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FORMULATION: 125 mg, 250 mg and 500 mg tablets
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by adjustment based upon alterations in serum ferritin up
to a maximum dose of 30 mg/kg, daily
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SPONSOR'S PROPOSED INDICATION:

"The treatment of chronic iron overload due to blood transfusion (transfusional
hemosiderosis) in adults and pediatric patients as young as two years of age."

RELATED DRUGS:

Deferoxamine mesylate for injection (USP, Desferal®) is the only FDA-approved drug for
use in the treatment of chronic iron overload due to blood transfusions. Deferoxamine is
administered only by parenteral route (intravenous, subcutaneous or intramuscular) with
daily dosing over a time period of 8 - 24 hours. In current clinical practice, deferoxamine
is infused in dose regimens based upon logistical considerations (for example, daily
infusion for 5 - 7 days a week). Compliance with the requirements for parenteral
administration limit the usage of deferoxamine.

Deferoxamine was initially FDA-approved prior to 1982. Novartis Pharmaceuticals
Corporation currently markets the product.

RELATED REVIEWS:

Clinical: George Shashaty, M.D.; Kathy Robie Suh, M.D., Ph.D. (10/29/05)

Statistics: Sonia Castillo, Ph.D, Michael Welsh, Ph.D. (10/12/05)

Chemistry: Raymond Frankewich, Ph.D., Liang Zhou, Ph.D. (10/10/05 )

Pharm-toxicology: Tamal Chakraborti (Ph.D., Jasti Chourdary, B.V.Sc, Ph.D.
(09/28/05)

CDRH engineer: Charles Ho, Ph.D. (10/1/05)

Clin Pharmacology:  Suliman Al-Fayoumi, Ph.D, Christy John, Ph.D. (10/11/05)
Project Manager: Alice Kacuba, RN, MSN, RAC (7/20/05)

Division Director:; Memorandum to the File: George Mills, M.D. (10/31/05)
Briefing Document.  Blood Products Advisory Committee (BPAC, 8/31/05)
BPAC Meeting: 9/29/05



RECOMMENDED REGULATORY ACTIONS:

1) Approval under the accelerated approval regulations (21 CFR 314.510, Subpart
H) for use in the treatment of chronic iron overload due to blood transfusion
(transfusional hemosiderosis) in adults and pediatric patients as young as two years of
age and as consistent with other text in the final submitted product label.

Chronic iron overload due to requisite blood transfusion is a serious and life threatening
condition. Deferoxamine, the only available therapy for this condition, presents unique
compliance and infectious risks due to the need for prolonged parenteral administration
of the drug. Deferasirox is an orally administered drug that provides a meaningful
therapeutic benefit over the existing therapy. )

As discussed at the BPAC meeting on September 29, 2005, the applicant has provided
substantial evidence of the effectiveness of deferasirox in the reduction of liver iron
concentration, an outcome indicative of a clinical benefit. This benefit was demonstrated
in clinical studies generally conducted over a one year time period. The BPAC
discussants emphasized the importance of obtaining long term follow-up clinical data
verifying the safety and effectiveness of deferasirox. The clinical review team and |
concur with this opinion.

The sponsor’s major clinical evidence of deferasirox effectiveness over a one year
period of time is based upon alterations in liver iron content, an endpoint the BPAC
discussants regarded as a measure of clinical benefit. In this context, the endpoint is not
regarded as a surrogate endpoint rather as an endpoint "other than survival or
irreversible morbidity," as cited in the Subpart H regulations. Deferasirox is
recommended for approval under the accelerated approval regulations with the
necessity for the sponsor to subsequently submit evidence indicative of the product's
long term safety and effectiveness.

2) Requirement of the sponsor to conduct clinical studies that provide evidence of
the long term safety and effectivness of deferasirox. These studies are cited, in part,
within Dr. Shashaty and Dr. Robie Suh's review memoranda and are briefly cited below:

a. A registry study for children aged 2 to < 6 years that will enroll approximately 200
subjects and include follow-up clinical data over a five year period.

b. Completion of the extension portions of Studies 0105E, 0106E1, 0107E1, 0108E1
and 0109E1 such that a total of at least five years of follow-up data are supplied.

c. An uncontrolled study in patients with chronic iron overload who have liver iron
concentrations of < 7 mg mg Fe/g dry weight.

d. Submission of the full study report for Study 0109, a study in patients with sickle cell
disease.

The studies listed above are intended, in large part, to result in the substantial evidence
of the long term benefit and safety risks associated with deferasirox. Critical findings
from these studies will consist of evidence of control or improvement in measures of iron
overload (such as serum ferritin) and/or clinical manifestations of iron overload.



Additionally, these studies are expected to provide evidence of long term safety,
especially with respect to renal and hepatic function.

3) Approval of the trade name, Exjade®, consistent with the recommendation of the
Office of Drug Safety/Division of Medication Errors and Technical Support (July 15,
2005).

4) Regarding the Pediatric Research Equity Act of 2003, the sponsor's product
(deferasirox) has an Orphan Product designation such that the Act does not directly
apply. Nevertheless, the sponsor’s. clinical development program provides sufficient
pediatric safety and effectiveness data regarding the use of deferasirox over a one year
period. The nature of the clinical condition required that the sponsor’s clinical studies
include pediatric patients. The studies enrolled sufficient numbers of patients two years
of age and older. Deferasirox will be supplied in a formulation acceptable for pediatric
dose administration. Based upon the characteristics of the chronic iron overload
conditions and the requirements for approval, additional pediatric data will be available
upon the completion of post-approval clinical studies, especially long term follow-up
clinical data.

Background

Deferasirox (4-[3,5-bis-(2-hydroxyphenyl)-[1 2,4] triazol-1-yl]-benzoic acid) is proposed
for clinical use as an orally active iron chelating drug. Nonclinical studies have
demonstrated that deferasirox is biologically active in the chelation of plasma iron. In
general, two molecules of deferasirox were found to bind a single atom of iron and the
complex was subsequently excreted in the stool.

The clinical consequences of chronic iron overload are generally thought to directly
relate to iron deposition in organ tissue. Iron deposition in the heart results in congestive
heart failure, the major clinical consequence of chronic iron overload due to blood
transfusions. Other clinical consequences relate to iron deposition in the pancreas, liver,
joints and endocrine organs. The therapeutic correlate of plasma iron chelation is
exemplified by the clinical effectiveness of deferoxamine. Unlike deferoxamine,
deferasirox is biologically active when administered orally. Consequently, the ease of
administration for deferasirox facilitates compliance with iron chelation therapy and may
importantly expand the therapeutic options for patients with chronic iron overload due to
requisite blood transfusions.

The sponsor's clinical development program for deferasirox focused upon the
assessment of alterations in liver iron concentration (LIC) among pediatric and aduit
patients with chronic iron overload due to recurrent blood transfusion. Most patients in
these studied received blood transfusions as treatment for R-thalassemia major. Other
underlying conditions among the studied population consisted of sickle cell disease,
myelodysplastic syndromes, Diamond-Blackfan anemia and other rare anemias.

Brief Regulatory Timeline

* June 30, 1999 - the sponsor filed IND 58,554 with the FDA.
* April 9, 2002 End of phase 2 meeting
* January 30, 2003 Special Protocol Assessment submitted for Study 0107



February 21, 2003 Fast Track designation

October 1, 2004 Pre-NDA meeting

April 29, 2005 Complete NDA submitted (electronic)

June 8, 2005 Filing meeting, NDA assigned a priority review

July 14, 2005 Filing letter issued

September 29, 2005 Blood Products Advisory Committee discussion
November 2, 2005 - NDA Action Goal date

¢ & o o o o o

Clinical Review

The clinical review, including presentation of the clinical data to the BPAC, was
performed by Dr. George Shashaty. Dr. Kathy Robie Suh provided Team Leader
expertise to the review. | have examined the clinical review and | concur with the
findings, comments and recommendations.

Substantial evidence of safety and effectiveness for deferasirox is derived from Study
0107, a randomized, open label study in which 586 subjects with chronic iron overload
and B-thalassemia were randomized (1:1) to either deferasirox or deferoxamine (DFO).
Supportive of Study 0107 are the findings from Study 0108, an uncontrolled study in
which 184 subjects with chronic iron overload in association with a variety of anemias
received one year of deferasirox administration. The total safety database for
deferasirox consists of 700 exposed subjects.

Study 0107:
a. Major study features:

The assigned deferasirox dose was determined by each subject's baseline LIC value.
Similarly, the assigned DFO dose varied with each subject's baseline LIC value although
any subjects who were currently receiving DFO (and who had a baseline LIC <7 mg
Fe/g dry weight) were allowed to continue on their DFO dosage.

The major study evaluations consisted of LIC determinations at baseline and at the end
of a 12 month treatment period. LIC was determined by either liver biopsy or through
the use of a Superconducting Quantum Interference Device (SQUID). Of note, FDA had
questioned the meaningfulness of the SQUID methodology during the study's protocol
review.

The study's analytical methodology consisted of a noninferiority test for the primary
endpoint, a declaration of "success" based upon requisite changes in LIC from baseline
to end-of-study. Non-inferiority of deferasirox to DFO was to be established if the two
sided 95% confidence interval of the difference in success rate between the two study
groups was above - 15%. The basis for the choice of this non-inferiority margin was
unclear in the submission. Notably, FDA had questioned the meaningfulness of this
margin during the study's protocol review.

b. Major study findings:

When analyzed according to the prospectively defined statistical plan, non-inferiority of
deferasirox to DFO was not established, as shown in Table 1 (per protocol population).



Subset analyses of the primary endpoint are also shown in this table (subsets defined by
the LIC methodology).

Table 1. Study 0107 Primary Endpoint Result

Methodology Deferasirox DFO
Biopsy and SQUID : n=276 n =277
Success rate (n, %) 146 (53%) 184 (66%)
Difference and 95% Cl -13.5(-21.6,-5.4)

Subsets:
Biopsy n=229 n=234
Success rate (n, %) 117 (51%) 147 (63%)
SQUID n=47 n=43
Success rate (n, %) 29 (62%) 37 (86%)

The sponsor provided multiple retrospective analyses that showed nominal "non-
inferiority” was established for subjects with baseline LIC > 7 mg Fe/g dry weight. This
finding was largely attributed to the deferasirox underdosing (relative to DFO) for
subjects with baseline LIC < 7 mg Fe/g dry weight.

Given that the original basis for the non-inferiority margin was poorly substantiated, little
clinical meaningfulness could be assigned to failure to achieve the primary endpoint.
The primary endpoint data did establish that both deferasirox and DFO lowered LIC over
a 12 month period of time, a time period during which subjects would have been
expected to have increases in LIC due to continuing blood transfusions. This
observation provides evidence of a treatment effect for deferasirox.

Serum ferritin values declined in a dose-related manner for subjects receiving
deferasirox, a pattern similar to that for subjects receiving DFO.

The major safety findings were notable for evidence of renal and hepatic injury among
some subjects receiving deferasirox. The incidence of these events exceed that for
subjects administered DFO. Additionally, the incidence of serum creatinine elevation in
association with deferasirox appeared to be dose-related. Deferasirox dosages had
been adjusted once serum creatinine elevations were detected. Consequently, most
(94%) of the subjects with elevated serum creatinine values had peak values still within
normal ranges.

Deferasirox administration had to be stopped for four subjects due to evidence of liver
injury. Drug-induced hepatitis was diagnosed in two of these subjects. Deferasirox was
resumed in the other two subjects without recrudescence of liver enzyme abnormalities.

Study 0108:

In this uncontrolled study, 184 subjects were assigned deferasirox dosages in a manner
similar to that for Study 0107. The major study outcomes related to changes in LIC
(biopsy or SQUID) from baseline to end-of-study and changes in serum ferritin levels.
Overall, "success" (defined as in Study 0107) was accomplished for 56% (per-protocol’
population, consisting of patients with baseline and follow-up LIC). This study, similar to




Study 0107, showed greater evidence of deferasirox-related decreases in LIC for
subjects with baseline LIC = 7 mg Fe/g dry weight.

Overall clinical study database findings:

The totality of clinical safety and effectiveness data demonstrate that deferasirox results
in clinically important decreases in LIC, as evidenced by drug effects assessed over a
one year period of time. This conclusion was also the consensus of the BPAC
discussants on September 29, 2005. However, the findings of apparent deferasirox-
related renal and liver abnormalities have required Warning and monitoring text in the
product label. The sponsor will be required to provide long term (3 - 5 year) clinical data
demonstrating a favorable long term risk-benefit profile, consistent with the accelerated
approval expectations and the nature of chronic iron overload conditions.

Statistical Review:

The statistical review of NDA 13 was performed by Dr. Sonia Castillo, lead
statistician for the NDA. The findings from her review were secondarily reviewed by Dr.
Michael Welch, Biometric Team Leader.

I have read Dr. Castillo's statistical review report and | concur with her statistical
analyses, findings and comments.

Dr. Castillo notes that Study 0107 does not provide clear statistical evidence supporting
the non-inferioirty of deferasirox to DFO in lowering of LIC (the study's primary endpoint).
This observation, and other study findings, were discussed at the September 29, 2005
BPAC and, as the discussants noted, evidence of effectiveness was demonstrated in the
lowering of LIC, a clinically meaningful outcome--an important outcome even if the
clinical data do not demonstrate "non-inferiority" to DFO. Hence, the major effectiveness
finding from this NDA review is that deferasirox is effective in the treatment of chronic
iron overload due to blood transfusions. No (DFO to deferasirox) comparative
effectiveness claims are supported by the sponsor's study findings.

Clinical Pharmacology and Biopharmaceuticals (OCPB) Review

The clinical pharmacology and biopharmaceutical review was performed by Drs.
Suliman Al-Fayoumi and Christy John, pharmacologists for the NDA. The findings from
the review were secondarily reviewed by Dr. Suresh Doddapaneni, Team Leader.

| have read the clinical pharmacology and biopharmaceuticals review report and | concur
with the observations and comments.

The OCPB review noted that deferasirox is primarily eliminated by metabolism such that
the drug may accumulate excessively when administered to patients with impaired liver
function. Hence, the review noted that post-marketing commitments should include the
collection of pharmacokinetic data from patients with impaired liver function. One of the
post-marketing commitment studies addresses this request (a single dose
pharmacokinetic study in subjects with hepatic impairment). This study is not a condition
of accelerated approval. :



The OCPB review also cited the need for a post-marketing drug interaction study. This
need is addressed by a post-marketing study commitment to conduct a drug-drug
interaction study of deferasirox-midazolam. This study is not a condition of accelerated
approval.

Chemistry

The Chemistry review was performed by Dr. Raymond Frankewich. His report was
secondarily reviewed by Dr. Liang Zhou as supervisory chemist.

| have read the chemistry review findings and concur with the results. Dr. Frankewich
observed that the supplied chemistry and manufacturing information was sufficient to
support the product's approval. He also noted that inspection of all manufacturing
facilities revealed satisfactory findings. Dr. Frankewich had no requests for post-
marketing studies.

Pharamcology/Toxicology

The pharmacology/toxicology review was performed by Dr. Tamal Chakraborti and was
secondarily reviewed by Dr. Jasti B. Chordary.

I have read the pharmacology/toxicology report and | concur with the observations. The
reviewers noted that the submitted pharmacology/toxicology data support the approval
of deferasirox.

The major animal study findings related largely to evidence of renal toxicity, findings that
were observed in multiple animal species. The review noted that, following approval,
patients should be monitored closely for evidence of renal impairment. This
consideration is reflected within the deferasirox product label.

The pharmacology/toxicology review also noted an excessive maximum limit
specification for the drug substance [ d). The
reviewer noted that this specification statement should not preclude approval. However,
as a post-marketing commitment the sponsor has agreed to either lower this
specification limit or to justify the limit through the conduct on a new animal study.

Pediatric Safety and Efficacy

The NDA clinical safety database consisted of pediatric pharmacokinetic data and drug
exposure information from 292 pediatric patients (aged 2 to 16 years). Itis anticipated
that usage of deferasirox is not applicable to pediatric patients under two years of age
because the chronic iron overload condition generally requires prolonged, repetitive
administrations (usually years) of red blood cell products.

The NDA safety database is largely limited to data obtained from deferasirox over a one
year period. Consequently, post-marketing commitments (required under the
accelerated approval regulations) will obtain long term (five years) clinical safety data.
These studies, which enroll subjects with a variety of anemias, are currently underway.



Post-marketing studies will also examine the long term safety of deferasirox among
patients with low (< 7 mg Fe/g dry weight) LIC. This population will include pediatric
patients.

Proposed Labeling

During the NDA, FDA and the sponsor developed multiple revisions of the deferasirox
product label. These revisions largely related to the description of the clinical studies
and the safety information. | have reviewed the final product label and concur with the
text.

Office of Druq Safety/Division of Medication Errors and Technical Support
(ODS/DMETS/)

Felicia Duffy, RN, BSN (Safety Evaluator) provided a DMETS review of the proposed
product label, container label and proprietary name. The secondary review of her
findings was performed by Alina Mahmud R.Ph (Team Leader). The report consisted of
several recommendations for alteration of the text on the container label and the product
label. These recommendations were accepted by the sponsor such that the final
container label and product label were acceptable. The sponsor has been informed by
FDA that the proprietary name, Exjade®, is acceptable.

Division of Scientific Investigation (DSI)

Dr. Khairy Malek provided a report of the FDA inspectional findings at three clinical sites
‘involved in clinical studies 0107 and 0108. The secondary reviewer on his report was
Dr. Ni Khan. The DSI consultation consisted of the inspection of three clinical sites. All
three sites provided clinical data for Study 0107, the main study supplying safety and
effectiveness data. These sites also supplied data applicable to other deferasirox
clinical studies. The findings at all three sites revealed that the clinical data were
reliable. Only minor protocol violations were detected at two of the three clinical sites. |
have read the report and concur with the findings.

Financial Disclosure

As noted in Dr. Shashaty's review, the NDA documents report that one investigator who
enrolied patients into Study L I held a financial interest in the sponsor. Only Study
0107 provided definitive safety and effectiveness data for deferasirox.

The sponsor has submitted required financial disclosure information and the information
is acceptable.



This is a representation of an electronic record that was signed electromcally and
this page is the manifestation of the electronic signature.

Rafel Rieves
11/2/2005 10:22:04 AM
MEDICAL OFFICER

George Mills
11/2/2005 10:36:02 AM
MEDICAL OFFICER



MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

Date: November 2, 2005

From: Kathy M. Robie-Suh, M.D_, Ph.D.
Medical Team Leader, Hematology
Division of Medical Imaging and Hematology Drug Products (HFD-160)

Subject: Medical Team Leader Secondary Review
NDA 21-882, submitted 4/28/05
Exjade (deferasirox, ICL670)

To: NDA 21-882

Exjade (deferasirox, ICL670) is an orally active iron chelator being developed for use in
treating iron overload. In this application the sponsor is seeking marketing approval of
Exjade for treatment of chronic iron overload due to blood transfusions (transfusional
hemosiderosis) in adult patients and pediatric patients 2 years of age and older.

Background:

Patients with certain inherited anemias (importantly B-thalassemia and increasingly sickle
cell disease in the U.S.) require frequent transfusion of red blood cells beginning at a
young age to offset anemia due to anemia secondary to inability to manufacture normal
hemoglobin. Normally, there is a regulated absorption of iron from the diet of about 1
mg daily which maintains a total body iron of approximately 3 to 5 grams in adults (about
50 mg/kg in men and 35 mg/kg in menstruating women). Each transfused unit of packed
red blood cells contains about 200 mg of iron. The body has no physiologic mechanism
to excrete excess iron. Consequently, repeated red blood cell transfusions over time
result in massive iron overload. The excess iron becomes deposited in tissues and causes
tissue damage due to iron-catalyzed peroxidation of membrane lipids and leads to
morbidity and often eventually mortality, mainly due to cardiac damage. The liver and
endocrine organs also are notably affected. Assessment of liver iron content (LIC) by
liver biopsy is the generally accepted standard for assessment of body iron burden.

Treatment options for management of iron overload due to transfusions are currently
limited to a single approved agent, Desferal (deferoxamine mesylate) which was
approved in 1968. Deferoxamine is usually administered by continuous subcutaneous
infusion 10-12 hours daily for 5-7 days each week on a chronic basis. Because chronic
iron overload in patients with transfusion-dependent anemias is a serious aspect of a
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serious disease and 10-30% of treated patients (particularly adolescents) comply poorly
with the available therapy and consequently have a poor prognosis, ICL670 was granted
fast track development status on 2/21/03.

Findings of Clinical Review:

Efficacy:

The primary clinical review of Exjade was conducted by G. Shashaty, M.D. (completed
10/10/05; signed, 10/26/05). To support the effectiveness of deferasirox for the
indication the sponsor has performed one pivotal comparative efficacy and safety study
(Study 0107) in B-thalassemia patients with transfusional hemosiderosis and a main
supporting single-arm study in patients with transfusion dependent chronic anemias and
unable to be treated with deferoxamine (Study 0108) and other studies where LIC was
assessed only by use of superconducting quantum interference device (SQUID), a non-
invasive experimental method for assessing liver iron. Additionally, safety results were
reported from an ongoing controlled clinical study in sickle cell disease patients with
transfusional hemosiderosis. The important features and major findings of these studies
are summarized below. The design, conduct, and results of these studies are described
and discussed in detail in Dr. Shashaty’s review.

Study 0107 was a multicenter, randomized, open-label, active comparator controlled
(deferoxamine [DFO]), parallel groups study in B-thalassemia patients >2 years of age
and having transfusional hemosiderosis as evidenced by LIC>2 mg Fe/g dry weight,
assessed by liver biopsy. Patients could either be already treated with DFO or DFO-
naive. Notable exclusion criteria were serum creatinine above the upper limit of normal
(ULN), significant proteinuria, cataract or history of ocular toxicity due to iron chelation
therapy, mean levels of ALT or AST>250 U/L during the 12 months preceding study,
evidence for hepatitis or HIV and documented poor response to DFO. Patients were
randomized 1:1 to Exjade or DFO with the dose of each drug being dependent on the LIC
at study entry. Protocol-specified randomized dosing was as in the following table:

Exjade and Desferal (DFO) Dosing in Study 0107

LIC at Baseline Exjade dose DFO dose
(mg Fe/g dw) (mg/kg/day) (mg/kg/day)
2t03 5 20 to 30
>3 to 7 10 25 to 35
>7to 14 20 35 to 50
>14 30 >50

Where patients with baseline LIC <7 mg Fe/g dw were randomized to DE O, if the patient
entered the study having been stable on a DFO dose higher than that to which they would
be randomized, the patient was allowed to continue with the previous DFO dose. Daily
dosing was continued for 48 weeks at which time patients underwent followup
determination of LIC. Patients were categorized as “successfully treated” or not based on
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change in LIC from baseline. IfLIC at baseline was 2 to <10mg Fe/d dw, success would
be LIC at week 48 of 1 to <7 mg Fe/g dw and if LIC at baseline was >10 mg Fe/g dw,
success would be a decrease in LIC>3 mg Fe/g dw. The statistical plan specified non-
inferiority analysis comparison of “success” rates in the two treatment arms in the
population of patients who received study drug and had LIC determined both at baseline
and 48 weeks using the same method (PP-1 population). In this analysis patients with no
LIC result available at study end using the same method and patients who discontinued
study because of adverse events were counted as treatment failures.

The study randomized 591 patients of whom 586 were treated (296 Exjade, 290 DFO).
Seventeen (5.7%) of Exjade patients and 12 (4.1%) of DFO patients discontinued study
treatment prematurely, mostly due to adverse events (2.7%) in the Exjade arm and mostly
due to withdrawal of consent (2.1%) in the DFO arm. Patient demographics and baseline
characteristics in the two treatment arms were similar. Mean age was 17.2 years, 51.9%
of patients were female, 87.7% of patients were Caucasian, 3.2% Oriental, 0.55 black and
8.5% “Other”. In terms of age, 9.9% were <6 years, 23.0% were 6 to <12 years, 18.1%
were 12 to <16 years, 48.8% were 16 to <50 years, and 0.2% were 50 to <65 years.
Overall, 24.6% of patient had history of hepatitis C and 32.6% had had splenectomy.

The primary efficacy population included a total of 553 patients (276 Exjade and 277
DFQ). For the primary efficacy analysis the FDA Statistical Review (S. Castillo, Ph.D.)
found a success rate of 52.9% (146/276) for Exjade and 66.4% (184/277) for DFO. The
difference and 95% confidence interval were ~13.5 [-21.6, -5.4]. The Statistical Review
concluded that “Study CICL670A0107 does not demonstrate the non-inferiority of
ICL670 to DFO in terms of treatment success in lowering liver iron content (lower bound
of 95% confidence interval for difference in change from baseline for treatment success
is not greater than —0.15 is the primary endpoint analysis).” Though the study failed by
its planned analysis, close examination of the study revealed some design features that
likely compromised the efficacy comparison of Exjade versus DFO. Because patients in
the two lower dose DFO groups could be allowed to continue on their previous DFO
dose, about 84% of patients in the DFO group received the two higher doses of DFO (35
to 250 mg/kg of DFO) as compared to about 69% of patients in the two highest Exjade
dose groups (20 or 30 mg/kg). The median average daily doses of Exjade and DFO
during the study for all treated patients by LIC dosing category are shown in the

following table: _
Protocol Specified and Actual Exjade and DFO Doses by LIC Dosing Category

Exjade DFO
LIC at Baseline Protocol specified Actual median Protocol specified Actual median
(mg fe/g dw) dose dose dose dose
(mg/kg/day) (mg/kg/day) (mg/kg/day) (mg/kg/day) -
2t03 5 5.0 20 to 30 30.0
>3t07 10 10.0 25t0 35 35.0
>7to 14 20 20.0 35t0 50 40.8
>14 30 30.0 >50 51.0
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Based on sponsor’s Table 8-2

Also, while the study called for determination of LIC by liver biopsy, in cases where liver
biopsy could not be performed LIC was assessed by an unvalidated method using a
superconducting quantum interference device (SQUID) which the sponsor subsequently
determined underestimated the LIC by a factor of about 2. [Consultation review by Dr.
C. Ho, Biomedical Engineer, CDRH (9/1/05) of information on use of SQUID to
determine LIC concluded that the sponsor had not demonstrated. that biomagnetic liver
susceptometry (BMS) data obtained using SQUID are an accurate representation of the
absolute value of LIC inside a patient. However, he indicated that the technique may
have “some value as a trending indicator proportional to iron load inside the patient” but
this could not be localized to the liver, based on the information provided]. SQUID was
used in 16.3% of patients included in the primary efficacy analysis. Again, because
patients in the two lower dose DFO groups could be allowed to continue on their
previous DFO dose, this underestimation would disproportionately impact the Exjade
treatment arm with more patients relegated to the lower Exjade doses.

Response to treatment in each of the treatment arms during the study was examined by
comparing LIC at end of study to LIC at baseline. In the population of patients for whom
baseline and end of study LIC (same method) were available the mean change was -2 .4
mg Fe/g dw in the Exjade group and —2.9 in the DFO group (median changes, -0.8 and —
1.8 mg Fe/kg dw, for Exjade and DFO groups, respectively). The protocol specified a
secondary analysis of change in LIC from baseline to end of study in patients having a
baseline LIC >7 mg Fe/g dw (included about 69% of patients). FDA statistical analysis
found that in patients with a baseline LIC>7 mg Fe/g dw, there was no difference in the
change from baseline in LIC between the Exjade and DFO treatment groups (mean
change ~5.08 and —4.52 for Exjade and DFO, respectively; between group difference
(Exjade-DFO) of —0.56, 95% Cl is from -1.79 to 0.66). Examination of comparable
changes for patients having baseline LIC <7 mg Fe/g dw (not protocol specified) did not
show a decrease in LIC during the study in either treatment group.

Examination of the relationship between biopsy determined LIC and serum ferritin in the
study showed increases in LIC and serum ferritin in both treatment groups for patients
with LIC <3 mg Fe/kg dw, increases in both LIC and serum ferritin for Exjade treated
patients with LIC >3-7 mg Fe/g dw and slight increase in LIC and slight decrease in
serum ferritin for DFO treated patients with LIC >3-7 mg Fe/g dw, and decreases in both
LIC and serum ferritin in both treatment groups in patients with LIC > 7 mg Fe/g dw. In
the total safety population (all patients who were randomized and received study drug),
mean and median decreases were seen in serum ferritin in both treatment arms for the
two highest dose cohorts. '

Regarding Study 0107 Dr. Shashaty states that it appears that a cause for failure for the
overall population in the trial was an insufficient dose of Exjade in many of the patients
and one could view Study 0107 as a dose-comparison concurrent control study with
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several doses of Exjade compared to DFO and conclude that high dose Exjade
demonstrates a clinically meaningful iron excretion compared to DFO. However, lack of
randomization (since Exjade dose was based on LIC) and lack of blinding would have to
be taken into account.

The major supporting study (Study 0108) was a multicenter, open label, single-arm trial
investigating the effect of Exjade treatment on LIC as assessed by liver biopsy or SQUID
in patients with chronic anemia and transfusional hemosiderosis who were either B-
thalassemia patients unable to be adequately treated with DFO or patients with a variety
of acquired or congenital rare anemias requiring chelation therapy. Dosing of Exjade in
this study was the same as in Study 0107. Treatment duration was for 1 year. In this
study 184 patients were enrolled (85 with B-thalassemia, 99 with other rare anemias).
Eighty-three percent (83%) of patients completed the study with most discontinuations
being among the rare anemias where 24.2% of patients discontinued due to adverse
events (9 patients), withdrawal of consent (6 patients), death (5 patients), and study drug
no longer needed (4 patients). In this study mean age was 35 years (24.7 in B-thalassemia
patients and 43.7 years in rare anemias). About 19% of patients were <16 years of age,
50.5% of patients were males and 78.8% of patients were Caucasian. In this study there
was a reduction of the LIC from baseline to end of study of —4.2 mg Fe/g dw.

A third trial (Study 0109) was a multicenter, open label, randomized parallel groups on
LIC for 1 year treatment in 195 patients with sickle cell disease and transfusional
hemosiderosis to compare effect of Exjade versus DFO in these patients. Efficacy results
were not yet available for this study, but safety results were provided.

Safety:

The safety information is the application is reviewed, summarized and discussed in detail
in the Medical Officer’s review by Dr. G. Shashaty (signed 10/26/05). Only the major
findings will be summarized here.

In the clinical studies a total of 700 patients have received Exjade. From the Medical
Officer’s review, the significant safety concerns associated with Exjade included most
notably:

* renal dysfunction — about one-third of patients had increase in serum creatinine which
sometimes led to drug interruption or dose decrease, as per the protocol. The clincal
significance and long-term course of this adverse event is not clear. Similarly some
patients had proteinuria. Preclinical studies showed evicence of renal toxicity for
Exjade across several species. Only patients with normal serum creatinine at baseline
were enrolled in the clinical studies.

* hepatic dysfunction — Clinical trials allowed enrollment of patients with serum
transaminases up to 5 times the upper limit of normal. Many patients had history of
hepatitis. Some hepatic inflammation may result from the underlying disease.
However, there were some cases of apparent Exjade-related increases in
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transaminases. The clinical significance of these findings for long-term use of Exjade
is not known.

* cataract formation — Cataract formation ‘'was seen in preclinical studies of Exjade.
Cataract formation is likely to be a direct consequence of use of Exjade. Probably
occurrence of cataracts become more common as a patient’s time on Exjade
increases. Cataract formation also is a known consequence of Desferal therapy. The
eye findings and related results were extensively reviewed by Dr. W. Chambers,
(consult review completed 10/28/05). Evaluationon of vision and the eye during the
clinical trials of Exjade was considered to be suboptimal. Recommendations were
made for a post-marketing commitment to better evaluate the ophthalmic ffects of
Exjade and over a longer period of treatment. Specific recommendations were
provided for the labeling. '

* diminished hearing — This is an infrequent complication but likely to be related to
Exjade use.

* neutropenia and thrombocytopenia (rare) — Evaluation is confounded by presence of
underlying hematological disease. ‘

* Immunological - one case of Henoch-Schonlein purpura has been reported during the
extension study treatment of a patient. This event is often drug-related.

Frequent adverse events included increases in serum creatinine (mostly within the normal
range), fever, headache, abdominal pain, cough, gastrointestinal symptoms (diarrhea,
nausea, vomiting), rash and other events. Adverse events leading to discontinuation of
Exjade included increased transaminases, drug-induced hepatitis, drug fever, skin rash,

- cataract, hyperactivity/insomnia, glycosuria/proteinuria, and Henoch Schonlein purpura.

Most deaths in the clincal trials occurred in patients with myelodysplastic diseases
(MDS)(due to their underlying disease). There were 4 deaths in the extension studies: 1
patient with B-thalassemia due to congestive heart failure, 3 in patients with rare anemias
(all MDS patients). All deaths in MDS patients appeared to be due to underlying disease.
In Study 0106 there were 6 deaths, all in patients with rare anemias and likely to be due
to underlying disease.

Special Populations:

Of'the 700 patients who received Exjade in the clinical studies, 292 were pediatric
patients 2 to 16 years of age, 52 of whom were age 2 to <6 years. Most (70%) of these
patients had B-thalassemia. Children 2 to <6 years had a lower systemic exposure to
Exjade (as described under Clinical Pharmacology discussion above). In the clinical
studies there was no clear difference in efficacy and safety between adult and pediatric
patients. Dosing of Exjade on a mg/kg basis is the same for pediatric and adult patients.

Only 30 patients (mostly myelodysplastic syndromes patients) were >65 years of age.
Because elderly patients typically have decreased renal function (decreased glomerular
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filtration rate), caution should be exercised in these patients when using Exjade because
of uncertainty about extent and importance of possible renal toxicity due to Exjade.

Recommendations of Blood Products Advisory Committee (BPAC):

The Exjade application was presented for discussion at a public meeting of the BPAC on
9/29/05. The recommendations from the BPAC supported that LIC is an acceptable
efficacy endpoint for study and marketing approval of an iron chelator for the use being
sought; Exjade at doses of 20-30 mg/kg/d decreases LIC by an amount that is clinically
meaningful; effectiveness of lower doses in decreasing LIC has not be shown; the
sponsor’s proposed dosing in patients having LIC >7 mg Fe/g dw is acceptable for these
patients; appropriate dosing for patients with lower LICs has not been determined. The
committee felt that the safety database was adequate for benefit/risk assessment and
labeling but recommended post-marketing followup for long-term safety, particularly
renal and hepatic. For patients age 6 years and older the committee recommended
approval for the broad population of patients with transfusional hemosiderosis (i.e.,
including patients with sickle cell disease, rare congenital anemias, and MDS as well as
B-thalassemia patients). For patients less than 6 years of age, data were felt to be
insufficient to adequately label the product.

Other Information:

Chemistry: The chemistry, manufacturing, and controls (CMC) information for
deferasirox has been reviewed in detail by R. Frankewich, Ph.D. (review signed 7/6/05).
-Chemically deferasirox has a triazole structure from which radiate three substituted
phenyl rings. Deferasirox is a highly water-insoluble powder and the drug is formulated
as a tablet (three strengths: 125 mg, 250 mg and 500 mg) for dispersion in a liquid to
form a fine suspension.

Pharmacology: The pre-clinical pharmacology and toxicology have been reviewed in
detail by T. Chakraborti, Ph.D. (review signed 9/28/05). Notable review findings are
summarized briefly here.

The mechanism of action of deferasirox was characterized as “ICL 670 is a tridentate
ligand for Fe** (two molecules of ICL 670 binds (sic) to one ferric atom).” Binding
affinity of iron by deferasirox was found to be lower than that of iron by deferoxamine.
The ability of deferasirox to decrease liver iron concentration (LIC) was demonstrated in
iron-overloaded rats and iron-overloaded marmosets. In marmosets deferasirox did not
appear to induce the excretion of zinc and copper.

Absorption of deferasirox (free or including bound iron) after oral administration or
deferasirox ranged from 32% in rats to 88% in marmosets and 100% in dogs. In humans
absolute absorption was 73%. In all tested species deferasirox was >98% plasma protein
bound. Deferasirox was found to cross the placenta and be excreted in the milk in
pregnant rats but crossed the blood-brain barrier to a relatively low extent. In liver
microsomes from several species metabolism was found to be by oxidative
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biotransformation (mainly CYP1A1 and CYP1A2). Glucuronide conjugation was also
found in human and rat hepatocytes. The Pharmacology review states: “Overall, in all
tested species including human, biotransformation was extensive with formation of
primary (Phase I) and conjugated (Phase II) metabolites, the major metabolic pathways
being hydroxylation, glucuronidation and sulfation. Irrespective of the route of
administration, in all tested species, ICL670 was excreted predominantly via bile/feces.
Renal excretion generally accounted for less than 12% of dose.”

Pre-clinical 4-week toxicology studies in female non-iron supplemented mice showed
toxicity to the kidney (tubular degeneration ), spleen (atrophy) and liver (centrilobular
hypertrophy and microvacuolation) at doses of 268 mg/kg/day) and thymus atrophy at
doses of 134 mg/kg/day. In mice fed an iron-supplemented diet, the target organs of
toxicity appeared to be the epididymis, liver, and stomach. For the mouse studies the
Pharmacology review states: “Overall, it appeared that the animals fed on standard diet
were more sensitive to the toxicity of ICL-670 than animals fed on iron-supplemented
diet, as evidenced by the higher MTD in iron-supplemented animals compared to non-
iron supplemented animals. In addition, there appeared to be an apparent sex-related
difference in sensitivity to ICL-670. Males appeared to be more sensitive to the toxic
effects of ICL-670 compared to females." Further 4-week animal toxicity studies in rats
and marmoset monkeys also identified the kidney, gastrointestinal tract (stomach),
thymus, adrenals, heart and liver as target organs of toxicity, with more effects being
noted and with greater severity in non-iron supplemented animals. In juvenile mice the
liver appeared to be the target organ of toxicity. In juvenile rats given ICL 670 for 9
weeks, the target organ of toxicity appeared to be the eye (bilateral cataract) and kidney.
The juvenile rats appeared to be approximately 5- t 10-fold more sensitive to the toxicity
of ICL 670 when compared to adults. In a 26-week oral toxicity study in rats renal
toxicity and ophthalmologic toxicity (cataracts) were seen. In 4-week oral studies in
marmoset monkeys, target organs of toxicity included the kidney, liver, gall bladder,
liver, brain, and adrenal glands. With iron supplemented diet target organs of toxicity
were gall bladder, liver, colon and rectum (acute inflammation and ulcer), spleen
(congestion) and kidneys (dilation of the cortical and medullary tubules and collective
ducts). In 39-week studies in marmosets histopathologic changes in dead or moribund
animals were observed in the gall bladder (acute inflammation and generalized
degeneration), hepatic bile duct (vacuolation) and kidneys (vacuolation and degeneration
of the renal cortical tubules and dilatation of the medullary tubules and Bowman’s space).

Carcinogenicity studies in rats and p53 (+/-) transgenic mice (iron supplemented diet and
not supplemented) did not show any treatment-related neoplastic findings. ICL was
negative in the Ames test and did not show any clastogenic potential in the chromosome
aberration test with human peripheral blood lymphocytes. It was positive in 1 or 3 in
vivo oral rat micronucleus tests.

No adverse effects were observed on mating, fertility or reproductive parameters in a
segment I fertility and reproductive performance study in male and female rats. No
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treatment-related changes in reproductive parameters including the mean number of
viable fetuses, early and late resorptions, post-implantation loss were seen in a Segment
II reproductive toxicity study in pregnant rats. Deferasirox was not considered to be
teratogenic in rats at the tested doses. A segment II teratogenicity study in rabbits did not
show teratogenicity. An oral Segment III study in pregnant rats showed increase in
stillborn pups and deaths of dams at highest doses concurrent with evidence of renal
anomalities. These results were assessed as reflecting treatment-related kidney toxicity
(also observed in a neonatal study) and were not considered to be teratogenic.

Studies to examine the potential of deferasirox for imrhunotoxicity showed decreases
white blood cells, in peripheral and tissue B cells in male rats at high doses and
decreases in T-cell population (spleen and thymus) and B-cell population (spleen) in
juvenile mice and “indicated a potential of ICL670 to cause reduction in the secondary
immune response.”

Invitro studies to investigate the mechanism of the deferasirox-induced kidney toxicity
found that deferasirox caused cell membrane damage as evidenced by increased leakage
of lactate dehydrogenase (LDH). This effect was not observed in the presence of Fe*|
In vitro investigation of the mechanism of deferasirox-induced cataract formation found
that exposure of rat lenses to deferasirox for 6 days resulted in loss of both transparency
and glutathione, suggesting oxidative stress followed by disruption of membrane integrity
as a mechanism.

Regarding the findings of the toxicology studies the Pharmacology review concludes:

“The systemic toxicity of ICL670 was adequately evaluated in a complete range
of general toxicity (acute, subacute and chronic), genotoxicity, reproductive
toxicity, juvenile/neonatal toxicity and carcinogenicity studies. The preclinical
program of ICL670 appeared to be successful in identifying the target organs of
toxicity. ICL670 was genotoxic in one in vivo micronucleus test. However,
ICL670 was not tumorigenic in 26-week study in p53 (+/-) transgenic mice and
104-week study in rats. In fertility and reproductive performance study in rats,
ICL6670 did not cause any adverse effect. It was also not teratogenic in rats or
rabbits. Therefore, from a preclinical standpoint, this NDA may be approved.”

The Pharmacology review found that toxicological qualification of L

3, an impurity in the deferasirox product, supported qualification of this
impurity only up to a maximum allowable amount of T .. Abased on NOAEL in
toxicology studies. The sponsor’s specified maximum limit of T B 4 was
determined to be 12.5 times greater than the qualified limit £ 1based on the
studies. The Pharmacology review stated: “The sponsor may be asked to reduce the
level of £ ' £ ppm or conduct a 2-week oral toxicity study in rats to qualify this
impurity in the drug substance at the proposed maximum limit of £ __dasa
postmarketing commitment as per ICH Q3 A Guidance on Impurities in New Drug
Substances (February 2003).”
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Clinical Pharmacology: Clinical Pharmacology and Biopharmaceutics review was

conducted by S. Al-Fayoumi, Ph.D. and C. John, Ph.D. (initial signature 10/7/05; final
signature 10/11/05). Clinical pharmacology studies included investigations of relative
bioavailability, mass balance, food-effect, dose proportionality, multiple dose
pharmacokinetics (PK)/ pharmacodynamics (PD), drug-drug interaction with digoxin,
and cardiac safety (thorough QT study). Notable findings and conclusions from the
review included:

“The mean %ICL670 chelated to iron in pharmacodynamic studies ranged from 15-
32%. There was a dose-related negative iron balance for ICL670 in two
pharmacodynamic studies. In addition, a correlation analysis between LIC and
corresponding PK parameters in study 107 [the main clinical efficacy study] showed
reasonable correlation between LIC (measured by liver biopsy) on one hand and
Cmax and AUC of iron-complex ICL670 on the other. There was no clear
relationship between systemic exposure to ICL670 and the incidence of adverse
events.”

QT study indicated that ICL670 is not associated with QT prolongation effects on the
cardiac system.

A significant food-effect was observed whereby a high fat meal increased the relative
bioavailability of ICL670 (given 5 min after meal) doubling the total exposure
(AUCo.) and increasing the cmax by 77% compared to fasting.

Administration of ICL670 dispersed in orange juice and water were bioequivalent.
ICL670 dispersed in apple juice showed PK differences that are unlikely to be of
clinical relevance.

The mean absolute bioavailability of ICL670 tablet for suspension was determined to
be 73% with peak plasma levels at 1 to 4 hours. Mean Cmax and AUC valuse of
ICL670 and the iron complex increased in a dose-related manner for the dose range of
2.5t0 80 mg/kg. Steady state of the drug was achieved after 3 days of daily dosing.
ICL670 is 99.5099.7% plasma protein bound (mainly to albumin).

Metabolism of ICL670 is mainly by glucuronidation with the acyl-glucuronide (M3)
as the major metabolite. CYP450 is involved in metabolism of up to 8% of an oral
dose of ICL670 (mainly via CYP1A1, CYP1A2 and CYP2D6).

ICL670 weakly inhibits CYP450 enzymes and may potentially inhibit the metabolism
of CYP450 substrates. :
Co-administration of ICL670 with digoxin did not result in significant PK interaction.
ICL670 is mainly (84%) excreted in the feces. Because renal excretion of ICL670
and its iron complex form is limited, studies evaluating the PK of the drug in patients
with renal impairment were not done.

Estimated terminal half-life for ICL670 is 4 hrs following intravenous administration
but 12-18 hours following oral administration, likely due to enterohepatic
recirculation. '

“Data evaluating the PK of ICL670 in patients with hepatic impairment is not
available. However, since patients with iron overload often have abnormal liver
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function tests due either to iron overload or concomitant viral hepatitis, patients with
mild to moderate elevations in serum transaminase levels (up to 5 times the ULN)
were enrolled in clinical studies and were treated with similar doses of ICL670 to
patients without hepatic impairment. The general safety and efficacy profiles in these
individuals were similar to the overall population. ICL670 is proposed to be used
with caution in patients with hepatic impairment. Given the preponderance of hepatic
impairment in patients with iron overload, the effect of hepatic impairment on the PK
of ICL670 needs to be assessed.”

* Apparent clearance of ICL670 was 17.5% less in females as compared to males; this
may be clinically insignificant since the drug is dosed by weight.

e Children and adolescents showed a lower exposure to ICL670. The exposure of
children aged 2 to 6 years was about half that of adults. Drug exposure gradually
increases between 2 and 18 years of age to'reach adult levels. Since ICL670 dosing is
based on titration to the individual patient response, the PK differences may not have
significant clinical implications.

* PK data were not available for elderly patients to allow comparison between geriatric
patients and younger adults. .

* The sponsor developed an adequate dissolution methodology and proposed an
acceptable dissolution specification (Q=L 1 within 30 min). Clinical studies used 3
ICL670 formulations and these were adequately linked using iz vitro dissolution.

The review found the sponsor’s proposal for weight-based dosing acceptable and
directions to take once daily on an empty stomach at least 30 minutes before food. The
review recommended a Phase 4 commitment to study PK in patients with hepatic
impairment.

Conclusions and Recommendations:
Exjade (deferasirox) is being recommended for accelerated approval for the treatment of
chronic iron overload due to blood transfusions (transfusional hemosiderosis) in patients
2 years of age and older. Accelerated approval is being recommended because Exjade is
a new drug that has been studied to treat a serious and life-threatening condition for
which available treatment options are limited and problematic and because Exjade
provides meaningful therapeutic benefit to patients over the existing treatment (i.e.,
ability to treat patients who are unable to tolerate or comply with deferoxamine therapy,
which requires daily subcutaneous infusions of several hours). The clinically accepted
endpoint of decrease in liver iron concentration (LIC) from baseline is the parameter
upon which accepted demonstration of efficacy has been based. Post-marketing studies
will be needed to further describe the clinical benefit of Exjade and further define
particular aspects of long-term safety. The recommended dosing should be an initial
daily dose of 20 mg/kg/day and patients should be followed with serum ferritins and
clinically and dose adjustments made in increments of 5 or 10 mg/kg/day as needed based
on the individual patient’s response and therapeutic goals. Specific wording of the
labeling will be negotiated with the sponsor.
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Though the available information is adequate to support initial approval of Exjade for
marketing, there remain important deficiencies that need to be adequately addressed to
provide more complete information for labeling.

