study is 27.1% [95%CI: (11.9, 37.6)]. Similarly, in the mITT-
2 population, the difference between compliers and non-compliers in overall response at some
time during the study is 42.4% [95% CI: (24.1, 57.8)]. Both of these results are driven by the
proportion of eyes with CCCS > 1 at baseline.

Table 3.13 CAPTOC Study: Proportion of Eyes with Corneal Cystine Crystal Score (CCCS) Response
between Compliers and Non-Compliers in the mITT-1 and mITT-2 Populations

mITT-1 mlITT-2
Non- Complier diff Non- Compliers diff
Compliers S Compliers
n (%) n (%) (95%CI) n (%) n (%) (95%CI)
Response at some time during 4/46 49/137 27.1% 17/92 28/46 42.4%
the study (8.7%) (35.7%) (11.9,37.6) (18.5%) (60.1%) (24.1,57.8)
Eyes with CCCS = 1.00 at 2/42 47/114 36.5% 17/91 28/44 45.0%
Baseline (4.8%) (41.2%) (21.0,46.9) (18.7%) (63.6%) (26.3, 60.3)
Eyes with CCCS < 1.00 at 2/4 2/23 -41.3% 0/1 0/2 0%
Baseline (50.0%) (8.7%) (-82.8,4.51) (0.0%) (0.0%) (-0.8, 0.95)

Table 3.14 shows a shift table of the highest CCCS category attained by patients who had CCCS
score of 2 and 3 at baseline. In this table, 6 out of 19 patients initially with Baseline CCCS
category of 2 in the mITT population worsened to CCCS category 3. Among 276 patients who
initially had baseline CCCS category = 3 in the mITT population, 44 improved, i.e., CCCS
category shifted to 0-2.

Table 3.14 CAPTOC Study: Highest CCCS Category Attained by Baseline CCCS Category

Baseline Highest CCCS Category =0 Highest CCCS Category =1
CCCS mITT mITT-1 mITT-2 mITT mlITT-1 mITT-2
Category n =321 n=183 n =138 n=2321 n =183 n =138
0 2 2 0 0 0 0
1 1 1 0 2 2 0
2 1 0 1 4 1 3
3 5 0 5 8 0 8
Highest CCCS Category =2 Highest CCCS Category =3
0 2 2 0 3 3 0
I 5 2 3 a 9 2
2 8 4 4 20 13 7
3 6 0 6 232 134 98
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In terms of the average change from baseline in CCCS, results show that there is marginal
increase [0.140; 95% CI ((0.034, 0.246)] in the mITT population (see Table 3.15). In the mITT-1
population, the mean change from baseline in CCCS is a 0.422 [95% CI: ((0.297, 0.547)]
increase in CCCS while in mITT-2 the mean change from baseline in CCCS is -0.236 [95% CI:
(-0.403, -0.070)]. The difference in the mean change from baseline in CCCS is 0.658 [95% CI:
(0.456, 0.861)].

Table 3.15 CAPTOC Study: Mean Change in Highest CCCS from Baseline

mITT mITT-1 mITT-2 mITT1-mITT2
n =321 n =183 n=138
Mean Change (SD) in highest CCCS from  0.140 (0.968) 0.422 (0.856) -0.236 (0.984)  0.658 (0.456, 0.861)
baseline at some time during the study (0.034, 0.246) (0.297, 0.547) (-0.403, -0.070
Eyes with CCCS = 1.00 at Baseline -0.052 (0.748) 0.141 (0.420) -0.276 (0.957)  0.417 (0.250, 0.584)
(-0.138, 0.035) (0.075, 0.208) (-0.44, -0.112)
Eyes with CCCS < 1.00 at Baseline 1.996 (0.896) 2.046 (0.925) 1.542(0.402)  0.505(-0.615, 1.624)

(1.661,2.330) (1680, 2.412) (0.543, 2.530)

Among patients with CCCS >1 at baseline, the average change from baseline in CCCS score is -
0.267 [95% CI (-0.387, -0.147)]. In the mITT-1 population, the mean change from baseline in
CCCS is 0.141 [95 % CI: (0.075, 0.208)] while in mITT-2 the mean change from baseline in
CCCS i1s -0.276 [95% CI: (-0.44, -0.112)]. The difference in the mean change from baseline in
CCCS 1is 0.417 [95% CI: (0.250, 0.584)]. In patients with CCCS<1 at baseline, there is an
increase in average CCCS score of 1.996 (0.896) [95% CI: (1.661, 2.330)] in the mITT
population (see Table 3.15).