The sponsor should be required to do the following:

I

Obtain more safety information on Exjade in young pediatric patients. Establish a
registry for children aged 2 to < 6 years to enroll approximately 200 patients and
follow them for 5 years, monitoring periodically for renal function, blood pressure
and growth and development.

Complete the ongoing extension studies for a total of 4 years after the core trial (5
years total in patients initially treated with ICL670, 4 years for patients initially
treated with DFO).

Conduct an additional study in patients with congenital or acquired anemias and
chronic iron overload to obtain additional data in patients with LIC < 7 treated
with Exjade doses of 20 or 30 mg/kg per day.

Provide the full study report, including safety and efficacy datasets, for Study
0109, a study in patients with sickle cell disease.

Provide an adequate proposal for assessing iron concentration and cardiac
function in patients treated with Exjade. [The sponsor is planning a 1-yer trial
(Study 2409) to examine the efficacy and safety of Exjade in about 1500 patients
with chronic iron overload due to blood transfusions. Evaluation of cardiac iron
and cardiac function, as well as clinical outcomes, could be incorporated into this
study to explore the relationship amongst LIC, cardiac iron, serum ferritin and
clinical endpoints].

Complete a study to collect safety and efficacy data for Exjade in patients with
elevated baseline serum creatinine (> 2X ULN) in patients with low or
intermediate risk MDS (e.g., Study US03, amended to include patients with
baseline serum creatinine values up to 2X ULN). Duration of followup should be
at least 3 years.

Collect additional long-term followup information on 150 patients with
myelodysplastic syndromes (MDS) receiving Exjade to evaluate safety (including
cardiac, hepatic, endocrine and renal assessments) and hematologic and clinical
benefit of Exjade in these patients.

Conduct an ophthalmologic study in patients receiving Exjade as recommended
by FDA Ophthalmology consult. Examinations should include distance visual
acuity, applanation tonometry, lens photography, and wide angle fundus
photography of retina and optic nerve and shouldbe done at baseline (prior to
Exjade initiation) and at 6-month intervals. At least 60 patients should complete 2
years of followup.
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9. Conduct a pharmacokinetics study of Exjade in subjects with hepatic impairment
as recommended by Clinical Pharmacology and Biopharmaceutics review.

10. Conduct a drug-drug interaction study with midazolam to investigate the potential
of Exjade to inhibit CYP4503 A4, as recommended by Clinical Pharmacology and
Biopharmaceutics review.

11. Adequately address the Pharmacology concern about inadequacy of support for
the proposed maximum allowable level [ { impurity.

To address the likelihood that some patients will not be able to be effectively treated with
Exjade monotherapy, the sponsor should consider investigating use of Exjade in
combination with deferoxamine to optimize response in this population of patients.
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1. EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

Exjade (deferasirox, ICL 670) should be approved for the indication of the treatment of iron
overload from blood transfusions (transfusional hemosiderosis) in adult and pediatric patients at
least 2 years of age. This recommendation is based on evidence that indicates that in this patient
population, there is a clinically meaningful stabilization and/or reduction in liver iron
concentration (LIC) over a period of 48 weeks of treatment with Exjade when given at an oral
dose of 20-30 mg/kg/day. The degree of reduction in LIC is dependent on the quantity of blood
transfusions required for the continuing therapy of the anemia. Although the evidence of
efficacy is not based on the sponsor’s statistical analysis of the primary efficacy endpoint
[achieving “success” in the reduction or maintenance of LIC with Exjade compared to
deferoxamine (DFO)] in its major phase 3 non-inferiority trial (Study 0107), the sponsor has
demonstrated a mean reduction in LIC of 2.4 mg Fe/gram dry weight (g dw) from baseline to end
of study (48 weeks) in 268 iron overloaded patients with -thalassemia treated with Exjade at
doses between 5-30 mg/kg/d. In the subset of 185 patients who were treated with 20-30
mg/kg/d, the mean reduction in LIC was 5.3 mg Fe/g dw. In supporting Study 0108, the sponsor
has demonstrated a mean reduction in LIC of 4.2 mg Fe/g dw) from baseline to end of study (48
weeks) in 147 patients with various anemias and transfusion induced hemosiderosis treated with
Exjade at doses between 5-30 mg/kg/d. In the subset of 126 patients who were treated with 20-
30 mg/kg/d, the mean reduction in LIC was 5.5 mg Fe/g dw. Ina safety study (Study 0109) of
132 iron overloaded patients with sickle cell syndromes treated with Exjade at doses of 5-30
mg/kg/d, the safety data indicate that the adverse events profile in this population is similar to
that in the B-thalassemia population. The efficacy data in the sickle cell syndrome population
has not yet been submitted, but early data support Exjade’s iron excretion efficacy in this
population and the mechanism of iron overload is similar to that in the B-thalassemia population.
That these reductions in LIC occurred in the face of continuing transfusions adds credence to the
efficacy of Exjade, since the body has no normal mechanism of excreting iron added to body
stores from red cell transfusions.

Safety data indicate specific concerns for adverse effects primarily on the kidney and the liver.
These include a reduction in creatinine clearance and/or the development of proteinuria in
approximately one-third of patients and drug-induced hepatitis in a small fraction of patients
treated with Exjade. Exjade also has demonstrable adverse effects on the eye and ear, and is
associated with the development of skin rash. Other common adverse events include
gastrointestinal and hepatobiliary symptoms. The safety database includes 700 patients treated
in clinical trials. The length of treatment in the trials was short in comparison to the expected
indefinite or lifelong need for Exjade.

A benefit/risk assessment indicates that in the population of patients described above, there
would be a significant clinical utility for Exjade. The only currently approved therapy for the
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indication, Desferal (deferoxamine), must be administered parenterally over 10-12 hours daily
for 5-7 days each week to effectively treat iron overload in these patients.

1.2 Recommendation on Postmarketing Actions

1.2.1 Risk Management Activity

Patients treated with Exjade will have monthly measurements of serum creatinine and the drug
dose will be reduced or interrupted depending upon increases of >33% from baseline or to above
the upper limit of normal. Monthly measurements for the degree of proteinuria will be
performed. Serum transaminases will be monitored monthly and the drug dose will be
interrupted for unexplained increases in serum transaminases. If serum transaminases rise again
after reintroduction of Exjade, the drug will be permanently discontinued. Auditory and ocular
examinations will be performed prior to commencement of Exjade, and yearly thereafter.
Discontinuation of Exjade should be considered if there is evidence of adverse events involving
hearing or sight.

1.2.2 Required Phase 4 Commitments

These commitments include:
e A study of efficacy and safety in patients with hepatic impairment
¢ A study of efficacy and safety in patients with renal impairment

e . [
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* An analysis of efficacy and safety of the use of 20-30 mg/kg/d of Exjade in patients with
LIC <7 mg Fe/g dw. If no such data exist, a study should be performed to demonstrate
the efficacy and safety of the use of Exjade at a dose of 20-30 mg/kg/d in patients with an
LIC <7 mg Fe/g dw

* A registry established to provide long term safety data in Exjade treated patients

¢ Submission of final data for Study 0109 (The safety and efficacy of the use of Exjade in
patients with sickle cell syndromes)

o C

3

1.2.3  Other Phase 4 Requests

The following studies are recommended:
* A study of combination therapy of Exjade and deferoxamine in patients treated
unsuccessfully with Exjade or deferoxamine alone
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* A study of the efficacy and safety of the use of Exjade in patients with myelodysplastic
syndrome and transfusion related iron overload. The study should demonstrate a
clinically meaningful benefit on morbidity and/or mortality in this population

1.3 Summary of Clinical Findings
1.3.1 Brief Overview of Clinical Program

Exjade® (deferasirox) is proposed for use as an orally administered iron chelating agent.
Chemically, Exjade is 4~(3,5-bis-(2-hydroxy-phenyl)-1,2,4) triazol-1-yl)-benzoic acid and has a
molecular weight of 373.4. Two molecules of Exjade bind a single atom of iron from the soluble
iron pool in the plasma. Subsequently, this complex is excreted, primarily in the stool. The
applicant proposes that Exjade be approved for treatment of chronic iron overload in patients
(aged two years and older) with congenital and acquired anemias who have developed excessive
total body iron stores (hemosiderosis) due to chronic transfusion therapy.

In support of the indication, the applicant has performed and submitted one multicenter,
randomized, active-controlled Phase 3 trial in adult and pediatric patients with B-thalassemia.
The applicant has performed a single arm trial of the use of Exjade in transfusion dependent
patients with B-thalassemia inadequately treated with DFO and transfusion dependent patients
with rare anemias who were believed to be benefited by chelator therapy. In addition, the
applicant has submitted the results of three Phase 2 studies in patients with 3-thalassemia, as well
as interim safety results from a study of the use of Exjade in'the treatment of chronic iron
overload in adults and children with sickle cell anemia and its variants,

The number of patients enrolled in the four primary efficacy trials was 885, of whom 568
received Exjade and 317 received DFO. In the interim report of the ongoing study in sickle cell
anemias, an additional 195 patients were enrolled, of which 132 received Exjade and 63 received
DFO. The safety population for Exjade in these clinical trials was 700. In these trials, the length
of the administration of Exjade was 48 weeks, although a small number of patients received
Exjade for less than 48 weeks because of adverse events, withdrawal from the study or dropout.
The applicant has also submitted the results of an extension study in which 51 patients who had
already received Exjade in a clinical study continued Exjade use for periods up to a total of 3
years. For the 700 patients who received Exjade in these studies, the mean duration of treatment
was 51.8 weeks and the range of treatment was 0.1-152 weeks. An additional 237 patients with
B-thalassemia or healthy volunteers received either single or multiple doses of Exjade during
Phase 1 trials and for various biopharmaceutical studies,

Efficacy

The major efficacy trials are as follows:
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* Study 0107 (Phase 3, Pivotal). A randomized, open-label, multicenter trial that compared
the efficacy and safety of the use of Exjade to that of DFO in the treatment of chronically
transfused patients with B-thalassemia who had hemosiderosis.

e Study 0105 (Phase 2). A randomized, open-label trial that compared the safety,
tolerability and effect on liver iron concentration of the use of Exjade to that of DFO in
the treatment of chronically transfused patients with p-thalassemia who had
hemosiderosis. This was a dose finding study.

* Study 0106 (Phase 2). A non-randomized study to evaluate the PK profile, safety,
tolerability and effect on liver iron concentration of Exjade in chronically transfused
pediatric patients with B-thalassemia who had hemosiderosis.

o Study 0108 (Phase 2). A multicenter, open-label, single arm, non-comparative study of
the efficacy and safety of Exjade in patients who were receiving transfusions as a result
of other chronic anemias and had developed hemosiderosis and in patients with B-
thalassemia who had developed hemosiderosis and were unable to be treated with DFO.

The only adequate and well-controlled randomized Phase 3 trial was Study 0107. The other
trials were either exploratory or uncontrolled. For randomized trials, blinding was not performed
because it was proposed that the subcutaneous administration of placebo for 48 weeks to patients
randomized to Exjade was unacceptable.

Study 0107 was a multicenter, randomized, open-label, active-controlled, parallel group, non-
inferiority design trial in 586 patients with B-thalassemia who had transfusional hemosiderosis.
The study compared Exjade to DFO, with doses of Exjade used ranging from 5-30 mg/kg/d
(dependlng on screening LIC) and DFO doses ranging from 20-50 mg/kg/d (depending on
screening LIC and/or on the patient’s previous DFO dose). Nlnety seven and four-tenths
(97.4%, 571/586) of the patients enrolled in the trial had been receiving DFO.

The determination of LIC in each patient was accomplished by the use of one of two methods.
The major method was by assay of a liver biopsy (standard method). The alternate method
employed a superconducting quantum interference device (SQUID) for the measurement of LIC.
In early meetings with the applicant, and in multiple communications with the applicant, the
Division had questioned the validity of the use of SQUID for the measurement of LIC and
stressed the need for validation of this method if it were to be used in establishing the efficacy or
bioactivity of the drug. The applicant submitted documentation of validation late in the clinical
program development. The documentation was reviewed by the FDA Center for Devices and
Radiological Health and was found to be inadequate to accurately measure LIC. Subsequently,
the applicant analyzed the correlation between liver biopsy and SQUID results in a subset of
patients and determined that SQUID underestimated LIC by a factor of 2 compared to LIC as
measured by liver biopsy. In addition, it was determined that LIC measured by SQUID varied
substantially among the three institutions at which the studies were being performed.

In Study 0107, 16.3% of patients had LIC measured by SQUID alone. After the data from Study
0107 had been locked and analyzed, the applicant asked the review Division to exclude from the
~ analysis of efficacy those patients whose LIC had been assessed by SQUID. The rationale for

9
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this request was that since the initial Exjade dose was based on LIC and since SQUID
measurement of LIC apparently seriously underestimated the LIC measured by biopsy, patients
dosed on the basis of the SQUID-determined LIC apparently had been under dosed. In addition,
the protocol had allowed patients in the DFO arm to remain on the same dose of DFO that they
had been receiving prior to enrollment regardless of the baseline LIC measurement. The
applicant believed that this led to a disproportionately greater number of patients receiving low-
dose Exjade as compared to the number receiving low-dose DFO. Of note, dose-finding results
in earlier trials suggested that low doses of Exjade (i.e., <10 mg/kg/d) were ineffective in
inducing iron excretion sufficient to lower LIC in patients who continued to require transfusion
therapy; the design of Study 0107 did not take these findings into account.

The primary analysis for efficacy for Study 0107 was based on the success rate which was
calculated using LIC at baseline and after one year. Success included either the maintenance of
LIC within a given range if the LIC was <7 mg F e/g dw or a reduction of LIC if the LIC was >7
mg Fe/g dw. The definition of success (and failure) is shown in the table below.

Table 6-1 Primary efficacy endpoint: success criteria {based on LIC)

LIC: 2t basetine Success, if LIC after 1 yoar Failure, if LIC after 1 year

2 - < T myg Fedg dw' 1- <7 mg Felg dw < 1mg Felg dw or 2 7 mg Fe'g dw
27~ % 10 mp Feig dw 1= <7 mg Felg dw <1 mg Feigdw or z7mg Felg dw
# 10 mg Fe/g dw Decrease in LIC 2 3 mg Feig dw Decrease in LIC < 3 mg Felg dw

Non-inferiority of Exjade compared to DFO was to be claimed if the lower bound of the 2-sided
95% confidence interval (CI) of the difference in the proportion of success was greater than
minus 0.15. The applicant’s primary efficacy results for Study 0107, as defined in the table
above, are shown in the following table.

Table 8-1 Success rates based on change in LIC (PP-1 population)

1CLE78 1CLET0 ICLB70 1ICLETD ICLE70 DFO
5 myiky 10 mgikyg 20 mglky 30 mglkg All pts All pts
N=15 N=70 N=79 N=112 N=278 N=277
Biopsy & SQUID N=15 n=79 n=79 n=112 n=278 n=277
Success rate {n (%)) % (40.0) 28(40.0)  29(3B.7)  BI(7T41) | 146(52.9) 164 (66.4)
85% CI {16.3,67.7] [26.5.51.5] [26.1,47.3] [66.0,82.2] | [47.0. 58.8] [60.9, 72.0)
Differsnce and 95% Cl -13.5 {-21.5, -5.4}

The results indicate that the applicant failed to demonstrate the non-inferiority of Exjade
compared to DFO since the lower bound of the CI for the point estimate was -21.6 and this
exceeded the pre-specified delta margin of -0.15. On reviewing the data, the applicant believed
that the basis of failure was that patients were disproportionally assigned to Exjade at doses of 5-
10 mg/kg/d because of SQUID-determined LIC determinations that underestimated the true LIC.
Patients in the DFO arm with SQUID-determined LIC continued on the same doses of DFO that

10
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they had been receiving prior to entry into the trial (these doses were higher) rather than being
required to take the dose that they would have been given if the protocol dosing had been
followed.

The sponsor performed a post-hoc analysis of success in the subsets of patients whose LIC,
measured by either biopsy or SQUID, was <7 mg Fe/g dw and >7 mg Fe/g dw. These analyses
were reviewed by me, but it is the policy of the Agency that such analyses are useful in
hypothesis generation but not for support of the efficacy of a drug. The analyses are not reported
here, but are available in the Integrated Review of Efficacy.

One of the prespecified secondary endpoints in Study 0107 was the reduction in LIC in patients
with a baseline LIC of >7 mg Fe/g dw. Analysis of this endpoint showed that both Exjade and
DFO reduced LIC after 48 weeks of treatment.

Table 9-3 Change in LIC in patients with LIC greater or equal to 7 mg Felg dw at
' baseline (PP-2 population)

Difference

ICLBTD OFO {ICLE&TO-DFO}
Statistics N=185 N=186 adjusted on baseline
Biopsy & SQUID
£ 185 186
fean + SD -53+£8.04 -4.3+ 583 -0.56G £ 0.623
g5% Ci [-1.79, 0.68)]
p-value p=0.051 (8)* p=0.367 (NSY*

* t-test for one sample (one sided): if p<0.025, significant difference (S) of the change
from baseline in the ICL670 group.

** Covariance analysis with baseline as covariate: if p<0.05, significant difference (S) in

changes between the 2 groups at end of study.

An additional secondary efficacy endpoint was the change in serum ferritin levels over the 48
week length of the trial. Although there were large standard deviations around the mean, the
serum ferritin did tend to be correlated with changes in the biopsy measured LIC. In patients
receiving low doses of Exjade (5-10 mg/kg/d) based on initial LIC, LIC and serum ferritin rose
over the 48 week period of the trial. In contrast, LIC and serum ferritin were maintained at a
dose of 20 mg/kg/d and reduction in LIC and serum ferritin was substantial in patients who
received Exjade at a dose of 30 mg/kg/d (baseline LIC >14 mg Fe/g dw) as shown in the
following table.

11
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Table 84 LIC and serum ferritin in patients with biopsy (PP-2 and Safety population)

ICLBTE DFO
Basaline EQS Change Baseline EOB Change

LICs3 LIC 25+021 10.4 2 1.75 78419 272028 31 £112 0.4 + 196

Feerifin 1370804 2825+1107 11552339 | 1366 %880 1476 2 755 167 £ 504
LIC >3.T LIC 494+ 108 10142421 851%£383 52+1273 56+263 04£275

Ferritin 1707 £ 771 256041208 864+ B57 1623 + 701 1512 + 832 <21 £ 447
LIC »7T-A4 LIC 10.642.08 10.5 £4.72 -0.1 £4.88 106203 88+£29% =1.8 #2.95

Ferifin | 2136£1049 210821085 42 #4873 2124 ¥ 874 1824 + 892 ~316 # 573
LIC »14 LiC 242 %782 15.3 £8.38 «8.9 +B.07 239%B068 1702866 -6.5 #6.95

Ferifin ; 376942379 2858 +2002 026 % 1416 | 3627 £2451 2544 + 1811 <1001 + 1435

Study 0105 was an exploratory dose-finding study designed to evaluate the tolerability and
safety of the use of Exjade compared to DFO in 71 B-thalassemia patients with transfusional
hemosiderosis receiving chronic transfusion therapy. Evaluation of efficacy was a secondary
objective. Patients were randomized to Exjade at a dose of 10 mg/kg/d, Exjade at a dose of 20
mg/kg/d or to DFO at a dose of 40 mg/kg/d for 5 days each week. The trial was originally 12
weeks in duration but was subsequently lengthened to 48 weeks. Assessment of LIC was
performed by SQUID alone. Efficacy evaluation suggested that the original doses of Exjade
used were insufficient to maintain or lower LIC at 12 weeks compared to DFO, but that
increasing the dose of Exjade lowered the LIC to a degree similar to DFO at the end of 48 weeks.

Study 0106 was an exploratory, non-comparative study to evaluate the tolerability, safety and
pharmacokinetics of the use of Exjade over 48 weeks in 40 pediatric B-thalassemia patients with
transfusional hemosiderosis receiving chronic transfusion therapy. All patients were begun on
Exjade at a dose of 10 mg/kg/d. Assessment of LIC was performed by SQUID alone. Efficacy
evaluation suggested that Exjade at a dose of 10 mg/kg/d was insufficient to prevent a rise in LIC
in this patient population.

Study 0108 was a single arm, non-comparative, multi-institutional study of 85 patients with -
thalassemia intolerant or non-responsive to DFO and 99 patients (myelodysplastic syndrome, 47;
Blackfan-Diamond syndrome, 30; other anemias, 22) with other transfusion dependent anemias
who were treated with Exjade at doses of 5-30 mg/kg/d for 48 weeks. The initial dose was
determined by LIC as in Study 0107, measured either by liver biopsy (120 patients) or by
SQUID (64 patients). Dose adjustment was permitted based on measures of efficacy and safety.
The success rate (as defined in table 6.1 above) for all patients was 50.5%. There was a
statistically and clinically significant reduction of -4.2 mg Fe/g dw in the 147 patients who
completed the study and had an end of study LIC. These data support the data on the decrease in
LIC seen in Study 0107.

Due to the limited numbers of patients in the submitted studies requiring transfusions for
conditions other than B-thalassemia, there are limited data and possibly greater safety concerns in
patients treated with Exjade who had other causes for transfusion-related hemosiderosis (eg.,
myelodysplastic syndrome, refractory anemias, Blackfan-Diamond syndrome, etc).

12
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A change in LIC associated with the use of Exjade was accepted by the Division as a correct
measure of efficacy because it is the most well accepted clinical measure of the efficacy of an
iron chelator. Nonetheless, because the most common cause of morbidity and death in iron
overloaded B-thalassemia patients is cardiac in nature, it remains uncertain as to whether Exjade
will reduce the incidence of this and other important clinical outcomes.

Safety

The efficacy of Exjade must be viewed in relation to a number of safety concerns that have been
raised during the conduct of both the preclinical and clinical studies, as well as the prospect that
Exjade is likely to be administered for the lifetime of the patient. While the size of the database
is modest and the experience is restricted mostly to patients with B-thalassemia, the duration of
therapy for most of the patients has been nearly one year, and some patients have received
Exjade for as long as three years.

In the B-thalassemia population, there was one unexplained sudden death in a three-year-old
child who had received Exjade at a dose of 31.2 mg/kg/d for 84 days. Five patients with other
chronic anemias receiving Exjade died. Three (myelodysplasia, 2; Blackfan-Diamond
syndrome, 1) were related to sepsis in the setting of neutropenia that had been present at baseline
or had developed in association with the use of chemotherapeutic drugs. One patient with
myelodysplasia died of recurrent thromboembolism and one of cardiopulmonary arrest. The
deaths in the patients with other chronic anemias occurred from Day 27-376 after initiation of
therapy. Doses in these patients varied:

Serious adverse events believed related to the drug occurred in 17 (2.6%) of patients receiving
Exjade. These included four skin rashes, four gastrointestinal events and three increases in
transaminases. Five patients discontinued Exjade because of serious adverse events.

Adverse events leading to drug discontinuation occurred in 17 (2.6%) of patients receiving
Exjade. Most often, these included gastrointestinal disorders, skin rash, an increase in
transaminases/drug-induced hepatitis, renal abnormalities, cataract development and
hyperactivity. '

Adjustment in dose or temporary interruption was common, occurring in 25-53% of patients
treated with Exjade in the different studies. Causes for dose changes were mostly related to
common adverse events, and included gastrointestinal symptoms (nausea, diarrhea, vomiting,
abdominal pain), headache, rash and an increase in serum creatinine.

Laboratory safety data indicated that about 33% of patients sustained an increase in serum
creatinine, albeit often with creatinine concentrations remaining within the normal range.
Reduction in dose or interruption of Exjade therapy was usually associated with a fall in serum
creatinine to baseline. Exjade therapy was also associated with an increase in the urinary
protein/urinary creatinine ratio in a minority of patients. The changes in renal function were not
progressive despite the resumption or continuation of Exjade.
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Serum transaminase elevations occurred in a small percentage of patients, and drug-related
hepatitis developed in at least two patients, one of whom also developed neutropenia.

Uncommon adverse events included cataract development and hearing loss. A few patients have
developed neutropenia and thrombocytopenia while recetving Exjade, but the relationship to the
drug is uncertain.

Gastrointestinal, skin and renal adverse events appear to be dose-related. Other adverse events
appear to have no relation to dose.

There is no information available on Exjade overdosage. There does not appear to be a potential
for drug abuse or withdrawal. Exjade does not appear to prolong the QT interval. There is no
information available on the effects of Exjade on pregnancy or breast feeding. The applicant’s
data suggest that Exjade does not impair normal growth and development.

Since Exjade is expected to be administered for an indefinite time period, it will be important to-
determine the safety consequences of its long-term use on the already identified target organs of
toxicity, i.e., the kidney and liver. In addition, the frequency of other uncommon adverse events
(ophthalmological, audiological, hematological) will only be accurately determined after a larger
population has been exposed to Exjade.

In the studies performed by the applicant in which DFO was used as the comparator, the
frequency of gastrointestinal and dermatological symptoms was clearly greater in the Exjade
arm. The frequency of other adverse events was similar between the two arms except for the
increases in serum creatinine, which occurred only in patients treated with Exjade.

Dosing Regimen and Administration

The applicant recommends that Exjade therapy be commenced after the patient has received
approximately 20 units of packed red cell transfusions or when there is evidence of iron overload
by clinical monitoring (e.g., serum ferritin >1000 ug/L).

For patients receiving regular transfusion therapy of 2-4 units of packed red cells per month, the
applicant recommends that the initial dose of Exjade should be 20 mg/kg/d. A dose of 30
mg/kg/d is recommended for patients receiving more frequent transfusions and a dose of 10
mg/kg/d is recommended for patients receiving fewer transfusions.

The applicant recommends that maintenance therapy be determined on the basis of serial
observations of serum ferritin and that dose adjustments be made in steps of 5-10 mg/kg/d to
achieve a therapeutic goal of either stabilizing or reducing body iron stores. The applicant does
not recommend doses of Exjade above 30 mg/kg/d.

The dosing of Exjade in the clinical trials was based on LIC at baseline, but there is little
likelihood that, in clinical practice, liver biopsy will be performed to determine the initiation of,

14



Clinical Review

George Shashaty

NDA 21-882

Exjade (deferasirox, ICL-670)

and dose schedule for, Exjade. Therefore, recommendations for dosing and administration cannot
be stated with certainty. The sponsor’s data indicate that doses of Exjade of 5-10 mg/kg/d were
clearly ineffective in reducing LIC in patients receiving regular blood transfusions as part of the
standard treatment for B-thalassemia.

The administration of 20 units of packed red cells would increase total body iron by
approximately 4 g. In a 50 kg person, this would increase the normal LIC (<1.5 mg Fe/g dry
weight) by approximately 8-9 g. The calculated LIC would therefore be in excess of the 7 mg
Fe/g dry weight, which is the level of iron overload that was successfully treated using Exjade at
doses of 20-30 mg/kg/d. The degree of iron overload in a child receiving a similar transfusion
regimen would be even greater.

The use of a serum ferritin level of greater than 1000 pg/L to determine initiation of therapy is
not well founded because the relationship between the LIC and serum ferritin is inexact (in the
applicant’s studies, the correlation was 0.63). Although there is a population relation between
LIC and serum ferritin, the dispersion of results and the variability in serial observations are
great. Nonetheless, in a chronically transfused patient, it is rare for repeated levels of serum
ferritin of >1000 pg/L to be associated with anything other than iron overload.

There is little likelihood that the physician or patient community will agree to liver biopsy to
initiate and guide the dosing of chelator therapy for iron overload. Short of initial and repeat
liver biopsy to determine dosing, the combination of the history of the number of blood
transfusions and repeated serum ferritin levels appears to be the best currently available guide to
dosing decisions, and is, in fact, the measure commonly used in practice. This approach to
dosing should provide a margin of safety for the initial and maintenance dosing.

One population of patients for whom there is insufficient data available to determine the efficacy
and safety of dosing is the population of patients in whom the initial LIC was <7 mg Fe/g dw.
These patients were treated with doses Exjade of 5 or 10 mg/kg/d. At those doses, and with the
continuing need for transfusions, LIC and serum ferritin levels rose by a clinically significant
degree and Exjade was clearly ineffective. Because there were no data on the use of Exjade at
doses of 20-30 mg/kg/d in this population of patients, safety information is not available.

Drug-Drug Interactions

The only drug-drug interaction study performed by the applicant was between Exjade and
digoxin, which showed no effect of Exjade on the pharmacological characteristics of digoxin.

Special Populations

For the proposed indication, the effects of Exjade have been adequately studied in
subpopulations, including those based on gender and pediatric age. The use of Exjade in non-
Caucasian patients in clinical trials is limited. There is little information available on the effects
of Exjade in patients over the age of 65 years. Patients with serum creatinine levels above the
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upper limit of normal were excluded from the trials and the effects of Exjade in patients with
renal dysfunction are not known. Patients with serum transaminases >5x ULN were excluded
from the trials so the effects of Exjade in patients with serum transaminases >5x ULN or who
have other evidence of hepatic dysfunction are not known. Exjade has not been studied in
pregnancy or in nursing mothers.

INTRODUCTION AND BACKGROUND

1.4 Product Information

Exjade (deferasirox, ICL-670) is a tridentate iron chelating agent that is proposed to be employed
in patients with congenital and acquired anemias who have developed excessive total body iron
stores (hemosiderosis) due to chronic transfusion therapy. It is available as a dissolvable tablet
in strengths containing 125 mg, 250 mg or 500 mg of active pharmaceutical ingredient. It is a
new molecular entity of the N-substituted bis-hydroxyphenyl triazole family.

Chemically, Exjade is 4-(3,5-Bis-(2-hydroxy-phenyl)-1,2,4) triazol-1-yl)-benzoic acid and has a
molecular weight of 373.4. Tts molecular structure is

Inactive ingredients in the drug product include Lactose monohydrate (NF), crospovidone (NF),
povidone (K30) (NF), sodium lauryl sulphate (NF), microcrystalline cellulose (NF), silicon
dioxide (NF), and magnesium stearate (NF).

1.5 Currently Available Treatment for Indications

Deferoxamine (Desferal, DFO) is the only alternative therapy for the current indication.
Deferoxamine, although effective in reducing iron stores in the body, suffers from the need for
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parenteral administration and a short pharmacological half life. These features necessitate long
term (10-12 hour) subcutaneous or intravenous (via catheter) infusions by pump daily for 5-7
days a week. Compliance with this regimen has led to a limitation in its use.

1.6 Availability of Proposed Active Ingredient in the United States

Exjade is not currently marketed in the United States.

1.7 Important Issues With Pharmacologically Related Products

The only other approved iron chelator is Desferal (deferoxamine). The molecular structure of
deferoxamine is not related to the molecular structure of Exjade.

1.8 Presubmission Regulatory Activity

Following is a chronological regulatory history for Exjade.

* June 30, 1999. IND 58554 opened. A phase I dose escalation study (0101) had been
done in Italy. The IND opening study (0104 which combined proposed protocols 0102
and 0103) was a randomized, double blind, placebo controlled, multiple dose study in
patients with B-thalassemia to study Exjade’s safety, tolerability and effects on iron
balance. Subsequently, the sponsor submitted a protocol for Study 0105, a phase II study
to study the safety, tolerability and efficacy of Exjade compared to DFO in patients with
B-thalassemia, as well as Study 0106, a phase II study to compare the safety, tolerability
and efficacy of Exjade to DFO in pediatric patients.

e June 19, 2001. Recommendations from the Division to sponsor regarding conduct of
animal toxicity and carcinogenicity studies.

® June 3, 2002. End of Phase Il Meeting. There was a discussion of Fast Track and
Orphan Drug applications as well as a Proposed Pediatric Study Request. Additional
preclinical neonatal, cardiovascular safety pharmacology and ocular toxicity studies were
recommended. The sponsor wished to broaden the indication to all patients with
transfusional hemosiderosis. The Division replied that labeling would reflect the
population in which the drug was studied. In the proposed phase III study, a binary
endpoint of “success” or “failure” was suggested by the Division as being desirable. The
Division recommended that information on dose proportionality in the proposed dose
range, in vitro and in vivo data on chelation of other constituents, drug-drug interactions
with commonly administered drugs in the target population and secretion of Exjade into
human milk be submitted in the NDA. '

* January 30, 2003. Special Protocol Assessments for Studies 0107, 0108 and 0109
performed by the Division. For all three studies, the following applied. Patient numbers
were acceptable. Liver iron concentration (LIC) determined by liver biopsy was accepted
as the standard measure of LIC. The Division sought data regarding the validation of the
use of a superconducting quantum interference device (SQUID) as an assessment tool to
measure LIC. The dose of Exjade was acceptable. LIC was accepted as the primary
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measure for determining clinical efficacy. It was acceptable to measure the efficacy of
Exjade by total body iron elimination rate in addition to measuring LIC. The Per
Protocol population was accepted for primary efficacy analysis. There was an agreement
in principle that final approved labeling would not require LIC determination by liver
biopsy or SQUID and should recommend the usual clinical monitoring tests for body iron
status, but that the exact monitoring recommended in the label would depend on the data
obtained. A recommendation was made to obtain PK data in patients with various
degrees of hepatic impairment. There was concern expressed by the Division that there
be a significant number of pediatric patients enrolled in the trials if there were to be:
claims in the final approved labeling.

For 0107 and 0109, DFO was accepted as the active comparator. There was no question
asked by the sponsor in regard to the non-inferiority margin of -15%, but the statistical
review of the protocol indicated that “the assessment of the external evidence will remain
an issue when the results of the study are reviewed”.

For 0108, since there was no control arm, the Division recommended use of an historical
control as a comparator. Analysis on the basis of intention to treat, with missing data
considered as failure, was acceptable.

e February 21, 2003. Fast Track Designation granted.

e August 1, 2003. Preclinical study in neonatal and juvenile animals reviewed and
recommendations made. A follow up teleconference was held on these issues on October
30, 2003.

¢ October 23, 2003. Industry Meeting. There was a discussion regarding recruitment to
Study 0109 and the number of pediatric patients to be entered into the trial. The Division
again expressed concern about the use of SQUID to measure LIC. The sponsor agreed
to provide information to address the correlation between various measures of total body
iron stores (liver biopsy, SQUID, MRI, serum biomarkers).

¢ January 5, 2004. Denial of a Proposed Pediatric Study Report to qualify for exclusivity.

* January 5, 2004. The Division states that the proposed trade name of “Exjade” is
acceptable.

* October 1, 2004. Pre-NDA Meeting. Application accepted into the Pilot 1 program.
There was discussion of a Priority Review, eNDA submission, stability and shelf life
issues and the adequacy of preclinical and Exjade-digoxin interaction studies. The
Division indicated that its review of the information provided by the sponsor in reference
to the measurement of LIC by SQUID showed that the methodology might not be useful
for that purpose. The Division agreed to review the data on the utility of measuring the
serum ferritin in providing dosing recommendations in the product label. The Division
stated that evidence of a reduction in morbidity/mortality related to diminished body iron
stores was required and the sponsor agreed to provide data that reduction of an elevated

- LIC was a predictor of these clinically important events. The sponsor was asked to
provide historical evidence for the effectiveness of the comparator in order to support the
assumptions of the non-inferiority analysis.
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* October 13, 2004. The Division informs the sponsor that reducing the threshold for liver
biopsy dry weight to determine LIC from 1 g to 0.5 g is unacceptable.

® November 9, 2004. Telecon with Sponsor. The sponsor proposed to prospectively
amend the definition of the population for the primary analysis of non-inferiority prior to
database lock. The rationale for this change was that the sponsor believed from initial
information that it would not be successful in meeting its originally proposed primary
efficacy objective because doses of Exjade of 5-10 mg/kg/d were ineffective in reducing
LIC when baseline LIC was <7 mg Fe/g dw. The sponsor stated that this was owing to
the underestimation of LIC by SQUID which led to an underdosing in the Exjade arm but
not in the deferoxamine arm. The Division expressed grave reservations about this
strategy. The Division stated that this proposal would restrict the applicability of Exjade
to only the analyzed group of patients.

e May 5, 2005. Sponsor requests approval of Treatment Protocol to allow the treatment
of up to 3000 patients with Exjade until drug approvability is determined. The Division
grants approval of the Treatment Protocol.

1.9 Other Relevant Background Information

The drug is not approved in any country.

2 SIGNIFICANT FINDINGS FROM OTHER REVIEW DISCIPLINES

2.2 CMC (and Product Microbiology, if Applicable)

The CMC review has noted some problems in solubility and dispersability. The drug is poorly
soluble in water but reasonably soluble in lipids. Oral administration of the drug is preceded by
dispersion of the tablets in either water or orange juice to minimize particle size and improve
absorption from the gastrointestinal tract. There were several minor additional problems
addressed in the CMC review but the Chemistry Reviewers (Drs. Raymond Frankovich and
Liang Zhou) did not believe that these were a basis for non-approvability. For more details,
please refer to the Chemistry review.

2.3 Animal Pharmacology/Toxicology
Animal studies were based on the oral and intravenous administration of Exjade to mice, rats and
marmoset monkeys. In some studies, juvenile rats and mice were used. Fertility/reproductive

studies were performed in rats. Genotoxic and carcinogenetic studies were performed

Target organs demonstrating toxic effects at various doses of Exjade included the following:
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¢ Kidneys. Tubular degeneration, vacuolization of tubular cells and necrosis of tubular

cells.

Heart. Myocytolysis.

Eye. Cataract development.

Gastrointestinal tract. Ulceration.
Gall bladder/bile duct. Inflammation and cellular degeneration.
Lymphocyte depression in the spleen and thymus in juvenile animals.

For more details, please refer to the Pharmacology/Toxicology review.

3  DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY

3.2 Sources of Clinical Data

The sponsor performed a number of trials of Exjade that included initial dosing,
pharmacokinetic/pharmacodynamic, tolerability, QT/QTc, drug/drug interaction, fasting/food

interaction and clinical studies in populations of interest. The clinical studies are listed in tabular

form immediately below. Some of the studies remain ongoing. The sponsor submitted the data

in electronic form.

3.3 Tables of Clinical Studies

Exjade Clinical Studies
Study Number Purpose Design Size Duration/Dose Status
0101 Safety, tolerability Double blind, 25 healthy Caucasian 2 escalated doses Completed
and PK of ascending placebo controlled, males, ages 18-32 (2.5-80 mg/kg) or
doses of Exjade randomized, parallel placebo and a single
group dose
: 3 groups
0104 Safety, tolerability Double blind, 24 B-thalassemia 12 days Completed
and iron balance of placebo controlled, patients, ages 18-50 3 groups
multiple doses of randomized, parallel | 12 males, 12 females 10-40 mg/kg/d
Exjade group
0105 Safety, tolerability Randomized, open 71 B-thalassemia 12 weeks Completed
and effect on LIC label patients, ages 17-50 Exjade, 10-20
(SQUID) of multiple 26 males, 45 females mg/kg/d.
doses of Exjade 2:1 ratio of
compared to DFO Exjade/DFO DFO, 40 mg/kg/d
s.Cc.
0105E1 Extension study for Open label 67/71 patients from 12 months Completed
patients enrolled in Study 0105 Exjade, 10-20
0105. mg/kg/d with dose
Provision of adjustment up to 40
treatment. mg/kg/d.
Effect on LIC by
SQUID. - DFO 40 mg/kg/d s.c.
with adjustment up
to 50 mg/kg/d.
0105E2 Non-comparative Open label 59/71 patients from 3 years Ongoing

20




Clinical Review

George Shashaty
NDA 21-882
Exjade (deferasirox, ICL-670)
extension study for Study 0105 Exjade, 10-20
patients enrolled in mg/kg/d with dose
0105EL. adjustment up to 40
Provision of Exjade mg/kg/d.
treatment.
Effect on LIC by No patients on DFO.
SQUID, liver biopsy
and MRI.
0106 Safety, tolerability, Open label 40 pediatric patients 48 weeks Completed
PK and effect on LIC with B-thalassemia Exjade, 10 mg/kg/d
by SQUID 17 males, 23 females | with dose adjustment
Age 2 to <12 years, up to 40 mg/kg/d.
20 patients
Age 12-17 years,
20 patients
0107 Pivotal efficacy. Multi-center, open 591 patients with B- 1 year Completed
Effect of Exjade label, parallel group, thalassemia. Exjade, 5-30
compared to DFO on non-inferiority of 285 males, 306 mg/kg/d.
LIC by biopsy or Exjade compared to females.
SQUID. DFO Mean age, 17.2 years { DFO, 20-60 mg/kg/d
Phase III, Pivotal (range, 2-53).
0108 Efficacy and safety Multi-center, open 184 patients with 1 year Completed
of Exjade on LIC by label, single arm, transfusion Exjade, 5-30
biopsy or SQUID non-comparative dependent chronic mg/kg/d with dose
anemias, unable to adjustment up to 40
be treated with DFO. mg/ke/d
0109 Safety, tolerability, Multi-center, open 195 patients with 1 year Ongoing
PK and effects on label, randomized, sickle cell disease Exjade, 5-30
LIC by SQUID (sub- parallel group and hemosiderosis mg/kg/d with dose
study with MRI and compared to DFO 80 males, 115 adjustment up to 40
liver biopsy).of females mg/kg/d
Exjade compared to Mean age, 19.2 years
DFO (range, 3-54) DFO, 20-60 mg/kg/d
Exjade:DFO ratio s.c.
2:1
0106E1, 0107KE1, Extension studies for Open label Available to all Up to 3 years Ongoing
0108E1, 0109E1 patients who have patients completing Exjade, 5-30
completed respective protocol mg/kg/d
studies

During the IND, a consultation was obtained from Dr. Charles Ho, Biomedical Engineer, CDRH,
ODE/DCD/CEMB to evaluate the use of the SQUID Biosusceptometer to determine LIC. Dr.
Ho advised that the sponsor had not proven that the methodology was sensitive to LIC and LIC
alone. The measurement could be compromised because of noise from iron concentrations in the
heart and spleen, and the magnetic fields of the heart and brain. He believed that an accurate
measurement of LIC could not be provided by SQUID, but that relative changes in LIC might be
assessable (see Consultation dated September 1, 2005 by Dr. Ho).

During the NDA review, Exjade was the subject of an Advisory Committee. See Section 7.5 for
a review of that meeting.
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3.4 Review Strategy

All of the trials submitted by the sponsor were reviewed for safety and efficacy. Study 0107 was
the pivotal trial in the series and special attention was focused on it. Literature provided by the
sponsor as well as that independently obtained was incorporated into the review.

3.5 Data Quality and Integrity

Data collection.

Designated investigator staff entered the information required by the protocol into the
Novartis eCRF's using a Novartis-supplied computer loaded with fully validated software that
conforms to FDA requirements for electronic data capture. During any down-time with the
system, the data was recorded in source documents and was later transferred to eCRFs.
Automatic validation programs checked for data discrepancies in the eCRFs and by generating
appropriate error messages, allowed modification or verification of the entered data before
transfer to Novartis via a secure internet link. The Investigator certified that the data were
complete and accurate. Initially this was performed by applying an electronic signature to the
eCRF. During the study a new standard EDM process was introduced in which the e-signature
was no longer required and paper forms confirming completeness and accuracy were sent to the
site to be signed and stored in site files. For archiving of the patient data at the investigational
site a CD-Rom was sent once the laptops were retrieved from site — as the clinical data of the
extension study CICL670A0107E is being entered on the same laptops, archiving will not be
performed until extension has locked.

All eCRFs sent to Novartis by investigational sites were reviewed upon receipt for any SAEs.

Database management and quality control.

Data items were entered directly into the study database or indirectly from source data
documents by designated Novartis-trained investigator staff using single data entry with
electronic verification. Novartis staff reviewed the data for completeness and accuracy and
instructed the site personnel to make any required corrections or additions. Queries were
generally sent to the investigational site using an electronic data query system which provided
an automatic audit trail of the corrections made by designated investigator staff.

Occasionally, when queries were sent on a Data Query Form, the signed, original and resolved
Data Query Form was kept at the investigator site and a copy sent to Novartis so the
resolutions could be entered centrally into the database.

Concomitant medications entered into the database were coded using the WHO Drug
Reference List which employs the Anatomical Therapeutic Chemical classification system.
Coexistent diseases and AEs were coded using the Medical dictionary for regulatory activities
(MedDRA) terminology.

Laboratory samples were processed centrally through, BARC NV, Industriepark 7B bus 3,
B-9052 Gent, Belgium and the results were sent electronically to Novartis.

When the database was declared to be complete and accurate, it was locked and unblinded.
Any changes to the database after that time could only be made by joint written agreement
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between the Clinical Trial Leader, the Trial Statistician and the Data Manager.

The Division of Scientific Investigation (DSI) reviewed source data from 3 sites (The New York
Hospital-Cornell Medical Center, Children’s Hospital of Oakland and Children’s Hospital of
Philadelphia). These institutions were selected because they had contributed a reasonably large
number of patients to the trials (although no institution accounted for more than a small fraction
of all patients) and they had contributed patients to all of the larger trials. The DSI report stated
that minor violations were found at Children’s Hospital of Oakland and at the Children’s
Hospital of Philadelphia that would not affect the validity of the data and that the data from all
three institutions could be used in support of the NDA (see report dated August 29, 2005, Ni A.
Khin, M.D.).

3.6 Compliance with Good Clinical Practices

All trials were conducted in compliance with Good Clinical Practices, with applicable local
regulations and with the ethical principles in the Declaration of Helsinki and its revisions. After
the completion L 3, Novartis received information that

L

_ A After that action, L
1 where he became a sub-investigator for these studies C
Iwas licensed to practice medicine [ 1 while he functioned . ¢
i 7 sponsor states that no disbarred investigators were involved in the trials
submitted in support of the application.

3.7 Financial Disclosures

The sponsor has submitted a statement, dated April 22, 2005, that one investigator T

1 who enrolled patients onto L J holds financial interests in the sponsor. The
sponsor states that no payments were made to the investigator nor would the value of the
interests be affected by the outcome of the study.

4 CLINICAL PHARMACOLOGY

4.2 Pharmacokinetics

After oral administration of Exjade at doses of 5-30 mg/kg to B-thalassemia patients, peak
plasma levels are achieved at 1-4 hours and are dose-proportional. The mean tyis 7 to 16 hours
after multiple dose administration. The accumulation ratio expressed as the ratio of the average
AUC between day 15 and 360 to day 1 is 1.433 (90% CI 0.88, 1.729). The oral bioavailability is
~70%. Exjade is 99% bound to plasma proteins, mostly albumin. Metabolism by CYP enzymes
is low, accounting for <10% of the dose. Glucuronidation accounts for the majority of the
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metabolism with the production of acyl- and phenol-glucuronides. Exjade and its iron complex
are eliminated primarily by hepatobiliary excretion with some enterohepatic circulation. Renal
excretion accounts for <8% of the dose. A drug-drug study with digoxin was negative for
interaction. .

The effect of renal impairment on the metabolism of Exjade is not known since patients with
serum creatinine values above the upper limit of normal (ULN) were not enrolled in the studies.
The effect of hepatic dysfunction on the metabolism of Exjade is not known. However, patients
with serum transaminases up to 5x the ULN were enrolled in the trials and treated with the same
doses as those without hepatic impairment. Safety, efficacy and trough parameters in these
patients were similar to those in the overall population.

Females have a moderately lower (by 17.5%) apparent clearance than males. Age is associated
with a directly proportional exposure to the drug with children from age 2 to 6 exhibiting an
exposure of half that of adults. Ethnic origin does not affect the PK of Exjade. The PK of
Exjade has not been systematically studied in persons over the age of 65.

The PK of Exjade has been studied only in patients with B-thalassemia and has not been
evaluated in patients with other forms of anemia.

4.3 Pharmacodynamics

Two molecules of Exjade bind a single atom of iron from the soluble iron pool in the plasma and
this complex 1s excreted primarily in the stool. A short term (12 days) study of iron balance
(Study 0104) performed in 23 patients with B-thalassemia demonstrated that Exjade in doses of
10-40 mg/kg/d was able to increase iron excretion above iron intake in a dose dependent manner
as shown in the following table:

Table 3-2 Pharmacodynamic parameters in study 0104
ICL874 dose iron excretion rate (mean £ 3D) Efficiency of chelation
(mgrkg) (mg/kgiday) (%)
0 0.038 £ D.O57 -
10 3119 £ 0.060 15
20 0.329 £ D.104 22

40 : 0.445 +(.282 15
Source: HoP study 0104 — appendix 8 — table 2.5 :

Virtually all of the excreted iron was found in the stool.
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A long term (48 weeks) study of iron balance (Study 0105 substudy) performed in 71 patients
with B-thalassemia suggested that Exjade in a dose of 10 mg/kg/d could maintain LIC at a stable
concentration, while Exjade at a dose of 20 mg/kg/d decreased LIC to the same approximate
degree as did deferoxamine at a dose of 40 mg/kg/d as shown in the figure below.

Figure 3-1 Change in LIC by 8QUID in study 0105
Initial dose

1CLEY0

‘ 10 mglky

3+ 24 4 1CLE70

Time on study, weeks

Change in LIC, mgfa dry weipght

5§ Jd *Standard deviation :
Actual initial doses administered, mean + 8D
Source: [study 0105 - PT table 9.1.3)

A QT/QT. study showed no effect of Exjade on the QT interval.

4.4 Exposure-Response Relationships

Based on the above studies, there appears to be a linear exposure/response relationship. Lower
doses may stabilize LIC in patients with mild or moderately increased LIC while high doses may
be necessary to produce a diminution in LIC over time.
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S INTEGRATED REVIEW OF EFFICACY

5.2 Indication

The proposed indication is for: The treatment of chronic iron overload due to blood transfusions
(transfusional hemosiderosis) in adult and pediatric patients as young as two years of age.

Methods

The review of efficacy was based on the results from Studies 0105, 0106, 0107, 0108 and 0109
(see 4.2 for a listing of studies). The sponsor’s pivotal study was 0107. Study 0109 is ongoing
but data from the study are used in the review of safety.

Study 0107 will be discussed in greatest detail. The other studies will be used in a supportive
manner.

General Discussion of Endpoints

Iron balance in the body is maintained by an equilibrium between the oral intake of iron (5-15
mg/d of which approximately 1 mg is absorbed) and the small losses that occur when iron
containing cells (skin, GI mucosa, etc.) are sloughed from the body. The proportion of iron
ingested is increased in persons who are iron deficient and in patients with various anemias. The
normal daily loss is approximately 1 mg (menstrual blood loss and pregnancy increase this
amount in women). Total body iron is approximately 50 mg/kg in adult men and 35 mg/kg in
menstruating women. Since iron is carefully conserved by the body, any additional intake adds
to body iron stores. The accumulation of iron to excess in the human body is clearly associated
with significant morbidity and early mortality, although the exact mechanism by which excess
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iron causes tissue damage is not known. The total amount of iron normally present in the body is
approximately 3-5 grams (1). The amount of excess iron that needs to be present to produce
morbidity is variable and depends on individual response and the target organ. Although any
organ in the body is capable of being affected, organ dysfunction is primarily seen in the liver,
heart, pancreas, joints and endocrine organs. Most of the morbidity and mortality due to
hemosiderosis is the result of iron overload of the heart.

Hemochromatosis is an inherited disorder in which excess iron is absorbed from the
gastrointestinal tract. This condition, when recognized, is most easily treated with periodic
phlebotomy. In contrast, in patients with chronic anemias, particularly when congenital and
requiring lifelong transfusion therapy, iron present in the transfused cells cannot be removed by
phlebotomy and cannot be excreted by the body. There is approximately 1 mg of iron in each ml
of transfused red cells (therefore, there is approximately 200 mg of iron in each unit of packed
red cell transfusion).

Chronic transfusion therapy has become the standard of care for patients with B-thalassemia
major because it prevents much of the developmental retardation and excess cardiac work
associated with the anemia. In sickle cell anemia, certain events, particularly cerebrovascular
accidents, often lead to chronic transfusion therapy. Monthly transfusional requirements of 2-3
units of packed red cells are typical and each year of transfusions may add 5-8 gm of iron to total
body stores. The onset of organ dysfunction is variable and not necessarily related to the degree
of iron overload. Subclinical cardiac abnormalities with diminished left ventricular contractility
may occur when as little as 20 g of total body iron has been reached (2).

There are several studies in chronically transfused patients with pB-thalassemia that suggest that
chelation of excess iron using DFO reduces morbidity and increases longevity, particularly when
patients are compliant with therapy and maintain a serum ferritin below 2500 ug/L (3).

The optimal method of determination of the degree of iron overload in the body is not certain
and various indicators have been used. These include:
* Direct chemical determination of iron content of biopsied tissue (4). The liver is the only
organ that has been studied for iron content during life because of the availability of
tissue by biopsy. Normal liver iron content (LIC) is less than 1.5 mg Fe/g dry weight

(dw). In patients with hemosiderosis, LIC exceeds 2 mg Fe/ g dw and may reach levels

of 55 mg Fe/g dw or higher. There is a reasonable degree of correlation between the
lifetime amount of blood transfused and the LIC. There is also a degree of correlation
between LIC and the total body iron stores in thalassemia (total body iron stores in
mg/kg body weight = 10.6 x (LIC in mg Fe/g dw) (5). There is an imperfect relationship
between LIC and the likelihood of developing cirrhosis. There is some evidence that
cirrhosis can be reversed by decreasing LIC.

However, there are several problems associated with the use of the LIC as a measure of
disease burden and response to therapy. These include: '
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© The need for repetitive invasive biopsy to determine progression or regression in
LIC. Clinically, this would be very cumbersome.

o The LIC is not necessarily reflective of the degree of iron overload in other
tissues, particularly in the heart. Hemosiderosis of the heart is a more common
cause of morbidity and mortality in chronically transfused patients than is
hemosiderosis of the liver.

© The size of the liver biopsy required for adequate LIC should be >1 gm dw (5).
Often, the liver biopsy obtained is smaller and multiple attempts at biopsy lead to
greater complications.

o Liver biopsy is a blind procedure and it is well documented that LIC of several
biopsies of a liver performed at the same time can result in different
measurements of LIC. The variability of iron dispersion in the liver is also
suggested by magnetic resonance imaging studies (6).

Despite these drawbacks, at the present time, the standard measurement of the degree of
excess iron in the body is LIC by biopsy.

In the trials performed by the sponsor, LIC by biopsy was performed prior to and after
treatment with Exjade. In most of the studies, the initial dose of Exjade was based on the
LIC determined by biopsy. However, in some patients, particularly in children, those
with rare anemias, and those with sickle cell disease, LIC at baseline and after completion
of therapy with Exjade was determined not by biopsy but by SQUID (vide infra). There
was no validation of SQUID prior to its use in the studies, and retrospective comparisons
made by the sponsor between LIC determined by biopsy and SQUID showed that SQUID
underestimated the true LIC by a factor of about 2.

® Measurement of iron levels in the blood. The standard measures of iron metabolism in
the blood include the serum iron (Fe), total iron binding capacity (TIBC) and the serum
ferritin. Serum Fe is raised and TIBC becomes saturated very quickly after relatively
small amounts of iron have been administered and render these tests unusable for
determining the need for, and efficacy of, iron reduction therapy. Clinically, because it
requires a simple blood sample, serum ferritin has been used most extensively to
estimate the degree of iron overload. The main drawback of serum ferritin is related to
the fact that ferritin is an acute phase reactant, and its level in the blood may not always
reflect the degree of body iron overload. Nonetheless, studies in patients with -
thalassemia suggest that multiple measures over long periods are related to body iron
content and to the morbidity and mortality associated with transfusional hemosiderosis.

® Various forms of imaging. In several of the sponsor’s studies, a superconducting
quantum interference device (SQUID) (7) was used to estimate the degree of iron
overload, the initial dose of Exjade and the response to therapy. This methodology
depends on the inherent ability of iron to generate a magnetic field that is proportional to
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its concentratlon in an organ such as the liver. Problems with this method of
measurement include:

e The methodology has not been validated.

e Other organs within the body containing iron (e.g., heart, spleen, bone
marrow) affect the signal.

e Both the heart and the brain are sources of a magnetic field independent of
their iron content.

e The unavailability of the equipment. There are fewer than five SQUID
devices in the world that have been used for clinical purposes.

e The sponsor’s own analysis of the relationship between LIC simultaneously
measured by biopsy and by SQUID. The data indicate that LIC by SQUID
underestimates LIC by biopsy by a factor of 2. Additionally, a comparison of
the three SQUIDs used in the trials indicates that the correlation among the
results of the devices was poor (The Turin center gave results that were about
20% lower than the Hamburg and Oakland centers).

Both computed tomographic (CT) and magnetic resonance (MR) imaging have been used
to determine iron content in various tissues. Although early studies proved to be
unsuccessful, recent development of specific computer programs may allow non-invasive
evaluation of body iron excess in the future (8).

Estimation of body iron excess based on the number of transfusions received. Since
almost none of the iron administered in the form of transfused red cells is eliminated
from the body, one can theoretically calculate the degree of iron excess from the number
of transfusions administered. Problems arising from this method include faulty record
keeping, multi-institutional transfusions, inaccurate measures of the exact amount of red
cells per transfusion, and uncertainty of the degree of external blood loss (menses, other
bleeding, diagnostic phlebotomy, etc.).

procedure is 100 invasive. In addit
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Studies submitted by the Sponsor. The following studies were submitted by the
sponsor in support of its application for the approval of Exjade.

Study 0107. Pivotal Study

Objective:

The primary objective was to demonstrate the non-inferiority of Exjade to DFO in terms of
effects on LIC assessed by liver biopsy after one year of treatment in patients with B-thalassemia
and transfusional hemosiderosis.

Multiple secondary objectives were:

* To evaluate the tolerability profile of Exjade in comparison with DFO in patients
treated for at least one year.

+ To estimate the absolute and relative change of LIC and total body iron excretion
(TBIE) rate for subgroups, defined by baseline LIC (2-<7, and >7 mg Fe/g dw) and age.

+ To evaluate the relationship between LIC and potential surrogate markers for efficacy
such as serum ferritin, serum iron, transferrin (TRF) and TRF saturation for the dose
titration of Exjade as well as safety markers indicative of possible signs of over
chelation.

* To evaluate the relationship between pharmacokinetic (PK), pharmacodynamic (PD)
and safety variables in patients receiving Exjade treatment (results are reported
separately in the CP study 0107).

* To explore the potential of magnetic resonance imaging (MRI) as a method for
non-invasive assessment of LIC in a subset of patients (results not included in this
report).

» To identify genetic factors related to iron stores in patients with f—thalassemia and
transfusional hemosiderosis which may predict a) response to treatment with Exjade,
b)relative susceptibility to drug-drug interactions, or ¢) genetic predisposition to serious
adverse events (SAEs) (results not included in this report).

« To collect proteomic data for biomarker identification (results not included in this
report). '

* To assess health care resource utilization and patient global assessment of satisfaction
with treatment (results not included in this report)

* To assess drug usage for both treatments.
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Study Design.

The study was a Phase III, multicenter, randomized, open label, active comparator (DFO)
controlled, parallel group trial. Patients with B-thalassemia who met the inclusion and exclusion
criteria were randomized in a 1:1 ratio to either an oral Exjade arm or to a subcutaneous (s.c.)
DFO arm after a 28 day run-in period during which DFO (most patients recruited into the study
were already receiving DFO) was discontinued (wash out of 5 days) and the patient had a liver
biopsy performed. LIC was measured by flame absorption spectrophotometry after digestion of
the biopsy specimen. In patients < age 18 years, SQUID LIC was permitted in place of biopsy
after approval had been granted by the sponsor. In 48 patients, LIC was measured by both
biopsy and by SQUID. LIC was measured at baseline and at the end of the study. In the
substudy in which SQUID LIC was compared to LIC by biopsy, an additional SQUID LIC was
obtained at 24 weeks of treatment. In patients receiving Exjade, PK/PD studies were performed
on blood samples obtained at weeks 24 and 52.

In addition to the primary efficacy assessments, a number of secondary efficacy assessments
were made, some on all enrollees and some on subsets of enrollees. These included:

Iron balance

Surrogate markers (Serum ferritin, iron and iron binding capacity)

Liver pathology for iron staining, fibrosis and hepatitis

Safety assessments

Pregnancies

Laboratory evaluations (hematology, chemistry, hepatitis serology, renal function,
ECGs, echocardiograms, audiometry, liver echography, ocular examinations,
developmental characteristics for children, pharmacogenetic studies, proteomics, health
care utilization, drug levels and PK assessments)

The schedule of visits and evaluations appears below.
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Run-in Treatment and observation
Day Hay | Day 4-weekly periog
-28--6 | -6--1 1 112]3]4]6]|8] 7] 8@ 1011 ]12]13
Visit 1 2 3 L1567 8|2|10])1t 1123|1415 16
Randomization
informed consent X
inclusion/exclusion criteria X X
Physical examination X X X X X X
Medical history/Current medicat X
conditions
Liver fanchion history X
Liver biopsy X X
LIC SQUID sebgroup X X X
MRI subgroup X X X
Liver pathology X X
Liver gchography X X X
Vital signs X X XXX X{X]X]| XXX X]|X]| XX
ECG X X X X X
Echogardiography X X
Urinadysis X XXX XXX X | X x| X X ]| XX
Renat funclion X X X [ X|XIX[X|X{X]| X X | X | X ]| XXX
Deular examdaudionetry X X X X X
Hemoglobin X X X [ XXX XXX X P X | X P X X XX
Hematolegy, biochemistry, iron X X X XX XIXIX| X X X XXX XX
metakalism .
Hepalitis serology X
Cystatin C X X AS NECR33Ary
Bloodfurine for proleomics X X X X X
Blood for pharmacogenetics X
Heallh care resource ytilization XIX| XXX | XX XXX XX
Global assess. of safisfaclion X X X X
PK frough samples X X X X
BK profile samples, subgroup X X
Ceoncomitant medication X AS necessary
Adverse events X X x| xIxIx|xIxx{x{x]xIx]x]x{x
Pediatric patients addilionat evaluations
Body height X X XIXIXIX[X[Hx| x| x x| x| x]x|X
Slalure assessment X X X X X X
Growsh velocify assessiment X X
X-ray {bone age evaluation} X %
Puberlal staging X X X X X X
Schoot attendance evaluation XAIX]IX XXX XX XX ] X XX
Schoot performances evaiuation X ‘ X
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Study Patients.

Patients with transfusion dependent B-thalassemia who either had been previously treated with
DFO (571/586) or were naive to DFO (15/586) were eligible for enrollment. LIC values of >2
mg Fe/g dry weight (dw) of liver were considered adequate to commence chelation therapy.

Inclusion criteria were:

Outpatients of either sex aged >2 years with B-thalassemia and transfusional
hemosiderosis

Patients already treated with DFO at a mean daily dose of 20-60 mg/kg/day for five
consecutive days each week for at least four weeks before entering screening and still
suitable for treatment with DFO, or patients never treated with an iron chelator and
without contra-indications to either trial medication

Suitable for treatment with s.c. DFO at a dose range between 20 and 60 mg/kg/day.

LIC >2 mg Fe/g dw, as assessed by liver biopsy. LIC measured by SQUID was allowed
for those who were deemed unable to have a liver biopsy.

Regular blood transfusions as indicated by >8 transfusional events per year

Female patients of childbearing potential had to use double-barrier contraception or must
have undergone clinically documented total hysterectomy and/or ovariectomy, or tubal
ligation.

Written informed consent by the patient if an adult

Written informed consent by a guardian if “pediatric” according to local legislation

Exclusion criteria were:

Transfusion-dependent anemias other than p-thalassemia

Non-transfusional hemosiderosis

Documented poor response to DFO

Contraindications to DFO and/or documented unacceptable DFO toxicity

Clinical evidence supporting the need for intensive chelation, based on the judgment of
the investigator

Patients with mean levels of ALT or AST >250 U/L during the 12 months before
randomization (at least four determinations during the 12-month period preceding
enrollment, including measurements during the run-in) and patients with ALT or AST
variations >300% (CV of mean value) during 12-months preceding enrolment
Serological evidence of chronic hepatitis B (presence of HBe Ag, HBsAg, HBcAb-IgM,
in the absence of HBsAb)

Clinical evidence of active hepatitis C (liver pathology, HCV total antibody positive and
abnormal liver transaminase levels; if no liver biopsy is performed, HCV RNA (PCR)
positive).

A history of HIV seropositivity
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Uncontrolled systemic hypertension

Serum creatinine above the upper limit of normal (ULN) at screening

Significant proteinuria as indicated by a urinary protein/creatinine ratio > 0.5 (mg/mg) in
a second void urine sample taken at both Visits 1 and 2. A third sample was to be taken
from patients in whom one ratio was > 0.5 (mg/mg) and one was < 0.5 (mg/mg). Patients
in whom the ratio was > 0.5 (mg/mg) in two of the three samples were excluded.

History of nephrotic syndrome

Patients with 2™ or 3rd degree A-V block, clinically relevant Q-Tc interval prolongation
and patients requiring treatment with digoxin and drugs which induce prolongation of the
A-V conduction time or Q-Tc interval

Fever and other signs of infection in the ten days before Day 1

Clinically relevant cataract or a history of relevant ocular toxicity related to iron chelation
Systemic diseases (cardiovascular, renal, hepatic, etc.) which would prevent the patient
from undergoing any of the treatment options

Psychiatric or addictive disorders preventing giving informed consent or undergoing any
of the treatment options

Pregnant or breast-feeding patients

Patients unable to undergo audiometry, liver echography, ocular examinations

Medical contra-indication to percutaneous liver biopsies

Patients treated with systemic investigational drug within the past four weeks or topical
investigational drug within the past seven days

Any other surgical or medical condition which might significantly alter the absorption,
distribution, metabolism or excretion of any drug. The investigator should be guided by
evidence of any of the following: history of inflammatory bowel disease, gastritis, ulcers,
gastrointestinal (GI) or rectal bleeding, history of major GI surgery such as gastrectomy,
gastroenterostomy or bowel resection, history of pancreatic injury or pancreatitis,
indications of impaired pancreatic function/injury as indicated by abnormal lipase or
amylase, history or presence of impaired renal function as indicated by creatinine or BUN
values above the upper limit of normal or history of urinary obstruction or difficulty in
voiding

History of non-compliance to medical regimens and patients who are considered
potentially unreliable and/or uncooperative |

History of drug or alcohol abuse within the 12 months prior to dosing or evidence of such
abuse as indicated by the laboratory assays conducted during washout

Exclusion criterion for pediatric patients: Patient body weight which prevented the use of
the smallest tablet strength for dosing

Withdrawal from the Study

Premature withdrawal from the study occurred for the following reasons:

Adverse events (AEs)
Abnormal laboratory values
Abnormal test procedure results
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Unsatisfactory therapeutic results

Patient’s condition no longer required therapy
Protocol violation

Withdrawal of consent

Lost to follow up
Administrative problems
‘Death

Study Drugs

For patients randomized to Exjade, the initial daily oral dose was dependent on the LIC as
follows:

* Patients with a screening LIC of 2 - 3 mg Fe/g dw received 5 mg/kg

» Patients with a screening LIC of >3 - 7 mg Fe/g dw received 10 mg/kg

* Patients with a screening LIC of >7-14 mg Fe/g dw received 20 mg/kg

* Patients with a screening LIC of >14 mg Fe/g dw received 30 mg/kg

No dose adjustment was made during the 1 year trial unless safety and efficacy markers
indicated that a dose adjustment was necessary.

Exjade tablets were available at dose strengths of 125, 250 and 500 mg. Correct dosing was
accomplished by using the proper number of tablets from each strength to achieve the weight
dependent dose. The minimum daily dose was 125 mg. The dose was to be taken in the
morning 30 minutes before breakfast. Tablets were to be dispersed in a glass of water by stirring
for 1-3 minutes until the tablet had fully disintegrated, whereupon the entire glass of liquid was
to be drunk.

For patients randomized to DFO, the initial dose was dependent on the LIC as follows:
» Patients with a screening LIC of 2 - 3 mg Fe/g dw received 20-30 mg/kg/day (but
patients previously receiving DFO could remain on the previous dose)
« Patients with a screening LIC of >3 - 7 mg Fe/g dw received 25-35 mg/kg/day (but
patients previously receiving DFO could remain on the previous dose)
« Patients with a screening LIC of >7-14 mg Fe/g dw received 35-50 mg/kg/day
* Patients with a screening LIC of >14 mg Fe/g dw received >50 mg/kg/day

35



Clinical Review

George Shashaty

NDA 21-882

Exjade (deferasirox, ICL-670)

DFO was administered as s.c. infusions for >8 hrs for 5 consecutive days a week as a 10%
solution using a Microject Crono pump. No dose adjustment was made during the 1 year trial
unless safety and efficacy markers indicated that a dose adjustment was necessary.

Dose adjustments for both Exjade and DFO were mainly based on the combined evaluation
of safety markers indicative of over- or under-chelation. Where applicable, secondary efficacy
parameters (potential surrogate markers such as serum ferritin) were also considered. It was
planned that for Exjade, the majority of dose adjustments would be performed in steps of 10

- mg/kg/day up to a maximum of 40 mg/kg/day. In individual cases, such as in pediatric
patients, if prompted by safety concerns, or where baseline LIC levels had been close to 2 mg
Fe/g dw, dose adjustment by steps of 5 mg/kg/day was also permitted. Dose adjustments for
DFO were prescribed in steps of 5 or 10 mg/kg/day. Dose adjustments had to be approved in
writing from Novartis.

During the course of the trial, only medications that had been commenced prior to entry could be
continued, unless the patient received permission from the physician for other medications.
Blood transfusions were continued as necessary to maintain the hemoglobin >9 g/dl.

Protocol Amendments

Amendment 1. (May 7, 2003). This amendment changed the exclusion based on levels of
urinary protein from an absolute level of protein to a urinary protein/creatinine ratio >0.5
(mg/mg) and dictated Exjade discontinuation and redosing if the protein/creatinine ratio
increased to >1.0 (mg/mg) in two urine samples.

Amendment 2. (Nov 28, 2003). This amendment changed the dosing regimen for different age
groups based on changes in serum creatinine on at least 2 consecutive visits. For patients >15
years, dose reductions were reduced even if creatinine levels remained within the normal range.
No dose adjustments were performed if creatinine levels from a subsequent visit were <33%.
For patients <15 years, dose reductions were to be performed only if consecutive creatinine
levels were >33% of baseline and were also above the age-adjusted ULN.

Amendment 3. (Sep 2, 2004). This amendment added QT/QTc analysis to comply with ICH
Guideline E14. More importantly, it changed the acceptable weight threshold for analysis of
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liver biopsies from 1.0 to 0.5 mg, reduced the number of stains to two and eliminated the need
for a second pathological opinion.

Other Changes

Because of discrepancies in the results of LIC by biopsy compared to SQUID in the first 14
patients, enrollment was suspended temporarily until the issue could be addressed. This caused
some of the already randomized patients to have a run-in period that lasted up to 182 days. Asa
result, in 27 patients the baseline liver biopsy occurred between 57 to 92 days prior to treatment
initiation. '

Six adult patients had baseline LIC determined by SQUID only because the liver biopsy
specimen was too small or was lost. In some patients, the first liver biopsy was too small for
adequate interpretation, so the determination of LIC was based on a second biopsy.

A guideline for dose changes required to manage skin reactions was introduced on June 30,
2003. This instructed investigators on the methods of decreasing or temporarily suspending, and
then increasing, the dose of Exjade to control dermatological reactions to the drug.

After enrollment had closed, a review of the baseline LLIC values indicated that the LIC values
based on SQUID were approximately 50% of LIC values based on biopsy. Therefore, an
analysis was performed on patients in a sub-study who had undergone SQUID, biopsy and MRI
LIC determinations. This analysis confirmed the difference in LIC between SQUID and biopsy.
The Program Safety Board and the Study Monitoring Committee were made aware of the
analysis and a decision was made to continue the study as formulated because this did not seem
to pose a safety risk. Some unspecified members of the Novartis team were also informed of the
results.

Between December, 2003 and February, 2004, a problem in the measurement of serum ferritin
was detected related to high serum ferritin (immunocomplex aggregates) and improper control of
the assay that precluded detection of the measurement error. These were corrected by March,
2004, at which time all previously collected duplicate samples from the beginning of the study
were reanalyzed.

pretation of the study. The
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Primary Endpoint.

The primary efficacy variable was either the success or failure of therapy in each arm of the trial.
The definition of success was dependent on a comparison of the LIC between baseline and the
end of study as shown in the following table:

Definition of Success
LIC at baseline Success
2-<7 mg Fe/g dw | Maintain LIC within the same range
>7 mg Felg dw Reduce LIC to <7 mg Fe/g dw
>10 mg Fe/g dw Reduce by at least 3 mg Fe/g dw

As noted above, there were multiple secondary efficacy endpoints. One of the secondary
endpoints for success analyzed at the request of the Division was an increase of <1 mg Fe/g dw
in patients whose baseline LIC was 2-<7 mg Fe/g dw.

Statistical Methods

All data were analyzed by treatment group (Exjade vs. DFO). Additional analyses were
performed by age, sex, race, initial dose, baseline LIC and iron intake categories.

The primary objective of the study was to demonstrate non-inferiority of Exjade to DFO in
decreasing or maintaining LIC as assessed by liver biopsy after one-year treatment in 3-
thalassemia patients with transfusional hemosiderosis. The primary analysis was based on the
success rate as defined in the primary endpoint above. Non-inferiority was to be claimed if the
two sided 95% CI of the difference in success rate between the two arms of the trial was above
-15%.

The sample size was selected to show non-inferiority at a 2-sided alpha level of 0.05 if the
success rates of the DFO and Exjade treatment arms (p= 0.5) had maximal variance. Thus, 468
patients were required (234 per arm) to achieve a power of 90%. A sample size of 500 patients
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was selected in order to show non-inferiority to DFO and to achieve the secondary efficacy
objectives of absolute and relative changes in LIC by having subgroups of adequate size.

Four populations were analyzed:

¢ Intent to treat (ITT). All randomized patients.

o Safety. All patients who received at least one dose of study medication.

* Per Protocol 1 (PP-1). All patients who received study drug who had an LIC (by the
same methodology) at baseline and at study’s end including those who discontinued
study drug prematurely because of adverse events, an abnormal laboratory value, an
abnormal test procedure or an iron overload related death.

e Per Protocol 2 (PP-2). All patients who had an LIC (by the same methodology) at
baseline and at study’s end.

Background and demographic characteristics were summarized by treatment group in the
standard manner. Subgroups were based on dose cohort, age and country. Previous iron status
was described. Multiple variables of Exjade dosing were established and analyzed. Prior and
concomitant therapies were summarized.

Safety Evaluation

The assessment of safety was based mainly on the frequency of AEs and on the number of
laboratory values that fell outside of pre-determined ranges. Other safety data (e.g. ECGs, vital
signs and special tests, particularly related to the liver, the kidneys, hearing and vision) were
obtained in all patients. All safety data are presented in the safety population.

Safety was based on the following observations:
e Adverse events

Laboratory evaluations

Physical examinations

ECGs, echocardiograms

Auditory, ophthalmological tests

Pediatric development tests

Patient narratives were provided for all patient deaths, SAEs believed related to study drug, and
SAEs involving the kidney, heart, liver, skin, bone marrow, eyes and ears.

Safety evaluations were done by treatment group and for multiple subgroups.
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No interim safety analyses were performed. The PSB reviewed all safety data at regular
intervals.

Patients Studied

A total of 591 patients were randomized (297 Exjade, 294 DF O) and 586 (296 Exjade, 290 DFO)
patients were treated (5 never commenced therapy). Ninety five percent (95%) of patients in
each arm completed the trial. The reasons for discontinuation are listed in the table below.

Patient disposition
ICL670 DFO All patients
N=296 N=290 N=586
Disposition n (%) n (%) n (%)
Completed 279(94.3) 278 (95.9) 557(95.1)
Discontinued _ 17(5.7) 12(4.1) 29(4.9)
Adverse events 8(2.7) 1(0.3) ' 8(1.4)
Death 1(0.3) 3(1.0) 4(0.7)
Protocol violation 2(0.7) 2(0.7) 4(0.7)
Withdrawal of consent 6 (2.40) 62.1) 13(2.2)

Source: Reviewer table based on sponsor’s submission

More patients in the Exjade arm discontinued study drug because of adverse events than did
those in the DFO arm. There was no clear relationship between the dose of Exjade and its

discontinuation. Discontinuation from the study because of withdrawal of consent was similar in
both arms.

Protocol violations are shown in the following table and did not lead to discontinuation from the
trial. Most violations were related to a non-evaluable post-treatment LIC. There were somewhat
more protocol violations in the Exjade arm than in the DFO arm.

Humbesy §%) of patients with protecol violetions ke trestmant
Intention-to-treal popalaticn

IILE T Dief eraxanis All patients

Ha=287 Ha 2 H=kal
Selection griteris [ERE R aoo(% n %]
Ft. has not regeived trsstment 11 9.3 400 1.4 ¢ DB
Hx wval. 52 wk LIC and ne asfety dige. 20y &7 13( &.4; AZ{ S5.€;
Mot evalveble post-Bageline LIC LN - 17¢ &.8) d43{ T.3%
Hat ewslusble G2 week LIO BT P4 BAFIS S 3 4L TR}

Source: Sponsor submission page 198
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The analysis populations are listed in the following table.

Number {%) of patients in analysis populations

HCLBTO DFO Al pafients

N=207 N=294 N=551
Analysis Population a {%} n {%j) & %)
Interd-fodreat {ITT) population 257 {100.0} 284 {(100.03 §01 {100.0)
Safely population 298 (827} 240 {98.6) 586 {99.2)
PP~ poputation 276 {82.9} 277 {94.2) 553 (53.6)
PP-2 population 268 (30.2) 273 (92.8) £41 {91.5)

Source: Sponsor submission page 63

In an analysis of the subgroup by dose cohort compared to the average planned dose category,
there was a difference in the intensity of administration of the two study drugs. Proportionally
more patients in the DFO arm received higher than protocol specified doses of DFO compared to
those in the Exjade arm than would have been expected. This was owing to the protocol that
allowed patients already receiving DFO to continue their previous dose of drug irrespective. of
LIC, whereas patients in the Exjade arm were assigned to doses of the drug that were based
exclusively on LIC. Forty seven patients in the Exjade arm and 43 patients in the DFO arm had
LIC determined by SQUID only, mostly patients between the ages of 6-16 years of age. The
sponsor has conducted a study of the relationship between the LIC measured by both SQUID and
biopsy, and it is now known that SQUID underestimates thie true LIC by a factor of
approximately 2 as measured by biopsy. These subgroup analyses are shown in the following
tables.

Number (%} of patients in analysis subgroups

ICLETO DFO All patients

N=Z98 N=20¢ =586
Subgroup n {%]} n (%) 1 {%})
Dose cohort {based on initial dose)
& mg'kg JCL ¢ <25 mglkg DFO 6 {5.1) 7{24 22 (3.8}
10 mgfkg 1CL £ 25-<35 mglkg DFO 78{26.4) 40 (13.8) 118 (20.1)
20 mgtkg ICL / 35250 mglkg DFC 84 {26.4) T8 {41.9) 203 (34.6)
30 maikg IGL { 250 mglkg DFO 19 (402} 124 {42.8) 243 {41.5)
Average planned dose categaory
=7.5 mgikg ICL ¢ <28 mp/kg DFO 1137} 5{1.7% 16 (2.7}
7.5.-2%4 mgkg ICL J 25-+35 mgikg DFO 85 (28.7) 48 {16.6) 133 (22.7)
15-<28 mpfkg ICL { 35-<45 mgikg DFQ 101 {34.1) 95 (32.8) 196 (33.4}
225 mglkg ICL { 245 mg'kg DFO 99 {33.4) 142 {49.0) 241 {41.1)

Source: Sponsor submission page 64
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Table 7-8 Number {%) of patients by age and baseline LIC method (PP~ population)

1CLSTO DED Total
LIC at baseline Biopsy sQUID Biopsy + Blopsy B0UD Biopsy +
sSqQuiR SQUIL
n (%) N (%) n (%) n (%) n (%} N (%) A (%}
Age < 6 years ]
<7 myg Felg dw 4 {14.3} 1{3.8) 5{17.9} 4 {14.3} 2{7.1} 5 {21.4) 11{2.9)
>=7 mg Fe gldw 20{7t4y 3(10.7) 23 {82.1) 18{67.9) 3{10.7} 22{78.8) 43 {8.1}
Total 24{85.7) 4(14.3) 28{100.0} | 23(B2.1) S(i7.9} 2B {100.0) 56 £10.1)
Apge 6-<12 years ‘
=7 mg Feig dw T{1t.4y  11{17.5y 18(2886) 7{10.5) 18{26.8) 25{37.3% 43 (7.8}
*=7 mg Fe gidw 3B {603y  T(ELY 45 {71.4) 38 (86.7) 4 {8.0} 42 {62.7) 87 (15.7)
Total 45 {714} 18{288) 63{100.0) | 45(67.1) 22(32.8) &7 ({100.0) 130 {23.5)
Age 12-<16 years ‘
=7 mg Felg dw B{140y 17(29.8) 25{4389) B8 {16.3} 8 {18.4) 17 {34.7% 42 {7.8)
=7 mg Fe gidw 30 (52.6) 2{35) 32 {56.1) 30 (81.2) 2{4.% 32 (65.3) 54 (11.6}
Total 3B{E6.TY 19¢33.3} S7{100.00 | 3B(F7.6) 11{225) 49{100.0) 106 {19.2)
Age >z 16 years :
<7 mg Feig dw 34 (26.6} 323 37 {28.9) 35 (271} 3 (2.3} 30 {29.3) 8 (13.7)
»=7 g Fe gidws B8 {68.8) 323 91(71.1) 92 (69.2) 2{(1.5 24 {707} 185 {33.5)
Total 22(95.3) 6.7 128 (100.0) | 128(06.2)y 5{3.8) 133{100.0) { 28172
ICLET0 DFO Total
LIC at basatine Biopsy SQuID Biopsy + Riopsy 218 (B112] Biopsy +
SQUID SQUID
A {%] n (%} a (%) n (%) n {%) N (%) n {%;}
Ali Patients ‘
=7 mg Feig dw 53 (18.2y 32(118} 8B5(30.8) §5(19.9) 32{1M1.8} BY{31.4} 172 {31.1}
>=7 mg Fe gidw 178(63.8) 15({5.4; 191(69.2) | 172(6468) 11{40) 180 (886} 381 168.9}
Total 229 (B3.07 47 (170} 276 (100.0) | 234(B4.5) 43 (15.5) 277 {100.0) ; 553 {100.0}

Source: Sponsor submission page 65-66

continuation of the pre-existing dose

Patient demographics

Patient age, sex, race and weight were equally distributed in the safety population as shown in

the table below.
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Patient demographics
Variabie ICLETG Deferoxamineg  All patients
Statistic N=2886 M=200 N=§86
Age {yaars) '
1l 286 280 5868
Mean + 5D 17 + 847 17.3 £ 096 17.2+8.71
Median 15 155 15
Min - Max 2-439 2«53 2853
Age group {years}
=G 30{10.1%) 28 (8.7%) 68 (9.9%}
G - =12 67 {22.6%) 68 {23.4%) 135 {23.0%}
12 - <18 57 {19.3%) 49 {16.9%}) 106 {18.1%}
18 ~ <50 142 (48.0%) 144 {49.7%) 286 (48.8%)
50 - <65 0 {D.0%:) 1 {0.3%) 1(0.2%:}
Hox
klale 140 {(#7.3%%) 142 (49.0%) 282 {48.1%:)
Female 156 -{52.7%) 148 {51.0%) 304 {51.8%)
Race
Caucasian 263 (8B.2%} 251 (85.6%) 514 {87.73%)
Black 2(0.7%) 1 {0.3%} 3 {0.5%)
QOrientat 9 (3.0%) 10 (3.4%:) 18 {3.2%}
Cihers 22 {7.4%) 28 (9.7%) S0 {8.5%)
Height {cm}
fn 285 230 485
Wean + ST 145 + 2094 1449+ 2137 44912113
Median 150 180 150
Min - Max 84 - 186 B84 ~ 181 84 - 188
Weight (kg)
3 285 280 58&
Mean 1 S0 #43.1+16.65 4285+ 16.685 43 + 16.64
Median 44.3 46.1 45
ftiny - Bobax 11.4-87.9 12 - 90.2 11.4- 80.2
Waight group (kg) '
=15 T (2.4%) 8 (2.8%} 15{2.6%)
15 - =35 &1 {30.7%) 68 {30.3%) 178 {30.5%:}
35 - <55 120 {40.5%} 116 (40.0%) 236 (40.3%)
55 - <76 88 [23.3%) T3 (25.2%) 142 {24 2%}
>=7H B {2.7%) 5 {1.7%} 13 {2 2%}

Source: Sponsor submission page 67

The frequencies of a history of hepatitis B (6.8%), hepatitis C (24.6%), both hepatitis B and C
(3.8%), splenectomy (32.6%), splenomegaly (4.8%), hepatomegaly (3.1%), hypogonadism
(13.8%), hypothyroidism (7.8%) and cardiac disorders (3.9%) were similar in both treatment
groups. Only 24.7% of all patients had a history of an elevated blood iron. Diabetes mellitus was
present in 4.1% of patients, hemosiderosis in 6.5%, osteoporosis/osteopenia in 21.9 % and
amenorrhea in 5.8%. These were generally equally distributed between both treatment arms.
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Medication Exposure

The initial dose assignments were shown on page 41. The average daily dose for the safety
population is shown in the following table.

Table 8-2 Average daily dose during study — by LIC dosing category
Baseline LIC in my Fefg dw (regardless of method}

=3 »3-7 >7=-14 14

ICLETD (M=296) M=15 N=T8 K=84 N=119
Protaco! proposed dose - 5 mgrkg 10 mgrkg 20 mglkg 30 mgfkg
Average dafly dose (mo/kg/day}

tean + SD 6216 102+ 1.2 194 217 282135

Median 5.0 6.0 20.0 300

Minimum-aximunsy 4.3-87 58~ 163 98-214 11.0 = 30.0
DFG {N=290) N=14 N=T9 N=81 N=108
Protoco! proposed dose 20-30 mafkg 25-35 mygfkg D0 mptkg  >=50 morkg
Average daily dose {mglkag/fday)

Mean = SD 339+989 3BT £92 42.4:66 546+58

Wedian 30.0 35.0 408 1.0

Minimum-Maxinwuen 230525 2007586 2.0~ 70 300~ 66.1

Source: Sponsor submission page 70

In the PP-1 population, 85 patients in the Exjade arm and 87 patients in the DFO arm had LIC
values <7 mg Fe/g dw at baseline. Ofthose, 15/85 (17.6%) patients in the Exjade arm initially
received the lowest daily dose of Exjade (5 mg/kg) and the remaining 70/85 (82.4%) patients
received 10 mg/kg. No patient with an LIC <7 mg Fe/g dw received more than 10 mg/kg. In the
group with an LIC of <7 mg Fe/g dw enrolled in the DFO arm, 4/87 (4.6%) patients received the

lowest DFO dose (<25 mg/kg), 35/87 received 25-<35 mg/kg and the remaining 48/87 (55.2%)
patients received a dose of >35 mg/kg.

Study drug interruptions, average daily dose and relative dose intensity are shown in the
following table. For both Exjade and DFO, the relative dose intensity was approximately 1,
indicating that the expected and actual dosing were nearly identical.
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Study drug irterruptions, average daily dose and relative dose intensity

ICLETS BFD All patients
Btudy drug administration N=2956 =290 N=586
Number of interruptions n [%)
0 233 {(7B.7%) 236 {(81.4%) 469 (80.0%)
1 40 {13.5%) 37 {12.8%) TF (13.1%})
2 16 {5.4%:) 13 (4.5%) 29 (4 9%}
3 3 (1.0%} 1 {0.3%} 4 {0-7%}
>3 4 {1.4%} 3 {1.0%} 7 {1.2%%}
Total length of interruptions (days)
1 internaption
f 40 a7 7
Mean + 8D 0.4 £ 14.53 72+ 958 881243
Minimum - Maximum 1-63 1-55 1~83
Median 5 4 5
2 interruptions
43 16 13 29
Mean + 8D 16.1 1 16.82 20.8 +31.82 18.2 + 24 37
Minirmum - Maximum .87 3.125 D w125
Median 40 12 11
Average daily dose {mplkgiday)
Mean £ SD 1881829 43.8 + 873 317418
Rinimum - Maxienum 4.3~ 30 26-73.6 4.3-736
Median 20.0 44.1 30.0
Ralative dose Infensity
Mean £ 8D £.98 3 0. 144 1.0+ 0.1 0.60 £ 8125
Minimum - Maximum 0.37-1.75 0.88-1.86 0.37 - 1.86
Median 1.0 1.0 1.0

Source: Sponsor submission page 69

The frequency and characteristics of drug interruptions were similar for the 2 drugs. Dose
adjustments during the trial occurred in 63% of patients in the Exjade arm and in 67% of patients
in the DFO arm. Dose adjustment because of AEs or laboratory abnormalities was twice as
common in the Exjade arm as in the DFO arm, mostly because of protocol required changes
when the serum creatinine level rose. Dose increases due to lack of efficacy were more common
in the Exjade arm and occurred in 7/15 patients on the 5 mg/kg dose and in 10/78 patients on the
10 mg/kg dose. Dose decreases were more common in the Exjade arm in patients treated with
higher doses because of changes in serum creatinine and skin rashes. The reasons for dose
adjustments are shown in the following table.
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Table 8-4 Reasons for doge adjustments

ICLETO DFO Al patients
Dosg adjustment =296 N=290 Kz586
Dage increase due to lack of efficacy {patients) 18 4 22
Time to dose increase {(weeks on treatmsnt) 19.3-63.0 121153 12 1-63.0
[Cose decrease due to AE/ab test abnonmality (patients) 33 4 37
Intesruptions due to AEAab test abnormality (palients) 63 a2 15
Interruptions due to AENab test abnormality {epizodes) 132 i7 209

Source: Sponsor submission page 72

The duration of study drug exposure was >48 weeks in about 95% of patients in both arms.
However, there were 8 patients in the Exjade arm who received the drug for 12-<24 weeks while
this shortened duration was experienced by only a single patient in the DFO arm.

Concomitant medications were taken by approximately 90% of all patients in each arm of the
trial with the most frequent being analgesics, mucolytics, corticosteroids, antibiotics, alimentary
agents, folic acid and ophthalmological agents.

Blood transfusions were administered to patients in both arms of the study at a similar frequency
with the average of one transfusion every three weeks. Similar amounts of blood (mean £ SD,
7.93 ml/kg + 2.55) per transfusion were given to both groups of patients. There was an inverse
relationship between age and the average amount of blood in ml/kg given per transfusion.

o Folz dw

1g Fe/g ¢ d either 20 0r 30"
 in that subgroup v 3mg/kg/d.

3 mg/kg/d.
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Efficacy Results

Primary endpoint.

Exjade was to be declared non-inferior to DFO if the lower limit of the 2-sided 95% CI for the
difference in the percentage of treatment success between Exjade and DFO in the PP-1
population was above -15%. For the entire PP-1 population, this goal was not achieved. This

led the sponsor to segment the PP-1 population into multiple subcategories to determine whether

or not non-inferiority could be achieved for any subgroup. The following table shows the
efficacy analyses on the entire PP-1 population and its subcategories.

Table 9-1 Success rates based on change in LIC (PP population)

ICLSTY ICLET0 ICLE70 {CLBTO ICLETD DFO
5 mgikg mpkg 20mgfkg 30 mghkg Al pis Al pts
N=15 N=78 N=79 =112 N=276 N=277
Biopsy & SQUID M=18 n=T0 n=Ta n=112 n=276 n=27F
Success rate {0 (%)) G {46.0} 28 (40.59 29 (38.7) 83 (74.1) 146 {52.9) 184 |68 4)
5% Cl [16.3,67.7] [28.5, 51.5] [26.1,473] [66.0,822) ; [47.0,588] [60.9, 72.6]
Difference and 85% Cl =135 [21.8,-5.4]
LIC =7 mg Falg dw N=15 n=Fd n=85 n=87
Buccess rate (n %)) 6 {40.0} 28 740.8) 34 {40.0% 72 {82.8)
5% Cl [18.3,67.7] [28.5 51.5 [29.6, 50.4] [74.8, 80.7]
Difference [85% C1] -42 B[-55.9, -28.7]
LIC 2 7 mg Felg dw n=79 n=112 n=19% n=190
Buccess rate {n {35} 23 (36.7) BA(T4.1) 112 {58.6) 112 (58 9}
85% Cl [25.1,47.3] 166.0,82.2] [61.7,656] [52.0,65%8]
Differencs [85% Cl} ~0.3 [~10.2, 9.6]
Biopsy n=d n=d5 nz6d nef12 n=22% n=234
Buccess rate (n (W) 0 (3.0} 12 (26.7} 22 (34.4) 83 {74.1) 7 {511 147 (62.8)
85% Cl [0, 36.8) [137 39.6] {[22.7 48.0] {66.0,82.2] j [44.8,576] [56.6,69.0]
Difference {95% O] -11.7 [-20.7, -2.8]
LIC <7 mg Felg dw n=g n=45 n=53 1255
Buccess rate {n (%)) G (2.0) 12 (26.7) 12 {22 .6} 42 (76.4)
95% Cl [0, 36.8] [t37 39.6] [11.4,339] [651,87.6]
Difference [85% Cl} : ~53.7 [-68.6, -37.8]
LIS 2 7 mg Felg dw =64 n=11Z n=176 n=178
Success rate (N (b)) 22 (34.4} 83 {74 1) 105 {58.7) 105 (587
G5% Cl [22.7,48.0) {86.0,822) ; [52.4,669] [514 659
Difference [85% Ci] 1.0[8.2, 11.2]
SQUID =y =28 n=15 n=d ned7 n=43
Success rate {n {5)} &6 {85.7} 16 (645 7 (46.7) = 29 {81.7% 37 {88.0%
§5% Cl [42.1,995] [45.2 82,81 [21.4, 71.9 - [47.8,75.6] [78.7,96.4]
LIC <7 myg Felg dw n=7 w25 nz32 n=3z
Buccess rate {n {56} 6{85.7} 16 (64.0) Z2 {68.8) 30 {93.8)
95% Cl [42.1,9958] [45.2 82.8] [62.7.84 8] [85.4, 100]
LAC 2 7 mg Falg dw n=t§ n=j n=15 n=11
Buecess rate {n {351} 7 48.7) “ 7 {48.7) 7 {63.8}
5% Cl [21.3, 73.4] - [21.3, 734] [BD.6,8B.1]
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Source: Sponsor submission page 77

The sponsor wishes to concentrate on a segment of the table above that is extracted by me in the
table below. These are the PP-1 patients whose LIC >7 mg Fe/g dw was determined by biopsy
(not by SQUID) and were therefore treated with Exjade at a dose of 20 mg/kg (64 patients) or
with Exjade at a dose of 30 mg/kg (112 patients). When these 2 subgroups are combined (176
patients) and then compared to all similar patients (179 patients) who were treated with DFO at
doses of 35->50 mg/kg, the success rates are 59.7% (105/176 patients) and 58.7% (105/179
patients) , respectively. The 95% CI (-9.2, 11.2) of the point estimate for difference in success
rate in this subset of patients, therefore, is within the CI of the delta margin of -15 and applicant
states that this establishes the non-inferiority of Exjade compared to DFO for this subset of
patients.