Table 3.16 CAPTOC Study: Mean Change in Highest CCCS from Baseline between compliers and non-
compliers in the mITT-1 and mITT-2 populations

mITT-1 mITT-2
Non- Compliers Diff (Com- Non- Compliers Diff (Com-
Compliers (n=137) NonCom) Compliers (n =46) NonCom)
(n =46) (n=91)
Mean Change in CCCS from 0.201 0.496 0.295 -0.187 -0.334 -0.15
baseline at some time during the (0.01, 0.38) (-0.50, 0.21)
study -
Eyes with CCCS 2> 1.00 at 0.089 0.160 0.071 -0.204 -0.423 -0.22
Baseline (-0.08, 0.22) (-0.56, 0.13)
Eyes with CCCS < 1.00 at 1.375 2.163 0.788 1.625 1.375 0.25
Baseline (-0.21,1.79) (-8.00, 8.50)

In the mITT-1, there is an apparent increase in mean change in maximum CCCS from baseline
in both complier and non-complier groups. In the complier group the mean change is 0.496
while in the con-complier group it is 0.201 and the difference is 0.295 [95% CI: (0.01, 0.38)]. In
the mITT-2 population there is an apparent decrease in mean change in maximum CCCS from
baseline in both complier and non-complier groups. The average decrease in baseline CCCS
among the compliers is -0.334 while the average decrease in baseline CCCS among the non-
compliers is -0.187. The difference in mean change from baseline CCCS is -0.15 [95% CI: (-
0.50, 0.21)].
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Table 3.17 CAPTOC Study: Mean Change in Highest CCCS from Baseline in non-responder patients

mITT mITT1 miITT2 miITT1-mITT2a

Mean Change in highest CCCS from 0.393 (0.809) 0.544 (0.943) 0.181 (0.502) 0.364 (0.151, 0.576)
baseline at some time during the study (0.286, 0.501)

Eyes with CCCS > 1.00 at Baseline 0.143 (0.410) 0.149 (0.387) 0.135(0.438)  0.015 (-0.102, 0.131)
(0.085, 0.201)
Eyes with CCCS < 1.00 at Baseline 2.284 (0.526) 2.380 (1.014) 1.542(0.530)  0.839 (0.257, 1.420)

(2.071, 2.496)

In responder patients, the average decrease in highest CCCS is 0.434 [95% CI (0.222, 0.645)];
while for those patients who did not respond, the average increase in CCCS score i1s 0.393 [95%
CI (0.286, 0.501)]. Among responder patients with CCCS >1 at baseline, the average reduction
from baseline in CCCS score is 0.457 [95% CI (0.238, 0.676)]. On the other hand, among non-
responder patients with CCCS >1 at baseline, the average increase from baseline in CCCS score
1s 0.143 [95% CI (0.085, 0.143)]. Also in non-responder patients with CCCS<I at baseline the
average increase in CCCS score is 2.284 [95% CI (2.071, 2.496)] (see

Table 3.17).

Figure 3.4 Study 98-EI-109S: Boxplot of the Corneal Cystine Crystal Score by Treatment and Visit (PP
Population)
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Study98-EI-0109S, only eight eyes treated with Formulation 5 and nine eyes treated with
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treated with Formulation 3. In patients aged 2-12 years old with CCCS >1.00 unit at baseline, no
patient was considered responders.

Table 3.18 Study 98-EI-109S: CCCS Status of Patients at Month 6 (PP population)

Highest Baseline CCCS Baseline CCCS Baseline CCCS Baseline CCCS

CCCS Category =0 Category =1 Category =2 Category =3

Category F5 F3 F5 F3 F5 F3 F5 F3
0 3 3 0 2 0 0 0 0
1 3 0 2 4 0 2 0 0
2 0 0 2 2 5 2 1 2
3 0 0 1 0 0 0 1 1

Figure 3.4 shows the CCC score at baseline and at the Month 6 (Week 24) visit. The bar inside
the box denotes the median CCC score. Notice that the two treatment groups have very identical
profiles at baseline but the CCC score by Week 24 in Formulation 5 is numerically greater than
Formulation 3. In fact, the mean change from baseline CCCS score at month 6 in Formulation 3
is -0.2222 [95% CI: (-0.503, 0.058)] and 0.2361 [95% CI: (-0.045, 0.517)] for Formulation 5.
The difference between these two values is 0.4583 [95% CI: (0.061, 0.866)].