Success rates for patients with biopsy documented LIC >7 mg Fe/g dw

ICL Dose _ 20mg/kg 30mg/lkg  ANICL, DFO

LIC 2 7 mg Falg dw n=Gd n=t12 n=176 n=178
Buccess rate {n {34} 22 (34.4) 82741} | 105(58.7y 105(58.7)
85% Cl [22.7,46.0] 166.0,82.2] | [62.4,669] [514,859]
Cifference [85% ClJ 1.0§9.2, 11.2}

Source: Sponsor submission page 77

Non-inferiority could also be demonstrated in the subgroup of patients whose LIC was >7 mg
Fe/g dw whether LIC was determined by biopsy or SQUID as shown in the following segment of
the table.

Success rates for patients with biopsy or SQUID documented LIC >7 mg Fe/g dw

ICL Dose _ 20mg/kg 30mg/kg AINICL - DFO
LIC 2 7 mg Felg dw nz7Y n=t12 n=19 n=150
Success rate (n [36)} 25(36.T) 83 (74.1) 112 {586) 1i2(58.9)
95% Ci [26.1,47.3] [65.4,822) [51.7,856] [52.0,85.9]
Difference [85% Ci} 4.3 [+10.2, 8.8]

Source: Sponsor submission page 77

Non-inferiority of Exjade compared to DFO was also achieved in the ITT and PP-2 populations
when these same subgroups were analyzed. Non-inferiority could not be established for the
entire ITT or PP-2 populations.

The sponsor argues that the inability to achieve non-inferiority of Exjade compared to DFO can
be attributed to SQUID (because it underestimates LIC by a factor of 2) and the leniency of the
protocol (because it allowed patients who were receiving DFO to remain on their pre-existing
dose of DFO rather than receiving the lower dose that was specified by the protocol for DFO
naive patients).
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Secondary endpoints.

1. Liver iron concentrations. Mean LICs at baseline in the PP-2 population were markedly
different based on whether the determination was made by biopsy or by SQUID. The
mean SQUID LICs (6.0 and 6.3 mg Fe/g dw, respectively, for patients treated with
Exjade or DFO) were less than 50% of biopsy LICs (15.7 and 14.5 mg Fe/g dw,
respectively, for patients treated with Exjade or DFO) as shown in the following table.

Liver fron cﬂncéntfatian {myg Felq dw} at baseling {PP-2 population)

ICLE7C DFO
Btatistics. N=268 N=273
Biopsy N=224 N=230
Mean x 8D 15.7 £ 10.1% 145+ 958
Minimum — Maximum 21-481 22-551
P25 - PTS 7.3-220 7.3-19.5
Wedian 13.8 12.4
SauUD N=gd =43
Mean 1 8D 601277 €3 +3.31
Minimum - Maxirmum 24-.132 21-16.4
P25~ P75 4.3 8.0 4077
fledian 55 56

Source: Sponsor submission page 79

The change in LIC from baseline to end of study was a pre-specified secondary endpoint
in study 0107. In patients with a baseline LIC >7 mg Fe/g dw determined by biopsy,
there was a significant difference between LIC from baseline to end of study in patients
treated with either Exjade (-5.6 + 8.21mg Fe/g dw) or DFO (-4.4 + 5.98 mg Fe/g dw).
There was no difference in change in LIC from baseline to end of study between the
Exjade arm and the DFO arm. A change from baseline to end of study could not be
demonstrated in Exjade treated patients when the SQUID measurement of LIC was >7
mg Fe/g dw. These are shown in the following table.
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Tahle 9-3 Change in LIC in patients with LIC greater or equal to 7 myg Felg dw at

baseline (PP-2 papulation)

Difference

ICLETD bFo {ICLE70-DFO)
Statistics N=185 N=186 adiusted on baseline
Biopsy & SQUID
n 185 186 _
Mean + SD -5.2 £ 8.04 4.3+ 583 -0.56 + 0.623
95% Cl [-1.79, 0.86]
p-value p<0.081 (8)* p=0.367 (N5)*
Biopsy
n 172 178
Mean + 8D 5.8 +821 44 +598 ' -0.65 + 0.651
a5 Gl [-1.95. 0.85]
p-value : p<0.001 (8)* p=00.325 (NS)*”
SQuUID
n 13 11
Mean + 8O -1.5 £ 3.6% 2.9+232 1.194+1.342
85% Cl [-1.80, 3.98]
p-value p=0.160 (HS}* =0 386 (NSY**

Source: Posidexi Table 9.2-18

* ttest for one sample {one sided)c if p<0.023, significant difference (5] of the change from
baseline in the ICLET0 group.

* Covariance analysis with baseline as covariate: if p<0.05, significant differenca(S jin
changes bebween the 2 groups at EOS.

There was a direct relationship (with a fairly wide scatter) between LIC on biopsy and
serum ferritin both at baseline and at end of study. For patients receiving Exjade (5-10
mg/kg/d) whose baseline LIC was <7 mg Fe/g dw, there was an increase in both mean LIC
and serum ferritin at study’s end. For patients with baseline LIC >7-14 mg Fe/g dw, mean
LIC and serum ferritin were unchanged at end of study (all of these patients received an
initial daily dose of Exjade of 20 mg/kg). For patients with LIC >14 mg Fe/g dw, mean
LIC (24.2 + 7.82 fell to 15.3 + 9.38) and serum ferritin (3769 + 2379 fell to 2858 + 2092)
declined at the end of study (all of these patients had received an initial daily dose of 30
mg/kg). For patients receiving DFO whose baseline LIC was <7 mg Fe/g dw, there was no
change in mean LIC or serum ferritin. For patients with baseline LIC >7-14 mg Fe/g dw,
mean LIC and serum ferritin were slightly decreased at the end of study. For patients with
LIC >14 mg Fe/g dw, mean LIC (23.9 + 8.06 fell to 17.0 + 8.66) and serum ferritin (3627 +
2451 fell to 2544 + 1911) declined at the end of study. This is summarized in the following
table.
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Table 9-4 LIC and serum forritin in patients with biopsy (PP-2 and Safety population)

ICLETO OFO
Baseline EOS Change Baseling EQCS Change

LG <3 Lic 2.5%8.21 1042175 7818 271028 312142 04+128

Ferritin 1370 £ 904 252521107 1156+ 339 1366 £ 660 1476 £ 755 167 + 501
LiC »3-7 LG 49+108 101421 514383 52+122 58283 04278

Ferritin 1707 £ 771 2560 % 1208 BH4 £857 § 1523 £ 7M1 1512 £ 832 <21 £ 447
L€ »7-44  LIC 106 £ 2.8 10.5 2472 -0.14£4.86 106£263 88260 -1.8+£2.96

Ferritin § 2136 £ 1048 2108 £ 1085 42+ 673 2124 £ 874 1824 £ 892 -316 £ 573
LiC >14 Lic 2421782 15.3 £ 8.38 -8.9 +8.07 23.83£806 17.0 £ 866 6.5+685

Feritin | 376922379 2858220322 -926 1416 § 3627 £2451 25644 £ 1811 1001 £ 1438

Source: Sponsor submission page 80

The changes in LIC determined by biopsy for patients receiving either Exjade or DFO are

demonstrated in the next 2 figures.

Figure 9-2 Change in LIC (Biopsy) by dose of ICL870 (PP-2 population)
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Source: Sponsor submission page 81
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Figure 94 Change in LIC (Biopsy) by dose of DFQ {PP-2 population)
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The change in LIC by biopsy for both Exjade and DFO by dose administered is presented
in the following table. The data indicate that Exjade at a low dose (5-10 mg/kg) is not
capable of stabilizing or decreasing LIC, but Exjade at a dose of 20 mg/kg does stabilize
LIC and at a dose of 30 mg/kg decreases LIC. These results are consistent with the
earlier PD studies of dose/response effect in patients being chronically transfused. In
contrast, DFO was able to stabilize LIC at low doses and to decrease LIC at higher doses.
The data are presented in the following table.
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Table 9-8 Change in LIC {Biopsy) by dose (PP-2 population)

Difference

[CLE70 DFO - {(ICL&70-DFO)
Stafistics N=224 N=230 adjusted on haseline
tose cohort: 5 mylkg ICLS <25 mgikg DFC
n . 8 ]
Mean + 8D 78+18 -09+252 6851 1.218
95% Cl [4.17, 8.53]
Dose cohort: 10 mgfkg 1ICLE70/ 25 - <35 mg/kg DFO
n 44 28
ldean £ 8D 5.1+382 061412 4.24 £0.95
95% Cl [2.34, 6.13]
Dose cohort: 20 mofkg ICLETE/ 35 - <60 mglkg DFO
fl 64 88
fean + 8D 0.1 £4.86 -1.4+402 1.34 £ 0717
5% Gl {-0.07, 276!
p-vaiug p=0.844 (NE)* p=0.063 (NSy*
Dose cohort: 30 mg/kg JICLET0! 2560 mglkg DFO
n 108 108
fean + SD -8.9+£ 807 -5.8+£8.28 -2.034+£08922
95% Cl [ -3.85, -0.21)
povalie p=0.001 {5;* p=0.028 {51+

Source: Post-text Table 8.2-12

* t-lest for one sample {one sided): if p=0.025, significant difference {3} of the change from
baseling in the ICLETD group.

“* Covariance analysis with baseling as covariate: if p=0.05, significant difference (8) in
changes between the 2 groups at EOS.

NS = not significant

Exjade at a dose of 30 mg/k/d appeared to cause a greater decrease in LIC by biopsy (-8.9
+ 8.07 mg Fe/g dw) than did DFO at doses in excess of >50 mg/kg/d (-5.8 £+ 6.26 mg Fe/g
dw) (p=0.029). However, one subgroup of patients who responded more favorably to
the administration of DFO than to Exjade, even at high dose, was the subgroup of
patients less than age 6 years.
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2. Tron Balance. The average iron intake for the safety population (exclusive of dietary
iron) from blood transfusion was 0.40 = 0.113 mg/kg. Iron excretion in the PP-2-
population was based on changes in LIC at baseline and at end of study and the
determination of total body iron stores (TBIS) at each period by the formula (TBISis mgie
= 10.6 x LICin mgrerg aw) (5). The average daily iron excretion rate for patients whose LIC
was determined by liver biopsy was 0.45 + 0.252 mg/kg in the Exjade treated patients
and 0.47 + 0.194 mg in the DFO treated patients. Iron balance, calculated as the ratio of
excretion/intake, was dose dependent for both drugs but more so for Exjade than DFO as
shown in the following table.
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Table 99 Iron balance (@based on bmpsy) by dose (PP-2 populaﬁon)
Ratio Fe excretion/Fe intake

ICLE7¢ DFO

WN=224 N=230
Dose cohort : § mgikg ICL670/25-<35 myltkg DFQ
N 8 &
tlean £ SD 0.32+0.203 1.06 £0.215
Minimum - Maximum 0.1-0.88 0.67-1.31
fMedian 0.35 1.08
Dose cohort : 10 mgfky ICLE70/25<35 mg/kyg DFO
N 44 28
tMean £ SD 0.55 £ 0.378 0.81+£0378
Mirimum - Maximum -0.78 - 1.36 -0.34- 1863
fdedian 0.55 .83
Dose cohort : 20 mgfkg ICLET0/38-<50 molkg DFO
N G4 38
tMean = 80 1.01 +0.418 1.1 20377
Minirum - Maximum 0.0 -2.08 -0.85- 2.6
Median 1.0 1.7
Dose cohort: 30 mgikg ICL670/250 mglkg DFO
N ' 158 108
Mean + 50 1687 £0.716 1.4+ 0511
hinimrn - Maxioum 0.1-4.47 05.04 - 3.78
Idedian 1.62 1.34

Source: Sponsor submission page 87

3. Serum Ferritin. Serum ferritin levels mirror the changes in the LIC for patients treated
with either Exjade or DFO, although there are extreme variations around the mean
values. This is illustrated in the following table.
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Table 9-11 Changes in serum ferritin from baseline (Safety population)

{CL870 LFO

N=296 N=290
Dose cohort: 5 mgtkg ICLET0/ <25 mygikg DFO
N ’ 15 B
Mean + SO 11886 £ 70017 -58.8 +- 48035
Minimam - Maximum 370 - 3362 -581 - 852
P25 - P75 830 « 1478 -212 --71
kledian 862 -173.5
Dose cohort: 10 mgikg ICLET0/ 25-<35 mgikg DFO
N 73 40
hMean = SD 832881742 T.7L 87275
ininuen - Maximum -B65 -~ 3609 -1377 - 1446
P25 ~ P75 374 1320 -294 5 -~ 326
Wedian 667 68
Dose cohort: 20 mglkg ICLETO 35-<50 mgrkyg DFO
N 80 117 :
Mean + 5D -3G.3+£721.08 -265.3 £ 828.25
Minimum - Maxinum -1865 - 1584 -5245 « 2906
Median -41.8 : -200
Dose cohort: 30 mg/kg ICLBT0/250 mglkg DFO
M 115 117
Mean + SD -926 + 1416G.0% -B42.7 £ 129534
Pindrmum - faximum -7082 ~ 316% -8258 - 1765
Medizn -793 -671

Source: Sponsor submission page 91

this study, Zhe
 serum level may be

n zncrease in body iron
manner in whzch
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4. Serum iron, transferrin and transferrin saturation. Serum iron was always raised.
Transferrin levels and transferrin saturation were little changed during the trial.

5. Liver pathology. Microscopic examination of liver biopsies at baseline and at end of
study showed only small changes in histologic interpretation and in semi-quantitative
assessment of liver iron stores at lower dose levels of both Exjade and DFO. Somewhat
greater changes (improvement) were seen at high doses for both drugs.
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Study 0105. Supportive

Primary Objective

The primary objective was to evaluate the safety and tolerability of Exjade after administration
of multiple oral daily doses of 10 mg/kg or 20 mg/kg with dose adjustments within the range 5 —
40 mg/kg (titrated according to changes in LIC), in comparison with DFQO, 40 mg/kg and of dose
adjustments by steps £ 10 mg/kg and up to 50 mg/kg administered for 5 consecutive days each
week by s.c. injection.

Secondary Objectives :
e To determine the effects of Exjade on LIC measured by SQUID
To evaluate the usefulness of serum ferritin in the titration of the dose of Exjade
To measure the PK of Exjade
To evaluate the relationship between the PK and PD of Exjade
To measure the effects of food on Exjade PK

Study Design
This was a multicenter, randomized, open-label, exploratory, parallel group study in patients

with transfusion-dependent iron overload previously treated with DFO who were randomized
1:1:1 to treatment with repeated oral doses of either Exjade 10 mg/kg or 20 mg/kg (given for
seven days per week) or DFO 40 mg/kg s.c. for five consecutive days per week. The study was
originally to last for 3 months but was subsequently lengthened with an additional nine month
extension (Study 0105E1)as indicated in the following figure.

Figure 3-1 Study design

< Run-in petiod > oo Treatment and observation period kil

Sereening Washout Core E Extension E

-14to -6 days -5te-1  Day Month*1 Monih*2  Month*3 g Months* 4 to 12 Sb
1

£ore ext

Visit 1 Wisit 2 V3 M4 WE VB VT V8 VY Visils 10to 27
* 1 month = 4 weeks = 28 days
Source: Sponsor submission page 18

During the 2 week run—in period, the dose of DFO was adjusted to 40 mg/kg/d, and LIC by
SQUID was determined. During the washout phase, DFO was withheld for 5 days. On day 1,
either Exjade (at one of the two doses) or DFO was commenced and given for 3 months. During
the extension period, each patient continued on the same treatment regimen as given during the
first three months.

In the core phase, continuation of treatment was dependent on negative results from assessments
of possible liver, renal or ocular toxicity performed every two weeks. During the extension
phase, ocular examinations were performed every two weeks whereas hematology, blood
chemistry and ECGs were performed at monthly intervals. Audiometry and liver echograms
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were performed every three months. After implementation of amendment 3, during the
prolongation of the extension phase of the comparative study, ocular examinations,

ECGs and audiometry were performed every 3 months. At the end of the core phase and
subsequently every 3 months, the LIC was monitored by a SQUID assessment.

Study drug dose adjustments were directly correlated with the SQUID results and based on the
degree of change in LIC. - Blood sampling for PK was collected at trough times. A
subpopulation of 10 patients had more frequent blood sampling for Exjade levels as well as for
periodic 24 hour urine iron excretion determination.

Patients
Seventy one patients with transfusion-dependent B-thalassemia major (69) or B-thalassemla
intermedia (2) were enrolled in the trial.

Inclusion criteria were:

e Consenting outpatients of either sex, aged >18 years, with transfusion-dependent
hemosiderosis who had been treated with a mean daily dose of DFO of 230 mg/kg for >4
weeks prior to entering the screening period. Female patients of childbearing potential
were to have been practicing an approved method of contraception.

e For admission to the screening period: Serum ferritin values were to have been in the
range >2000 ng/mL to <8000 ng/mL confirmed by at least two determinations during 12
months prior to enrollment or previous SQUID LIC >5 mg/g dw to <15 mg/g dw
performed in the previous year.

e For admission to the washout period: SQUID LIC was to be in the range >5 mg/g dw to
<15 mg/g dw.

e Average post-transfusion hemoglobin levels (measured or calculated) in the range 210.5
to < 13.5 g/dL (during 12 months prior to enrollment and including one measurement
during the washout period). -

Exclusion criteria were:
e Evidence of any significant hepatic or renal impairment.

e DPatients with creatinine clearance <80 mL/min (measured and/or calculated according to
the Cockcroft-Gault formula at Visit 2).

e Patients with hypertension or those with any degree of atrio-ventricular (A-V) block,
clinically relevant Q-T interval prolongation or those requiring treatment with digoxin or
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similar compounds or antiarrhythmic drugs which may induce prolongation of A-V
conduction.

e Patients with a diagnosis of cataract or a previous history of clinically relevant ocular
toxicity related to iron chelation.

Treatments
Patients were initially randomized to one of three treatment arms.

e Exjade tablets dissolved in water, 10 mg/kg/d orally

¢ Exjade tablets dissolved in water, 20 mg/kg/d orally

e DFO, 40 mg/kg/d by continuous s.c.infusion 5/7 days weekly for 8-12 hours per infusion
In each treatment arm, the dose of drug could be changed based on followup SQUID LIC.
Exjade dose could be changed in increments of +5-10 mg/kg within the range of a total daily
dose of 5-40 mg/kg. DFO dose could be changed by £10 mg/kg/d with an upper daily limit of 50

mg/kg.

Treatment assignment was by central randomization. Use of concomitant medications to treat
current medical conditions was permitted, but they were recorded and changes in medications
had to be reported to the investigator. Blood transfusions were continued as necessary to
maintain a hemoglobin of >9 + 1 g/dl. Treatment compliance was measured at each visit. The
visit schedule is shown in the table below.

Appears This Way
On Criginal

60



Clinical Review

George Shashaty

NDA 21-882

Exjade (deferasirox, ICL-670)

Table 3-1 Visit and evaluation schedule

Run-in period Treatment and observation
Screen  Washout ppy Core o Extension E
Day Day Month 0 Month 8]
1 5 $
4tw6 -5t 1 2 3 4 5 & 7111 12
VISIT 1 2 3 4 § 6 7 8 % 10~-27
informed consemt X
Eligibhlty X X
Medical history X
Hemoglobin X X Ateach visit
Transiusion X As required
SQUID X 2 monthly
Pregnancy test X x
Physical examination X X
Vital signs, ECG X X b X tonthty
Body weight/height XX X X Al each visit
Hepatitis serology/HIY X
Urinalysis X Al each visit
Urinary creatining, X Al each visit
protein, NAG, 2-M
Creatining clearance X X X fonthiy
Ocular exams X At each wisit
Audiomelry X % 3 monthly
Liver echography X X 3 moenihly
Laboratory safely X X X onthty
Surrogale markers X X X X % X X At each visit
PK blocd sampling X 3 monthly
{troughs)
PK blood and urine X x X X x 3 monthly
sampling {profiles)
Conned X X As reguired
Comments As reguired
Adverse events X X X X X X X At each wisit
Drug dispensing X X X X X X X At each visil

Source: Sponsor submission page 23

Efficacy Assessments

These included LIC by SQUID, all performed at Turin University, serum ferritin, serum iron,
transferrin, transferrin saturation and urinary iron excretion. LIC by SQUID was stated to be a
direct measure of excess body iron stores. The other assessments were stated to be surrogate
markers.
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Safety Assessments

These included monitoring of AEs and SAEs, blood tests for hematology and chemistry, urine
(total protein, beta-2 microglobulin, N-acetyl-B-glucosaminidase), creatinine clearances
(originally by direct measure, subsequently by Cockcroft-Gault formula), physical examinations,
audiometry, ocular examination, liver echography and ECGs.

Protocol Amendments

The protocol was amended on four occasions.

Amendment 1 (12 July 2001) was mainly for administrative reasons to provide some minor
corrections and clarifications to the text of the protocol and specify a change in the procedure of
treatment assignment.

Amendment 2 (28 March 2002. The following changes to the conduct of the study were made:

e Since the dropout rate during the first four months of the trial was lower than expected,
patient enrollment was to be terminated after 71 patients had been recruited.

e C(Creatinine clearance was to be calculated using the Cockcroft-Gault formula.
Dose adjustments of Exjade were permitted with dose changes of £10 mg/kg (or £5-10
mg/kg, if appropriate) and the maximum dose was increased from 30 to 40 mg/kg. Dose
adjustments for Exjade were to be made on the basis of SQUID measurements using the
underlying trend of LIC to determine liver iron concentrations. If LIC was extrapolated to
fall below 2 mg/g dw within the next 3 months, a request for dose adjustment was to be
made to the SMC.

e Provision was made to recruit patients to participate in the food interaction PK study.

e With the unanimous endorsement of the SMB, the following changes for clinically
notable abnormalities were made:

o The threshold for clinically notable creatinine clearance calculated using the
Cockeroft Gault formula was set at <60 mL/min. An increase in plasma creatinine
of >25% of basal levels was also considered clinically notable. The level for
clinically notable urinary protein levels was increased from 0.2 g/24 hours to 0.4
g/24 hours, and the clinically notable level for f-2 M was set at >1000 pg/L. In
addition, LIC levels of <2 mg/g dw or predicted levels of <2 mg /g dw within the
next three months based on the extrapolated slopes of the SQUID measurements
(confirmed by an additional SQUID within 28410 days) were declared clinically
notable.

e Provision was made for the inclusion of a cardiologist on the Safety Board and steps were
taken to facilitate the process of accelerated decision making.
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¢ The baseline used for evaluation of the urinary excretion values was redefined.

Amendment 3 (10 June 2002) described an additional extension (Study 0105E2) to the current
study though none of the provisions of this amendment affected any aspect of the study phases of
Studies 0105 or 0105EL1.

The following changes to the conduct of the study (to be implemented only after patients had
completed 12 months of therapy) were made:

e Patients who had completed 12 months of treatment were to continue to receive the same
treatment to which they had been randomized until all patients participating in the study
had completed 12 months therapy. In the event that the evaluation of the results of the
first 12 months of therapy demonstrated no safety issues in patients randomized toExjade,
consenting patients who had received therapy with DFO could then be switched to
therapy with Exjade.

e Since some patients had demonstrated transient increases of -2 M which were of
unknown clinical significance, the following parameters of renal function were added to
the schedule of evaluations: a1-microglobulin (-2 M), retinol binding protein (RBP),
epidermal growth factor (EGF) and prostaglandin E2 (Pg-E2).

Amendment 4 (30 Sep 2002) revoked the determination of EGF and Pg-E2 to be implemented in
patients who had completed 12 months of treatment, according to amendment 3. None of the
provisions of this amendment affected any aspect of the study phases described in this report.

Reviewer s Comments, These amendments do not appear to compromise the-essence of the trial.

Statistical Methods

Data from all centers that participated in this protocol were to be combined, so that an adequate
number of patients would be available for analysis. Data were summarized with respect to
demographic and baseline characteristics, efficacy observations and measurements, safety
observations and measurements, and PK results.

Patients
Three populations were analyzed:
e Intent to Treat (ITT). All patients who had been randomized, received study drug and
who had at least one scheduled post-baseline SQUID assessment.
e Per protocol (PP). All patients, who had been randomized, received study drug and who
had post-baseline SQUID assessments at three months and at twelve months.
e Safety (SA). All randomized patients, who received at least one dose of study
medication.
Data was collected on background and demographic characteristics, study medication,
concomitant therapy, efficacy assessments and safety assessments. Since this was primarily a
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safety study, no sample size was estimated, but the numbers of patients in the trial were such that
toxicities with incidences greater than 15% were not likely to be unnoticed.

Patients Studied

Seventy one patients were enrolled into the trial (24 received Exjade at an initial daily dose of 10
mg/kg, 24 received Exjade at an initial daily dose of 20 mg/kg and 23 received DFO at an
original dose of 40 mg/kg) and 67 completed the trial. Four patients discontinued therapy as
shown in the following table.

Table 7-1 Patient disposition

ICL6TQ ICLE7D DFO All
10 mg/ky 20 mglky 40 mg'kg freatmemts

Patient disposition N=24 . N=24 N=23 MN=71
Discontinuations 0 (%} a {%) (%) 1 (%}
Completed 24 {100.0% 22 {91.7) 21 {91.3) 67 (94.4%
Discontinued (total) 010.0) 2{8.3) 248.7) 4 (5.8)

due to adverse evenls Q6.0 1{4.2) 248.7) 3(4.2)

due to unsatisfaciory therapewtic effect G 0.0} 1{4.2% 0{0.0) 1(1.4%

Source: Sponsor submission page 36

Adverse events are discussed below. There were no protocol violations.

Demographics were similar in the 3 groups except that there was a somewhat greater proportion
of females assigned to the Exjade 10 mg/kg dose, possibly because many of them were in their
menstrual years. A majority of patients had a history of hepatitis (mostly hepatitis C) and about
50% had undergone splenectomy. These and other medical conditions were generally equally
divided among the arms of the trial.

Medications
The average daily dose of study drugs in each arm of the trial was reasonably close to the
randomized initial dose, as shown in the table below.
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Table 81 Average daily dose of study medication

Randomized daily ICLETD ICLE7S BFO*
dosa {mg/kg) 10 mgikg 20 myglkg 40 mgikyg
Na24 N=24 M=z23
n 24 24 23
leaniSD 11.742.12 18.024. 16 286+1.06
Minimum 8.4 104 266
Wedian: 14.0 2048 287
Mg ximnum 147 Z5.5 31.6

Source: Post-text Table 8.1-2
* Note this is the mean daily dose calowlated for 7 days during a
regimen of 40 mglkg an 5 conseculive days each week

Dose adjustments occurred in almost half of the patients and were more common in patients
receiving Exjade [most of the changes were for lack of efficacy (13/24 patients) in the 10 mg/kg
group, and for AEs (11/24 patients) in the 20 mg/kg group] than with DFO (only 1 patient had an
increase in dose for lack of efficacy and 5 patients required temporary interruption for AEs).

The duration of exposure for all 3 arms was approximately the same with a mean exposure time
of 332 days.

Pharmacokinetic data for Exjade was consistent with that obtained in previous studies. Cpuax Was
achieved at 1-2 hours and the elimination half-life was 8-16 hours. Some Exjade was always
observed in the plasma at trough measurements at 24 hours. There was no accumulation over 12
months afier steady state was achieved. No PK/PD relationship could be established. No
observable amounts of iron were excreted in the urine.

Concomitant medication use was common (100%) in patients enrolled in the trial but was similar
in type and rationale in all 3 treatment arms.

Efficacy Results. Primary Endpoint

Changes in LIC by SQUID were minimal at 6 months and 1 year in patients treated with Exjade
at a dose of 10 mg/kg/d. In patients treated with Exjade at a dose of 20 mg/kg/d or DFO, there
appeared to be a decrease in LIC by SQUID at 6 months with a somewhat greater decrease at 12
months. These changes in LIC were seen even though the patients continued to receive
transfusions that accounted for an average iron intake of 0.37 mg/kg/d (over a 1 year period, a 50
kg patient would have been administered approximately 6,750 mg iron). Changes in LIC
measured by SQUID are shown in the following table.
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Table 8.2 Changes in LIC {mgfg dw) at 6 and 12 months {171 population)

Btatistic ICLETO ICLBTD DFO All
10 mgfkg 20 mg_ﬁgﬁ 40 mglkg Treatments
Muonth 6 n 24 22 21 a7
faan DA 1.5 -1.3 <1.0
50 17 22 1.8 20
Min-Max -3.1-2.8 <7522 5.2~ 1.4 -7.5-2.8
P10 27 «3.3 4.0 3.1
Meadian 0.4 «1.0 1.8 0.9
PED 1.8 0.0 0.3 1.3
Month 12 n 24 22 21 a7
Maan .4 2.1 «2.0 «1.5
213 22 286 20 2.4
fulinMax 4 149 o 44 4 #5124 «5.4-4.9
P10 24 -4 8 4.6 ~4 5
Weadian 415 -2.2 1.7 1.6
P&0 2.4 0.4 0.0 1.6

Source: Sponsor submission page 47

LIC but maintained the Siabzlzt)/ of LIC ove .
in Study 0107 in which LIC by SQ U]D D continued
atadose of 10 mg/kg/d S

rise when pj 1 zents were treated wzth Ex]ade

Efficacy Results. Secondary Endpoints

There was no useful information obtainable from changes in serum ferritin, serum iron,
transferrin, transferrin saturation or urinary iron excretion. In general, there were no differences
over time and there were no differences among the 3 arms of the trial. The only exception was a
statistically insignificant rise in serum ferritin observed in the Exjade treated patients at both
dose levels compared to a stable serum ferritin in DFO treated patients.

‘Revz'eWer S’ Commem‘s s 'Stud ' 010‘5‘ dlérabil’z‘i‘jz of

: zmarlly trial to evaluate the sc fety:‘

The data from Study 0105E2 is presented in Appendix 1.
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Study 0106. Supportive

Objectives
The primary objective of this trial was to evaluate the safety and tolerability of Exjade after

multiple administrations of an initial dose of 10 mg/kg/d with subsequent dose adjustments in
pediatric patients with -thalassemia major.

The secondary objectives of the trial were:

* To evaluate the pharmacokinetic (PK) profile of Exjade in B-thalassemia major pediatric
patients after single and multiple oral doses.

* To evaluate the effect of Exjade on liver iron content (LIC) measured by SQUID and on
the total body iron stores.

* To evaluate the relationship between plasma PK of Exjade and pharmacodynamic (PD)
variables (LIC) in B-thalassemia major pediatric patients.

* To evaluate the compliance with Exjade treatment (measured by means of the trough PK
samples) in B-thalassemia major pediatric patients.

* To evaluate the role of serum ferritin and other surrogate markers of iron homeostasis as
indicators for the safe dose titration of Exjade.

* To identify genetic factors related to iron stores in B-thalassemia major patients which
may predict response to treatment with Exjade, predict relative susceptibility to drug-drug
interactions, or predict genetic predisposition to serious side effects.

¢ To collect proteomic data on subjects receiving Exjade for biomarker development.

Study Design
This was a phase II, multi-center, open-label, non-comparative, exploratory study. Forty

pediatric patients with transfusion dependent B-thalassemia previously treated with DFO were
enrolled into 2 stratified age groups (2-<12 [Group 2] and 12-<17 [Group 1] years of age). This
was the first dosing of pediatric patients with Exjade, so the initial dose given was 10 mg/kg
regardless of the degree of iron overload. After a DFO washout period of 5 days, patients were
begun on Exjade which was to have been continued with possible adjustments based on AEs and
measures of efficacy for a period of 48 weeks. The schedule was as follows.

Figure 31 Study design
« Rui-in peitod —03y e Treatment and observation period oy
Screening  Washout
~1410-6 Bay-5ic-1 Day1 4 wks 8 wks 12 wks 1610 48 wks

W1 V2 va W4 V5 VB W7 W8 wg V10 to V27

Source: Sponsor submission page 17
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The study was primarily exploratory and was focused on safety and tolerability in the pediatric
population. Extensive PK studies were the main assessments performed, but to these were added
physical and laboratory assessments of potential AEs (mainly liver, kidney, cardiac, eye, ear and
sexual development). The only PD study performed was a measure of urinary iron excretion in a
subset of 10 patients. LIC was determined by SQUID at baseline and then at 4 and 12 weeks (to
allow changes in dose) and at 48 weeks (end of study).

Patients Studied

Forty pediatric patients with transfusion dependent B-thalassemia previously treated with DFO
were enrolled into 2 stratified age groups (2-<12 [Group 2] and 12-<17 [Group 1] years of age).
There were 20 patients allocated to each group.

Inclusion criteria were:

e TFor inclusion into patient Group 1: Adolescent outpatients of either sex aged 12 - <17
years at the screening visit, with transfusion-dependent B-thalassemia major. Female
patients who had reached menarche must have been practicing an approved method of
contraception, or must have undergone clinically documented total hysterectomy and/or
ovariectomy, or tubal ligation.

e For inclusion into patient Group 2: Child outpatients of either sex aged 2 - <12 years at
the screening visit, with transfusion-dependent B-thalassemia major.

e Previous treatment with DFO at a mean daily dose between 20 — 60 mg/kg for >4 weeks
before screening,

e For admission to the Screening Period: Serum ferritin values >1000 ng/mL confirmed by
at least two evaluations during the 12 months prior to enrollment or LIC >2.5 mg Fe/g dw
measured in the year prior to screening.

For admission to the washout period: LIC >2.5 mg Fe/g dw as measured by SQUID.

e Regular transfusion of >50 mL/kg/year packed red cells during the last year.

Written informed consent from the patient’s parents or legal guardian in accordance with
the national legislation.

Exclusion criteria were:

e Patients with sickle cell disease. _

e Serological evidence of active hepatitis B or evidence of clinically active hepatitis.

e DPatients with mean SGPT/ALT levels >250 U/L during the year before start of study
treatment or patients with SGPT/ALT or SGOT/AST variations >300% (coefficient of
variation (CV) of mean value) during the twelve months preceding enrollment or those
with serum creatinine above the upper limit of normal (ULN). '

e Patients with hypertension.

e Patients with any degree of A-V block, clinically relevant corrected QT interval
prolongation or patients requiring treatment with any drug which may have induced
prolongation of the A-V conduction time or QT interval

e Patients with a diagnosis of cataract or a previous history of clinically relevant ocular
toxicity. ’

e Systemic diseases (cardiovascular, renal, hepatic, etc.) which would prevent the patient
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from undergoing any of the treatment options.
* DPatients treated with a systemic investigational drug within the past 4 weeks or topical
investigational drug within the past 7 days.

¢ History of immunocompromise, including a positive HIV test result (ELISA and Western
blot).

Treatments

All patients were treated with Exjade dissolving tablets (in water) before breakfast at an initial
dose of 10 mg/kg/d. Dose adjustments were dependent on LIC by SQUID and were determined
on a case by case basis at regular meetings of the Study Monitoring Committee. The main
concern was that patients not be overdosed and, therefore, become iron deficient at which point
an increased risk of AEs was believed to occur.

Regular medications required by patients were allowed to be continued for the duration of the
trial. Those medications, and any others administered during the trial, were entered upon the
case report form. Blood transfusions were continued to maintain the hemoglobin between 9-13

g/dl.
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The visit schedule is shown in the following table.

Table 3-1

Visit schedule

Day 1

Sureening
WYeashout

Treatment and observation period (Day 1 - End of stady)

EOS

Weeks

10

14

16

18

20

24

26

28-45

48

Visit

3
L7
N

10

11

12

13

14

15

15

17-28

27

infarmed conserd

in-fexclusion

M5 f e~

|| Medical history ¢
prior medications

»

Vital signs

>

b

=

Hematology,
Blood chemistry

kel

b

b

x
>

>

Renal function

Urinalysis

Physical exarm.

SQUID

Liver echography

ECG

L BN LA B

Ogutar exam.

Audiometry

anthropornetric
assessments

Puberial staging /

XK X X Ix |x x

MW= ix[|x

E R B O - B O

St sk sk [3E 9k sk sk [x

HKopx [Xx |X | [xfx|x]|x

Bone age /

metaphys. growth

PK sampling
{trough fevels)

PK sampling
{profiles) + UIE

Blood transfusions

As required to maintain hemogiobin 2 9g/dL

Comments

As required

Conc. medication

As required

Adverse events

X | X

X

X

X

X

X

X

X

X

X

Drug dispensing

X | %

X

X

X

X

X

X

X

X

# = assassments to be performed at visit 21 (after 36 weaks of treatment)
Source: Sponsor submission page 34

Efficacy assessments included:
e Serial LIC measured by SQUID
o Serum ferritin, serum iron, transferrin, transferrin saturation and urinary iron excretion
Safety assessments included:
¢ Monitoring of all AEs and SAEs
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Laboratory measurements of hematology, chemistry and urine parameters

ECGs

Creatinine clearance using the Schwartz formula

Measurement of urinary N-acetyl-B-glucosaminidase (NAG), total protein, .
microglobulin (a-1 M), B,-microglobulin (8-2 M) and retinol binding globulin (RBP)
Regular monitoring of eye and ear function

Liver echograms

¢ Developmental growth

PK assessments of trough levels were performed on all patients repetitively over the course of
the trial. A subset population had PK assessments pre-dose, and at 0.5, 1, 2, 4, 8, and 24 hours
on days 1 and 2 and at 4 weeks.

No significant amendments were made to the protocol.

Statistical Methods
Two populations were analyzed: :
» Safety/Intent to Treat. All patients who received at least one dose of drug. This was the
primary analysis population.
¢ Per Protocol (PP). All patients who received one dose of drug and who had an LIC by
SQUID at baseline and at study’s end. This population included patients who stopped
medication for AEs, abnormal laboratory values, abnormal test procedures or suffered
iron overload death. These patients were analyzed for the primary efficacy endpoint.

Secondary efficacy analyses were performed on the PP-2 population, a subset of the PP
population that included patients who discontinued treatment for safety and counted as failures in
the PP population.

Treatment success was based on the SQUID measured LIC at study’s end compared to baseline
as shown in the following table.

Table 6-1 Primary efficacy endpoint: success criteria (based on LIC)

LIG at baseling Success, if LIC after 1 year Failure, if LIG afler 1 year

2 - <7 myg Felg dw 2- =¥ mg Felg dw <2 mg Fefg dw or = 7 mg Fely dw
=7 - =10 mg Feig dw 2-<{ mg Felg dw <2 mg Felg dw or = 7 mg Fely dw
= 10 mg Felg dw Decrease in LIC 23 mg Fefg dw Decrease in LIC .23 my Felg dw

Source: Sponsor submission page 36

Patients who stopped medication were considered treatment failures. If no SQUID measurement
of LIC was available at 48 weeks, the patient was considered a treatment failure.

Measurements of serum ferritin, serum iron, transferrin and transferrin saturation were analyzed.
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Total body iron excretion (TBIE) is based on the amount of red cells transfused and on changes
in total body iron (measured as noted above in Study 0107) from baseline to end of study.

Notable laboratory values for safety included values in the following table and succeeding
paragraph.

Table 6-2 Definition of notable and extended ranges for selected laboratory
parameters
Laboratory parameter Criteria for notable and exfended ranges
Platelet count =100 x 10%L
Absclute neutrophils =15 x 109L
Serum creatinine >33% increase from baseling {af iwo consecutive
measuremendts} {extended range: >50% increase}
Urinary protein/crealining ratio 21.0 {mgimg} in a second-woid morning urine sample
BGOTEEPT *5 x ULN (extended range. =10 x ULN)

Special renal function parameters, expressed as a ratio 1o urinary creatinine, were summarized
as shilt tables (haseline vs highest result during study) vsing the following ranges:
e Urinary protein / creatinine ratin: <02, (L2 - =04, 0.4 - <116, 20,6 mgmg

e Urimary B-2 M/ creatimine ratio; <32, 52 - =156, 136 - 25324, 2320 ug/mmol

T

3.1, 250 mg/mmol

»
U‘-

o Urinary -1 M/ creatinine mation <17, 1L.7-234 34251,
s Urinary RBP ¢ creatinine ratio; =60, (0 - <120, 521} - <180, 2180 gg/mmaol
s Ulrinare NAG 7 creatinine ratio; <0046, 0.46 - <092, 092 - <] 3§, *] 38 Umimnd

Source: Sponsor submission page 38

Based on sample size and power calculations, the sponsor stated that toxicities with an incidence
of >15% would not have gone unnoticed in the trial.

Patient Disposition

Forty patients were recruited into the trial. Only one patient was discontinued from the trial and
that was because of the development of a skin rash on day 11 that was believed related to study
medication. All other patients completed the study and are included in the analyses except for a
single patient who did not have an LIC at study’s end.

Protocol violations occurred in 2 patients. One was the child who discontinued medication
because of drug rash. The other was a patient who did not have a SQUID measured LIC at 48
weeks, although he had had several post baseline LICs.
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Therefore, the analysis populations are shown in the table below.

Table 7-3 Number (%) of patients In analysis populations
Children Adulescents
<1Zyrs 212 yrs All patients
N=20 N=2{) A=Al

Analysis Popuiation n {%) e {%) n %)
ITT pepulation 20 {100.0) 20 (180.0} 40 {100.0)
Safety population 28{100.0) 20 (100.0} 40 {100.4)
PP-1 population 18 (85.0) 20 {100.0} 3% {97.5)
PE-2 population 18 (90.0) 20 {1006.0} 38 {95.0)
PP-3 population 19 (55.0) 20 {100.0} 3% {97.5)

Source: Sponsor submission page 41
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Patiént demographics are depicted in the table below.

Demographic summary

Children Adolescants
<12 yrs 212 yrs Al patients

Variable I Siafistic N=20 N=20 N=d40
Age {years)

n 20 20 40

Mean 1. SD 8.7 +2.83 14.1 1.64 10.4 + 4.37

Median 85 14 11.6

Wliry — fdiax 2=11 12-17 2~-17
Age group (years)

z2~ B 7 (35.0%) 0 {0.0%} ¥ {17.5%}

B ~<12 13 (68.0%) @ {0.0%) 13 {32.5%)

12-<186 0 {0.0%) 16 {80.0%) 16 {40.0%)

16 = <18 0 §0.0%:} 4 {20 0%} 4 {10.0%}
Bex

Male B (40.0%) 9 (45.0%} 17 {42 .8%)

Female 12 {60.0%) 11 §55.0%) 23 {57.5%)
Helght {em)

n 20 20 46

Mean : SD 11451653 1517 17.14 1331+ 22862

Median 114.5 151 141

Ilin = Max 84 - 145 138 - 185 84 - 155
Vieight (kg)

n 20 20 40

Mean + 8D 222923 454 & 9.55 33.8 + 1498

Median 19.2 43.8 33

Min - Max 10.4 =~ 48 32-634 10.4 « 3.4
Veight group (ko)

<15 3 (15.0%) 0 {3.0%} 3 {7.5%)

16 - =35 158 {78.0%) 3{15.0%) 18 {(45.0%)

35 - <55 2 {10.0%) 14 (70.0%%) 16 {40.0%}

55 - <75 0 {0.0%) 3:{15.0%) 3 {7.5%)
BMI {kg/m2}

n 20 20 40

Mear + SO 6.3 ©3.19 196 £2.78 $8:13.38

Median 15.4 19.4 16.7

Mir — hiax 13.4 - 28.6 159248 13.4 - 286

Source: Sponsor submission page 42

There was a somewhat greater number of females than males in the trial. Two patients had a
history of hepatitis C. Three patients, all in Group 2, had had a splenectomy.
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Treatment Administered :

The average daily dose of study drug and drug interruptions are shown in the following table.
Dose interruptions occurred in 9 patients < age 12 years and in 6 patients >12 years, most often
on a single occasion. The average daily dose was 11.3 +2.22 mg/kg. There were 21 dose
escalations at a median time of 39 weeks for lack of efficacy. Fourteen patients had dose
interruptions on 18.occasions for AEs.

Study drug interruptions and avarage daily dose
thildren  Adolescents

<12 yIs. 242 yrs Al patiendis
Study drug administration H=20 N=20 N=40
Nembar of interruptions
i 11 {55.0%} 34 {70.0%§ 35 {62 5%}
1 7 (35.0%) 4 {20.6%: 11 {27.5%
2 2 {10.0%) 2{10.08%) 4 110.0%)
Total iength of interruptions {days)
1 intermuption
n ) ¥ 4 14
Mean + 50 LY+ 588 4 £ 245 T4 % 481
Minirnem: - Misxinem §—145 - 1-15
tledian B A 7
2 interruptions
n 2 2 4
Mean + 5 15+ 1494 248641486  I08413.06
Miniroam - féssivam 525 T4 - 3G 5-35
Median 15 245 10.5
Ayveeage dally dose {mplkgiday)
n 20 20 40
tdean & &L 1122202 1132247 i3y 282
tfininorn: - Waxineem G2-977 281-172.2 a1 -47.F
tAadian $0.8 10.C 10.3
Average dally dose group: {rypikpidayy
7.5-<th 18 {B0.0%) 17 (BE.030) 35 {87 5%}
15 - <25 21 40.0%) 3 {15.0%) & {42.8%%
Relative dosa intensity
n 24 20 A0
tean 1 &0 15402 1 £025 9.1 2022
Wfinirers - fdaxinam D9-1.8 - 04-47 0g-18
Madian 1.4 1.0 1.0

Source: Sponsor submission page 44

75



Clinical Review

George Shashaty

NDA 21-882

Exjade (deferasirox, ICL-670)

The duration of exposure was comparable in both groups. Only one child was withdrawn for an
AE. Overall patient exposure is shown in the following table.

Cverall exposure

Chilidran Adolescaents

Duration of <1Z yrs 212 yrs All patients

exposure (weeks) P20 N=20 N=4D
=12 weeks 1{5.0%) @ 4 {2.5%}
36 - <48 weeks 1 (5.0%) ] 14{2.5%)
A8 weeks 18 {90.0%} 20 {1060%) 38 {95.0%)
n 20 20 40
Mean % 3B 479+ 1143 51.2+2.25 40284
Min - Max 16-559 483 - 687 1.6~56.7
ldedian 48 .4 459 405

Source: Sponsor submission page 46
Drug levels and PK data were reported in a separate submision.

All patients had received DFO prior to enrollment. The majority of patients received a number
of drugs during the study that were typical of this patient population. These most frequently
included analgesics, mucolytics, corticosteroids, anti-infectives and drugs acting on the
gastrointestinal tract and the eyes.

During the study, patients continued to receive blood, with a mean number of transfusions over
the 48 week period of 15.6 + 3.61. The average blood transfusion contained 9.52 +2.55 ml
RBC/kg. Therefore, the iron infused over the period of the study was approximately 150 mg/kg.

‘the age group of the pa :ze—nts

Efficacy Results

Primary efficacy results were based on changes in LIC by SQUID over the course of the trial.
Although it appears that there may have been a slight decline in LIC during the early months of
the trial, by the end of the trial the LIC had trended upward, particularly in the patients in the age
group of 2 to <12 years. This is shown in the following table.
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Tahie 91 Liver iron content (mg Felg dw) by SQUID ~ ITT population
Children Adolazcents
<i2yrs 212 yrs All pationts
Timepoint Statistic N=20 W20 Nz40
Easaline n
;gean i, 5D 20 20 40
PRI - 6.2+251 5.7£2.18 §+234
MaxImum 28-134 25-105 26-13.4
P25 - £75 43-8.1 £.74 43-758
Median 59 52 5.6
Waak 4 n 19 20 30
Mean + SD 62282 541221 58+ 252
Minimuny - Maximum 26~135 25-859 25-1358
P25 « P75 3.7=8 3587 3573
kedian 58 52 53
Week 12 n 7 20 37
Mean + 8D 6.1+278 58+2.33 58+ 251
Blinimum - Maximum 28141 26«11.5 26+ 141
P25 - P75 42.73 F. 41.71
Median 5.1 55 5.1
Waek 24 f 19 ’ 20 3B
Mean + 8D 6622862 58+ 268 8.3 + 264
Rlinimum — Maximum 24137 21122 21=3T
P25« P75 4.8~ 8.4 38T 46-83
Wedian 58 549 5.8
Week 36 n 19 20 38
Mean £ 8D 7.4+ 268 58+2.M1 561 248
Minimum - BMasimam 3.9 147 27 -10.5 27-147
P25« P75 5589 - 48-72 52-85
kedian 6.1 5.8 598
End of Study n 18 20 38
Mean + 80 7494247 6.4 +2.03 71+238
Minimum = daximum 4.4 =135 3.3-16.2 3.3-135
P25 - P75 6.7 - 0.7 46-T7.5 55-87
Madian 74 G.8 7.1

Source: S;onsbf subr?ﬂésfon.pz{gé 49

Based on the definition of treatment success or failure, successes occurred almost entirely in
those patients whose LIC at entry into the study was 2-<7 mg Fe/g dw (17/26), but in these
patients the mean LIC rose but remained <7 mg Fe/g dw, during the year of the study. Only 2/12
patients whose LIC was >7 mg Fe/g dw achieved the definition of success.

Secondary efficacy results were as follows:
¢ Iron balance. The mean ratio of Fe excretion/Fe intake as defined was 0.93 + 0.11
indicating that at the doses of Exjade given, there continued to be accumulation of iron in
the body. This was consistent with the increases in LIC seen during the duration of the
trial in both groups. -
¢ Serum ferritin. Serum ferritin rose from a mean at baseline of 2006.8 + 1119.1 to a mean
at end of study of 2947.9 + 1057.4 ng/ml in both groups.
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Study 0108. Supportive.

Primary Objective.

The primary objective was to evaluate the effects of Exjade treatment on LIC as assessed by
liver biopsy, or by SQUID in patients with contraindications to liver biopsy, after one year of
administration in patients with chronic anemia and transfusional hemosiderosis who were either
B-thalassemia patients who could not be properly chelated with DFO, or patients with a variety
of acquired or congenital rare anemias requiring chelation therapy.

The secondary objectives were:
To evaluate the tolerability profile of Exjade in such patients treated for one year.

e To estimate the absolute and relative change in LIC and total body iron excretion (TBIE)
rate for subgroups, defined by baseline LIC (2-<7 and =7 mg Fe/g dw), age and disease
type.

e To evaluate the relationship between LIC and potential surrogate markers for efficacy
such as serum ferritin, serum iron, transferrin (TRF) and TRF saturation for the dose
titration of Exjade as well as safety markers indicative of possible signs of over chelation.

e To evaluate the relationship between the pharmacodynamics (PD) of Exjade and safety
variables

e To identify genetic factors related to iron stores in patients with B—thalassemia and
transfusional hemosiderosis which may predict

a) response to treatment with Exjade,
b) relative susceptibility to drug-drug interactions, or
¢) genetic predisposition to serious adverse events (SAES)
e To collect proteomic data for biomarker identification
To assess Exjade drug usage.

Study Design.
This was a phase II, non-comparative, multi-center, open label, single arm trial to collect efficacy

and safety data during one year of treatment with Exjade in patients with transfusional
hemosiderosis who could not be satisfactorily treated with DFO. The plan was to enroll 100
patients with rare chronic anemias (Stratum 1) and 75 patients with B-thalassemia (Stratum 2).
Patients were initially entered into the study for a run-in period that lasted up to 28 days, during
which the patients were screened, LIC was measured by biopsy (or SQUID if there was a
contraindication or impracticality to liver biopsy), baseline data was collected and deferiprone
was discontinued in those who had been receiving it. This was followed by a treatment period of
1 year during which periodic assessments were made for safety and PD parameters. At study’s
end, LIC was determined using the same method as performed originally. In addition, ina
subset of patients SQUID measurement of LIC was performed at 24 weeks of treatment.

The design was agreed to with the FDA through a Special Protocol Assessment.
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A diagram of the time periods is shown in the following table.

Table 3-1 Study design

Run-in period , Treatment and observation period
Beroening | Washout
-2810-6 days -510-1 Day 1 | Weekd | Week8 | Week12 Week 16 to 52
Visit 1 | Visit 2 V3 V4 W5 VB Yisits 7 to 16 (EQS)

Source: Sponsor submission page 23

Primary Endpoint :

The primary efficacy variable was defined as a binary outcome indicating success or failure of
therapy. In order to be conservative, the initial dose of Exjade was based on LIC. Depending on
the LIC at baseline, different objectives had to be met to achieve success. For patients with
baseline LIC within the range of 2-<7 mg Fe/g dw, the goal was to maintain LIC within this
range. If the LIC was >7-10 mg Fe/g dw, the objective was to reduce LIC to <7 mg Fe/g dw and,
if >10 mg Fe/g dw, to reduce it by at least 3 mg Fe/g dw. Thus, the baseline LIC determined the
intensity of chelation and the objective to be met during the study. Exjade chelation therapy was
io be considered efficacious if the overall success rate in the ITT population was significantly
>50%. Surrogate markers for efficacy (serum ferritin, serum iron, transferrin and transferrin
saturation) were made at 4 week intervals for comparison to LIC as determined by biopsy or
SQUID.

Reviewer’s Comments. This study of Exjade inclu
transfusion therapy for anemias other than f-
patients had been treated with DFQ and's
inadequately treated. LIC was determined by b
waseither “success” or “failure”. Achievinga
for-inference, but may have some clinical signifi

Patients.
Inclusion criteria were:

e Patients aged >2 years of either sex
e Patients with one of the following congenital or acquired chronic anemias and
transfusional hemosiderosis, requiring chelation therapy:
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o Patients with p-thalassemia and documented non-compliance to DFO, defined as
having taken less than 50% of the prescribed doses in the 12 months prior to study
entry and an LIC> 14 mg Fe/g dw

o Patients with $-thalassemia, inadequately chelated with DFO due to contra-
indications and/or due to documented unacceptable toxicity of DFO, or
documented poor response to DFO despite proper compliance, with an LIC >2 mg
Fe/g dw

o Patients with congenital or acquired chronic anemias other than B-thalassemia
with an LIC >2 mg Fe/g dw

o Patients with chronic anemias and transfusional hemesiderosis treated with
deferiprone which was discontinued at least 28 days before Day 1 and an LIC >2
mg Fe/g dw

Regular transfusion indicated by a blood requirement > 8 blood transfusion per year
Life expectancy of at least one year

Exclusion criteria were:

Sickle cell disease patients

B-thalassemia patients able to be adequately treated with DFO

Patients with non-transfusional hemosiderosis

Patients with mean ALT levels > 250 U/L during the year before enrollment in the study
(at least four determinations during the 12-month period preceding enrollment and
including the measurement during the run-in phase) and patients with ALT or AST
variations > 300% (CV of mean value) during twelve months preceding enrollment
Serological evidence of chronic hepatitis B (presence of HBe Ag, HBsAg, HBbcAb-
IGM, in the absence of HBsAb)

Clinical evidence of active hepatitis C (liver pathology, HCV total antibody positive and
abnormal liver transaminases level; if no liver biopsy was performed HCV RNA
(Polymerase Chain Reaction) positive)

Patients with a known history of human immunodeficiency virus seropositivity

Patients with systemic uncontrolled hypertension

Patients with serum creatinine above the upper limit of normal at screening

Significant proteinuria as indicated by a urinary protein/creatinine ratio > 0.5 (mg/mg) in
second-void urine samples taken at both Visits 1 and 2. A third sample was to be taken
from patients in whom one ratio is > 0.5 (mg/mg) and one is < 0.5 (mg/mg) and patients
in whom the urinary protein/creatinine ratio is > 0.5 (mg/mg) in two of the three
determinations were also to be excluded.

History of nephrotic syndrome

Patients with 2nd or 3rd A-V block, clinically relevant Q-T interval prolongation as well
as patients requiring treatment with digoxin and similar compounds or drugs which may
induce prolongation of the A-V conduction time or prolongation of the Q-T interval
Fever and other signs/symptoms of infection requiring systemic antibiotics in the 10 days
before study Day 1

Patients with a clinically relevant cataract or a previous history of clinically relevant
ocular toxicity related to iron chelation
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Systemic diseases (cardiovascular, renal, hepatic, etc.) which would prevent the patient
from undergoing any of the treatment options
Patients with psychiatric or addictive disorders which would prevent them from giving
their informed consent or undergoing any of the treatment options
Pregnant or breast-feeding patients
Patients treated with systemic investigational drug within the past four weeks or topical
investigational drug within the past seven days
Any other surgical or medical condition which might significantly alter the absorption,
distribution, metabolism or excretion of any drug. The investigator should be guided by
evidence of any of the following:
o history of inflammatory bowel disease, gastritis, ulcers, gastrointestinal (GI) or
rectal bleeding
o history of major GI surgery such as gastrectomy, gastroenterostomy, or bowel
resection
o history of pancreatic injury or pancreatitis; indications of impaired pancreatic
function/injury as indicated by abnormal lipase or amylase
o history or presence of impaired renal function as indicated by creatinine or BUN
values above the upper limit of normal
o history of urinary obstruction or difficulty in voiding
Patients considered by the investigator as potentially unreliable and/or not cooperative
with regard to the study protocol
History of drug or alcohol abuse within the 12 months prior to dosing or evidence of such
abuse as indicated by the laboratory assays conducted during the screening phase
Patients unable to undergo the following study examinations: audiometry, liver
echography or ocular examination

Exclusion criteria for pediatric patients
Patient body weight which prevented the use of the smallest tablet strength for dosing

Treatment _

Exjade tablets are available in strengths of 125, 250 and 500 mg tablets. Prescribed doses were
provided by selecting the appropriate combination of tablets to provide the necessary dose.
Tablets were dissolved in water and then consumed 30 minutes before breakfast.

The initial daily Exjade dose was dependent on the LIC determined at screening:

Patients with a screening LIC of 2 - 3 mg Fe/g dw received 5 mg/kg
Patients with a screening LIC of >3 - 7 mg Fe/g dw received 10 mg/kg
Patients with a screening LIC of >7-14 mg Fe/g dw received 20 mg/kg
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e Patients with a screening LIC of >14 mg Fe/g dw received 30 mg/kg

The initial dose was to remain unchanged during the 1-year study period unless the evaluation
of safety and efficacy markers indicated that dose adjustment was necessary. The minimum

total daily dose of Exjade was 125 mg, that being the smallest tablet strength. Dose adjustments,
when made, were planned to be in increments of 10 mg/kg/d except in some pediatric patients, in
whom dose adjustments could be made in increments of 5 mg/kg/d. Dose adjustments had to be
approved by the sponsor after consultation with the Study Monitoring Committee.

Medications to treat concomitant conditions could be continued during the study and additional
drugs could be used during the study, but all medications were to be entered on to the CRF.

Blood transfusions were to be given as necessary to maintain the hemoglobin >8 g/dl.
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The visit schedule is shown in the following table.

Tabie 3-2 Visit schedule and evaluations

Run-in Treatment and observation
Day Day | Day 4. weekly period
8.6 |5--11 ¥ [1]2]z]4]|5|le] 7 |8 |2 |10]11|12]13
isit 1 2 3 |alslsi7|elel1cl11|12]13]14]15] 16
Randomization b4 ]
informed consent X
Inclusion/exclusion critexia X X
Phivsical examination X X X X X X
Medical history/Current snedical X
oondifions
Eiver funclion history x
Liver biopay X X
LIC SQUID x b4 X
Liver pathology X X
Liver echograghy X X X
“ital signs X X l#lxIx|xlxIx] x [ XX | X}PX] XX
ECS X X * X X
Echocardiography X X
Urinalysis X ¥l xlxlxl x [ x| x| X)X ]| X]X
Renal function X X X el xixxl x| x| % | XX ]| X]X
Ceular examiaudiomelry X X X x X
Hemoglobin X X X I xlalxxIx]x] xix}x | Xp x| x]|X
FHematology, biochemisiny, fron X X XolxI XXl RY ] x [ XX | XX XX
metabolisnt

Source: Sponsor submission page 32

Efficacy Assessments
The primary efficacy assessment was LIC measured by biopsy or SQUID.

Secondary efficacy assessments were:

e Absolute and relative changes in liver iron concentration

e Iron balance

e Surrogate markers and non-invasive methods for LIC assessment (serum ferritin, serum
iron, transferrin and transferrin saturation)

e Liver pathology

e Safety assessments (laboratory hematology and chemistry, ECG, echocardiogram,
physical examination, audiometry, liver echography, ocular examination).

e In pediatric patients, stature, growth velocity assessment, bone age and metaphyseal
changes, pubertal stage, and school attendance and performance were to be observed.
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Amendments and Other Changes

Amendment 1 (23-May-03) revised the exclusion criterion for the permitted level of proteinuria.
Instead of being based on absolute levels of urinary protein, the new criterion excluded patients
with urinary protein/creatinine ratios >0.5 (mg/mg) in a minimum of two urine samples.

In addition, the amendment specified that treatment with Exjade was to be temporarily
discontinued if the urinary protein/creatinine ratio increased to >1.0 (mg/mg) at consecutive
visits. A 50% dose reduction was stipulated for patients in whom proteinuria of this severity
recurred after restarting Exjade at the same dose. The protocol was also amended to more
clearly state that patients with rare transfusion dependent anemias were eligible for inclusion
whether or not they could be treated with DFO.

Amendment 2 (24-Nov-03) introduced dose adjustments for patients on Exjade in whom serum
creatinine levels increased by >33% from baseline values at >2 consecutive visits. For patients
>15 years, dose reductions were performed as shown in Table 4-1 and were made even if the
creatinine levels remained within the normal range. No dose adjustments were performed if
creatinine values from a subsequent visit were <33%. For patients <15 years, dose reductions
were to be performed only if consecutive creatinine levels were >33% of baseline and were also
above the age-adjusted ULN.

Table 4-1 ICL670 dose reductions in patients with increased serum creatinine

Current dose of ICLETD Reduced dose of ICL6TU
10 mglkyidey 5 mgfkg/day

20 mg/kgiday 15 my/kgiday

30 myglkgiday 20 mgrkgiday

40 mg/kgiday 30 mg'kgiday

Source: Sponsor submission page 39

Amendment 3 (2-Sep-04) retrospectively addressed minor changes to the liver biopsy
procedures. More importantly, however, the sample weight threshold for the analysis of liver
‘biopsies was reduced from 1g dw to 0.5 g dw. The number of stains used in the pathology
analysis was reduced to three and a review by a second pathologist was eliminated.

In addition, the following minor discrepancies in the protocol were clarified:
e No photographs of the lens were to be taken during the eye examinations since no
centralized review was planned
e All pregnancy tests were to be performed at the central laboratory .

Other changes included the following:

e Because of a discrepancy between LIC measured by biopsy compared to SQUID, there
was a temporary hold on the trial while the issue was resolved. This led to an extension
of the run-in phase for some patients (up to 57 days) and to the modifications listed in
Amendment 3.
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e A new rash management guideline was instituted to deal with the development of this
AE. The change formalized the variations in dose based on the status of the rash and the
use of oral steroids in the management of the rash.

e A reanalysis of all duplicate blood samples from all visits for serum ferritin was
performed in April, 2004. These results were communicated to the investigators
immediately. The reason for the reanalysis was that there was a problem with linearity of
the ferritin test at concentrations of >1500ug/ml. The problem was corrected before the .
reanalysis of specimens was performed.

Statistical Methods

The primary objective of the study was to evaluate the effects of Exjade on LIC as assessed by
biopsy or SQUID after one year of treatment. Effective chelation with Exjade with either -
thalassemia unable to be adequately treated with DFO or with rare anemias was to be considered
established if the success rate was >50%.

The following populations were analyzed: ,
e Intent to Treat. All patients who had received at least one dose of study drug
e Safety. Identical to the ITT population
e Per Protocol-1. Those that had received study drug and who had an LIC at baseline and
at study’s end, including those who permanently discontinued study medication for an
AE, abnormal laboratory value, abnormal test procedure or an iron overload death.
e Per Protocol-2. Those that had an LIC at study’s end.

Statistical analysis included background and demographic characteristics, planned and actual
dose of study medication, compliance and concomitant medications.

The primary analysis was based on the success rate in the ITT population which was calculated
based on LIC by liver biopsy at baseline and after one year as defined in the following table.

Table 6-1 Primary efficacy endpoint: success criteria {based on LIC)

LIC at baseline Success, if LIC after 1 year Failure, if LIC after 1 year
2-«< 7 mg Felg dw 1-=7mg Fe/g dw < 1 mg Felg dw or 27 mg Fe/g dw
27 -<10mg Felg dw 1 -=Tmg Felg dw <1 mg Fefgdw or 27 mg Felg dw
10 my Felg dw Decreasa in LIC = 3 mg Felg dw Decrease in LIC = 3 mg Feig dw

Source: Sponsor submission page 45
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Subjects with no LIC result at 1 year were counted as failures in the ITT and PP-1 populations,
as were those who discontinued study drug for safety reasons.

Secondary efficacy analyses included:
e Modified success criteria were added after an SPA by the Division. This is defined in the
following table.

Table 6-2 Secondary efficacy endpoint: modified success criteria
LIC at baseline Suctess, if LIC after 1 year Faiiure, if LIC after 1 year

1 -« 7 mg Felg dw <1 my Felg dw orz 7 mg Felg dw

2-=<7mg Felg dw and increase <1 g Feld dw of increase = 1 ma Fela dw

27 -= 10mg Felg dw 1~ 7 mg Felg dw <t my Fefg dw or 27 mg Fefg dw
2 10 mg Felg dw Decrgase in LIG = 3 mg Felg dw Decrease In LIC < 3 mg Felg dw

Source: Sponsor submission page 46

Absolute and relative changes in LIC

Iron balance

Surrogate markers. Serum ferritin, serum iron, transferrin and transferrin saturation
Modeling for LIC and serum ferritin

Liver pathology

Safety evaluation included AEs, laboratory examinations (hematology, chemistry, urinary),
physical examination, ECGs, audiometry, eye examinations, liver echograms and
echocardiograms. Pediatric developmental assessments were made in the pediatric population.

Subgroups analyzed included each stratum, age, sex, race, country, dose cohort, baseline LIC by
method and others.

There was no formal interim analysis.

The size of the trial was determined to demonstrate at the one-sided alpha level of 0.025 that the
success rate was greater than 50% provided that the expected success rate is 65%. One hundred
and thirteen (113) patients were required to achieve a power of 90%, so a total of 175 patients
were planned to be recruited.

Reviewer’s Comments. The analysis plan appears acceptable for anuncontrolled study. A
success rate of 50% in patients who are not successﬁtlly treated with DFO seems. clzmcally
=reasonable but this group would only include the paz‘zents with ﬁ-thalassemza since patients in
the category of other rare anemias.did not requzre a hzstory of the: previous. use of DF 0 to be
eligible for entry.into-the trial. :
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Patient Disposition _

A total of 184 patients were recruited into the trial of whom 85 had B-thalassemia and 99 had
other rare anemias. Details of patient disposition at the end of the study are given in the
following table.

Table 71 Patient disposition

B-thalassemia Rare anemiaz  All patients

Dispogition N=85 N=9% N=184
Reason a {%) n (%} 1 §%]

Completed 77 {80.6) 75 {75.8} 152 (82.6}

Discontinued B (8.4} 24 (24 .2) 32 {17 4)
Adverse events 4{4.7) 91 13{7.1)
Death - 5¢5.1) 5.7}
Study drug no longer required - 440 4{2.2}
Withdrawal of consent 447 8 (6.1} 10 {5.4)

Source: Sponsor submission page 55

Adverse events were the most common cause for premature discontinuation of study drug, and
occurred more often in patients with rare anemias. Reasons for no longer requiring study drug
included bone marrow transplant and a fall in the need for transfusion. Death occurred in 4
patients with myelodysplastic syndrome (MDS) and 1 patient with Diamond-Blackfan syndrome
(DBS). Six patients with MDS withdrew consent as did 4 with B-thalassemia.

Protocol violations occurred in 37 patients (9 with B-thalassemia and 28 with rare anemias)
because they did not have end of study LICs and were excluded from the PP-2 population. Of
these 37, 32 discontinued from the study. The remaining 5 completed the study but did not have
an end of study LIC.

jon of patients with B-thalassemia -

' (9.4% [8/85 patients] compared 10 5.7% -
s]).. The ma > for discontinuation was adverse events. The discontinuation
se events in rare anemias is greater than that for p-thalassemia. Only 75.8% of

 the rare aneinia group completed the trial.
Based on these data, the groupings for analysis are shown in the following table.

Table 7-3 Number {%) of patients in analysis populations

p-thalassenmia Rare anemias All patients

N=85 W=99 N=184
Analysis Population n %} n {%) re (%
Intent-to-Treat (ITT) population 85 (140.0) 9% (100.0) 184 {100.0}
Safety population 85 (100.0} 28 M100.0% 184 {100.0)
PP-1 population 80 (24.1) 85 {B5.9} 185 {88.7)
PP-2 population 76 (89.4) THTLT) 147 {798}
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Source: Sponsor submission page 56

The number of patients in analysis subgroups is shown in the following table.

Teble 745 Number (%) of patients in analysia subgroups
fi-thatassemiz Rareanemias  Adl patlents

Subgrop N=85 =99 Ne=164
n (%) o {4 n {%}
Disease graup
Hrthalasszmis: 85 ¢(106.0) . - A5 (38.2)
s - AT (47 %) A7 (25,55
Giarer-Blackian - 36 (3003 283
Other anemiss - P o) 2% (12.8)
Diose oshort {based on inftiat dose)
& mgikg CL {24} S5 1} T8
10 myytkg 1CL 804y 11{11.9} 18(10.3)
20 kg 0L 22595 20:{30.3} £2:(28.3)
30 g 1G4 53 {6243 53 {535 108 {87 63
Average ptenned dose cabegory
=75 mpfika ICL 2 {24 61545 8 (4.3
7.5-<4% mg/ig 1CE Q{188 15 {15.2% 24 {13.04
956225 myglkg 1L 25 (20.4) 49 (30.4} 64 (3.8
=25 et FCL 4% {57 6) 3G (3044 48 (47.857
Averageiron intake category
Nane - 5 (5.1} (AT
>0-<0.4 mgtkgiday 61 (71.8) 57 {57 54 118 {841}
{.4- 20.5 mglkglday 16 418.8 25 (26.% A% (233}
>0.5 repdkgiday # {24 12442.1 SR8
Basetine LIC method
Biopey BT {78.8) 53 {535} 1201682
SV 18 12125 46 (45,5 £4.(34.8)
Basetine 11T category {by method)
<7 mig Felg dw iBiopsy] 6 {F. 1} 14984 (3.8
<T myg Fely dw (SQUIC} A{4.7} 14 {14.1} 18 {2.8)
=7 mg Fe'g dw {Biopsy) 61 (1.8} 52 (5284 113 {B1.4}
=¥ mig Fefg dw {SQUID} 14 (1655 32 (32 Ad [26.0)
Hasetine 11T dosing category
53 mg Felgde 2 {24} 5¢4.%) 738
>3-F mg Fa'p dw . 4{9.4x 10:450.13 18 {9.8)
>7-14 mg Felg dw 224255 30 (30.3; £2128.3)
214 mg Paip dw H3 a2y 34 (G4 By 107 {582}
Basefine llver enzymes
22 SxULM a6t {71.8; 81 (81.83 142427.2)
=2 SxULN 24 128.2} 18 {18.2) 42 (22,8}
Hepatitis B andfor £
Yes : 30 436,33 991 AL
Mg 85 {647y 90 (00,8 145 {788}

Source: Sponsor submission page 58

Revzewer s Comments Almost half of -the patzents with are ane ias had LIC determmed by
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The demographic characteristics of the patients by disease group in the safety population are

shown in the following table.

Pationt demographics

fi-thalassemia Rare anemias Al patients
Variablo/Statistic N=35 MN=0% N=184
Bge {years]
tlean £ 8D 247 11003 43T £ 2613 352224
Median 23 48 27
Min - Max 4~ 59 3 - 81 3-81
Age group {years)
<B 2 {2.4%) & (9.1%) 11 (8.0%)
6 - <12 5 {6.8%} B (6.1%:} 11 {6.0%}
12 - =16 8 (9.4%) 5{5.1%) 13 (7. 1%}
16 - <50 58 (B1.2%) 30(30.3%) o9 (53.4%)
50 - 85 1(1.2%) 19 {$9.2%) 20 {10.9%}
=55 - 30 (30.3%) 30 {16.3%)
Sex
Male 42 (49.4%) 81 {51.5%) 93 (50.5%}
Femaie 43 (50.6%) 48 {48.5%) G4 (48.5%)
Face .
Caucasian 56 (65.9%) B9 {89.9%) 145 {78.8%})
CQriental 11 (12.9%} 4 {4.0%) 15 {8.2%)
Other 18 {21.2%) 6 {8.19%) 24 {13.0%)
Height {cn}
Mean + 8D 154.4 + 15.41 1546 £ 21.44 1545+ 18.85
heedian 156 160 158.8
Min - Max 89 - 175 93 - 184 @3 - 184
Weight (kg
Mean t 8D 51.1 ¢ 14.08 §7.8 + 20.81 54.7 +18.28
Median 53.2 80 552
Min - Max 13-844 13 -83 13 - 88
Weight group (kg) '
<15 1 {1.2%) 3 (3.0%) 4 {2.2%)
15 ~ <35 0 ¢11.8%) 1 {11.1%) 31 {11.4%)
35 - <55 38 (44.79%) 25 {25.3%) &3 {34.2%}
55. <75 33 (38.6%) BT {37.4%) F0 {38.0%)
>=75 ' 3 {3.5%) 23 {23.2%) 26 {14.1%)

Source: Sponsor submission page 62

The study enrolled 85 patients with B-thalassemia, 47 patients with MDS (which accounted for
much of the difference in age of the rare anemia group since most of these patients were elderly),
30 patients with DBA and 22 patients with other types of rare anemia, which according to the
investigators were: aplastic anemia (n=5), a-thalassemia (n=3), sideroblastic anemia (n=3),
myelofibrosis (n=2), pure red cell aplasia (n=2), pyruvate kinase deficiency (n=2), autoimmune
hemolytic anemia (n=1), Fanconi’s anemia (n=1), hereditary sideroblastic anemia (n=1),
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erythropenia (n=1), and unspecified anemia (n=1). In addition to age, patients with B-
thalassemia differed from those with rare anemias in race and weight.

Patients with Blackfan-Diamond syndrome were similar in age to patients with B-thalassemia.
Patients with rare anemias were less likely to have a history of hepatitis C and splenectomy. The
median serum ferritin was approximately 3000 pg/ml in patients with B-thalassemia compared to
approximately 2000 pg/ml in patients with rare anemias.

‘hemosiderosis.

Treatment

The average daily dose and the relative dose intensity (ratio of actual dose/planned dose) of
Exjade are shown in the following table. Patients with rare anemias received lower doses of
Exjade over the course of the trial.

Average daily dose and relative dose intensity

Study drug Pthafassemia  Rare anemias All patients
administration. N=85 N=2S N=184
Avarageo daily dose {mgfkgiday)

Mean t 80 2381718 2151774 226+ 7.595
Blinimum = Waxiowm &~30 4%~ 30 4.9« 30
Median 269 21.0 234
Realative dose intensity

Mean + 80 0.96 = 0.078 0.94 £ 0,187 0.35 £ 0.147
Minimum - Maximum: 081 -1.0 052-20 0.52-20
fedian 10 1.0 1.0

Source: Sponsor submission page 66
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Dose adjustments, the reasons for adjustment and the duration of exposure in the 2 groups are

shown in the following 3 tables.

Table 8-4 Dose adjustments

B-thalassemia Rare anemiag  All patients

N=85 N=99 N=184
Dosa changes n (%} n_{%]) n {%)
Any dose adjustment
Nao 47 {55.3) 48 (48.5} 95 {51.6)
Yes 38 (44.7) 51 (51.5} 89 (48 .4)
Reason for dose adjustment
AEi#ab szt abnormality 38 {44.7} 47 {47.5) B5 {46.2)
Lack of efficacy - 330 3{1.8)
AEflab fes! abn. afler increase - 10109 1 (0.5}
Dther - 1¢1L9) 14{0.5}

Source: Sponsor submission page 68

Tabie 8-9 Reason for dose adjustments

Pthalassemia Rare anemias  All patients
Dose adjustment N=85 =99 N=184
Doze increase due to lack of efficacy {palients) » 3 2
Tirme to dose increase paseks on treatmient) - 37.4-28.0 37.4-38.0
Diose decrease due to AETab abnormalily {patients) 15 13 28
interruptions due to AR/tab test abnormatily {patienis} 29 40 62
Interruptions due {o Allab tes! abnormality {episodes) 40 75 115
Source: Sponsor submission page 70
Table 8-10 Duration of exposure

Buration of exposure fthalassemia  Rare anemias All patients

fweeaks} e N=Ga N=184

Exposure

<12 weeks § {1.2%) TAT. 1%} 8 (4.3%)

12 « <24 weeks 3 {3.5%} 3 {9. 1%} 12 {6.5%}

24 « =35 weeks 3 {3.5%) T AT 4%} §0 {5.4%)

36 - <48 weeks 2{2.4%) 7T 1%) 9 (4.9%)

»=48 weeks 76 {83.47%) S8 {68.7%) 145 (78.8%:)

Mean = 8D 51.2+ 5992 44 3+ 18.26 47.5 + 14.08

Mindmum - Maxienum 13-618 ¢.7-8619 0.7 -68.8

Median 53.1 5214 52.6

Source: Sponsor submission page 70

Revzewer s € mmem‘s Increases n doszng were rare occurrmg in only 3 patients with rare
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Virtually all patients received concomitant medications. These frequently included analgesics,
supplements, vitamins, anti bacterials, folic acid and sex hormones.

Blood transfusions were given to all patients during the trial except for 5 patients with rare
anemias. The amount of blood given varied immensely from zero to >24 transfusions.

the patients with p-

Appears This Way
On Criginal
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Efficacy Results

The primary efficacy endpoint was the success rate as defined in the protocol (final LIC

compared to initial LIC). Success rates for the PP-1 and the ITT populations are shown in the

following table.
Table 91 Success rates based on change in LIC {ITT and PP-1 popuiation)
PP population ITT population
f-thalassemia Rare anemias Al patients Al patients
N=30 N=85 N=185 N=154
Biopsy 8 SQUID n=80 n=§5 n=165 n=184
Buccess rale {n (%)) 45 {56.3} 48 {56.5} B3 {86.4) 93 (50.5)
95% Gl [45.4, €7.1] [45.8, 67.0] [48.8,63.9] 143.3, 57.8]
p-value {1-sided, alpha=2.5%) p=0.051 (N8} p=0.441 (NS}
LIC <F mg Felg dw n=18 n=13 =23 n=28
Success rale {n (Y]} 2 (200} 8161.5) 10:(43.5) 10 (40.09
95% Gl [2.5, 55.8] [31.6,86.1] [23.2,85.5] {21.1, 61.3]
LIC 2T myg Fefg dw n=70 n=72 n=142 n=158%
Buccess rale {1 (Yl 43 (614 40 {55.6} 83 158.5% 83 (52.2)
a5% Ci [50.0, 72.8] [44.1, 87.0} [80.3, 66.5] {A4.4 80.0]
p-value {i-gided, alphaz2.5%) p=0.022 {8} p=0.289 {N3)
Blopsy n=64 n=46 n=110 n=120
Buccess rale {n (%)) 36 (60.8) 28 {B0.8} 67 {60.9) 67 (55.8)
5% Cl [42.0, 72.9] [45.8, 75.0} [51.8, 70] [48.9, 64.7]
p-value {1-sided. alpha=2.5%) p=0.011 (8} p=0.101 (N3}
LIC <T mg Fefg dw n=& n=l =6 n=T
Success rate {n {¥%)) . - . «
958% Cl [0, 459 - [0, 45.8} [0 41.6]
LIC =7 mg Felg dw =53 n=46 n=104 n=113
Success rale {n (Y]} 33 {87.2} 2B (680.5% 67 {64.4) B7 (59.3)
a5% Cl [55.2, 79.3] [48.8, 75.0] [558.2, 73.8) [&0.2, 68.4]
p-value {1-sided, slpha=2.5%) p=0.002 (8} p=0.024 {5)
SGQUID nz16 n=3y n=55 n=b64
Success rale {n: (3]} 6 {37.5) 20 {81.3} 26 (47.3) 25 (40.69
5% Gl [13.8,81.2] (358, 67.0] (34.1, 60.5] {28.6, 52.7]
LIC T mg Felg dw neé. n=zt3 n={7 n=18
Success rafe (n (%)) 2 (500} 8 {61.5) 40 {58.8) 10 (55.6)
5% Ci 16.5. 93.9] [31.8, 88.1] [32.9, 81.5] {30.8, 78.5]
LIC =T my Felfg dw n=12 n=26 n=38 n=Ah
Success rate (n (%) 4 {33.3} 12 {46.2) 16 (42.1) 16 (34.8)
85% CI 6.7, 60.0] [27.0, 65.3] £25.4, 57.8) [21.0, 48.5]

Source: Sponsor submission page 75

In the overall ITT population the success rate was 50.5% (95% CI 43.3, 57.8). The success rate
was 59.3% (95% CI 50.2, 68.4) in the subgroup of patients who had an LIC 27 mg Fe/g dw by
biopsy. This was also true for the same subgroup in the PP-1 population (success rate, 64.4%
[CI 55.2, 73.6]). The success rate was somewhat greater in patients with B-thalassemia than with
rare anemias. There were no statistically significant differences in success rates among patients
with myelodysplastic syndrome, Diamond-Blackfan syndrome or other miscellaneous anemias,
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perhaps because the number of patients enrolled in each category was too small to demonstrate a
difference. Patients who had large transfusion requirements tended to fare poorly, while those
whose transfusion requirements were small responded more favorably to the administration of

Exjade.

Secondary endpoints included the following:

Liver iron concentration. The mean liver iron concentrations at baseline in patients who
had LIC determination by biopsy (101/147 patients in the PP-2 population) was 21.9 +
10.29 mg Fe/g dw as compared to a mean LIC of 9.5 + 5.35 mg Fe/g dw in patients
whose LIC was determined by SQUID (46/147 patients in the PP-2 population).. This
difference at baseline approximates the now known 2:1 ratio between LIC measured by
biopsy versus SQUID. Proportionally more children and older patients with
myelodysplasia had LIC by SQUID than other age groups and these patients were
protocol-assigned to lower doses of Exjade. Patients assigned to low doses (5-10
mg/kg/d) of Exjade had an increase in LIC over the period of the study. Those assigned
to a dose of 20 mg/kg/d had an equal or slightly lower LIC at study’s end, while those
assigned to 30 mg/kg/d had a mean decrease in LIC between 5-10 mg Fe/g dw
depending in part on the underlying cause of the anemia. In patients with biopsy
demonstrated LIC of >7 mg Fe/g dw at baseline, there was a decrease of 6.5 + 7.98 mg
Fe/g dw at the end of the study (p<0.001). There was a decrease in LIC in patients
whose LIC was >7 mg Fe/g dw as determined by SQUID but the decrease was less
marked (mean, 2.4 + 3.49 mg Fe/g dw).

Iron balance. The average iron intake was 0.35 + 0.12 mg/kg/d for patients with p-
thalassemia, 0.28 = 0.14 mg/kg/d for patients with myelodysplastic anemia, 0.4 + 0.11
mg/kg/d for patients with Diamond-Blackfan syndrome and 0.31 + 0.19 mg/kg/d for
patients with miscellaneous anemias. The mean ratio of Fe excretion/Fe intake was 1.45
+ 0.948 for all patients. It was generally lower for patients with Diamond-Blackfan
syndrome than it was for myelodysplastic syndrome and miscellaneous anemias,
primarily because of the greater intake of iron in patients with Diamond-Blackfan
syndrome.

Serum ferritin. Serum ferritin, although varying markedly throughout the trial in all
populations, did appear to track the changes in LIC. In patients receiving Exjade at a
dose of 5-10 mg/kg/d, serum ferritin tended to rise over the year of the trial. In patients
receiving Exjade at a dose of 20 mg/kg/d, serum ferritin was stable or fell somewhat. In
patients receiving Exjade at a dose of 30 mg/kg/d, serum ferritin decreased (mean
decrease 854.3 £ 1728.4 pg/L) in all groups studied but by different amounts depending
on the underlying cause of anemia.

Serum iron, serum transferrin and transferrin saturation. These markers were of no value
in following the course of treatment with Exjade.

Liver pathology. No statistically significant changes in scored liver pathology were
present in patients treated with Exjade.
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'reductzon inLl C a’urzng therapy far one year in patzents whose ltver zron measured by bzopsy
was' >7:mg F e/g dw. This study adds support to the idea that Exjade atleast at higher doses, i’
able'to decrease LIC in patients with- transfusion related hemosiderosis.even as they continue to
receive transfusions, even though the decrease  is limited by the number of transfusions that are
fadmzmstered during the interval. The sz‘ua'y of iron balance'is suspect because the formula for :

its calculation requires an accurate measure of LIC and that is not possible with SQUID.

Efficacy Findings
Reviewer’s Summary of Efficacy

- The sponsor failed to achieve the primary efficacy objective in its pivotal trial, Study 0107. The
efficacy objective was to demonstrate non-inferiority of the proportion of patients with p-
thalassemia and transfusion induced hemosiderosis “successfully treated” (i,e., who met
specified values for LIC after 48 weeks of treatment) with Exjade compared to a similar group of
patients who were treated with DFO. The success rate in the PP-1 population was 146/276
(52.9%, CI, 47.0, 58.8) of patients treated with Exjade compared to 184/277 (66.4%, CI 60.9,
72.0) of patients treated with DFO. The difference in success rates between the two arms was -
13.5%. The confidence interval of the point estimate (-21.6, -5.4) was beyond the pre-specified
non-inferiority margin of -15%. This would normally be interpreted as not providing support
for approval of an indication. However, there are several other aspects of the data that should be
examined in order to better evaluate the efficacy of the agent.

First, it appears that a cause for failure for the overall population in the trial was an insufficient
dose of Exjade in many of the patients. Insufficient dosing appears to have been an error of the
sponsor’s own doing. It is peculiar that the sponsor would even have considered using Exjade in
doses of 5-10 mg/kg/d in any of its trials since in an earlier twelve day pharmacodynamic study
(0104) in 23 patients with transfusion dependent B-thalassemia, the mean iron excretion rate in
patients 1eceiving Exjade at a dose of 10 mg/kg/d was only 0.119 + 0.06 mg/kg/d. For a 50 kg
patient, iron excretion would have amounted to approximately 6 mg daily (180 mg monthly).

This degree of iron excretion is clearly insufficient to keep pace with iron intake from continuing
transfusion requirements of several units of packed red cell transfusions monthly. One could
view Study 0107 as a dose-comparison concurrent control study with several doses of Exjade
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compared to DFO and conclude that high dose Exjade demonstrates a clinically meaningful iron
excretion compared to DFO. The same conclusion could be reached for the other studies
performed by the sponsor. Such an interpretation, however, would have to consider both the lack
of randomization (since Exjade dose was based on LIC) and blinding.

Second, the sponsor did not use the data from the phase II dose/response studies (0105 and 0106)
properly in the design of the pivotal trial (0107). As preliminarily suggested from Study 0104,
the sponsor showed in these two studies that Exjade at a dose of 10 mg/kg/d was incapable of
reducing either LIC (as measured by SQUID) or serum ferritin in transfused p-thalassemia
pediatric or adult patients. While underdosing was in part related to the use of SQUID
measurement of LIC, of additional concern to the sponsor was the prospect of overchelation of
iron and the possibility that this would lead to an increase in adverse events, particularly renal,
that had been suggested in preclinical studies. Nonetheless, it seems in retrospect that the
primary endpoint might have been achieved had the sponsor employed doses in the pivotal trial
that would have been suggested by the results from the earlier trials. Part of the problem is due
to the fact that the trials often overlapped.

Third, although subgroup analysis is not acceptable to the Agency to support an indication, it
should be noted that the sponsor did pre-specify in the pivotal trial that there would be an
cfficacy analysis of the subgroup of patients whose LIC was >7 mg Fe/g dw. This is an
important subgroup of patients as it is probable that patients with higher LICs are at greater risk
of iron organ damage than patients whose LICs are lower. In the group of patients with LIC >7
mg Fe/g dw as measured by either biopsy or SQUID, non-inferiority to DFO was achieved.
Additionally, in this same group the secondary endpoints of a decrease in mean LIC from
baseline to end of study and a decrease in serum ferritin over the same time frame were also
achieved. This is important because an argument can be made that a significant reduction in LIC
1s the most desirable outcome in patients as it seems to correlate with total body iron burden.

Fourth, the non-inferiority margin selected should be based on the known efficacy of the
comparator. Although there is a body of information on the improvement of survival and
morbidity in patients with B-thalassemia treated with DFO, there is a paucity of data on the
quantitative changes in liver biopsy determined LIC. In one prospective study of 16 children
with B-thalassemia (9), LIC fell from a baseline value of approximately 33 to 26 mg Fe/g dw
after one year of therapy with DFO. No control population was studied. The selection of the
non-inferiority margin of -15% for the analysis of comparison to DFO was arbitrarily chosen by
the sponsor. Whether or not that non-inferiority margin was correct from a clinical point of view
1s uncertain because of the lack of information from previous studies of the effect of DFO on
biopsy-determined LIC. In Study 0107, the 95% confidence interval for the point estimate of
-13.5% in the difference in success rate between Exjade and DFO for the entire PP-1 population
(553 patients) was [-21.6, -5.4].

Fifth, Study 0108 lends support to the findings in the pivotal trial, since the results in the patients
with B-thalassemia mirror the results in Study 0107. In patients with other transfusion dependent
anemias, the data are less convincing and must be interpreted in light of the differences in the
natural histories of the diseases that were included in that population.
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Study 0107 suggests that Exjade is effective in reducing iron overload in pediatric patients with
LICs 27 mg Fe/g dw since a large fraction of the patients in the trial were in the pediatric age
group and their response to therapy was the same as adult patients. Similarly, there does not
appear to be any difference in response related to gender. Most of the patients receiving therapy
with Exjade were Caucasians because of the ethnic distribution of the disease of interest. The
sponsor is currently conducting an efficacy study in patients with sickle cell disease and
transfusional hemosiderosis that will provide data on a largely Black population.

Judgments about the clinical effectiveness of an agent must be made in comparison with
available therapy. The only approved drug for the indication is DFO. DFO suffers primarily
from its required method of administration. While it appears to be effective in those who can
adhere to an onerous schedule, those physicians and patients who contend with the problems of
its long term use to gain its benefits are in the minority. Many of the patients who could likely
benefit from an iron offloading agent are therefore never treated.

Clinical Microbiology

Not applicable.

Efficacy Conclusions

* The sponsor failed to achieve the primary protocol-specified efficacy endpoints in either
the adequate and well controlled trial (0107) or in the supporting trial (0108). Study 0107
did not demonstrate non-inferiority to the use of Exjade compared to DFO in patients
with hemosiderosis due to transfusion therapy in patients with B-thalassemia. Study 0108
did not reach its protocol-specified success rate.

* Studies 0107 and 0108 demonstrate that Exjade at doses of 20-30 mg/kg/d stabilize or
reduce LIC over a one year period in patients with transfusion dependent B-thalassemia
and rare anemias. Lower doses of Exjade are ineffective in achieving this endpoint.

» The stabilization and/or reduction in LIC induced by these doses of Exjade are clinically
meaningful.

e Serum ferritin levels decline as does the LIC but the correlation between the two
measurements is imperfect.

e Although Exjade appears to reduce the total body iron burden in patients with
hemosiderosis due to chronic transfusion therapy, the studies submitted do not allow for a
conclusion regarding the effects of Exjade on morbidity or mortality in these paticnts.
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6 INTEGRATED REVIEW OF SAFETY

6.2 Methods and Findings

The review of safety was based on the data submitted by the sponsor from all the clinical trials

performed to date. The data included adverse events, laboratory assessments, various
examinations (particularly ocular and auditory) and other evaluations.

Deaths

No deaths occurred during Studies 0105 or 0106.

There were 4 deaths in Study 0107, 1 in an Exjade treated patient and 3 in DFO treated patients.
The causes of death are shown in the following table.

GCauses of death by system organ class and preferred term

ICLEYO oFo All patients
Primary system organ class =296 N=290 N=5886
Preferred Tenn 1t (%) n (%) n (%)
Any primary system orgarn class 140.3} 3(1.0 4{0.7)
Cardiac disorders - 1{0.3) 1{0.2)
Intracardiac thrombius - 1(0.3) 1(0.2)
General disorders 1 (0.3} - 1(4.2)
Sudden death 1(0.3) - 1{0.2)
Infections and infestations 1{0.3) 1 {0.2)
Septic shock - 110.3) 1{0.2)
Nervous system disorders 1 (0.3} 1{0.2)
Convulson 110.3) 1{0.2}

Source: Sponsor submission page 102

Descriptions of the deaths are as follows:

One patient died while receiving Exjade.
Patient 1902/00049 was a 3 year old Tunisian male who was diagnosed with B-

thalassemia major in L
been splenectomized on T

T He lived 400 km from the study center. He had
1 to reduce transfusion requirements, had been
immunized and was taking prophylactlc penicillin. He had been receiving DFO for 2

months prior to entry on the study. His LIC by biopsy at study entry was 16.0 mg Fe/g

dw. He commenced Exjade therapy at a dose of 31.2 mg/kg/d on ©

He had received his last blood transfusion on € i
1 These were generally normal except for
the following: ferritin, 1209 pg/L LDH, 315 U/L; B-2 microglobulin, 2350 pg/L; C-
reactive protein, 8.6 mg/L; and transferrin saturation, 108%.
1 which was the 84" day of Exjade administration. The clinical description was that

studies were performed on €

1 His last laboratory

He died on L.

the child had been well on the day of death but awakened from sleep sobbing and
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appeared to be very ill. There was no obvious fever. He then died suddenly before any
medical evaluation could be performed. Because of the distance from his home to the
medical facility and the rapidity of his demise, he was not seen by any health related
individual at the time of death. No autopsy was performed. No specific cause of death
was established.

wer‘s Comments. This case is troubling but the lack of any evaluation of the: epzsode a’oes

not permit speculation on the cause of death and what,- if any, relationship there was to Exjade.”

Three patients died while receiving DFO.

Patient 0418/00013 was a 40 year old male with B-thalassemia intermedia who was
splenectomized at age 12. On study Day 328, the patient experienced severe diarrhea,
fever, vomiting and headaches, and was hospitalized the next day. He presented with
dehydration, altered consciousness, mental and physical agitation, and convulsions. CT
scan of the brain was normal but laboratory results were compatible with infection.
Shortly after the CT scan, the patient had a convulsion and died. The final diagnosis was
viral encephalitis. No autopsy was performed.