Table 3.19 Study 98-EI-109E: Proportion of Eyes with Corneal Cystine Crystal Score (CCCS) Response (PP
Population)

Formulation 5 Formulation 3
n (%)? 95% CI° n (%)? 95% CI° p-Value®
Any Time During Study 2/15(13.3%) 1.7-40.5 ~ 10/15 (66.7%) 38.4-88.2 ) 0.00477
Month 3 2/15(13.3%) 1.7-40.5 _ 4/14 (28.6%)° 8.4-58.1 ) 0.0833
Month 6 2/14 (14.3%)° 1.8-42.8 714 (50.0%)° 23.0-77.0 ) 0.0253¢
Month 9 1/14 (7.1%)°¢ 0.2-33.9 _ 8/14(57.1%)° 28.9-82.3 ) 0.0082¢
Month 12 1/15 (6.7%) 0.2-31.9 7/15 (46.7%) 21.3-73.4 0.0143¢

a = Percentages are based on the number of eyes with non-missing values at the corresponding time point. » = Clopper and
Pearson 95% CI for percentage. ¢ = Results from McNemar’s Test. d = Statistically significant (p <0.05). e = The number of eyes
evaluated at this time point was only 14 as opposed to 15. f= Note: At Month 3, Patient 3003 is excluded from the McNemar
Test due to the fact that a valid assessment was not available for both eyes.

Table 3.18 shows a shift table for the CCCS status of the patients at the Month 6 visit in the PP
population. Notice that no patient in the Formulation 5 arm improved from its baseline CCCS
category. In fact, 7 patients had worsening CCCS category. In patients given Formulation 3, 4
patients improved and only 3 patients experienced worsening of CCCS category.

In Study 98-EI-0109E, at some time during the treatment period, the number of eyes with a
reduction of CCCS of 1.00 unit or more was statistically significantly higher (p = 0.0047; 2-
tailed Fisher’s exact probability = 0.0078) in those that received Formulation 3 (10/15 [66.7%])
compared with Formulation 5 (2/15 [13.3%]). The sustained response rate was 20% (3/15) [95%
CI: (5, 49)] with Formulation 3 treatment and 6.7% (1/15) 95% CI: (0, 34) with Formulation 5
treatment. The result does not change when controlling for CCCS >1 at baseline and for Age (2-
12 yrs).
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Figure 3.5 Study 98-EI-109E: Boxplot of the Corneal Cystine Crystal Score by Treatment and Visit
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Table 3.19 presents the percentage of responders in Formulation 3 and 5 by Visit. Notice that
from Month 6 to Month 12, the two treatment groups have a significant difference in proportion
of responder patients. The mean change from baseline CCCS score at month 12 in Formulation 3
is -0.9000 [95% CI: (-1.285, -0.515)] and -0.0833 [95% CI: (-0.468, 0.301)] for Formulation 5.
The difference between these two values is 0.8167 [95% CI: (0.2727, 1.3606)] which is
statistically significant. Furthermore, the difference in the mean change from baseline CCCS
score between Formulation 3 and Formulation 5 is statistically significant at every visit from
Month 3, Month 6, Month 9, and Month 12 (see Table 3.20).

Table 3.20 Mean Change in CCCS from Baseline (PP Population)

Formulation 5 Formulation 3 Difference
Visit Mean (n=15) Mean (n = 15) Diff (95% CI)
Baseline 2.583 (2.275,2.891) 2.683 (2.441, 2.926)
Month 3 -0.1667 (-0.405, 0.071) -0.6429 (-1.038, -0.248)* 0.4762 (0.0441, 0.9083)
Month 6° -0.1250 (-0.439, 0.189) -1.0179 (-1.559, -0.476) 0.8929 (0.2973, 1.4884)
Month 9# -0.1071 (-0.321, 0.155) -1.2321 (-1.822, -0.642) 1.1250 (0.4782, 1.7718)
Month 12 -0.0833 (-0.321, 0.154) -0.9000 (-1.417, -0.382) 0.8167 (0.2727, 1.3606)