Patient 1101/00009 was a 20 year old female with B-thalassemia major. On Day 96, she
reported concentration problems which persisted and was prescribed essitalopram for ten
days. The patient saw her doctor on Day 178 of the study with complaints of vomiting,
sore throat and somnolence. Due to severe vomiting and dehydration, the patient was
hospitalized that same day. The patient was rehydrated and also received a blood
transfusion. Her general condition was considered satisfactory but she was kept in the
hospital for observation. That evening, severe vomiting recurred together with
hemoptysis and cyanosis. She was transferred to the intensive care unit where she was
intubated, experienced further convulsions and developed acidosis. The patient was given
nitrazepam. The following day, an X-ray revealed severe acute respiratory distress
syndrome. The patient developed fever and was started on vancomycin and penicillin.
She subsequently received ceftriaxone and ciprofloxacin due to septic shock and possible
Yersinia infection. She developed hypotension and hyperglycemia and died the next day.
No autopsy was performed. Septic shock was thought to be the cause of death, although
the results of blood, throat and tracheal aspirate cultures were negative. The exact cause
of death was unclear.

Patient 1903/00005 was a 10 year old female with p-thalassemia major who had had a
splenectomy. On Day 366 of the study, an intraventricular thrombus and heart failure
were diagnosed and she was hospitalized. Symptoms and treatment were not specified.
Study drug was discontinued on Day 378. The patient died five days later.

Reviewer 's Comments. The causes of death in patients in the DFO arm of the trial are similarly
uncertain.

The four deaths out of less than 600 subjects in a period of one year, particularly in patients in
this age group, are disconcerting. Patients who entered into the trial had to have reasonable
organ function at the time of entry, so none of them could have been considered “end- Sz‘age "
Three of the deaths occurred in the comparator arm of the trial.
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In Study 0108, all patients received Exjade as there was no control arm. There were 6 deaths in
Study 0108 and all were in the “rare anemia” group (99 patients were in the rare anemia group
and 85 patients had B-thalassemia with a total study size of 184 patients). Five of the deaths
occurred in patients with myelodysplastic syndrome and one occurred in a patient with
Diamond-Blackfan syndrome. No deaths occurred among the patients with B-thalassemia (85
patients). The deaths are described as follows:

Patient 0410-00001 was a 76-year-old Caucasian man diagnosed with MDS two years
prior to study entry. His main medical conditions included left ventricular hypertrophy,
reduced diastolic function, and chronic obstructive bronchitis. On study Day 20 of the
study, the patient was hospitalized due to severe dehydration. Study drug was
discontinued. Following appropriate treatment including rehydration, his condition
improved. On Day 27, while still hospitalized, he experienced dyspnea, tachycardia,
mental confusion, and died due to cardiorespiratory arrest. No autopsy was performed.
Patient 0503-00009 was a 71-year-old Caucasian woman in whom MDS was diagnosed
ten years prior to study entry. Ongoing medical problems included coronary artery
disease and hypothyroidism. At study entry, the absolute neutrophil count (ANC) was
0.85x 10°/L. On Day 291 of the study, the patient experienced back pain and decreased
energy and presented to her general practitioner two days later. She was admitted to the
hospital the same day with sepsis and pneumonia which rapidly progressed to acute
respiratory distress syndrome. Neutropenia (ANC 0.68 x 10°/L) was present and ascribed
to 5-azacytidine which had been taken as treatment for MDS since Day 272. The patient
began antibiotics but died that night. No autopsy was performed.

Patient 0504-00006 was a 49-year-old Caucasian woman diagnosed with MDS two years
prior to study entry. She had undergone a partial right lung lobectomy due to a
pulmonary embolism six weeks prior to study entry. She was taking warfarin and
acetylsalicylic acid in an effort to prevent recurrence. On Day 20, while at the doctor's
office, she experienced inability to breathe, cough and hemoptysis, and cardiac arrest.
Attempts at resuscitation were unsuccessful. At autopsy, the cause of death was recorded
as asphyxia due to hemoaspiration due to a pulmonary infarction.

Patient 0904-00002 was a 54-year-old Caucasian man who was diagnosed with MDS six
years prior to study entry. The disease course was complicated by severe neutropenia and
episodes of septic fever. At study entry, the absolute neutrophil count (ANC) was 0.63 x
10°/L. On Day 24 of the study, the patient experienced neutropenic sepsis and was
adgnitted to the hospital where he died three days later. The ANC on Day 27 was 0.06 x
10°/L.

Patient 1202-00003 was a 71-year-old Caucasian woman who was diagnosed with MDS
five years prior to study entry. Medical conditions at study entry included angina
pectoris, hypertension, polyarthrosis, osteoporosis, gastritis, intestinal dysfunction and
anxiety. On Day 348 of the study, as per protocol, the patient underwent an end-of-study
liver biopsy to evaluate liver iron content. Three days later, she developed severe
abdominal pain and was hospitalized the same day. Peritoneal bleeding due to liver
lacerations sustained during the liver biopsy was diagnosed. Hypovolemic shock,
disseminated intravascular coagulation and renal failure followed and the patient was
admitted to intensive care. She underwent a laparotomy for liver suture and was treated
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with multiple transfusions, artificial ventilation and antibiotics. On Day 355, she
developed ileus and an abdominal infection. She was treated with antibiotics, rectal
catheters, gastric catheters and parenteral alimentation. Study drug was discontinued on
Day 370. Six days later, she developed Enterococcus and Staphylococcus septicemia and
died 18 days later. The cause of death was septic complications following a laparotomy
to repair liver lacerations. An autopsy was not performed.

e Patient 0801-00018 was a 42-year-old Caucasian female with Diamond-Blackfan
syndrome who had medical problems at study entry that included bone marrow failure,
hypothyroidism and depression. At entry into the study, her absolute neutrophil count
(ANC) was 0.36 x 10°/L. On Day 159, she was admitted to the hospital with fever,
thought to be due to a hematoma. She was started on intravenous antibiotics and
discharged the next day but attended the hospital daily for treatment. She was re-
hospitalized on Day 167 with fever and hypotension. The ANC was 0.11 x 10°/L. Study
drug was discontinued. She developed gram-negative sepsis and her condition
deteriorated despite medical intervention. She died four days later.

Reviewer’s Comments.. Two of the six deaths were _cardiorespiratory in nature, one related to
pulmonary embolism (wzth a pre-existing. embolic event) and one posszbly embolic or due to -
myocardial infarction. T) hree of the six deaths were probably attributable to sepsis associated
with neutropenia. Although all z‘hree were neutropemc prior to institution of Exjade, it is possible
that Exjade contributed to the worsening of the neutropenia. One patient died of post-operative
complications after surgery to repair a biopsy induced hepatic laceration. :

Other Serious Adverse Events

Serious adverse events (SAE) observed in Study 0105 are shown in the following table.
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Table 10-3 Numbers (%) of patients with SAEs (safety population)

Primary system organ class ICLETO ICLE6TD DFCx All
Preferred term 16 mygikg 20 mgikg 40 mglkg treafments
Ri=24 n (%) N=24 n (%] =23 n (%} N=71 n (%)
Any primary system organ 4{16.7} 3 {12.5} 3 {21.7) 12 {16.9)
class
Cardiac disorders 0{0.0) 1{4.2) 24{8.7) 3{4.2)
Arrhythmia NOS 0(0.0) 1(4.2) 1(4.3) 2{2.8}
Atrial fbrilfation 0 {0.0) 0 (0.0} 1{4.3} 1(1.4)
Cardiac failure NOS 0 (0.0} G oo 1(4.3) 1(1.4}
Gastrointestinal disorders 1(4.2} G (0.0) 2{8.7) 3{4.2)
Abdeminal pain NOS 1{4.2y 0 0.0} 2(8.7) 3 (4.2
Infections and infestations 1{4.2) 1{4.2) 1{4.3) 3{4.2)
Bacterial infection NGS 1(4.2) G (0.0) 000 1(1.4}
Pyelonephritis NOS 0 (0.0} 1(4.2) 0 (0.0} 1(1.4)
Upper respiratory tract 0 (0. m 0 (0.0} 1{4.3) 1{1.4}
infection
General disorders 1(4.2) 0 (0.4} 1{4.3) 2{2.8)
Edema peripheral 1142} 0 {0.0} & (0.0} 1{1.4}
Pyrexia 3 (0.0} (0. 1(4.3) 1(1.4}
Renal and urinary dizordors 1(4.2) 1{4.2) ¢ (0.0) 2{2.8)
Renal colic 1(4.2} 1{4.2) 0 (0.0} 2(2.8)
Hepatobiliary disorders 0 (0.9) 1{4.2) 0 {0.0) 1{1.4)
Cholecystilis NOS ' Q10.0} 1(4.2) 0 (0.0) 1(1.4)
Injury etc. 0 (0.0} 1 (4.2} 0 {0.0) 1{1.4)
Femur fraciure G (0.0) 1{4.2) G 0.0 1(1.4}
Injury NOS 0 (0.0} 1(4.2) 3 (0.0} 1(1.4}
Radius fracture 3 (0.0} 1(4.2) 3 (0.0} 1(1.4}
Investigations G (0.0} 0 (0.0} 1(4.3) 1{1.4)
Usinary endoscogy 0 (3.0} G (0.0) 1 (4.3) 1(1.4}
Vascular disorders 1{4.2) 0 (0.0} G {0.0) 1{1.4)
Thromboghlehitis 1{4.2} 0 (0.0} 0 (0.0} 10(1.4)

Source: Sponsor submission page 57

Reviewer’s Comments. All patients in this study had f-thalassemia. The frequency of SAEs was
similar in patients receiving either dose’ level of Exjade or DFO. One patient receiving Exjade .
at a dose of 10 mg/kg/d and ove patient. receiving Exjade at a dose of 20 mg/kg/d had an episode
of renal colic. One cardiac SAE (arvhythmia, CHF) occurred in a patient receiving Exjade ata
dose of 20 mg/kg/d. SAEs led to drug discontinuation in 2 cases: trauma from an automobile
accident led to discontinuation in one patient receiving Exjade; arrhythmia with CHF led to
discontinuation in one patient receiving DFO.
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Serious adverse events observed in Study 0106 are shown in the following table.

Table 10-3 Number (%) of patients with SAEs

Chifdren

Children
<12 yrs 12 yrs Ail patients
Primary system organ class N=20 N=28 N=40
Prefecred lerm n (%) n {%;} n (%}
Any primary system organ class 1(5.0) 3 {5.0% 4 {10.9)
Gastrointestinal disorders G (0.0} 1(5.0% 1{2.5)
Pancrealitis 2(2.0} 1(5.0) 1(2.5)
Hepatobiliary disarders 0 (0.0} 1 (5.0} 1{2.5)
Chaleiithiasis 0 (0.0} 1{5.0) 1{2.5)
infections and infestations 0 (0.0) 1 (5.0) 1(2.5)
Gastroenteritis 0{0.0) 1 (5.0} 1 (2.5}
injury ctc 1 (5.0} 1 (5.0} 2(5.0)
Head injury 1 (5.0} 0 (0.0) 1(2.5)
Transfusicn reacton 0 0.0} 1(5.0) 1(2.5)
Surgical and medical procedures 0 r0.0) 2(10.0) 2(.0)
Cholecystectomy a (0.0} 1{5.0) 1{2.5)
Teonsillectomy 0 (2.0} 1(5.0) 1(2.5)

Source: Sponsor submission page 59

Reviewer’s Comments. All of the patients in this study were children with P-thalassemia. The
episode of cholelithiasis with pancreatitis leading to cholecystectomy may be due to hemolysis,
but Exjade is excreted via the biliary route and has been associated with hepatobzltary

abnormalities in animals. None of the SAEs led to drug discontinuation. '

Appears This Way
On Griginal
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Serious adverse events observed in Study 0107 are shown in the following table.

Tabie 10-5 Mumber (%) of patients with SAEs by primary system organ class a

preferred term
CLB70 BFO All patients
Primary system organ class N=296 N=290 N=5886
Preferred term n {%) n {%) n {%6)
Any primary system organ class” 27{8.1) - 25 {8.58) 52 (8.9)
infections and infostations 724 EXEAH 16 (2.7)
Septic shock*™ - 1(0.3) 1(0.2)
Gastrointestinal disorders 4{1.4) S{1.7) 3 (1.5}
Abdeminal pain 1 {0.3} 140.3} 2 (0.3}
Diarrhoea - 1{0.3) 1 (0.2}
Dyspepsia 1(0.3) - 1{0.2}
Gastric ulcer 1{0.3) . 1(0.2)
Gastritis . 1 {0.3) 11{0.2}
Hialus hernia - 1{0.3) 10.2)
Feritoneal haemorrhage 110.3) - 140.2)
Vomiting - 210.7) 2 {B.3}
General disorders 5{1.0) 207} 7(1.2)
Chest pain 110.3) - 1{0.2}
Sudden death™ 1(0.3} - 1(0.2)
Pyrexia 3{1.0) 2{0.7y 5(0.9}
Injury cte. 5{1LT) 1{0.3) 6(1.0%
Cardiac disorders 207 300 5 (0.9}
Arthythmia 1 (0.3} - 1(0.2}
Cardiac arrest - 1{0.3) 1({0.2}
intracargiac thrombus** - 140.3) 11(0.2}
Palpitations - 10.3) 1(0.2)
Wentricular tachycardia 1({0.3) . 1{0.2}
Mervous system discrders 3{1.0) 2{0.7) 5(0.9)
Brain cedema . 1(0.3) 1 (0.2}
Convulsion® ) - 2(0.7) 2 0.3}
Encephalcpathy - 1{0.3) 1(0.2}
Loss of consciousness 11{0.3) - 1(0.2)
Psychomotar hyperaclivity | 1 (0.3} 1(0.2}
Somnolence 110.3) 11{0.2}
Syncope 110.3% . 11(0.2)
Blood and lymphatic system disorders 207 2407 4 (0.7}
Anaemia - 110.3) 1(0.2}
Hypersplenism acquired . 1 (0.3} 1{0.2}
Lymghadenogathy 1 (C.3% - 1(0.2}
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1102y

Neuiropania 1 (0.3}

Muscwloskeletal disorders 2{0.7) 2{0.7) 4 (0.7}
Arthralgia 1{0.3) £0.0) 1{0.2)
Back pain - 2(0.7) 2 {0.3}
Osteoporetic fracture 1 (0.3) = 1{0.2}

Surgical and medical procedurcs 2{0.7) 2{0.7y 4 (0.7}
Splenectomy 2{0.7) 20.7) 4.(0.7}

Hepatobillary disorders 2{0.7) = 2{0.3}
Hepatitis 2.7y 2{0.3)

Metabolic and nutritional disorders - 2{0.7) 2 (0.3}
Dehydration - 1(0.3) 14{6.2}
Diabetes mellitus “ 140.3) 1{G.2}

Renal and urinary disorders - 2:0.70 2{0.3}
Calculus urinary - 1 (0.3} 1{0.2}
Wesicoureteric refiux - 1 (0.3} 1{0.2}

Skin disorders 2{0.7) 2 (0.3}
Dermatitis allergic 1(0.3) - 118.2}
Rash 14¢0.3) - 1{0.2}

Reproductive dizsorders - 207 2{0.3})

Pregnancy - 1{0.3} 1{0.2}
Pregnancy - 1 (0.3} 1{0.2}

Psychiatric disorders 1{0.3) - 1(0.2}
nsomnia 1(0.3) - 1G.2}

Ear and labyrinth diserders 1{0.3) 106.2}
Vertigo 1 (0.3} 110.2}

Eye disorders 140.3) 11{0.2}
Cataract 1(0.3) 110.2}

Respiratory disorders - 1{0.3) 1(6.2}

Source: Sponsor submission page 1034
Appears This Way

On Original
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Two patients developed hepatitis, one with accompanying neutropenia, while receiving Exjade.
These cases are further described as follows:

Patient 0801-00003 (Exjade dose, 10 mg/kg/d)

This 14-year-old Caucasian girl with [-thalassemia major was taking conjugated estrogens as
hormone replacement therapy when randomized in the study to ICL670. Transaminase levels
at study entry were normal and hepatitis scrology was negative.

Afier 20 days of treatment with 1CL670, she complained of abdominal pain which led (o a
one-day interruption of study drug. The abdominal pain resolved spontancously eight days
later. This cvent was graded as mild. and in the investigator’s opinion, was suspected to be
related o study drug.

The investigator noted a gradual, moderate increase in liver transaminases, starting on Day 83,

when SGOT/AST and SGPT/ALT were 44 and 38 USL (ULN 30 LFL). res heetively, On Day

_ , f J J

224, the patient again experienced abdominal pain, Initially mild and infrequent. her
! ) ‘ . i

symptoms increased in severity, On Day 228, SGOT/AST and SGPT/ALT were 124 and 239
UdL, respectively. Study drug and hormone replacement therapy were  permanently
discontinued on Day 236 due to persistently elevated transaminases.

On Day 256, the AST was 275 U/L and a liver biopsy was compatible with drug induced
hepatitis. On Day 357 (121 days after discontinuing Exjade) the AST was 159 U/L. No further
follow-up was provided. The serum bilirubin remained within the normal range during the entire
event.
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Patient 1105-00020 (Exjade dose, 30 mg/kg/d)

This 18-year-old Caucasian woman with p-thalassemia major had a medical history which
included hepatitis B and C, recorded as inactive when the patient entered the study, though the
patient was posilive for hepatitis B surface antigen. Absolute neutrophil count (ANC) and
liver transaminases were normal at study entry.

On Day 122, the patient experienced severe dyspepsia, mild heartburn and epigastric pain.
The symptoms improved afler treatment with omeprazole but recurred on Day 142, On Day
140, ANC was 1,73 x 10%L, and SGOT/AST and SGPT/ALT were 233 and 475 U/L,
respectively. Study drug was interrupted on Day 147 and dyspepsia resolved three days later.
The patient was hospitalized on Day 133 for further investigation. ALT levels had increased
to 967 U/L and gamma-GT was slightly increased, but alkaline phosphatase, bilirubin,
amylase and lipase were normal. Ultrasound showed hepatomegaly and tests for hepatitis B
and € were positive. Serology tests for eytomegalovirus lgG were also positive. The patient
was discharged after four days with a diagnosis of hepatocellular damage. possibly viral or
drug-induced. The patient’s condition improved alter normalization of the transaminase levels
and study drug was reintroduced on Day 172 at 20 mg/ke.

On Day 199, the patient experienced fever and recurrence of severe dyvspepsia which led to
hospitalization. The fever was found to be due to a dental problem which resolved 13 days
later following the administration of cefuroxime. Study drug was temporarily interrupted due
to dyspepsia but the patient” symptoms persisted despite treatment with ranitidine and
omeprazole. The patient underwent several tests including blood cultures. agelutination tests
for salmonclla/brucella. wrine microscopy and chest Xeray, all of which were negative. A
gastroscopy was performed on Day 209 showed mild esophagitis and retlux. Biopsy showed
duodenal congestion. antral edema and mild esophagitis. In the investigator's opinion. the
esophagitis and gastrocsophageal reflux were suspected to be refated to study drug.

On Day 261, the dose of ICL670 was increased o 30 mg/ke. Nineteen days later. the patient
again reported severe dyspepsia and nausea. When examined three days later, her gastric
symptoms had resolved. However, on Day 287, Iaboratory tests showed a new increase of
SGPT/ALT to 2121 U/L and of SGOT/AST 1o 875 U/, Mild neutropenia was also present
with an ANC of 137 ~I0YL. A liver biopsy was compatible with drug-induced
hepatotoxiceity. There was also a mild reactivation of viral hepatitis as shown by fow copy
numbers ol HBV-DNA on PCR. Swdy drug was permanently discontinued on Day 283.
Serum lerritin had decreased from 2333 10 842 up/l..

e investigator considered that the event was related to study drug.
On Day 336, the ANC was 2585 x 10°/L, the AST was 22 U/L and the ALT was 30 U/L. The
serum bilirubin remained within the normal range during the entire event.

Reviewer’s Comments. All patients in Study 0107 had -thalassemia. The frequency of SAEs
was similar between the Exjade and the DFO treated patients. Infections and fever were the
most common SAEs. Injuries were more common in patients receiving Exjade. Two patients
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,mg/kg/d and 3 0 mg/kg/a) SAEs led to drug dzscontmuatton zn 5 patzents

“SAEs belzeved by the mvestzgator to be related to DFO:. zncluded a szngle patzent who developed )
Yersznza enterocolzz‘zs on day 10 leading to drug discontinuation. B

Appears This Way
On Criginal
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Serious adverse events observed in Study 0108 are shown in the following table.

Table 10-8 Numbers (%) of patients with SAEs by primary system organ class a
preferred term

p-thalassemia Rare anemias  All patients

Primary systam organ class N=85 N=83 N=184
Preferred ferm n {%) n {%) n (%)
Any prisnary system organ class* 11{12.9) 27 (27.3) 38 {207}
infections and infestations 224} 15 (15.2) 1782
Meutropenic sepsis™ - 111.0) 1{0.5)
Sepsis™™ (fatal in 1 patient) - 3(3.0) 3{1.8)
Blood disorders 1(1.2) 7 (7.1 8{4.3)
Anemia - 212.0) 2{1.1)
Disseminated intravascular coagulation - 1{1.0) 1{0.5)
Extramedullary hemopoiesis 1{1.2) - 1{0.5)
Febrile neutropenia®™ - 1{1.0} 1{0.5)
Neutropenia - 2 (2.0 2{1.1
Pancytopenia - 1{1.0) 1{0.5)
Geneoral disorders - 77N 7{3.8)
Chilis . 1¢1.0 14{0.5)
Mataise - 1{1.0) 1{0.5)
Pyrexia - 771 7{5.8)
Gastrointestinal disorders 313.5) 3 (3.4} 5 {3.3}
Abdomiinal pain 2 (2.4 1(1.0) 3{1.8}
Constipaticn - 101.0) 1{0.5)
Gastreintestinal hemorrhage . 2 (2.0} 2{1.1)
fleus . 1{1.0) 3 {0.5}
Nausea 101.2% - 1{0.5)
Varices esophageal - 1{1.0% 1{0.5)
Yomiting 202.4% - 2{1.1}
Cardiac disorders 2(2.4) 3 (3.0 5{2.7}
Adrial fibrillation 1¢1.2) 1(1.0) 2{1.1)
Cardiac disorder - 1 1.0} 1{0.5)
Cardio-respiratory arres{*™ - 1{4.0% 140.5)
Kitral valve incompetence - 1(1.0) 1{0.5)
Palgitations 101.2) . 140.5)
Nervous system disorders 2 {24y 3 (3.0} 5{2.7)
Cerebral hemorrhage . 101.0) 1 {0.5)
Dizziness 1012y . 14{0.5)
Headache 101.2) 1{0.5)
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Loss of consciousness - 1{1.0) 1{0.5}

Migraine - 1(1.0) 1{(0.5)
Metabolic and nutritional disordars 1{1.2) 3{3.0) 4{2.2)
Anorexia - 22.0) Z2{1.1)
Dehydration - 1(1.0) 1{0.5}
Hypocalcasmia 1(1.2) - 1{0.5)
Hespiratory disorders - 4 (4.0 422}
Fulmonary hemorrhage* - 1{1.0) 140.5)
investigations . 1(1.2) 220 3{18)
Blood phosphorus increased ~ 1{1.0} 1{0.5)
Electrocardiogram abnormal - 1(1.0) 1{0.5)
Heart rate irregular 1(1.2) 8 140.5)
Psychiatric disorders 2(2.4) 1¢1.0} 3{1.6)
Anxiety 2 (2.4) - 2{1.1)
Deprassion - 1(1.0) 1{0.5}
Hliusion 1(1.2} - 1 {0.5}
Vascular disorders 1(1.2} 202.0) 3{18)
Hepatobiliary disorders 1{1.2% 1(1.0) 24{1.1)
Cholelithiasis 1(1.2} - 140.5)
Hepatic hemorrhage - 1(1.0) 1{0.5)
injury etc. . 2{2.0) 2{1.1)
Renal and urinary disorders 2 (2.4Y - 2{1.1)
Renal colic 1(1.2} « 1{0.5}
Renal mass 1(1.2) - 1{0.5)
Ear and labyrinth disorders - 1 (1.0 140.5)
Sudden hearing loss - 11{1.0) 1{0.5)
Musculoskeletal disorders . 1{1.0) 1{0.5)
Addhraigia - 1(1.ay $40.9)
Neoplagms - 1(1.0% 1{0.9)
Acute leukemia . 1¢1.0) 1{0.5)
Skin and suboutaneous tissue disorders 1(1.2) - 110.9)
Rash 1(1.2) - 140.5)
Surgical and medical procedures - 1{1.0) 1{0.5)
Toe amputation - 1{1.0% 140.8)

Source: Sponsor submission page 108-9

Reviewer’s Comments. This study included patients with B-thalassemia and rare anemias. The
Jrequency of SAEs in patients with f-thalassemia were similar to that in Study 0107. SAEs were
more common in patients with rare anemias (27.3%) than in patients with p-thalassemia
(12.9%). The most common SAEs were infections and fever. Of note, one patient with p-
thalassemia developed renal colic. The type and frequency of SAEs described in patients with
rare anemias may have been related to the fact that patients with MDS were older and had more
concomitant medical conditions.

SAEs believed by the investigator to be related to Exjade in patients with p-thalassemia included
anxiety, headache and illusions (Exjade, 30 mg/kg/d), drug rash (30 mg/kg/d), abdominal pain of
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Dropouts and Other Significant Adverse Event

6.2.3.1 Overall profile of dropouts

The following table shows the réasons for, and the number of, dropouts in each of the studies.

Study Number | Exjade Dose | DFO dose AEs | Drug Ineffective | Withdrawn censent

0105 20 mg/kg 1 1
40 mg/kg 2
0106 10 mg/kg 1
0107 5-40 mg/kg 8 7
20>50 mg/kg | 1 6
0108 5-30 mg/kg - 13 - 10

In Study 0107, adverse events were responsible for 2 dropouts in the 10 mg/kg/d dose group, 2
dropouts in the 20 mg/kg/d dose group and 4 dropouts in the 30 mg/kg/d dose group. Withdrawal
of consent was responsible for 1 dropout in the 5 mg/kg/d dose group and 5 dropouts in the 30
mg/kg/d dose group.

In Study 0108, adverse events were responsible for 2 dropouts in the 5 mg/kg/d dose group, 2
dropouts in the 20 mg/kg/d dose group and 9 dropouts in the 30 mg/kg/d dose group. Withdrawal
of consent was responsible for 6 dropouts in the 20 mg/kg/d dose group and 4 dropouts in the 30
mg/kg/d dose group.

6.2.3.2 Adverse events associated with dropouts

In Study 0105, there were 2 dropouts in the Exjade arm. One patient (1/05) receiving 20
mg/kg/d had a traffic accident and discontinued therapy. One patient (3/08) receiving 20
mg/kg/d had 1* degree AVB on day 73 at which point the dose was decreased to 10 mg/kg/d.
The LIC increased and it was believed that the higher dose should be resumed. However, by that
time he had had a slight prolongation of the QT interval, and he was restarted on DFO.
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There were 2 dropouts in the DFO arm. One patient (3/13) developed fever, headache and
arthralgia believed related to the drug. One patient (2/10) developed arrhythmia and cardiac
failure and the drug was discontinued.

Appears Tris Way
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In Study 0105, AEs that led to dose adjustment or temporary interruption are listed in the
following table.

Table 10-4 Numbers (%) of patients experiencing non-serious AEs which led
to dose adjustment or temporary interruption of therapy

Primary system organ class ICL6TD ICLETC DFO Adi
Preferred term 10 mgikg 20 mglkg 40 mgikg  ifreatments
N=24 n (%) N=24dn (%) N=2In(%] N=T1n (%}
=Any primary system organ class 6 (26.0) 13 (54.2) 6 (26.1) 25 {35.2}
Infections and infestations 2({8.3} 3{12.5} 3 (13.0} 8 (11.3}
Bacterial infections NOS 1(4.2) 0 (0.0} 04{0.0) 1(1.4)
influenza Q (0.0) 14.2) 1{4.3) 2(2.8)
Pyelonephritis NOS G (0.0} 1(4.2) 0{0.0) 1(1.4)
Tonsilfitis g (0.0} 0.0 1{4.3) 1{1.4}
Upper respiratory tract infection NOS G 10.0) 0 {0.0) 1{4.3) 1(1.4)
Urinary tract infection NOS o142 0{0.2) 04{0.0} 1{1.4}
Waricella 3 (0.0} 1(4.2) 04{0.0% 1 (1.4}
Investigations 2(8.3) 5(20.8) € {0.0} 7 (9.9}
ALT increased 1(4.2) 2(0.0) 0{0.0) 1(1.4)
§-2 microglobudin increased ## 2 (0.0% 4{16.7)# 0 (0.0} 4 (16.7)#
Blood creatinine increased 3 (0.0} 1{4.2% 0{0.0) 1 (1.4
Creatinine renal clearance decreased a0.m 1{4.2% 0 (0.0} 1(1.4)5%
QTc prolonged 1(4.2% 2009 04{0.0 141.4)
Gastrointestinal disorders 2(8.3) 31{12.5) 2 (8.7} 7{9.9)
Abdominal pain NOS 1{4.2) G () 2{8.7} 3({4.2)
Abdoeminal pain upper 1(4.2} 010.0y 0{0.09 1(1.4}
Diarhea KOS 0 (0.0} 1{4.2) 0{0.5}) 1(1.4%
Nausea 1 (4.2} 2{8.3) 04{0.0) 3{4.2)
Vomiting NOS 010.0) 2{8.3) 0{0.o) 2(2.8)
General disorders Q4 (0.Q) 2({8.3) 3 (13.0) 5(7.9)
Local reaction Q (0.0} 0(0.; 1{43% 1(1.44%
Pyrexia 0 {0.0) 2{8.3) 2{8.7} 4 (5.6)
Biood and lymphatic system disorders 0 {0.0) 0 {0.0) 1{4.3) 1{1.4)
Neutropenia O(0.0% 0 0.0 1{4.3} 1{1.4)
Cardiac disorders 0 (0.0) 1{4.2) Q (0.0} 1(1.4)
First degree AV biock 0 {0.0) 1 4.2y 0{0.9) 1(1.4)%
Hepatobiliary disorders @ (0.0} 1{4.2) 0 {0.0} 1(1.4)
Cholecyslitis NOS 3 (0.0) 1{4.2) 0 (0.0 1{1.4)
Injury ete. D (0.0} 1{4.2) ooy . 1({14}
Over chelation Q0.0 114.2)% 0{0.01 1(1.4:#
Metabolic and nutritional disorders 0 (0.0) 1{4.2} 0{0.0} 1{1.4)
Foeod intoferance NCG G {D.0) 1(4.2} 0{0.9) 1(1.4)
Renal and urinary disorders - G (0.0} 1{4.2) 0 (0.0} 1 (1.4}
Renal colic 010.0) 1(4.2) 0{0.0) 1(1.4}

Source: Posl-#ex) Table 10.2-2 e

# AEs suspected to be drug-related {one case of nausea and vormiting in a patient treated with ICLET70
20 mgtkq was also suspected io be drug-related)
## includes the terms {32 microglobulin increased and [2-2 microglebulin urine increased
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and one had an .
: only zn‘the Ex]ade

In Study 0106, a single patient (0102-00010) was prematurely removed form the study on the
11™ day because of a moderately severe pruritic rash that was believed related to Exjade.

In Study 0106, adverse events that led to drug interruption or drug reduction are listed in the
following table.

Table 10-4 Numbrer (%) of patlents with AEs requiring dose reduction or
interruption
Children Adolescents
<12 yrs 212 yrs All patients

Primary system organ class MN=20 N=20 N=40
Preferred term n {%} n (%) n (%)

Any primyary system or-gﬂn class S (45.0) 5 {25.0) 14 (35.0)
Gastreintestinal disorders 1{5.0) 4 {20.0) 5(12.5)
Diarrhea 0(0.0) 1(5.0} 1(2.5)
Enteritis 1{5.0) 0 (0.0} 162.5)
Cdynophagia G (0.0 1(5.0} 1{2.5)
Pancrealitis (0.3 1(5.0} 142.5)
Vomiting 0(0.0) 1 {5.0} 1 (2.5}
General disorders 2 (10.0) 0{0.0} 2000
Pyrexia 2 {10.0% - 0{0.0} 2{5.0)
Hepatobiliary disorders 0 {0.09 1{5.0} 1{2.5)
Cholelithiasis 0{0.0) 14{5.0) 1{2.5)
Infzctions and infestations 2 {:0.0) 1 (5.0} 3{7.5
Gastroenieritis 0 (0.0) 1{5.0} 1¢2.5)
Influenza 1(5.00 0 {0.0) 1(2.5)
Pharyngitis 145.0) 0 (.0} 142.5)
Investigations 5{25.0) 1 (5.0} & {15.0)
QTc prolonged 1(8.0% g (c.0 1025
Transaminase increased 4 (20.0) 14{5.0} 5{12.5)
Renal and urinary disorders 0{0.%) 1(5.0% 1{2.8)
Renal colic 000y 1{5.0) 1(2.5)
-<Skin disorders 1{5.0) 0 {0.0} 162.5)
Rash pruritic 1{5.0} G (0.0} 1{2.5)
Surgical and medical procedures 0( 0.0) 1(5.0% 1{2.5)
Cholecysiectomy G(0M 145.0} 1{2.5)

Source: Sponsor submission page 60
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In Study 0107 (pivotal), adverse events leading to discontinuation of study drug are listed in the
following table.

Table 10-7 Number {%) of pétients with AEs feading to discontinuation of study drug
by primary system organ class and preferred term

Primary system organ class IGLET0 DFO All patients
Preferred term N=286 N=250 N=586
n (%) h_{%) n_{%)
Any primary system organ class® 8{2.7) 4 (1.4) 12 {(2.0)
General disorders 2{0.7) 1 0.3} 310.5)
Sudden death™ 1{0.3) - 1(0.2)
Pyrexia 1{0.3) 1{0.3) 21(0.3)
Cardiac disorders . 140.3) 1(0.2}
intracardiac thrombus™ - 1{0.3) 1(0.2)
Inyestigations 310 - 3 (0.5}
ALT increased 207 < 210.3}
AST increased 1{0.3) - 110.2%
Transaminases increased 1 (0.3) - 1{0.2}
Nervous system disorders 110.3} 2(0.7) 3 (0.5%
Brain cedema . 1{0.3}) 1{0.2)
Convulsicns ** (fatal in 1 patient) - 2{0.N 2 (0.3}
Encephalopathy B 1{0.3) 1(0.2}
Paychomotor hyperactivity 1(0.3) - 140.2%
Somnolence - 110.3) 1 (0.2}
Eye disorders 10.3) - 1{0.2)
Cataract 1¢0.3) - 1(0.2)
Gastrointestinal disorders . 1{0.3) 1{0.2)
Diarrhoea - 1{0.3} 1 (0.2}
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Primary system organ class ICLE70 CFO All patients
Preferred erm N=296 N=290 N=586
n (%) n (%) n {%)
Vomiting - 1{0.3) 1(0.23
Hepatobiliary disorders 1{0.3) - 1(0.2)
Hepatitis 140.3) - 102}
infections and infestations - 1{0.3) (02}
Septic shock™ . 1{0.3} 1(0.2)
Yersinia infection - 1(0.3) 1(0.2)
Meatabolic disorders - 1{0.3) 11{0.2)
Dehydration 1{0.3) 1{0.2)
Pregnancy ’ - 1{0.3) 1(0.2)
Pregnancy - 1 {0.3) 1 (0.2}
Pgychiafric disorders , 1¢0.3) - 1¢0.2)
Insomnia 1¢0.3) - 1¢0.2)
Respiratory disorders - 1(0.3 - 1(0.2;
Acute respiratory distress syndrome - 1(0.3) 1§0.2%
Skin disorders 1{0.3) - 11(0.2%
Rash maculo-pagular 1{0.3) - 1 (0.2}
Rash pruritic 1{0.3) - 1 (0.2)

Source: Sponsor submission page 108-9

Reviewer's Comments. Eight patients receiving Exjade were discontinued from study drug
because of AEs. These included fever and skin vash (1), increase in transaminases (2),drug
induced hepatitis (2), cataract formation (1), drug induced fever (1) and hyperactivity/insomnia
(1). One patient receiving DFO was discontinued from study drug because of pregnancy.
Discontinuation from the study because of death occurred in one patient in the Exjade arm and 3

patients in the DFO arm.

117



Clinical Review

George Shashaty

NDA 21-882

Exjade (deferasirox, ICL-670)

In Study 0107 (pivotal), dose reduction and interruption due to AEs are shown in the following
table.

Tahle 10-6 Number (%) of patients with AEs requiring dose reduction or interruption
by prienary system organ class

Al

Primary systen: organ class ICLET0 DFO patients
' N=298 N=290 N=586
n {%} n %) n {%)

Any primary system organ class L2 {31.1} 54 {(18.6) 148 {25.0)
Infections and infestations 20{6.8) 26 {8.9) 46 {7.8)
Investigations 37 {12.5) - 37 (6.3)
General disorders 12 (4.0 20(5.8) 32 {5.5)
Gastrointestinal disorders 15{6.1) 10 (3.4) 25(4.2)
Skin diserders 15 (5.1 1{0.3) 16 2.7
Respiratory disorders 5{1.7} S{i.7) 107N
Mervous system disorders 5018 20N 761.3)
Injury efc. 4{1.4 2{0.7) 5 (0.9)
Musculoskeletal disorders 3{1.0) 3{1.0) 6 (1.1}
Cardiac dizordess 5{1.7) ~ 5(0.8)
Ear and [abysinih disorders ' - 3(1.0) 3 (0.5)
Renal and uriﬂ'ary disarders 2{086) 1{0.3) 3 10.6)
Regroductive disnrders = 2{0.8) 2{0.4)
Blood disorders - 1403 1{0.2%
Congenital disordess B 1{0.3) 1{0.2)
Eye disorders 31{0.3) - 1(0.2)
Hegatobiliany disorders 1{0.3) . 100.2)
Psychiatric discrders 1(0.3) ~ 10.2)
Surgicalimedical procedures - 1{0.3) 1{0.2%

Source: Sponsor submission page 106

Reviewer's Comments. - More Exjade treated patients (31.1%) had a dose reduction or
interruption because of AEs compared to patients receiving DFO. (18.6%). “The most cominon
AEs among patients receiving Exjade which led to dose change were mild increases in serum
creatinine, infections, and GI and skin disorders. There appeared to be a dose effect for serum
creatinine with 2.6%, 8.3% and 20.2% of Exjade treated patients requiring dose adjustments at
dose levels of 10, 20 and 30 mg/kg/d, respectively. Most of these dose adjustments occurred in
the 16-50 year age group. In most patients, dose adjustment led to a return of the serum
creatinine to baseline. A rise in transaminase levels caused a temporary interruption in 2
children, ages 8 and 9, before treatment was resumed at the same dose without recrudescence of
the laboratory abnormality.
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In Study 0108, the following table shows the number of patients in whom Exjade was
discontinued.

Table 10-11 Number (%) of patienits with AEs leading to discontinuation of study drug
by primary system organ class and preferred term

Primary system organ class fi-thatassemia Rare anemias All patients
Preferred temn N=85 N=99 N=184
1 {%) n [%) n (%}
Any system organ class 4 (4.7} 14 {14.1) 18 (9.8}
Investigations 2 {2 4) 339 S22
Albumin uring present 1 (1.2} - 1{0.5)
Blood creatining increased - 2{2.09 2(1.1)
Heart rate irregular 1 {1.2y ~ 1¢0.5}
Liver function test abnommal - 1{1.0) 1(0.5)
Cardiac disorders 1{1.2) 2209 3{1.6)
Atrial fibrillation 1(1.2) = 1 (0.5}
Cardio-respiratory ammest* - 1¢1.0% 10.5)
Mitral valve incompetence - 14109 1¢0.5)
Neoplaswis - 3 (3.0} 3(1.6)
Acute leukemis - 2{2.0} 211
Acute myeloid leukemia . 1{1.0) 1 (0.5
Etood and lymphatic system disorders g 2 (2.0} 211
Disseminated intravascular
coagutaiion - 1 41.0% 1 (0.5)
Febriie neutropenia*™ - 1{1.0) 110.5)
Gastrointestinal disorders - 229} 2{1.1)
Diarrhea - 141.0 1¢0.5)
Vomifing - 1{1.0 1{0.5)
Infections and infestations - 22.0) 20113
Meufropenic sepsis* ~ 1{1.0) 1(0.5}
Sepsis** - 1{1.0} 1 {0.5)
Nervous system disorders - 1{1.0} 1{0.5)
Cerebral hemorrhage - 1{1.0} 1{0.5)
Renal and urinary disorders - 1 (1.0} 1.{0.5}
Renat failure - 1 1.0} 1(0.5)
Respiratory, thoragic and
mediastinal disorders . 1{1.0} 1(0.5%
Puimonary hemorrhage™ - i4{1.0) 1 (0.5}
SKin dizorders 1{1.2) « 1{0.5
Rash pruritic 1{1.2} - 1 (0.8}

Source: Post-text table 10.2.3
* Subjects with multiple adverse evenis within a grimary syslem organ class are counted only once in the total
row ** fatal

Reviewer’s Comments. More patients in the rave anemia group discontinued Exjade than did
those in the f-thalassemia group. The main reasons for discontinuation were renal dysfunction,
rash and hematological disorders. One patient in the rare anemia group discontinued Exjade
because of an increase in serum transaminase.
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In Study 0108, dose reductions or interruptions are shown in the following table.

Tabte 10-8 Number (%} of patients with AEs leading to dose reduction or inferruption
by primary system organ class

B-thalagssemia Rarg anemias Alf patients

Primary system organ class N=85 N=99 N=184

n {%) n {%) n {%)
Any primary system organ class 33 {45.9) 53 (53.5) 92 (50.0}
Investigations 14 (18.5) 18 (18.2) 32 (17.4)
Gastrointestinal disorders 11 {12.9) 14 (14.1) 25(13.8)
infections and infestations 11{12.9) 13 (13.1) 24 (13.0)
Skin and subcutanaous tissue disorders 7(8.2) 2(2.0) 2{4.9)
(General disorders 3 (3.5} 6({6.1) 3 (4.9}
Hepatobiliary diserder - 1{1.0) 1{D.5)
Renal and urinary disorders 3{(3.%) 5 (5.1} 8 (4.3}
Blood and lymphatic sysfem disorders 1{1.2) 5(5.1) 8 (3.3}
Mervous system disorders 3{3.9) 2(2.0) 5(2.7%
Muscutoskeletal disorders 2 (2.4} 2 (2.0} 4(2.2)
Cardiac disorders 1{1.2) 2(2.0% 3 (1.6}
Respiratory disorders 1(1.2) 2{2.0} 3 (1.6}
Metabolic and nufriticnal disorders - 313.0) 3 (1.6}
Vascular disorders 1{1.2} 2 (2.0% 3 (1.6}
Ear and labyrnth disorders k 2 (2.0) 201N
Eye disorders ' 224 . 2(1.1)
Surgical and medical procedures - 2 (2.0} 2(1.1
tnjury efc. : 1(1.2} 1(1.0) 2{1.1
Psychiatric discrders 1(1.2} - 1 (0.5}
Social circumsiances - 1 (1.0} 1¢0.5)

Source: Sponsor submission page 111

Reviewer's Comments Half of the patzents had dose reductions or interruptions and these were
more frequent in patients with vare anemias than in patlents with ﬂ thalassemia. A dose-
response effect was noted only forincreases in serum creatinine. Dose changes for increases in
serum creatinine were more common in‘adults than in children. Patients with MDS and other
anemias were twice as ,l\zkely to have dose changes as patients with Blackfan-Diamond syndrome.

A rise in serum creatinine was responsible for 17.4% (32/184 patients) of all dose changes, a
frequency that was similar between patients with B-thalassemia and rare anemias. None of the
patients treated with Exjade at a dose of 5-10 mg/kg/d experienced dose changes for an increase
in serum creatinine. In 13/32 patients with dose changes due to an increase in serum
creatinine, the creatinine rose but did not exceed 2x ULN. In the remainder, the creatinine rose
but remained WNL. Dose reduction or interruption was most often associated with a return of
the serum creatinine to normal. Eleven patients experienced a rise in urinary protein/creatinine
ratio which led to a reduction in dose in 3 patients. All 3 eventually discontinued study drug but
in only one was the discontinuation determined on the basis of the renal findings. Of the other
two patients, one withdrew consent and one no longer required study a’rug

120



Clinical Review

George Shashaty

NDA 21-882

Exjade (deferasirox, ICL-670)

of the drug id not?lead to zmprovemen the:.nieatropenzaliﬂ,,Onepatte.n va. ,,estarted on the ; ;‘j

ia’rug, the other was not

Thrombocytopenza lea’ fo. drug znterruptzon ina 5 6 year old pattent wzth MDS treated wzth
iEx]ade at a.dose of 5 mg/kg/d but the drug was rezntroduced ata dose of 15 mg/kg/d

Hearlng loss was. documented in 2 pattents and a cataract developed in another patlent that led
to drug interruption. The drug was later: resumed in all three. :

Apﬁ@o}rs This Wo
n O”Q’incl
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6.2.3.3 Other significant adverse events

The following other significant adverse events occurred in Study 0105.

Five patients treated with Exjade at a dose of 20 mg/kg/d had dose reductions to 10
mg/kg/d for AEs. These included two with an increase in B-2 microglobulin but without
an increase in serum creatinine; one patient with a slightly elevated serum creatinine; one
with an AV block; and one for uncertain reasons.

Treatment with DFO (40 mg/kg/d) was discontinued because of suspected drug-related
fever, headache and arthralgia in one patient.

Two patients treated with DFO had dose reductions because of marked reductions in LIC.

The following other significant adverse events occurred in Study 0106.

There was an increase in transaminase in 5/40 patients (4 patients <age 12 years and 1
patient >age 12 years).

The following other significant adverse events occurred in Study 0107.

There was a mild non-progressive increase in serum creatinine in 33/296 (11.1%) of
patients receiving Exjade compared to 0/290 in patients receiving DFO. There appeared
to be a dose-response relationship to Exjade.

Three patients had an increase in transaminase while receiving Exjade. A relation to dose
could not be made.

The following other significant adverse events occurred in Study 0108.

A non-progressive increase in serum creatinine that led to drug interruption or dose
decrease occurred in 8/184 patients (4.3%). Three patients had B-thalassemia, 4 patients
had MDS and 1 patient had another rare anemia. In addition, 31/85 patients with 63-
thalassemia and 23/99 patients with rare anemias had a rise in creatinine >33% of
baseline. Of these, the serum creatinine had risen to > ULN in 3 patients with 8-
thalassemia and 16 with rare anemias.

Neutropenia developed in 2 patients receiving Exjade, one with myelodysplastic
syndrome and one with Blackfan Diamond syndrome. Both patients were receiving a
dose of 30 mg/kg/d. The white blood cell count did not improve after Exjade was

_ discontmued. .

Thrombocytopenia developed in one patient with MDS receiving Exjade at a dose of 5
mg/kg/d.

Serum transaminase rose to 5x ULN in 14/184 (7.6%) patients (8 with -thalassemia, 6
with rare anemia). Thirteen of these patients entered the study with a raised
transaminase, but there was a further rise while receiving Exjade. The increases did not
appear to be dose dependent.