a The number of eyes evaluated at this time point was only 14 as opposed to 15

3.2 Evaluation of Safety

CAPTOC Study

Exposure: Because compliance was not analyzable, the safety analyses were based on the
assumption that all patients were on active treatment with ophthalmic cysteamine. As a
conservative effort, these analyses actually encompassed times where patients may have been
treated with cysteamine, placebo, or cystamine. For the Safety Population, the mean (+SD)
treatment duration for the 247 patients was 5.8 + 5.54 years. There were 4 patients that had been
receiving treatment for the maximum duration of 19 years.
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Adverse Events: AEs were experienced in 169 (68.4%) patients. Overall, 166 (67.2%) patients
reported ocular AEs related to Eye Disorders, 40 (16.2%) patients reported ocular AEs related to
General Disorders and Administration Site Conditions, and 11 (4.5%) patients reported ocular
AEs related to Infections and Infestations. The most frequently reported ocular AE was
photophobia with 63.6% of the patient population experiencing this event. Other common
(>2.0%) AEs reported were conjunctival hyperaemia (27.9%), eye pain (19.4%), ocular
hyperaemia (17.4%), eye irritation (17.0%), instillation site irritation (12.1%), lacrimation
increased (8.5%), keratitis (7.7%), optic disc disorder (7.3%), vision blurred (6.9%), instillation
site pain (6.9%), dry eye (5.3%), eyelid oedema (4.9%), retinal disorder (4.5%), conjunctivitis
(4.0%), eye pruritis (4.0%), blindness (2.8%), corneal epithelium disorder (2.4%), blepharitis
(2.0%), and erythema of eyelid (2.0%), instillation site erythema (2.0%), and eye infection
(2.0%). Other ocular AEs that occurred in less than 2.0% of the patient population consisted of
eye swelling (1.2%), conjunctivitis infective (1.2%), hordeolum (1.2%), conjunctival oedema
(0.8%), adverse drug reaction (0.8%), eye oedema (0.4%), eyelid cyst (0.4%), eyelid irritation
(0.4%), ulcerative keratitis (0.4%), drug ineffective (0.4%), instillation site lacrimation (0.4%),
instillation site reaction (0.4%), drug hypersensitivity (0.4%), and visual evoked potentials
abnormal (0.4%).

Study 98-EI-0109S

Exposure: Study drug dosing compliance data for all participants was available at every study
visit and was reported identically for both eyes for each patient. Dosing compliance was scored
by the clinical coordinator based on the responses in the study patients’ daily calendars at Week
1, Week 2, Month 1, and Month 6. Scoring was based on a three point ordinal scale depending
on how many times a day the study drug was administered (i.e., eye drops used): 1 = Poor (<4
times per day), 2 = Good (4-8 times per day), and 3 = Excellent (>8 times per day). On average,
compliance was graded as Excellent at 83.1% and Good at 17.0%, of all time points (i.e., patient
visits), indicating that 83.1% of patients were receiving eye drops more than § times per day with
17.0% receiving eye drops between 4 to 8 times per day, respectively. No patient reported a
compliance score of Poor (1 =<4 times per day).

Adverse Events: The overall incidence of ocular treatment emergent adverse events (TEAEs)
was greater in eyes receiving Formulation 5 (14/20 [70%]) than eyes receiving Formulation 3
(5/20 [25%]). The same pattern was evident at Week 1, Week 2, Month 1, and Month 6. The
most frequently reported ocular TEAEs were related to instillation of the eye drop and included
instillation site irritation, instillation site pain, and instillation site erythema, which were all
experienced in a greater number of eyes receiving Formulation 5 compared with Formulation 3.
Specifically, the overall number of eyes experiencing events of instillation site irritation and
instillation site pain were 11/20 (55%) for eyes receiving Formulation 5 and only 1/20 (5%) for
eyes receiving Formulation 3. Instillation site erythema was noted in 7/20 (35%) of eyes
receiving Formulation 5 compared with 4/20 (20%) for eyes receiving Formulation 3. Over time,
this general pattern was maintained, with the majority of these three ocular TEAEs occurring in
eyes receiving Formulation 5 compared with those receiving Formulation 3.