There was an increase in urinary protein/creatinine ratio of >1.0 mg/mg in 11 patients, 3
of whom already had a ratio >1.0 mg/mg at baseline. Three patients discontinued study
drug because of this increase in urinary protein/creatinine ratio. There was no significant
change in any of the types of urinary proteins measured.
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o Fourteen (14%) percent and 57% of patients developed low levels of serum copper and
zine, respectively, at some time during the trial, but they were variable and were deemed
clinically insignificant. As a rule, serum copper declined for the first 4 weeks of the trial
and then rose to normal for the remainder of the time. In contrast, serum zinc fell by the
4™ week of the trial and remained at that level for the remainder of the study.

?Revzewer':" Com nents. Adverse events that are associated with the. adanzstratzon of Ex/ade 7
include: renal and hepattc dysfunctlon There is a possible associatiori-with the- development of e
ineutropenla and thrombocylopenza ‘There is some veduction zn the. blood levels of zinc: and

copper:”

Other Search Strategies

Not applicable.

Common Adverse Events

6.2.3.4 Eliciting adverse events data in the development program

AEs were summarized by presenting, for each treatment group, the number and percentage of
patients having any AE, having an AE in each primary system organ class and having each
individual AE. A summary and listing of clinically relevant toxic events, 1.e., AEs that were
serious or were considered related to study drug, AEs or laboratory tests that led to a change of
dose or discontinuation from study drug were provided.

In addition, AEs essentially describing the same phenomenon (i.e., abdominal pain, diarrhea,
gastroenteritis) have been ‘grouped’ to give an estimate of the true incidence of these events

unbiased by the use of different preferred terms.

AEs were elicited at each visit which was at least monthly in all of the trials.

6.2.3.5 Appropriateness of adverse event categorization and preferred terms

Adverse events were reported by system organ class and preferred term. This method was
acceptable in reporting adverse events in the population studied.
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6.2.3.6 Incidence of common adverse events

In Study 0105, common adverse events are listed in the following table.

Table 10-1 Number (%) of patients with the most frequently reported AEs
overall and by body system {Z 4 patients in any group)

Primary system organ class ICLGBT0 ICL&70 OFQ At
Preferred term 10 mglkg 20 mofkg 40 mglkg treatments
N=24 n{%) N=24n{%) N=23 n{%)  N=71n{%)
~Any primary system organ class 24 {100.0} 23 (95.8) 21{91.3) 68 {95.8)
Respiratory disorders 21 (87.5) 15 (62.5) 13 (56.5) 49 (69.0)
Pharyngitis 10 (41.7) 7 (29.2) 5 {34.8} 25 (35.2)
Rhinitis KOS 7i29.2) 8 (37.5) 6 {26.1) 22 {31.0}
Pharyngolaryngeal pain 51(20.8) 6 {25.0) 6 ({26.1) 17 (23.9)
Bronehitis NOS 51208) 0 (D.0) 1{4.3) 6 (8.5)
Cough 5 (20.8) 10 (41.7} 4 {174 19 {26.8)
Gastrointestinal disorders 17 (70.8) 14 (58.3}) 11 (47.8) 42 {59.2)
Mauzea 218.3) 8(33.3} 2{8.7) 12 (15.8)
Vomiting NOS (0.0 &{33.3) 2{8.7) 10 {14.1)
Abdominal pain NOS 11 (45.8) 5 (25.0) 4 {17.4} 21 {29.8)
Diarrhea NCS 7 (29.2) 5 (25.0) 6 {26.1) 18 {26.8)
Abdoeminal pain upper 7(28.2) 4{16.7) 5{21.7} 16 (22.5)
Dyspegsia 11{4.2) 4 (16.7) 24{8.7) 7 (8.9%
General disorders 13 (54.2) 14 (58.3) 11 (47.8) 38 (53.5)
Pyrexia 7(29.2) 10 {41.7) 5 {26.1} 23 (32.4)
Asthenia afzs 7{29.2} 4 {17.4) 14 (19.7)
Influenza like iflness 7129.2) 3 (12.5) 4 {17 4} 14 {19.7)
Musculoskeletaliconnective tiszue disorders 12 (50.0) 12 (50.0) 12 (52.2) 26 (50.7)
Back pain 8(33.3) 10 {41.7) 8 {34.8) 26 (35.8)
Arthralgia 4 (16.7) 2(8.3) 3{13.0} g{12.7)
Infections and infestations 18 {75} 11 (45.8) 12 {52.2) 41 (§7.7)
Unnary fract infection NOS 4 (16.7) 1{4.2) 1{4.3) G (B.5)
Influenza 114.2) 5 (20.8) S{21.7} 11 (15.5}
Nervous system disorders @ {37.5) 9 (37.5) 6 (26.1} 24 {33.8)
Headache §137.5) 7129.2) 4 {17.4) 20:(28.2)
Investigations 3(12.5) 6 {25.0) 2(8.7) 11 (15.5)
Skin/subcutaneous disorders 8 {20.8) 5{20.8) 5{21.7) 15 {21.1)
Injury etc. 3 (125 5({20.8) 1 (4.3} 8 (12.7)
Cardiac disorders G (0.0) 3(12.5%) 4 {17.4) 7{9.9)
Ear and {abyrinth disorders 6 {25.0) 3{12.5) 4 (17 .4) 13 (18.3)
Vertigo 5120.8) 24{8.3) 3 {13.0} 15 {14.1)
Renal and unnary disorders 6 (25.0) 2{8.3) 4 {17.4) 12 (18.9)
Eye disorders 2{8.3) -4 {16.7) 0 {0.0} 6 (8.59)
Conjunclivitis allargic 0 (0.0} 4 (18.7) 04{0.0) 4 (5.5)

Source: Sponsor submission page 54-55
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o ; : , /i ]ury were more
?common in patzents recezvmg Ex]ade than in patlents recezvzng DF O =
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In Study 0106, the most frequent AEs are listed in the following table.

Table 10-1 Number {%) of patients with AEs overall and by body system an
preferred term {greater than 5 percent of the safety population)
Children Adoclascents
<12 yrs >12yrs All patients
Primary system organ class N=20 N=20 N=40
Preferred term n (%} n {%) n {%)
Any primary system organ class 20 (100.0) 20 {(130.0% 40 (100.0}
infections and infestations 17 (85.0) 17 {85.0) 34 (85.0}
Rhinitis 12 (80.0) 6 (30.0} 18 (45.0)
Pharyngitis 4 (2000 10 {50.0} 14 {35.0)
Influenza 4 (20.0) 2 {10.0} G (15.0)
Ear infection 5 (26.00 0{0.¢) 5 (12.5)
Tonsilliti 30150 2{10.0} 5{12.5)
Bronchitis 20100 2 {10.0) 4 (10.0}
Gasfroenteritis 0 (0.0} 3{15.0} 3{7.5
Nasopharyngitis 2(10.0 14{5.0) 3({7.5)
Varicedla 2(10.0) 1{5.00 3(7.5)
Gasfrointestinal disorders 14 {70.0) 11 {55.0) 25 (825}
Vormiting 8 (45.0) 3(15.0} 12 30.0)
Diarrhea 6 (30.0) 4 {20.0} 10 (25.0}
Abdomiral pain 4 (20.09 4{ 20.0} 8 (20.G)
Conslipation 1 (5.0} 3 {150 4 (100}
Enteritis 2{10.09 2(10.0} 4 {10.0)
Nausea 2{(10.0) 2 {10.0} 4 (10.0}
General disorders 14 {70.09 11 {55.0} 25 {62.5)
Pyrexia 14 {70.0) 9 {45.0} 23 (575}
Asthenia 2 (10.09 14{56.0) 3{7.5)
Respiratory disorders 10 {(50.0) 10 {50.0} 20 {50.0)
Cough S (5.0 10 {50.0} 19 (47.5)
Nervous system disorders 4 (20.0) 8 {40.0} 12 {36.0)
Headache 4(20.0 7 {35.0} 11 ¢27.5)
Bkin disorders 6 (30.0) 5 (25.0} 11 {27.5}
injury etc. 5 (25.0 4 (20.0% 4 (22.5)
investigations 5(25.0) 2{10.0) 7 {(17.5)
Transaminases increased 4 (20.0) 1{56.0) 5{i2.5)
Musculoskeletal disorders 4 (20.0) 3 {15.0} 7175
8ack pain 1{5.0) 2 {10.0} 3{7.5)
Eye disorders 210.0) 2 {10.0} 4 {10.0)
Conjunctivitis 210G 1{5.0) 3(7.5

Source: Sponsor submission page 57

Reviewer’s Comments. All patients experienced at least | AE during the course of the trial.
Most were related to upper respiratory infections and gastrointestinal complaints. Most were of
mild or moderate intensity. There was little difference in AEs between children and adolescents.
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In Study 0107 (pivotal), common adverse events in Exjade treated and DFO treated patients are
shown by system organ class in the following table.

Table 10-1 Number (%) of patients with AEs overall and by primary system organ

class
Primary system organ class ICL670 DFO All patients
N=296 N=290 N=586
n (%) n (%) n (%}
Any primary sysiem organ class 254 (85.8) 246 (84.8) 500 (85.3)
Infections and infastaticns 182 (81.5) 182 (82.8) 254 (62.1)
Gastrointestina! disorders 126 (42.5} 91 (31.4} 217 (37.01
General disorders 88 (23.7) 112 {41.0) 207 {35.3)
Respiratory, thoracic and mediastinal discrders . 8o {27.0% 102 (35.2) 182 (31.1)
Musculoskeletal disorders 55(18.6) 69 (23.8; 124 (21.2}
Nervous sysiem disorders 55 (18.8) 67 {23.1} 122 (208}
Skin and subcutaneous tissue disorders G5 {22.0) 45 (15,58} 110 (18.8)
Injury, paisining and procedural cemplications 39 {13.2) 43 {13.8} TS {13.5)
Investigations 57 {18.3) 16 {5.5} 73 {12.5)
Ear and abyrinih disorders 2171 27 {8.3) 48 (8.2}
Ey= disorders 21471} 24 (8.3} 45 (7.7)
Cardiac disorders 15 (5.1 20 8.8} 35(8.0)
Blocd sysiem disorders 12{4.1} 14 {4.8) 26 (4.4)
Psychiatric disorders 14 i4 7} 10 (3.4} 24 (4.1}
Reproductive system and breast disorders 8(2.7) 15 (£.2) 23{3.9
Metabelic andg nutritional disorders 3.7} 10 12.4) 21 (3.6}
Renal and urinary discrders 913.0) 10 {3.4) 16 (3.2}
Hepatobiliary discrders 14 {4.7) 5{1.7) 15 (3.2;
Vascular disorders 724 5(1.7} 12 (2.0}
Surgical and medical precedures 5 {17 8{2.1} 11 {1.9)
Immune system discrders 4{1.4; 7{2.4) 11 {1.9}
Endocrine disorders 4{14) 4 {1.4) 8 (1.4}
Neoplasms 0{0.0) 4 (1.4} 407
Cengenital disorders 04{0.0) 1{0.3) 1{0.2}
Pragrancy, puerperium and perinatal condition Q{00 1{0.3) 1.2}
Social circumstancas 16.3) GiG.0} 1(0.2)

Source: Sponsor submission page 98

In Study 0107 (pivotal), common adverse events in Exjade treated and DFO treated patients are
shown by preferred term in the following table.
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Tabie 10-2 Maost frequently reported AEs [>7 patients in any treatment group)

ICL670 oro All patients
N=296 N=280 N=588
Moderate Moderate Moderate

Total Isevere Total Isevere Total Izevers
Preferred Term n (%) i (%) n {%)} n {%) n (%) n {%)
Pyrexia 56 (18.9) 12 {4.1) 69 (23.8) 13 {4.5) 125 (21.3) 25(4.3)
Headache 47 (15.9) 10 (3.4) 59 (20.3) 8(2.8) 108 {18.1} 18 {3.1)
Abdominal pain 41 {13.9) 8 (2.7} 28 (5.7 7 {2.4) &8 {11.8) 15 (2.8)
Cough 41(13.9) 9 (3.0 55 (19.0) 1%{3.8) 86 (16.4) 204{5.4)
Masopharyngitis 39 {13.2) 2(0.7) 42 (14.5) 5¢1.7) &1 {(13.8) 7(1.2)
Diarrhoea 35(11.8) 3 (1.7) 21(7.2) 5(2.1 56 {9.6) 11 {1.9}
influenza 32 {10.8) 5 (2.0} 28 (10.0 9(3.1 51 (10.4} 15(2.8)
Nausea 31 {10.5) 3 (1.0} 14 (4.8} 1{0.3) 45 {7.7) 4{0.7)
Pharyngolaryngeal pain 311{10.5) 5 (1.7 43 (14.8) 4 (1.4} 74 {12 .56} 9{1.5)
Creatinine increased* 33(NM.1H B (2.0) ¥ 0 33 (5.6} 6(1.0)
Vomiting 30 110.1) 207 28 18.7) 8(2.8) 581{9.9) 10 {1.7)
Resp. tract infection 28 (2.5} g (3.0) 23(7.9 4(1.4) 51 (8.7} 13(2.2)
Bronchilis 27 (8.1} 2 (0.7) 32 (11.30 10.3) 89 {10.1} 3{0.5)
Rash 25 (8.4} Bi2.7) 331 1{0.3) 34 (5.8} 8 (1.5)
Abdominal pain upper 2217.8) 5(1.7 15 (5.2} 2{0.7} 38 (8.5} 7{1.2}
Pharyngitis 23(7.8) 327 30 (10.3} g{3.1) 53 (9.0} 17 (2.8)
Arthralgia 22 (7.4) 4 1.4y 14 (4.8% 1{0.2) 36 (8.1} 5{0.8)
Acute fonsillitis _ 19 (6.4) 8 (2.0 15 (5.2 4{1.4 34 (5.8) 10 {1.7)
Faligue 18 (6.1} 1{0.3) 14 (4.8} 3(1.0} 32 {5.5) 4 (0.7
Rhinitis 18 (8.1} 207 22 (7.6} 140.3) 40 {6.8) 3(0.5%
Back pain 17 (5.7} 4 (1.4} 32 (11.0) T{(2.4) 49 (8.4} 11 (1.9)
Ear infection 16 (5.43 3(1.0) 7(2.4) 2{0.7 23 {3.9) 5{0.9)
Tonsillitis 12 (4.1) 4 (1.4) 13 (4.5) 2{0.7) 25 (4.3} B {10}
Urticaria 11 (3.7} 2{0.7) 17 {5.9) 0 28 (4.8) 2(0.3)
Gastroenteritis 10 (3.4) 1 (0.3} 931 o 19{3.2} 1{0.2)
Dyspepsia 9 (3.0} 3(1.0) 501.7) ] 4 {2.4) 30.5)
Post procedural pain (3.0} 3 {1.0) 7 (2.4) 3{1.0% 16 (2.7} S (1.0}
Sinusitis 3 (3.0) 11(0.3) B(2.1) 0 15 {28} 14{0.2)
Constipation 8 (2.7} 3 (1.0 7i2.4) (0.3 15{2.8) 4{0.7)
Ear pain B (2.7 1 (0.3} 4(1.4) 2{0.7) 12 (2.0} 3 (0.5
Ctitis media 827 1 (0.3} F(2.4) 2{0.7) 15 (2.8) 3{0.5)
Rhinorrhoea B (2.7} 10.3) 812.8) 1¢0.3} 16 {2.7) 2 (0.3}
Asthenia 7 (2.4} 1 (0.3} 11 {3.8) 3{1.0) 18 (3.1} 4{0.7)
Trarnsfusion reaction 7 {2.4) 310 14 (4.8) 1{0.3) 21 (3.8} 4{0.7)
Bone pain 5 (2.0} 1(0.8) 8 (2.8} 207} 14 {2 4} 3({0.5%
Pain in extremity G (2.0} O 8 (2.8} 207 14 {2.4) 21{0.3)
Conjunclivitis 5({1.7} D 8 (2.8) 0 13{2.2) 0
Epistaxis 4 (1.4} O B (2.8} 1 (0.3) 12 (2.0} 1(0.2)
influenca like iltness 3{1.%% 4 8 (2.8} 2{0.7 11{1.9 2 (0.3}
\iral infection 30(1.0} 2 8({2.8) 20.7) 1119 2{0.3)

Source: Postdext Table 14,13 |{* = includes ‘Blood creatinine increased’ and "Bloed creatinine abnermal’)
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In Study 0108, the number of AEs is listed in the following table.

Tahle 10-1 Number (%) of patients with AEs overall and by primary system organ

class
B-4halassemia Rare anemias All patients
Primary sysfem organ class M=85 =98 N=184
n {%) n_ (%} n {%)
Any system organ class 84 {98.8) 97 {88.0) 181 {98.4}
Gaslrointestinal disorders 61 (71.8) T2{72.7) 133 {(72.3)
Infections and infestations B0 (7D.6) 65 {65.7) 125 (67.9)
General and admin. site disorders. 41 (48.2) 48 {48.5) 89 (48 .4)
Respiralory disorders 37 {43.5) 39 {39.4) 76 (41.3)
Nervous system disorders 34 {40.0) 34 {34.3) 68 (37.4)
Musculoskeletal disorders . 32 {376} 35 {35.4) 67 (35.4)
Investigations 28 (32.9} 31 {31.3) 58 (32.1)
Bkin dizorders v 34 {40.0) 23{23.2} 57 (31.0)
|njury ete. 23 (27.1) 14 {14.1} 37 (20.13
Cardiac disorders 4 {186.5) : 18 {16.2} 36 (16.3)
Renalturinary disorders 10 (11.8) 19 {18.2} 23 (15.8)
Metabolism and nuiritfion diserders 4 (4.7} 18 {18.2} 22 (12.0)
Eye disorders 1220141 7{7.1) 19 (10.3)
Psaychiatric disorders 8 (9.4} 10 {10.1} 18 (8.3)
Vascular disorders 6 (7.1} 12 {121} 18 (9.8}
Ear and labyrinth disorders 10 {11.8) 771 17 (9.2)
Blood disorders 4 (4.7} 10 {161} 14 (7.5)
Surgical and medical procediures 2{2.4) 10 (10.1) 12 (8.5)
Reproduciive disorders 6 (7.1} 5{5.1 ' 11 6.0
Hepalohiliary disorders §5{5.8) 5{5.1) 10 (543
Immunes system disorders 8 {7. 1) 4{4.0) 10 (5.4}
Neoplasms - & 1{6.1) 8 (3.3}
Endecrine disorders 3 (3.5) 22.0) 5{2.7)
Social circumsiances . - 1{1.0) 1{0.5)

Source: Sponsor submission page 99

Revtewer 's Comments. Most AEs were related to the gastrointestinal system or to znfectzons
AEs were generally mild or moderate in lntenszly but 22.8% were severe in intensity. AEs
related to the skin, injury and eyes were more common in patients with f-thalassemia whereas
AEs related to renal/urinary disorders, metabolic/nutritional, blood, surgical/medical
procedures and neoplasms were more common in patients with rare anemias. A possible dose-
response relationship was apparent only for diarrhea, and was more common in those >65 and
<6 years of age.  Nausea was uncommon below the age of 12 years.

Seven patients with rare anemias developed renal impairment, but none of these events was
considered serious. Four of these patients, ages 67-80 years, all with MDS receiving Exjade at a
dose of 20-30 mg/kg/d had mild elevations in serum creatinine but were continued on study drug.
Three other patients, ages 65-76 years, all with MDS receiving Exjade at a dose of 20-30
mg/kg/d developed greater increases in serum creatinine, one in association with sepsis, one in
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T wWo atzents developed cataracts one age 77 years: wzth MDS recezvmg Ex]ade ata dose of 3 0
f;mg/kg/d for 369 days and another with ﬂ thalassemia, age.31 years receiving Exjade ata dose of
3 0 mg/kf d for 52 days T he latter patzent wzthdrew consent fo contmue in the stuaﬁ/ o

zOne pa ,nt wzth ﬁ thalassemza age 21 years developed mzld prolongatzon of the QT znterval
after receiving Exjade at a dose of 30 mg/kg/d for 228 days. : ; :

ARPEArs This ey
On oy ficsingl 4
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In Study 0108, common adverse events in Exjade treated patients in various subsets of rare
anemias are shown by system organ class in the following table.

Tahle 10-2 Number (%]} of patients with AEs overall and by primary system organ
class - Rare anemias

All rare
MDB DBA Othier anemias anemias
Primary system organ class N=47 N=30 N=22 h=9g
' n {%) n (%} n (%) n (%)
Any system organ class 43 {95.7) 30 (100.0) 22 {100.0) 87 (98.0)
Gastrointestinal disorders 33 (70.2) 24 {80.0% 15 (68.2) T2(72.7)
Infections and infestations 23 (48.9) 26{88.7) 16 (72.7) 85 (65.7)
General and admin. site disorders 25 (53.2) 12 {40.0} 11 {60.0) 48 {48.5)
Respiratory disorders 14 (25.8) 13 {43.3} 12 {54.8) 39 (39.4)
Mervous syslem disorders 12 (25.5) 14 {48.7) 5 {36.4) 34 (34.3)
Musculoskelelal disorders 20 (42.6) 2 {30.0) 6{27.3) 35(35.4)
Investigations ‘ 12 {25.5) 10{33.3) 9 {40.9} 31 4{31.3)
Skin and sc tisgue disorders g {18.1) 7 {233} 7{31.8} 23(23.2)
Injury edc. 6 (12.8} 4 {13.3} 44{18.2} 14 {14.1}
Cardiac disorders 11 (23.4) 24{B6.7} 3{13.58) 16 (16.2)
Renalfurinary disorders 13 (27.7) 14{3.3) 5{22.7} 19 (19.2)
Metabotism and nutrtion disorders & {17.0} 5 {20.0} 4{18.2} 18 (18.2)
Eye disorders 3{6.4) 3{10.0} 1{4.5) T
Psychiatric disorders 84{17.0} 2{B.7) 0 10 (10.1)
Vascular disorders ' 5 {13.6} 4{13.3} 3{13.6} 12 {12.1)
Ear and labyrinth disorders B {12.58} 14{3.3) 8] TN
Blood diserders 5 {10.5} 3{10.0} 2{ah 10 {10.1)
SBurgical and medical procedures 2 (4.3} 4 {13.3} 4{18.2) 10 (10.1)
Regroductive disarders . 1{2.1) 24{B.7) 2{8.1 5 (5.1"}
Hegpatobiliary disorders 2{4.3) 3 {100} t] S5
lemmunes system disorders 0 3 {10.0) 1{4.5) 4 (4.0}
MNeoplasms 6{12.8} 0 o B{6.1
Endocrine disorders 1{2.1} 1{3.3} 0 220}
Secial circumsiances 0 11{3.3) 4] 1(1.0)

Bource: Appendix 8.1 Table 10011

132



Clinical Review
George Shashaty
NDA 21-882

Exjade (deferasirox, ICL-670)

In Study 0108, common adverse events in Exjade treated patients in various subsets of rare
anemias are shown by preferred term in the following table. :

Table 10-4 Most frequently reported AEs ~ Rare anemias (25%, all patients)

MDS Diamond-Blackfan Cther anemias All patients.
N=47 M=3D N=22 N=84
Moderate/ Moderate/ Moderste/

Total BOVETR Total EBVEre Total severe Total
Preferred term n (%) n {%) n (%) n_{%] n {%) n (%) n %)
Ciarrhea 19 (40.4) 5 {10.86} 13 (43.3} 3 (10.0) 8 (36.4) 2{a.1 40 {4D.4)
Vomiting 12 (25.3) 2{4.3) 13 {43.3} 1(3.3} 4(18.2) - 29 (28.3)
Mausea 14 (29.8} 3{6.4) 9 (30.0) - 4(18.2) - 27 (27.3})
Headache 6 (12.8} 1{2.1} 12 (40.0) 133} B (27.3) 11{4.5} 24 (24.2)
Abdominal pain 13 (21.3) 3{6.4) 10 (33.3) 2.7 2(8.1) 2(9.1) 22 {22.2)
Pyrexia 10 (21.3) 6 (12.8} B8 (26.7) 4(13.3) 4(18.2) 1{4.5} 22 (22.2}%
Cough 6(12.8) - T¢23.3) 1 (3.3} 7 (318 - 20 (20.2)
Masepharyngits 5{12.8) 12N 8{26.7) 1(3.3) 5221 1 {4.5) 19 (19.2}
Creatinine
inereased § (10.6) 4 {8.5) 2{8.7) - 8 (35.4) 2 (9.1} 15 {15.2}
URTI* =« - 7 {23.3) 2(8.7) 6(27.3) - 13 (13.1}
Back pain 8{17.0) 3{6.4) 25T - 219.1) - 12 {12.1}
Asthenia 8 {17.0) 3{6.4) - - 2(9.1) 1 (4.5} 10 {10.1}
Fatigue 7(14.9) 1{2.1} 310.0) 2(58.7) - « 10 {19.1)
Constipation 6{12.8) 21{4.3) 3103 . - - 94a.1y
Bone pain 5{10.6) 14{2.1) 1(3.3) - 201 - 8{8.1
Bronchitis 214.3) 1{2.1) 4(13.3) 3{10.0) 2180 - 8{8.1)
Cedema
pericheral 4 (8.8) 244.3) - B 4(18.2) 1 (4.5} 8{8.1)
Rash 2(4.3) - 3 (10.0} 2(8.7) 3(13.6) - §({8.1}
Transkusion
reaction 2 (4.3% 142.1} 2{8.7) 1(3.3) 4{18.2) 1(4.5) 8(8.1
Abdominal pain
upper 12.1) - 4{13.3) 1(3.3} 2081 281 T{7.1)
Epistaxis - - 3 {10.0} - 4 (18.2) 1(4.5) 7{7.1)
Pharyngeal pain 2174.3) 1{2.1) 2 (8.7 - 3 (13.6) 1 (4.5} 7{7.1)
Rhinitis 3(65.4) 0 2860 - 2(8.1) - 7{7.H)
Ancrexia 3 (5.4) 2443} 287 - 1(4.5) - 6{6.1)
Arthralgia 1102.1) 1{2.1} 4 {13.3) 1 (3.3} 1(4.5) » 5{6.1}
Depression 5 {10.6) 2{4.3) 143.3) 1(3.3) - « 5 {6.1}
Cyspnoea 2 (4.3} 1{2.1) 3(10.0) 267 1(4.5) 1(4.5) 6 {5.1)
Influenza 384 - 2{8.7) 1 (3.3} 1i4.5) - 5 {6.1)
Chest pain 2 14.3; f{2.1) 1{33) 1{3.3% 2 (813 1 (4.5} 5(51) .
Dizziness 3 {6.4) - 287} - - {51
Cryspepsia £ 4.5 - - 1{4.5) - 5{5.1
Gasteitis 4 (8.5) 2{43}) « B 1{4.5% 1{4.5) 5{5.1)
Gasiroenteritis 121D - 4(13.3) 2{8.7) - - 5({(5.1)
Muscle cramp 3 (6.4 - 1(3.3) ~ 1(4.5) « 5{5.1)
Oedema 4 {8.5) 244.3) - - 114.5) 1{4.5) 9{5.1)

Source: Appendix 5.1 Table 13,13
* URTI Upper respiratory tract infection
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pre—exzstlng renal msuﬁ‘ czency All 3 patlents were dtscontluued from study drug although not
necessarzly because of the AE. o :

Hearzng loss developed.in 5 patzents Three of these patzents had MDS were aged 63 78 years
were receiving Exjade at a dose of 5, 30.and 30 mg/kg/d and had received the drug from 62-292
days. Two patients with f-thalassemia developed hearing loss while on Ex]ade at doses of 5-10
mg/kg/d

Two patients developed cataracts, one age 77 years wzth MDS recezvzng Exjaa’e atadose of 30 .
mg/kg/d for 369 days and another with B-thalassemia, age 31 years receiving: Ex]ade ata dose of
30 mg/kg/d for 52 days. The latter paz‘zent withdrew consent to contmue in the study '

One paz‘lent with /9 thalassemla age 21 years, developed mild prolongatzon of the QT znterval i
after receiving Exjade at a dose of 3 0 mg/kg/d for 228 days.

6.2.3.7 Common adverse event tables

See above.

6.2.3.8 Identifying common and drug-related adverse events

There were no placebo treated control groups in any of the submitted trials.
In Study 0105, no SAEs or AEs were identified that were believed related to Exjade. One

patient receiving DFO developed arthralgia, fever and headache which were believed related to
the drug.
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In Study 0106, AEs believed related to study drug are shown in the following table.

fidwerae 2vents related to study drug
by primsry systen orgen olmzs, preferred ferm, maxinum sewerity and age group
Safety populaticoo

Childroen ldolrsoents &1l patients
Primary Swotem organ class 2 12 yra e 12 wrs
Preferred tern M=20 H=20 H=40
Sewarity o (5 n (%] n %]
-Eny primsry Syobes organ slaszs
~Tokal
Mild [SER Y (1.0 2¢ 5.4}
Hodevasts {200} 1 E.DY 5412.51
Eevers 17 5.0 [0 At 14 2.5%
Gagtrmintescinal disorders
-Tokala
Hild of Q.0 1.0 3¢ .01
Nanmea
Nild . QU O.0y ERRVIRN 24 B
Inyastigations
~Totals
Hild Of 2.0y 11 &0 14 2.5]
Hedersta 2100 if K. 3§ 7.81
Savers {50y gy ool 14 2.5}
Eeta 2 microgleobulin uring insosased
Hild Df G0 F = 1§ 14 2.58)
Inrentigations
Transaninares ingreasad
Moderates 2{12.0 1{ 2.8 34 7.5
Eeravrr 1f 5.0 3§ ¢.0% 14 2.5}
Shin and subcutanacus tissua discrdeos
-Totzala
Hoderete FEET N gy 0.4 20 B0y
Rash pruritic
Hederate 201,00 DR H 24 E.0)

Source: Sponsor submission page 481-2

In Study 0107, AEs that occurred in more than 2% of patients treated with Exjade or DFO and
believed related to study drug are shown in the following table.

Adverse Events considered to be drug related and occurring in more than 2% of Patients (Study 0107)

Primary system organ class Exjade DFO All Patients
and preferred term N=296 N=290 N=586
n (%) n (%) n (%)
Total 108 (36.5) 55 (19.0) 163 (27.9)
Gastrointestinal 45 (15.2) 2 (0.7) 47 (8.0)
Abdominal pain 11 (3.6%) 0 (0.0) 11(1.9)
Diarrhea 7024 1(0.3) 8(1.4)
Nausea 16 (5.3) 0 (0.0) 7(1.2)
Vomiting 724 0(0.0) 7(1.2)
Administrative site 52.0) 31(10.6) 37(6.3)
conditions
Infections 1(0.3) 724 8 (1.4)
Investigations 43 (14.5) 1(0.3) 44 (17.5)
Serum creatinine 29 (9.8) 0 (0.0) 29 (4.9)
increased

135

AdoD ejgssod jsed




Clinical Review

George Shashaty

NDA 21-882

Exjade (deferasirox, ICL-670)

Skin rash [ 30 (10.1) | 7(24) | 37 (6.4)

Source: Reviewer revision from Sponsor submission page 989

In Study 0108, AEs that occurred in more than 2% of patients treated with Exjade and believed
related to study drug are shown in the following table.

Adverse Events considered to be related to Exjade and occurring in more than 2% of Patients (Study 0108)

Primary system organ class B-thalassemia Rare Anemias All Patients
and preferred term N=85 N=99 N=184
n (%) n (%) n (%)
Total 53 (62.4) 64 (64.6) 117 (63.5)
Cardiac 3(3.6) 1 (1.0) 4(2.1)
Ear/Labyrinth ' 0 (0.0) 33.0 3(1.6)
Eye Disorders 3 (3.6) 1(1.0) 4(2.1)
Gastrointestinal 37 (43.6) 47 (474) 84 (45.7)
Abdominal pain 10 (11.8%) 8 (8.1) 18 (9.8)
Diarrhea 12 (14.1) 24 (24.3) 36 (19.5)
Nausea 9 (10.6) 19 (19.2) 28 (15.3)
Vomiting .4(4.8) 11(11.2) 15 (8.1)
General Disorders 2(24) 6 (6.1) 8(4.3)
Nervous System 7(8.3) 6(6.1) 13 (7.0)
Investigations 20 (23.6) 14 (14.2) 34 (18.6)
Serum creatinine 16 (18.6) 12 (12.1) 28 (15.3)
increased

Proteinuria 4 (4.8) 2 (2.0) 6(3.2)
Skin rash 12 (14.1) 7(7.0) 19 (10.3)

Source: Reviewer revision from Sponsor submission page 105

Revzewer s Comments. Although the nature of AEs seen patients with p-thalassemia in Study
0108 were szmzlar inthose in Study 01 07, the frequency of the AEs were about twice as great in’
pattents with - thalassemza in Study 0108 as in Study 0107, T his may be related to the generally
‘higher dose of Exjade received by patients with p- thalassemia in Study 0108 (20 mg/kg/a’
20.8%; 30 mg/kg/d, 73.6%) comparea’ to Stua’y 0107 (20 mg/kg/d; 28.4%; 30 mg/kg/d, 40.2%).
Nausea, vomiting and diarrhea were more common, and skin rash and an increase in serum
creatinine were less common, in paz‘zents with rare anemias comparea’ fo patients with p-
thalassemia.

6.2.3.9 Additional analyses and explorations

The following do not appear to be predictive of the propensity to develop AEs.

e Sex

o Age

e Race (although the number of non-Caucasians in most of the studies was too low for
analysis)

e Duration of therapy
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e Concomitant therapy

The following appear to be predictive of the propensity to develop AEs.
¢ Dose and renal dysfunction
e Dose and gastrointestinal symptoms
e Mpyelodysplastic syndrome as the admitting diagnosis

The following may mitigate AEs.
e Steroid treatment of drug related skin rash may allow the continuation of drug

Less Common Adverse Events

The number of patients treated in the trials was insufficient to provide an estimate of the
causality of the drug upon the development of uncommon AEs. However, there appear to be
possible or probable effects in small numbers of patients on the following clinical problems:
e Hearing loss
e Cataract formation
¢ Drug induced hepatitis
e QT prolongation (This finding may be related to the disease process since the sponsor
conducted a formal QT study. in normal volunteers that indicated that Exjade did not
cause QT prolongation in that population).

Laboratory Findings

6.2.3.10 Overview of laboratory testing in the development program

Blood and urine samples were collected on all patients at baseline and every 28 days during the
trials for analysis of hematology and chemistry values and for urinalysis. For some of the studies,
additional analysis (serum magnesium, copper, zinc), creatinine clearance, urinary N-acetyl-f-
glucosaminidase (NAG) and B-2-microglobulin were also performed. Because of the difficulties
in collecting 24 hour urine, in Studies 0106, 0107 and 0108, creatinine clearance was estimated
using the Cockcroft-Gault formula.

6.2.3.11 Selection of studies and analyses for drug-control comparisons of laboratory
values

Studies 0106 and 0108 were uncontrolled single arm trials. In Studies 0105 and 0107, the
control group was treated with DFO.
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6.2.3.12 Standard analyses and explorations of laboratory data

Laboratory studies in Study 0105 revealed the fo Howing:

Hematology. 2/22 patients receiving Exjade, 10 mg/kg/d developed neutropenia, and
2/22 developed thrombocytopenia. No patients receiving Exjade, 20 mg/kg/d developed
either neutropenia or thrombocytopenia. In patients receiving DFO, 2/22 developed
neutropenia and 1/22 developed thrombocytopenia.

Hepatic function. 22/48 patients with normal baseline ALT/AST had an increase to
>ULN while receiving Exjade at a dose of 10-20 mg/kg/d. There was no relation to dose.
5/23 patients with normal baseline ALT/AST had an increase to >ULN while receiving
DFO. 18/48 (37.5%) of patients receiving Exjade and 11/23 (47.8%) of patients
receiving DFO, all of whom had a normal bilirubin level at baseline, developed some
degree of hyperbilirubinemia during the course of the trial. The transaminases were
variable during the trial.

Serum copper, magnesium and zinc levels fell from normal in approximately 50%, 13%
and 22%, respectively, of all patients in the study regardless of drug (Exjade or DFO) or
dose of drug. These values often became normal despite continuation of therapy. No
patient was discontinued because of the laboratory finding.

Laboratory studies in Study 0106 revealed the following.

Hematology. 1/20 children <12 years and 3/20 adolescents >12 years developed a
neutrophil count <1,500/ml while receiving Exjade at dose of 10 mg/kg/d. No change in
medication regimen was made and the counts reverted to normal despite continuation of
the drug. No patient developed thrombocytopenia.

Hepatic function. 4/29 patients with normal ALT at baseline developed ALT >5x ULN
and 1/33 patients with normal AST at baseline developed AST >5x ULN during the
course of the trial. Two patients had values of AST or ALT >10x ULN. These increases
were seen between day 44 and 322. Five patients had Exjade dose changes in response to
the increased transaminase levels and resumption of Exjade was not associated with
recrudescence of increased levels of transaminase.

Renal function. One patient had an increase in serum creatinine to above ULN on 2
consecutive visits but this value normalized without any change in the dose of Exjade.
Slightly more than 50% of patients developed an increase in the urinary protein/creatinine
ratio compared to baseline, but these were usually of a mild degree and many were
transient. '

~ Serum copper and zinc fell slightly in some patients but the fall was usually non-

progressive or transient.

Laboratory studies in Study 0107 revealed the following.

Hematology. Two and four tenths percent (2.4%) of patients receiving Exjade and 4.5%
of patients receiving DFO developed a neutrophile count of <1,500/ml and 1 patient had
a single value of <500/ml. These were not dose related and all resolved even though
there was no alteration in drug dose. One and four tenths percent (1.4%) of patients
receiving Exjade developed a platelet count of <100,000/ml but rose spontaneously to
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normal without a change in drug dose, except for one patient whose platelet count fell to
42,000/ml which led to a reduction in the dose of Exjade from 10 to 5 mg/kg/d with
resolution of the thrombocytopenia.

Hepatic function. Abnormalities in transaminases ate shown in the following table.

Table 10-9 Number (%) of patients with transaminases greater than 5 x ULN

ICLETO BFO All patient=

Laboratory parameter N=296 N=290 N=586
n (%} n (%} n {%)

SGOT/AST
No. patients with SGOT/AST »5 x ULN at 1 (0.3} - 1(0.2)
22 post-baseline visits
Mo. patients with SGOT/AST »5 x ULN at 110.3) 1(Q.3) 2 (0.3}
2 consecutive post-baseline visils :
SGPT/ALT
No. patients with SGPT/ALT =5 x ULN at 22 8(2.7) 2{0.7) 10 (1.7}
post-baseline visits
No. patients with GGPT/ALT »5 x ULN at 22 17 (5.7} 5{1.%) 22 (3.8}

consecutive post-baseling visils

Source: Sponsor submission page 113

A single patient in each treatment group had SGOT/AST levels >5 x ULN at consecutive
visits during the study and no patient had levels >10 x ULN.

Seventeen (5.7%) patients on Exjade and five (1.7%) on DFO had SGPT/ALT levels >5
x ULN at consecutive visits during the study. Of the 17 patients on Exjade, nine (7.6%),
two (2.4%), five (6.4%) and one (6.7%) were treated at 30, 20, 10 and 5 mg/kg,
respectively. Overall, 13 of the 17 patients had elevated transaminases at baseline (two
>5-fold elevated and the remainder <5-fold), including eight of the nine patients on 30
mg/kg, and all but one continued therapy without dose reduction and with no
deterioration in transaminase levels. A single patient with elevated levels at baseline
(0403/00017, 18 years, 10 mg/kg) discontinued Exjade on Day 137. In retrospect, there
were no obvious differences in the pattern of transaminase elevations between this patient
and those who continued therapy. The remaining four patients treated at 10, 10, 20 and 30
mg/kg, respectively, developed de novo elevations on Days 55, 148, 29 and 22. Study
drug was continued in two patients and temporarily withheld i one but was restarted at
the same dose when the transaminase levels did not normalize. The fourth, patient
(0801/00003, 14 years, 10 mg/kg) discontinued Exjade on Day 238. A single patient
treated with Exjade and none on DFO experienced transaminase levels >10 x ULN at
consecutive visits. This patient (1105/00020, 18 years, 30 mg/kg) discontinued Exjade
when the levels mcreased to >2000 U/L following re-challenge.

Two patients who had normal baseline ALT had a single ALT of >10x ULN, while a
single patient with an elevated ALT <5x ULN had 2 consecutive ALT >10x ULN.

In patients with a normal baseline bilirubin, 38.5% receiving Exjade and 32.1% receiving
DFO had an increase in bilirubin at some time during the trial.
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e Renal function. The number of patients with an increase in serum creatinine is shown in
the following table.

Table 10-10 Number (%} of patients with incregses in serum creatinine

ICLETO OF0o - All patients
Laboratory parameter N=296 N=290 N=G86
1 {%) n{%) 1 {%])
Serum creatinine
Mo. patienis with creatinine~ 33% at 22 consecutive 106 {35.8) 40 {13.8) 146 {24.9)
post-baseline visils
No. patients with creatining increase » 33% and 7{2.4) 140.3) §{1.4)

>ULN at 22 consecutive post-baseline visils
Patients are counted only once in each post-baseline category
Source: Sponsor submission page 113

In patients treated with Exjade and DFO, respectively, 106 (35.8%) and 40 (13.8%) had post-
baseline increases in serum creatinine >33% at two or more consecutive visits. An additional
seven (2.4%) patients in the Exjade treatment group had 33% increases from baseline at
consecutive visits that were also above the ULN compared with a single DFO-treated patient
(0.3%). Thus, 113/296 (38.2%) of patients treated with Exjade developed mild creatinine
increases at some point during the study. There was a dose response effect with creatinine
increases in 6.7%, 19.2%, 39.3% and 53.8% in patients treated at 5, 10, 20 and 30 mg/kg,
respectively. No patient had progressive increases in creatinine and no patient developed a serum
creatinine level that was >2-fold above the ULN. In only a single patient (1103/00001, 9 years,
30 mg/kg) did the creatinine increase >1.5-fold above the ULN. This occurred at a single visit.
However, of the 113 patients with 33% increases in serum creatinine, about 25% required dose
reduction under the provisions of Amendment 2. The main reasons for this discrepancy are as
follows. Firstly, in many patients, serum creatinine values fell spontancously at subsequent visits
before dose reductions could be implemented and in such patients, no action was taken.
Secondly, Amendment 2 required dose reduction in pediatric patients <15 years of age only if the
33% increases resulted in serum creatinine values that were also >ULN. Serum creatinine values
>ULN was a rare finding in pediatric patients and therefore dose reduction in patients aged < 15
was unusual. The number of patients with post-baseline creatinine increases was considerably
lower when the extended range criteria are applied (post-baseline increases in serum creatinine
of >50% compared to the average of the baseline values, confirmed by a second assessment at
least seven days later). Thus, in patients treated with Exjade, 31/296 (10.5%) had two
consecutive values that were >50% of baseline and an additional 5/296 (1.7%) had consecutive
50% increases that were also >ULN. The corresponding numbers for the

DFO group were 9/290 (3.1%) and 1/290 (0.3%).

A box-plot of serum creatinine shows an increase from baseline of approximately 10 pmol/L

in patients treated with Exjade which is apparent by Week 4 and which remains stable for the
first six months. This is shown in the following figure.
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Figure 10-1 Changes in serum creatinine from baseline (Safety population)
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Starting at weeks 28 to 32 there is an additional slight upward trend in the mean serum creatinine
values which is similar in both treatment groups. By EOS, the mean creatinine level in patients
treated with DFO is also higher than at baseline though the increases in patients treated with
Exjade are higher by a factor of approximately 10 pmol/L. A similar pattern is discernible in all
age groups and at all dose levels apart from 5 mg/kg where the number of patients treated is
small.

The following table depicts patients with increases in urinary protein/creatinine ratio since this is
considered to be the most informative of the urinary parameters. The ULN for this parameter is

0.2 mg/mg.

Table 10-11 Number (%) of patients with increases in total urinary protein/creatinine

ratio
ICLETD DFO All patients
LEﬁ)QI"&liOfy parameter N = 208 N = 290 N =586
n {%) n (%) n {%)

Urinary proteinfereatinine ratio {UPCR)

MNo. patients with UPCR 0.2 - <0.4 mgfmg post-haseling 126 (42.6) 169 (58.3) 285 (50.3)
No. patisnts with UPCR 0.4 - <0.6 mg'mg post-baseline 56 (18.9) 42 {14.5) 88 (16.7)
No. patieats with UPCR »=0.6 mgimg post-basaline 55 {18.6) . 21(7.2} 76 {13.0}

Patients are counted on'ly once in each post-baseline category
Source: Sponsor submission page 117
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Approximately 60% of patients had a urinary protein/creatinine ratio that was within the normal
range at baseline. Most patients showed transient increases at some point during the study to
levels that were generally less than twice the ULN. No patient developed progressive proteinuria.
Four patients experienced an increase in the protein/creatinine ratio to >1.0 mg/mg. Of these, a
49 year old patient receiving Exjade, 30 mg/kg/d, had a dose reduction because of mild
proteinuria and an increase in serum creatinine.

Levels of other urinary proteins were elevated in many patients at baseline and became
somewhat more elevated during treatment with a relation to dose, but no patient had a dose
decrease or interruption because of these changes.

Laboratory studies in Study 0108 revealed the following.
¢ Hematology. Two patients with B-thalassemia developed a neutrophil count of
<1,500/ml on 2 consecutive occasions and none had a platelet count of <100,000/ml
during the trial. The frequency of neutropenia and thrombocytopenia for patients with
rare anemias is shown in the following table.

Table 16-13 Number {%:} of patients with neutropenia or thrombocytopenia —- Rare

anemias
Other All rare

MDS DBA anomias anemias
N=&T7 N=320 N=22 N=99
n {3%) 0 {%) n (%) n {3}

Abspiute neutrophil count

No. patients with ANC <1.50 x 10%L 1{2.1) 3 (10.0) 1 (4.5) S{5.1)

at 22 post-baseline visits

No. patients with ANC <1.50 x 10%L 15 {31.9% 13 (43.3) 7 {31.8) 35 {35.4}

at 22 consecutive post-baseline visits

Platelets

No. patients with plaielets <100 x 0% atz2 = - " -
post-baseling visils i

No. patients with platelets <160 x 10%L at =2 11{23.4) 5{16.7) TE1.8) 28 4{23.2)
consecutive post-baseline visiis

Patienls are counted only once in each post-baseline category for sach parameter

Source: Sponsor submission page 118
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e Hepatic function. No patient had an elevated AST on 2 consecutive visits, but 1 patient
with B-thalassemia had an AST >5x ULN on more than 2 non-consecutive visits. ALT
was raised in patients with both B-thalassemia and rare anemias as indicated in the
following table.

Table 10-14 Number (%) of patients with trangsaminases greater than 5 x ULN

) Bthalazssemia Rare anemias All patients

Laberatory parameter N=85 N=99 N=184
n (%) n (%) n (%)

BGOTAST
No. patients with SGOT/AST =5 x ULN at 1(1.2}) - 1(0.5)
22 post-baseling visits
No. patients with SGOT/AST =5 x ULN at “ -
22 conseculive post-baseline visits
SGPTIALT
No. palients with SGPT/ALT =5 x ULN af 5{5.9) 1(1.0) 6 (3.3}
22 post-baseline visits
Mo. patients with SGFT/ALT >5 x ULN at 8 (8.4) B (5.1} 14 (7.6}

22 consecutive post-baseline visifs
Patients are counted only once in each post-baseline category for each parameter

Source: Sponsor submission page 119

The baseline ALT was raised in all of the patients with B-thalassemia and 5/6 of the patients
with rare anemias who subsequently had an elevation in ALT. The changes in transaminase
did not appear to be dose related.

e Renal function. In the patients with B-thalassemia, increases in serum creatinine and
urinary protein/creatinine ratio were similar to those seen in Study 0107. In one patient
receiving Exjade at a dose of 30 mg/kg/d, an increase in urinary protein led to
discontinuation of the drug.