Study 98-EI-0109E

Exposure: On average, compliance was graded as Excellent at 83.0%, Good at 7.5%, and Poor at
7.7% of all patient visits, indicating that 83.0% of patients were receiving eye drops more than 8
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times per day, with 7.5 and 7.7% receiving eye drops 4-8 times per day and less than 4 times per
day, respectively.

Adverse Events: The most frequently reported ocular TEAEs were related to instillation of the
eye drop and included instillation site irritation, instillation site pain, and instillation site
erythema, which were all experienced in slightly more eyes treated with Formulation 5 compared
with Formulation 3. Specifically, the overall numbers of eyes experiencing events of instillation
site irritation, instillation site pain, and instillation site erythema were 10/16 (62.5%), 5/16
(31.3%), and 4/16 (25.0%), respectively, for eyes receiving Formulation 5 compared with 7/16
(43.8%), 2/16 (12.5%), and 4/16 (25.0%), respectively, for eyes receiving Formulation 3. Other
reported ocular TEAEs included eye discharge, eye irritation, eye pain, eye pruritus, foreign
body sensation in the eye, photophobia, and instillation site reaction.

Reviewer remark: Please see Medical Officer’s review for details on deaths, serious adverse
events (SAEs), TEAEs.
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4. CONCLUSION AND RECOMMENDATION

Corneal crystals accumulate progressively and there is no spontaneous reduction in corneal
cystine crystal with age. Hence, virtually every cystinosis patient has visible crystals by age 16
months and by early adolescence, the corneas are packed with crystals, (Gahl, 2000). A therapy
indicated for this indication must be able to slow down progression or elicit transient reduction in
CCCS from baseline.

Oral Cysteamine has been the mainstay of cystinosis therapy. It reacts with cystine to form
disulfide complex allowing removal without a transporter (Gahl, 2000). By doing this
cysteamine is expected to prevent cystine accumulation in lysosomes and this way rescue the cell
damage that occurs because of cysteamine deficiency. However, oral cysteamine does not affect
the corneal crystal accumulation due to inadequate delivery of cysteamine to the cornea (Kaiser-
Kupfer, 1987; Gahl, 2000). Therefore, the use of cysteamine ophthalmic solution to circumvent
the humoral route of cysteamine delivery to the cornea is necessary.

Three clinical studies, STP869294 (CAPTOC), 98-EI-0109S, and 98-EI-1090E, were submitted
to provide efficacy and safety data for cysteamine ophthalmic solution (Formulation 3). In these
studies, the Applicant defined a response as an eye with a decrease from baseline of at least 1.00
unit in CCCS at some time during the study when baseline CCCS is > 1.00 or CCCS does not
increase by at least 1.00 unit at some time during the study when baseline CCCS is < 1.00. This
implies a reduction in CCCS, in eyes with high CCCS (=1) at baseline, which need not be
sustained, i.e., transient reduction in CCCS. While, in eyes with low CCCS (<1) at baseline, the
lack of increase in CCCS has to be sustained.

The CAPTOC Study, a combined study of three historically controlled single center studies,
shows that 30.5% of eyes using cysteamine ophthalmic solution (Formulations 1-4) responded
for the mITT population. Cumulative response rates were also calculated for eyes with CCCS >1
at baseline and results show that about 10% had response in Year 1 and by Year 6 about 30% of
the patients had response at some time during the study. Furthermore, among subjects who
excellently complied with therapeutic regimen 42.1% of eyes had a response at some time while
for those considered non-compliers, 15.2% of eyes had a response at some time.

In Study98-EI-0109S, a double-masked, randomized, within-patient-controlled study, the mean
change from baseline CCCS score at month 6 in Formulation 3 is -0.2222 and 0.2361for
Formulation 5. This means that Formulation 3 reduces CCCS by 0.2222 while Formulation 5 has
an increase in CCCS by 0.2361.

In Study98-EI-0109E, a double-masked, randomized, within-patient-controlled study, the
number of eyes with a reduction of CCCS of 1.00 unit or more was higher in those that received
Formulation (66.7%) compared with Formulation 5 (13.3%) at some time during the treatment
period. The difference in the mean change from baseline CCCS is higher in Formulation 3 than
in Formulation 5 at every visit from Month 3, Month 6, Month 9, and Month 12.

The three studies demonstrate that cysteamine ophthalmic solution (Formulation 3) reduces

formation of corneal crystals. This reduction however is temporary. Strict adherence to therapy is
essential to the efficacy of Formulation 3
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