In patients with rare anemias, the changes in serum creatinine are shown in the following
table.

Table 10-17 Humber (%) of patients with increases in serum creatinine — Rare

anemias
Other All rare
Laboratory parameter MDS DBA anemias angmias
N=47 N=30 N=22 N=59
n (%%} n {%) n {%) i {%%)
Serum areatinine
No. patiends with creatinine> 33% at 22 8(17.3) 8(26.7) T(31.8) 234{23.2}
consecutive post-baseline visits
No. patients with creatinine increase > 33% ang ERCR 2({8.7 5(22.7) 16 {186.2}

=ULN at 22 consecutive post-baseline visits
Patienis are counted only once in gach post-baseline category

Source: Sponsor submission page 121. The 9 MDS patients listed on Linc 2 should give a % of 19.1, not 9.1 as calculated
by the sponsor.
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Creatinine increases of >33% were more common in patients with rare anemias (16.2%)
compared to B-thalassemia (3.5%). The increase in creatinine appeared to be dose related.
No patient had a progressive increase in serum creatinine or an increase to >2x ULN and
only about half of the patients had a dose reduction in response to the rise in serum
creatinine.

In patients with rare anemias, the number of patients with an increased urinary
protein/creatinine ratio is shown in the following table.

Table 10-19 Number (%) of patients with increases in total urinary proteinfcreatinine
ratio — Rare anemias

Other All rare
MDS DBA anemias anemias

Laboratory parameter N=z47 N=30 N=22 =99
n (%) n (%) n %) n (%)

Urinary profeinfcreatinine ratio (UPCR)
No. pis with UPCR 0.2 - <0.4 mgimp post-baseling &(17.0) 14 {(46.7} 10 {45.5} 32 {32.3}
No. pts with UPCR 0.4 - <0.6 mg/mg post-baseline 14 {29.8) 14{3.3} 3{13.8) 18 {18.2)
No. pts with UPCR >=0.6 mg/mq post-baseline 11 {23.4) 3{10.0} 4{18.2) 18 {18.2}
Patients are counted only once in each post-baseline category
Source: Sponsor submission page 123

The frequency of the increase in urinary protein/creatinine ratio is similar to that seen in [3-
thalassemia. There was no increase in urinary protein over time and the increase in urinary
protein was not dose related. Eleven patients had an increase in urinary protein/creatinine of
>1.0 mg/mg; 3 of these had an elevated ratio at baseline. Most of the elevations in urinary
protein were associated with episodes of sepsis. Three patients discontinued Exjade because
of an increase in urinary protein. There was a minimal increase in other urinary proteins in
patients receiving Exjade at a dose of 20-30 mg/kg/d.

e Approximately 14% and 57% of patients developed low levels of serum copper and zinc,
respectively, at some time during the trial. The levels were not progressive and often
fluctuated during the trial.

6.2.3.12.1 Analyses focused on measures of central tendency

Not applicable.

6.2.3.12.2 Analyses focused on outliers or shifts from normal to abnormal

Not applicable.
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6.2.3.12.3 Marked outliers and dropouts for laboratory abnormalities

Previously discussed.

6.2.3.13 Additional analyses and explorations
Not applicable.
6.2.3.14 Special assessments

The primary laboratory assessment of interest related to treatment with Exjade is renal function.
Preclinical studies indicated that renal abnormalities were induced in laboratory animals by the
administration of Exjade. This seemed to be particularly true when the drug was administered to
non-iron overloaded animals in contrast to a lower frequency of renal effects in iron overloaded
animals. This has led to the theory that the renal effects may in some way be mediated by iron
deficiency in the kidney.

All patients in all clinical trials of Exjade were required to have close follow-up of serum
creatinine and there was a dose adjustment (different for children and adults) when the serum
creatinine rose even within the normal range.

Periodic serum ferritin measurements were included in all clinical protocols as it was the
intention of the sponsor to determine the correlation between serum ferritin and LIC. The

sponsor believes that it has established a correlation between the two that can be used as one
indicator of the need for commencing Exjade therapy and following its therapeutic effects.

Because of the evidence that Exjade could cause cataract formation and impaired hearing,
periodic assessments of these functions were performed.

Vital Signs

6.2.3.15 Overview of vital signs testing in the development program

Vital signs were measured in all studies during screening and then every 4 weeks at scheduled

visits. Pulse rate and systolic and diastolic pressures were measured after the patient was in the
sitting position for at least 3 minutes. Blood pressure was performed on the same arm at every
visit. Treatment with Exjade produced no consistent or clinically relevant effect on vital signs.

6.2.3.16 Selection of studies and analyses for overall drug-control comparisons

See above.
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6.2.3.17 Standard analyses and explorations of vital signs data
See above.

6.2.3.17.1 Analyses focused on measures of central tendencies

Not applicable.

6.2.3.17.2 Analyses focused on outliers or shifts from normal to abnormal

Not applicable.

6.2.3.17.3 Marked outliers and dropouts for vital sign abnormalities

Not applicable.

6.2.3.18 Additional analyses and explorations

See above.

Electrocardiograms (ECGs)

6.2.3.19 Overview of ECG testing in the development program, including brief review of
preclinical results :

In all clinical studies, standard ECGs were obtained at baseline and at 4 week intervals during
the trial. The interpretation of the ECG was to be performed at each study center using the same
physician, but it was not stipulated who that physician would be. The tracings were performed
after the patient had been in the supine position for at least 10 minutes and had to show at least 5
R-R intervals to allow the proper calculation of the QTc.

For Study 0107, Amendment 3 added central ECG and quantitative QT/QTc analysis in order to

comply with ICH draft guideline E14. This was the only study in which central analysis was
performed. (See 7.1.9.3 below for discussion of results).

6.2.3.20 Selection of studies and analyses for overall drug-control comparisons

See above.
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6.2.3.21 Standard analyses and explorations of ECG data

In Study 0105, 2 patients receiving Exjade at a dose of 10 or 20 mg/kg/d had prolongation of QT
.compared to baseline (0.39 to 0.45 sec; 0.42 to 0.52 sec). Neither was believed related to study
drug. One patient continued on Exjade. The other was begun on treatment with DFO.

In Study 0106, 1 patient receiving Exjade at a dose of 20 mg/kg/d had an increase in QT from
0.39 to 0.49. After a brief interruption, Exjade was restarted at the same dose and no further
ECG abnormalities occurred.

In Study 0107, seven patients treated with Exjade and three randomized to DFO developed new
or worsening ECG abnormalities during the study. Most of these episodes were not reported as
AEs. The events included prolongation of the QTc interval in one patient on Exjade
(0301/00007, 35 years, 20 mg/kg) which was assessed as study drug-related and resulted in a
brief hold of therapy before restarting at the same dose, and in two on DFO (0601/00005, 30
years, 50 mg/kg; 0504/ 00003, 34 years, 30 mg/kg), neither of which was reported as an AE.

The total of 503 patients (86% of the safety population) had ECGs reviewed centrally according
- to Amendment 3. A similar mean QTcB change from baseline was observed for both treatment
groups, although the mean QTcF change from baseline was slightly higher in the Exjade group
(4.2 ms) compared to the DFO group (0.6 ms). No dose relationship relating to the QT/QTc
interval was observed with either Exjade or DFO. A similar percentage of patients receiving
Exjade and DFO were found to have a >30 ms increase in QTcB or QTcF. Other cardiac
intervals were similar between the two groups. There was no evidence of consistent relevant
effects on any of the other cardiac safety parameters measured.

In Study 0108, cight patients, two with B-thalassemia and six with rare anemias, developed new
or worsening ECG abnormalities considered clinically significant by the investigator. These
included atrial fibrillation (2); Grade 1 AV block (1); t-wave abnormalities (not otherwise
specified) (1); left ventricular hypertrophy (1); and early repolarization (1), prominent u-waves
(1) and non specific S-T abnormalities (1). None of these changes was reported as an AE and
study drug was continued at the same dose in all patients.

6.2.3.21.1 Analyses focused on measures of central tendency

Not applicable.

6.2.3.21.2 Analyses focused on outliers or shifts from normal to abnormal

See above.

6.2.3.21.3 Marked outliers and dropouts for ECG abnormalities

See above.
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6.2.3.22 Additional analyses and explorations

See above.

Immunogenicity

Not applicable.

Human Carcinogenicity

There were no instances of the development of cancers in any studies in any patients with -
thalassemia treated with Exjade. However, in Study 0108, in patients with rare anemias, 6/99
patients developed neoplasms. All patients who developed neoplasms had an underlying
diagnosis of MDS at entry into the trial. Neoplasms developing in these patients included acute
leukemia (2), acute myeloid leukemia (1), lipoma (1), rectal cancer (1) and thyroid cancer (1).

In Study 0107, 4/290 patients receiving DFO developed neoplasms.

Special Safety Studies

Special attention was paid to the development of ophthalmological, otological and structural
hepatic abnormalities during the trials. Methods included visual acuity, eye examination,
audiometry and liver echography.

In Study 0105, 1 patient (Exjade, 10 mg/kg/d) had deterioration of pre-existing myopia from day
233. Two patients (Exjade, 20 mg/kg/d) experienced mild hearing loss. There were no structural
changes in the liver on echography.

In Study 0106, there were no changes in the eye or ear evaluation. One patient was noted to
have inspissated bile on echography of the liver on day 382.

In Study 0107, 3 patients receiving Exjade (10, 30, 30 mg/kg/d) and 5 patients receiving DFO
(26-40 mg/kg/d) developed lenticular opacities from day 84-365. Exjade was discontinued in
only 1 of the patients receiving the drug. Eleven patients receiving Exjade (10-30 mg/kg/d) and
10 patients recerving DFO developed new or worsening hearing abnormalities during the trial
from day 62-338. Liver echography showed new or worsening abnormalities in 5 patients
recerving Exjade (gallstones or biliary sludge in 3) and in 3 patients receiving DFO.

In Study 0108, cataracts developed in 3 patients with B-thalassemia. One patient with B-
thalassemia developed a retinal hole. One patient with Diamond-Blackman syndrome developed
amblyopia/strabismus and another developed hypermetropia/astigmatism. All patients were
receiving Exjade in a dose of 20-30 mg/kg/d and the events occurred between day 52-271.
Audiometry revealed clinically significant abnormalities in 19 patients, 14 of whom had
abnormalities at baseline. New findings occurred in 5 patients receiving Exjade at a dose of 5-30
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mg/kg/d by study’s end. New liver echography findings developed in 5 patients (3 gallstones, 1
fatty liver, 1 portal hypertension).

Withdrawal Phenomena and/or Abuse Potential

There is no evidence of withdrawal phenomena or abuse potential with the use of Exjade.
Patients had discontinuations, dose changes and interruptions without developing withdrawal

symptoms.

Human Reproduction and Pregnancy Data

Two patients receiving Exjade in Study 0109 (see Appendix) became pregnant. One patient had
a therapeutic abortion and there is no information regarding the abortus. There was no
information provided regarding the second pregnancy.

Assessment of Effect on Growth

There was a strong focus on the evaluation of growth and development in pediatric patients
enrolled in the trials and there were assessments of specific anthropometric measures and sexual
development in Studies 0106, 0107 and 0108. Measurements of height, weight, sitting height
and body mass index showed the expected growth over the year of the trial. In Study 0107,
pediatric patients receiving Exjade had small but consistently superior measurements compared
to patients receiving DFO. The differences were most marked in the age range of 12-<16 years
of age group.

Chronological and bone ages of the patients increased on the average of one year over the course
of the trial. One patient in Study 0106 and 2 patients in Study 0107 receiving Exjade developed
pathological metaphyseal findings in the wrist compared to 4 patients receiving DFO who
developed similar abnormalities.

Sexual development as measured by breast development, pubic hair and testicular stage were

normal over the course of the trials. The same was true for patients treated with DFO in Study
0107.

Overdose Experience

There were no apparent overdoses in any patients in the trials.

Postmarketing Experience

The drug has not been marketed in any country in the world.
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6.3 Adequacy of Patient Exposure and Safety Assessments

Description of Primary Clinical Data Sources (Populations Exposed and Extent of
Exposure) Used to Evaluate Safety

The data sources used to evaluate safety are described above. They include all of the phase I, II
and III studies that the sponsor has submitted with the application. The key studies supporting
the safety claim include data obtained in 885 patients with transfusional hemosiderosis in various
diseases (B-thalassemia, rare anemias) who were recruited in the four main safety and efficacy
studies in the Exjade clinical development program (studies 0105, 0106, 0107 and 0108). Of
these patients, 568 received Exjade and 317 received DFO. Most of these patients were followed
for a median of one year. There is additional safety data available from an ongoing study (0109)
for a median of six months exposure in SCD patients (132 ICL670, 63 DFO). Of the total of 700
patients receiving Exjade in the five studies, 292 (44.7%) were pediatric patients <16 years of
age; 52 (8.0%) were 2-6 years, 121 (18.6%) were between 6 and 12 years and 119 (18.3%) were
between 12 and 16 years of age. An additional 22 (3.4%) patients were aged 50-<65 and 30
(4.6%) were aged >65 years In addition, long-term safety data with exposure to Exjade of up to
35 months were obtained in a study in 51 adult patients with B-thalassemia (study 0105E2). The
safety data from Studies 0109 and 0105E2 are included in Appendix 1.

In early phase 1 and 2 studies, an additional 237 individuals (healthy volunteers as well as
patients with B-thalassemia) were exposed to Exjade in either single or short term dose
escalation, PK, PD, ADME or other studies.

6.3.3.1 Study type and design/patient enumeration

See Section 3.2, page 11 (Tables of Clinical Studies) and tables below.

6.3.3.2 Demographics

The following table shows the demographic characteristics of the patients who received Exjade
in phase II and III studies. Patients with inherited anemias and Blackfan-Diamond syndrome
were young, whereas patients with MDS were old. There were many more females in the treated
SCD population. There were virtually no Black patients in any of the disease categories except
in SCD where they formed the overwhelming majority.
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Tabie 5-1 Demographics features of patient populations receiving ICL670
Pooled Bickle
Variable / statistic B-thalassemia MDS DBA Cther anemia  cell disease
M=42% N=4T N=30 N=22 N=132
Age (yoars)
Mean + SD 17.9 4+ 10.G2 65 1 £ 12,45 6.1+ 10.28 358 %2286 191+ 10.7
Median 16 66 15 32 15
Min ~ Max 2~ 58 20 -~ &1 3-42 4 - 80 3-54
Age category (yaars)
<G 35 {9.3%) . 7 {23.3%) 2 (9.49%} 4 {3.0%)
B-<i2 85 (20.2%) - S (16.7%) 1 (4.5%) 30 (22.7%})
12 - <18 81 (19.2%) - 3 (10.0%) 2(8.1%) 33 (25.0%)
16 - <50 215 (51.0%) 5 {10.6%} 15 {60.0%) 10 (45.5%) 63 (47.7%}
50 - =65 1 (0.3%) 16 {31.9%) - 4 {18.2%) 2 {1.5%)
= 65 27 {57 .4%) - 3{13.6%) .
Gender
- Male 192 (47 .3%) 26 {55.3%} 16 (§3.3%) 9 {40.9%} 52 {39.4%)
Female 222 (52.7%) 21 {44 7%) 14 (46.7%) 13 (59.1%) 80 {60.6%)
Race
Caucasian 355 [65.3%) 44 {93.6%} 26 {86.7%) 19 (85.4%} 8 {6.1%)
Bfack 2 (0.5%) “ - - 118 (89.4%)
Criental 20 (4.8%) 442.1%) . 3 {13.5%) -
Other 40 (9.5%) 2 {4.3%) 4 {13.3%) - 5 {4.5%)
Weight {kg)
Meant ST 43.8 £16.61 70.4 £ 12,45 39.1 £18.7 56.1 £18.28 51.6 1 19.33
hMedian 452 TOT7 429 5.7 52.6
hin ~ Max 10.4 - 87.9 48.6 ~ 93 134 -785 13- 80 16 - 105

Source: Sponsor submission page 42

6.3.3.3 Extent of exposure (dose/duration)

The following table shows the overall duration of patient exposure. In most studies, exposure
approximated a duration of 1 year. In the extension study (0105E2), patients remained on
Exjade for an average of 2 Y years.

Table 5-2 Summary of overall duration of exposure by study and treatment
D105E2 0105 o107 0108 0108 0107 0109
ICLE7D 1CL&T0 {CLG70 1CLBT0 ICLB70 DFO DFO
n=51 n=40 n=296 N=184 n=132 n=28¢ n=63
mean (weeks) 127 402 52.1 475 28.8 53 28.5
sSD 34 5.4 8.1 14.08 10.59 8.72 10.54
median 143 485 53 528 258 529 257
range 3-152 18587 3.7-679 0.7-66.9 0.4-60.1 4.7-68.6 3.3.534

Source: Sponsor submission page 43
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Description of Secondary Clinical Data Sources Used to Evaluate Safety

Not applicable.

6.3.3.4 Other studies

Not applicable.

6.3.3.5 Postmarketing experience

The drug is not marketed in any country in the world.

6.3.3.6 Literature

Not applicable.

.Adequacy of Overall Clinical Experience

The overall clinical experience appears to be adequate to evaluate the safety of the drug for the
population of patients with B-thalassemia, but not for patients with rare anemias. A significant

~ proportion of patients were in the pediatric age groups, including both children and adolescents.
Most of the patients were Caucasian, so safety in non-Caucasian patients is less well known.
There do not appear to be any gender specific safety concerns. There is a suggestion that
advancing age or concomitant illness may exaggerate the adverse events seen in association with
the drug.

The doses that were used by the sponsor, particularly those of 20-30 mg/kg/d appear to be those
that are reasonably effective. Doses above 30 mg/kg/d cause gastrointestinal AEs that prevent
the use of Exjade above that level. The duration of exposure was approximately 1 year in all the
trials and there has been an extension of Study 0105E2 to as long as 3 years. Extensions in the
other trials are ongoing. While the drug is likely to be required for the life of the individual, the
length of time in the studies provides a reasonable body of data that permits evaluation for an
acceptable period of time.

Exclusion criteria employed in the studies, particularly those that excluded patients with renal,
~ocular, auditory and hepatic disease, limit the generalization of the data obtained. It will be
necessary to perform additional studies before recommendations can be made for these groups of
patients.

The only group for which there is adequate data supporting efficacy is the population with -
thalassemia. The reports of neutropenia and thrombocytopenia in patients with “other rare
anemias”, while possibly attributable to the underlying disease process, cannot be eliminated as
having been caused partially or wholly by Exjade.
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Adequacy of Special Animal and/or In Vitro Testing

Preclinical studies provided a reasonable basis upon which to perform clinical trials and were
useful in producing data that led to a focus on the organ systems in humans to which attention
should be paid. Extensive renal studies in normal and iron overloaded animals were performed.
For further details, please refer to the Pharmacology/Toxicology Review.

Adequacy of Routine Clinical Testing

Routine clinical testing was extensive and adequate.

Adequacy of Metabolic, Clearance, and Interaction Workup

Refer to Section 5 and the Clinical Pharmacology Review.

Adequacy of Evaluation for Potential Adverse Events for Any New Drug and
Particularly for Drugs in the Class Represented by the New Drug;
Recommendations for Further Study

The sponsor conducted an adequate evaluation for potential adverse events. These included a
close monitoring of hepatic and renal dysfunction, a formal QTc study in normal persons and a
QTc evaluation in their clinical studies, ophthalmological and auditory examinations, and
longitudinal developmental evaluations in all pediatric patients. However, for a drug that is likely
to be prescribed for a patient’s entire life, the sponsor should continue to gather data on longer
term use.

Assessment of Quality and Completeness of Data

The quality and completeness of the data to conduct a safety review was acceptable. This
opinion 1s based on the review of the data submitted by the sponsor.

Additional Submissions, Including Safety Update

The sponsor has submitted preliminary safety data from Study 0109, a trial of the use of Exjade
in the treatment of transfusion induced hemosiderosis in patients with sickle cell anemia, as well
as safety data from Study 0105E2, a 3 year extension of Exjade treatment for patients originally
enrolled in Study 0105. The review of this information is in Appendix 1. In addition, the
sponsor has recently provided a safety update from the ongoing extensions of the clinical trials
(0106, 0107 and 0108) and the complete safety data from Study 0109.
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In the extension studies, the combined population was 426 patients, 360 with B-thalassemia and
66 patients with rare anemias. The total length of treatment, including the time spent in the
original trials, was mostly 72-96 weeks. The adverse events reported in these patients were
similar in distribution to those in the original studies.

Four deaths occurred in the extension studies. There was one death in a patient with f3-
thalassemia due to the development of congestive heart failure. There were 3 deaths in patients
with rare anemias, all in patients with myelodysplastic syndrome. The deaths were due to
complications of the underlying hematological disorder. None of the deaths in the patients with
myelodysplastic syndrome were caused by iron overload.

Drug discontinuation occurred in 5 patients for the following reasons: steatosis with increased
transaminases (1), glycosuria (1), colitis (1), increased creatinine (1) and the development of
Henoch-Schonlein purpura (1).

Serious adverse events occurred in 7 patients as follows: deep venous thrombosis (1), pulmonary
embolism (1), atypical tuberculosis (1), increased transaminases (2) and cholelithiasis (2).

6.4 Summary of Selected Drug-Related Adverse Events, Important Limitations of
Data, and Conclusions

Drug related adverse events of importance associated with Exjade include the following:

e Renal dysfunction. Approximately one-third of patients treated with Exjade are noted to
have developed an increase in serum creatinine and/or proteinuria. The long term natural
history of this adverse event is not clear, Oftentimes, the increase is evanescent even
when the drug is continued at the same dose. If the dose of the drug is halted or
decreased, the serum creatinine falls to baseline. When drug is then restarted, the serum
creatinine often does not rise again. The proteinuria frequently responds to dose
modification. The sponsor states that there has been no evidence of progressive renal
impairment despite the use of the drug for periods up to three years in duration.

e Increased hepatic transaminases. The serum transaminase and bilirubin were often
elevated in patients enrolled in the trial. A number of the patients had hepatitis A and/or
B and hemolysis is part of the underlying anemia. Both hepatitis and iron overload are
associated with hepatic inflammatory processes. However, several episodes were
documented to be clearly related to the administration of Exjade and the drug was
discontinued. The long term sequelae of this form of drug hepatitis are not known.

¢ Cataract formation. This is likely to be a direct consequence of the use of Exjade, but
appears to be an infrequent complication, although it may become more common as the
drug is used for a longer period of time.
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e Diminished hearing. This is likely to be a direct consequence of the use of Exjade, but
appears to be an infrequent complication, although it may become more common as the
drug is used for a longer period of time.

e Neutropenia/thrombocytopenia. The frequency of these complications was rare and the
significance of their appearance is uncertain because of the underlying hematological
diseases that patients being treated with Exjade already have.

e Immunological. There has been one case report of Henoch-Schonlemn purpura in the
extension studies. Because drugs are often believed to be causally related with Henoch-
Schonlein purpura, its appearance in this relatively small safety population is of concern.

6.5 General Methodology

Pooling Data Across Studies to Estimate and Compare Incidence

See above.

6.5.3.1 Pooled data vs. individual study data

See above.

6.5.3.2 Combining data

See above.

Explorations for Predictive Factors

See above.

6.5.3.3 Explorations for dose dependency for adverse findings

See above.

6.5.3.4 Explorations for time dependency for adverse findings

See above.

6.5.3.5 Explorations for drug-demographic interactions

See above.
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6.5.3.6 Explorations for drug-disease interactions

Not applicable.

6.5.3.7 Explorations for drug-drug interactions

See above.

Causality Determination

See above.

7  ADDITIONAL CLINICAL ISSUES

7.2 Dosing Regimen and Administration

Exjade is recommended to be administered as a once-a-day oral preparation in which tablets are
completely dissolved in water and the solution drunk in its entirety. The sponsor has conducted
a study in which bioequivalence with dissolution in orange juice has been established. Based on
the data available, this seems to be acceptable.

The sponsor bases the commencement and dosing of Exjade on evidence of the body iron burden
which it defines as a history of the transfusion of 20 units of blood or a level of serum ferritin of
>1,000 ug/L. The recommended initial dose of the drug is 20 mg/kg/d for most patients with the
option of starting with a dose of 5-10 mg/kg/d in patients who are believed to have developed a
lesser body iron burden or starting with a dose of 30 mg/kg/d in patients believed to have
developed a greater body iron burden.

Maintenance doses of 20 mg/kg/d are able to maintain a stable LIC in chronically transfused
people (2-3 units of PRBC/month). In order to diminish LIC in a chronically transfused person,
a dose of 30 mg/kg/d is necessary. Individual tailoring of the dose depends on periodic
assessment of body iron burden.

There is a significant dose-toxicity relationship for Exjade and renal dysfunction as well as for
skin rash. Gastrointestinal adverse events also appear to be dose-related.

Doses per unit of body weight for children may be greater then for adults because children tend
to have a greater transfusion requirement relative to size. In addition, children below the age of
6 years have a total drug exposure of 50% of adults when given the same dose of Exjade per
body weight. Although women seem to have a somewhat higher exposure for a given dose of
drug than men, the difference does not lead to a quantifiable difference in dose for women.
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Although the sponsor has conducted a food study with Exjade that shows no difference in
bioavailability of the drug when taken with a high fat meal, the sponsor recommends that the
drug be taken on an empty stomach in the morning. The once a day dosing schedule, the only
schedule studied by the sponsor, is based on the long half-life of the drug. :

Reviewer's Comments. - In clinical practice; there is little likelihood that physicians will.
that an znvaszve test, such as a liver. bzopsy, be performed priorto the.
approprlate population. The hzstory of the number of transfuszons plusq
>1000ug/L are clinically acceptable as the basis for commencing Exjade
wmnits of packed red cells-is compatzble with anincrease in LIC to >7'm
serum ferritin of >1 000 ,ug/L ina chronzcally transfused patzent is unlzke
another factor : L S

T he’transfuszon of 20 5
/g dw. A repeat .
to be caused by

T he sponsor s approach fo. maznz‘enance therapy seems approprzate beca e"“zz‘ calls for a very
measured response to long term changes in serum ferrztzn ‘Hemosiderosis is a long term
problem and dose adjustments should be predicated on that fact. The submztted clinical studies
‘were too short in duration to permit an assessment of the effect. of Ex]ade on ¢linical morbidity
and mortality in transfusion induced hemosiderosis, and the literature does not provzde aclear .
understanding of the optimal a’egree of reduction in body iron burden in such patzents Until
such-information becomes avazlable a conservative approach to doszng of Ex]ade is

appropriate. ) :

The sponsor has not studied the effects of the administration of Ex]ade ata dose of 20-30
mg/kg/d in patients with a LIC <7 mg Fe/g dw.  This is an important populatlon because it
represents those who-are early in their transfusion history but for whom the data indicate that a -
dose of less than 20 mg/kg/d is not lzkely 0 be eﬁ"ectzve zn preventmg an zncrease in LIC with
continuing transfusions. L -

The sponsor has not provided any data on the hazards assoczated with an Exjade znduced fall in
Serritin below 1000 pg/L since virtually no patients in the clinical trzals fell below that level. The
safety of the long term use of Exjade in patzents whose serum. ferrttzn falls below that value needs'
fo-be assessed. : S :

Advances in the measurement of total iron body burden using non-invasive methodologzes (A/_IRI
blood tests, etc), particularly those which focus on the myocardial iron level (the main cause of

mortality), should be evaluated to more precisely determine the need for, and the dose of,
Exjade.

7.3 Drug-Drug Interactions

The only drug-drug interaction study performed by the sponsor was with digoxin. That study
showed no interaction. (Please refer to the Biopharmaceutics review).
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7.4 Special Populations

Although as explained above there are some differences in children (greater iron intake and
reduced total drug exposure) and women (greater iron off-loading), these factors are small when
considering the difficulty in assessing body iron stores and individual response to therapy. Dose
adjustments should be made periodically and slowly based on repetitive assessment of iron
intake and body stores.

All studies with Exjade excluded patients with any significant renal or hepatic dysfunction, so
the efficacy and safety of the use of Exjade in patients with these disorders is not known. Dosing
in patients experiencing renal dysfunction should be reduced as this was the manner in which
such patients were managed.

Patients who were pregnant or lactating were excluded from the studies and the effect of Exjade
on these conditions is unknown.

7.5 Pediatrics -

Proportionally, there was a large representation of pediatric patients in virtually all of the clinical
studies conducted. PK and PD data are available from some of the studies. The safety and
efficacy of Exjade in the pediatric population appeared to be similar to that seen in non-pediatric
population. Since the pediatric population was more likely to have had an LIC performed by
SQUID, a number received doses of Exjade that were apparently sub-therapeutic. In pediatric
patients whose LIC was determined by liver biopsy, it appeared that the efficacy of Exjade is
similar to that for non-pediatric patients. The single exception to these findings was in the
subgroup of pediatric patients <6 years of age. In these patients, the exposure to the drug was
half that of adults when weight based dosing was administered. This may have led to the finding
that in this group of patients, deferoxamine was more effective in lowering LIC than was Exjade.
The sponsor submitted a Proposed Pediatric Study Request on March 19, 2003, but the division
was not able to issue a Pediatric Written Request because of CMC, preclinical and clinical
deficiencies (letter to sponsor dated April 5, 2004). PPSR was submitted on November 17, 2004.
The Division was unable to issue a WR because of incomplete clinical data available to the
Agency.

7.6 Advisory Committee Meeting

The Blood Products Advisory Committee met on September 29, 2005 to provide advice on the
conduct and results of the clinical trials as well as on the approvability of Exjade. A summary of
the recommendations is as follows: )
e LIC is an acceptable efficacy endpomt for approval.
e Exjade administered at doses of 20-30 mg/kg/d decreases LIC by an amount that
provides clinical benefit. Lower doses of Exjade have not been demonstrated to be
cffective in lowering LIC. Patients with an LIC of <7 mg Fe/g gw have not been treated
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with Exjade at doses of 20-30 mg/kg/d, so the efficacy and safety of these doses in these
patients requires further data or new studies. There is no information that correlates the
relationship of a serum ferritin <1000 pg/L and the frequency and type of adverse events.

e Performing a liver biopsy to determine the LIC prior to, and during treatment with,
Exjade is not required and a decision to do so should be left with the treating physician.
The dosing regimen suggested by the sponsor is acceptable for patients in whom the LIC
is likely to be >7 mg Fe/g dw. The dosing regimen for those whose LIC is expected to be
<7 mg Fe/g dw has not been established.

e The safety database provides an adequate characterization of Exjade to allow an adequate
benefit/risk assessment and labeling, but long term phase 4 studies should include a
patient registry, close follow-up for renal and hepatic adverse events and in particular,
renal adverse events in patients with sickle cell syndromes who often have renal
impairment due to the sickle state.

e Exjade should be approved for the treatment of hemosiderosis in patients with f3-
thalassemia, as well as for the broader population of transfusion induced hemosiderosis
due to other anemias.

e The label as written supports labeling in patients over the age of 6 years. For patients up
to age 6 years, there is insufficient data available to support labeling for the 20-30
mg/kg/d dosing.

7.7 Literature Review

See references.

7.8 Postmarketing Risk Management Plan

The risk management plan provided by the sponsor incorporates the recommendations that
periodic determination of iron status, renal function, hepatic function, and ophthalmological and
audiological examinations be performed.

7.9 Other Relevant Materials

Consultations were requested from the following entities:
e Division of Drug Marketing, Advertising and Communications
e Office of Drug Safety
e Division of Scientific Investigation
e Center for Devices and Radiological Health
e Division of Anti-Infective and Ophthalmological Products

The advice from these consultations was considered in the writing of this review. Please refer to
the consultations for further information.
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8 OVERALL ASSESSMENT

8.2 Conclusions

Deferoxamine (Desferal), the only currently available treatment for hemosiderosis due to chronic
transfusion therapy in B-thalassemia patients, is widely acknowledged by both the patient and
physician community to be a problematic drug with which to contend. In fact, because of these
problems, a majority of patients who might benefit from its use either refuse to use it or use it in
a manner that does not maximize its clinical utility. Yet no replacement for deferoxamine has
become available.

Exjade has characteristics that make it attractive as an iron chelator. It is an oral agent with a
once-a-day dosing regimen for which there is pharmacodynamic evidence of an iron off-loading
capability.

The crucial clinical study(ies), particularly Study 0107, designed to demonstrate efficacy and
safety, did not meet the pre-specified primary efficacy objective. Nonetheless, there is a fairly
large database that can be used to help determine whether or not the drug should be considered
for approval.

The efficacy of Exjade is suggested by the following information:

1) There is a dose-response relationship of drug to iron excretion. This was shown in phase 1/2
studies and in the iron balance studies in the Study 0107. The sponsor’s trial design appears
to have been too conservative in the dosing of Exjade and this led to failure of response in
patients who were receiving doses of Exjade of 5-10 mg/kg/d. Those who received doses of
Exjade 0f 20-30 mg/kg/d experienced a success rate that was similar to that achieved with
DFO.

2) Exjade produced a statistically significant reduction in LIC (in the population measured by
either biopsy alone or in the combined population measured by either biopsy or SQUID) in
both Studies 0107 and 0108, and even moreso in patients whose baseline LIC was >7 mg
Fe/g dw. These patients, in fact, are those for whom therapy is likely to be most beneficial.

3) The average decrement in LIC in patients with a baseline LIC of >7 mg Fe/g dw was
between 5.3-5.6 mg Fe/g dw in a one year period even while continuing transfusion therapy.
Presuming a patient were to continue receiving the drug, it seems reasonable to assume there
would be an additional decrease in LIC over time.

4) The serum ferritin declined in tandem with the LIC.

5) The supporting studies (0105, 0106 and 0108) add consistency to the results obtained in
Study 0107.

There are significant safety concerns associated with the use of Exjade including:
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1)

2)
3)
4)

5)

6)

7)

Renal dysfunction. About a third of patients receiving Exjade have an increase in serum
creatinine and many have a variable degree of proteinuria. These abnormalities appear to
be dose related. The clinical consequences of these laboratory abnormalities are
uncertain, but preclinical studies have shown that tubular dysfunction is a toxic effect of
Exjade. The sponsor has presented data to show that the renal dysfunction is not
progressive in a small group of patients who have received Exjade for up to three years.
Hepatic dysfunction. At least two cases of drug-related hepatitis were evident in the
clinical trials. The long term clinical sequelae of these events are unclear.
Gastrointestinal symptoms and skin occur frequently but are manageable and rarely lead
to discontinuation of the drug.

Neutropenia and thrombocytopenia. Although rare, and possibly related to underlying
disease or other drugs, the relation to Exjade is not known. ,

A case of Henoch-Schonlein purpura has already been reported in association with the
use of Exjade. The report of an unusual adverse event in this small a safety population
suggests that similar or other adverse events will be seen when there is a more
widespread use of Exjade.

Cataract development. This is an unusual occurrence and is treatable with surgery. The
benefits to be gained with use of the drug are greater than the harm from the development
of cataracts. The same complication occurs with the use of DFO.

Hearing loss. This is an unusual occurrence and may be irreversible. The same
complication occurs with the use of DFO.

Exjade should be approved for the indication of the treatment of chronic iron overload due to
blood transfusions (transfusional hemosiderosis) in both adult and pediatric patients aged 2 years
and over. It is my position that the sponsor has established the efficacy and safety of Exjade only
in the B-thalassemia population. However, the Advisory Committee was clear in its
recommendation that there were sufficient data to establish efficacy and safety in any patient
population with transfusional hemosiderosis since the mechanism and natural history of
hemosiderosis is very similar.

The product label submitted by the sponsor will need to be revised as follows:

The pharmacodynamic section will need to indicate that patients in Study 0105 had LIC
assessed by SQUID and the results are therefore uncertain.

Exjade should not be used in patients with renal impairment until both efficacy and safety
have been established in this population. :

Exjade should not be used in patients with hepatic impairment until both efficacy and
safety have been established in this population.

A statement that indicates that in patients below the age of 6, Exjade was inferior to DFO
in decreasing LIC.

In the Clinical Studies section, the % of patients having SQUID should be stated.

In the Clinical Studies section, important exclusion used in the study should be listed.

In the Clinical Studies section, references to non-inferiority in the subgroup with LIC >7
mg Fe/g dw should be struck.
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In the Clinical Studies section, Table I refers to different populations. In addition, since
the iron excretion/iron intake ratio depends upon LIC, and since 16 % of patients had LIC
assessed by SQUID, the data are uncertain.

In the Clinical Studies section, not all patients in 0108 had been unable to be treated with
DFO (rare anemias). References to the success rate are meaningless because 50% was an
arbitrarily selected number. Important exclusion used in the study should be listed.

In the Clinical Studies section, the coefficient of correlation between ferritin and LIC
(0.63) should be stated, and the statement that ferritin can be used to monitor response
should be struck.

In the Clinical Studies section, Study 0109 should state that SQUID was used to assess
LIC so that the results are uncertain. Important exclusion used in the study should be
listed.

In the Contraindications Section, renal disease and hepatic disease should be included.
In the Precautions Section, data should be provided to support the mode and efficacy of
the use of steroids for the treatment of skin rash.

In the Precautions Section, the frequency of audiological and ophthalmological
evaluation while receiving Exjade should be increased.

In the Precautions Section, there is no data to support the allowance off thje fall in serum
ferritin to 500 pg/L.

In the Precautions Section, a rise in creatinine of 33 % should lead to dose reduction as
was done in the clinical studies.

In the Adverse Events Section, indicate that a patient receiving Exjade developed Henoch
Schonlein purpura., and that 2 patients (not 1) developed drug induced hepatitis (correct
language later on in the paragraph as well). The number of patients treated with Exjade
should be listed as 700. Eight (not 7) patients discontinued Exjade because of AEs in
Study 0107.

Reverse the order of transaminases and creatinine in Table 3 to match text.

In the Adverse Events Section, in the last paragraph, indicate AEs from all extension
studies.

Under Dosage and Administration, commencing therapy should require BOTH >20 units
of blood transfusion and a serum ferritin >1000pg/L. References to starting doses of 10
and 30 mg/kg/d should be struck.

Under Dosage and Administration, indicate why tablets must not be chewed or swalloed
whole. :
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9 APPENDICES

9.2 Review of Individual Study Reports

Study 0105E2
Reviewed Primarily for Safety Data and Analysis

Objectives

Primary
e To provide treatment with Exjade
e To evaluate the long term safety and tolerability of Exjade
Secondary
e To determine the effect of Exjade on LIC as measured by SQUID
e To evaluate the role of long term serum ferritin and other surrogate markers on dose
titration of Exjade

Design

This was a three year open label, non-comparator controlled extension to Studies 0105 and
0105E1, and was also available to patients from a food effect sub-study named 0105F. In this
study, patients who appeared to have benefited from the use of chelator therapy (whether from
Exjade or DFO) in Study 0105/0105E/0105F were invited to participate in this extension in
which all patients were to be treated with Exjade. The initial dose of Exjade was determined by
the LIC at the start of the extension phase of the trial (for patients who had previously been
receiving DFO) or was the dose that patients receiving Exjade had already been receiving. The
dose of Exjade could be increased or decreased in steps of 5-10 mg/kg/d (within the range of a
total dose of 5-40 mg/kg/d) depending on LIC performed every 6 months and safety parameters.
Some patients with a history of hepatitis or other liver conditions were offered the option to
undergo liver biopsy. Serum ferritin, iron and transferrin were performed monthly as surrogate
markers. ECGs, hepatic, renal, visual and auditory evaluations were performed regularly.

The schedule for the study is shown in the table below.
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3.5.1

Visit schedule of the extension study
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8 N
Tomaintsén hemogiobin & B£1 gfdt. during study treatment {racord on extersion CRF).
*cach of folleving evaluations is pedormed together with every SGUID assessment: Weight, height, bedy fat, BMI, chi2tissue, thorax radus, Z-liver + 80, utrasound liver {zotsree
documentetion only). After consultation with the Novartis an exira 8QUID assessment may be scheduled il a patients serum ferrifin i= < 1000 ng'mL at 2 consecutive measurements and a
trerd {3 consecistive measurameants) can be seen towards nomal serum femitin values,
f4pptional st cos oceurrence and based on investigator's judgment, provided a liver biopsy assessment is performad at the same wisition the same day. Patierts are requisad to s/gn the
ponsesnt form addendun which explains this procadure.
*0ptional at cag occurrenca and besed oncinvestigator's judgment, provided a MRi aszeasment is performed at e same wisillon the same day. Patients are required to sign the censent
form addendum which explains this procedure.
an be repeated cuf of sciedule if menses are delzyed for meee than 7 dsys.
Spseight and height will be recorded on the exiension CRE only at Visit 1,7, 12, 25 end 31,
“Rased on dinical judgment, a 24h-Holisr-ECG monitoring may be performed for patients with a hislory of cardiac seshythmia,
’Orly in patents with cardac diseases.
*To ba performed by an cphifaimotogist.
“Collect 3 mL of urine into Isbeled via! and freeze immediately in & -T0°C freezar. The fresh usine samgle is Ziquated ints three 1 mi alicuots &s described in QR Laboratory Investigaior
Guide. Samples shippad every 2 months towfor analysis. See Appendix %.
o oiect 3 mt of biood inlo fabsted vial. The bloos is spun and plasma is aligucied as described in {Niiile Laboratory Iovestigator Guida. Then freeze ptasma immediaiely ina
-FO°C freazer. Samples shippad every 2 months toiligieeeLabosstoey for analysis. See Append 1.
S et deug to be dspeased at the first eatension visit (Visit 4%, potenfia doses adjusiments may be perdormed at avery visit or after an extraordinary SOUID sssessment
ATan end of study asszssment to be parfermed at extension sfudy completion or upon premature dscontnuation.
“De not petarm if mosi recenty compiated SQUID asesssment was perdormed within, 8 waeXs of the End of Prolongaticn of Extansion Siudy visit date.,
*Criy uninary protein anstysis to be performed by the lacat tab. NAG and A3 analysis is no lorgar raqured.
# Thsse aszessments are already scheduled at the Ead of Proiongation of Exiension Study visit of the origiag study and wit! nat be repeated at il il visit of the extension study (Visit 13
s, Schedufs recommendation for these evalusiions io be performed by the focal lab. Any significan findings, whish meet tha definition of an AE, must ba reccrdad in {he AT summary page
of the extansion CRF.

Source: Sponsor submission page 23

Patient Population

Patients who had completed Study 0105E or 0105F were eligible for the study. Informed
consent and a body weight of at least 35 kg were required. Exclusions were pregnancy or breast
feeding women, a history of non-compliance or poor reliability, proteinuria >300 mg/L in a
second voided morning specimen and a serum creatinine above the ULN.

Treatments

Exjade tablets were to be dispersed in water by vigorous stirring. The dosing of Exjade was
dependent on LIC. Dose reductions were undertaken when the LIC was projected to fall below 2
mg Fe/g dw. Dose escalations and reductions had to be agreed to by the Study Monitoring
Committee. The initial dose of Exjade is shown in the following table.

Table 3-1 ICLEB70 dose assignment based on LIC

Patieais with LIC ICLG7Q dose assigned
2 -3 mg Fela dw 5 mofkgfday

>3 -7 mg Fefg dw 10 makg/day

=7 - 14 mg Felg dw 20 mafkgiday

=14 mg Fefg dw a0 makglday

Source: Sponsor submission page 21

Drug accountability was performed by the field monitor during site visits. Patients returned all
unused medication at the end of the trial.
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Drug therapy was discontinued or interrupted for any of the following reasons:
e Adverse events

Abnormal laboratory values

Abnormal test procedure results

Unsatisfactory therapeutic results

Condition no longer required therapy

Protocol violation

Withdrawal of consent

Loss to follow up

¢ Administrative problems

e Death

Efficacy Assessments

Patients were followed with LIC measured by SQUID, serum ferritin, serum iron and transferrin.
Some patients had a liver biopsy and MRI scans of the liver. All SQUID evaluations were done
at the Turin University Department of Pediatrics. In addition to the regularly scheduled
SQUIDs, patients whose serum ferritin fell below 1000 ng/mL on 2 consecutive measurements
had an immediate SQUID. Adverse events were monitored and recorded, and patients had
periodic monitoring of hematology, chemistry, urine tests as well as ECGs, echocardiograms and
physical examinations. Audiometry, ocular examinations and liver echography were also
performed. '

Protocol Amendments and Changes

Amendment 1 issued on June 30, 2003 provided for clarification of laboratory procedures that
were primarily administrative. In addition, regular meetings of the Safety Monitoring Board
were not held as there were no safety issues identified. In an interim analysis, only data from
patients who had originally received Exjade in Study 0105 were analyzed.

Statistics

Data from all centers were pooled to provide an adequate number of patients for statistical
analysis. The cut-off date for data was June 30, 2004. Data were summarized with respect to
demographic and baseline characteristics, efficacy observations and measurements, safety
observations and measurements.

The populations analyzed included:

e Intent to treat. All patients from Studies 0105/0105E/0105F who had been treated with
Exjade and had at least one scheduled post-baseline SQUID assessment.

166



Clinical Review

George Shashaty

NDA 21-882

Exjade (deferasirox, ICL-670)

e Safety. All patients previously receiving Exjade who received at least one dose of drug
in Study 0105E2.

Efficacy evaluations included:
e LIC by SQUID
e Iron balance as previously described

e Surrogate markers (serum ferritin, iron and transferrin)
Safety evaluations included:

e AFs
e Laboratory evaluations as shown below

Table 6-1 Definition of notable and extended ranges for selected laboratory

parameters
Laboratory parameter Criteria for notable and extended ranges
Platelet count <100 x 10°%L
Absolite neutrophils <15 x 10%L
Serum creatinine >33% increase from baseline {at 2 consecutive

measurements) {extended range: >60% increase}
=1.0 {mofmg) in a second-void morning urine sample
SGOT/SGPT >5 x ULN [extended range: =10 x ULN)

Urinary proteinfcresatinineg ratio

Special renal function parameters, expressed as a ratio to urinary creatinine, were summarized
as shilt tables (haseline ws. highest rosult during study) using the Tollowing ranges:
o Urinary profein £ creatinine ratior - 0.2 0.2 <= 004 004 - =06, 2000 meme

d

o Llrinary ce-1 Mocreatimmne ratios - 1717 - 234, 34 - <51 =31 me/mmol

-

o Urinary NAG ¢ creatinine ratio; 046, 046 - 20920 0092 -1 35, =21 38 Limmol
Source: Sponsor submission page 37

» Vital signs, ECGs, ophthalmic, audiometric evaluations and liver echography studies

Patients Studied

The 43 patients analyzed are shown in the following figure.
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Figure 7-1 Overview of the various studies and the interim analysis

71 pis

| |

Enrolled in study 105 ICLBTD 10 mygf kg ICLBTO 20 myl ky DFO Total
Including 8 patients from the 24 pts 24 pts 23 pts T1 pts
food effect sub-study analyzed
im 195, 10581, and 106F +3 pis
Completed study 105 24 pts 22 pts 21 pts BT_‘,"’:!'S
Completed study 105E1 22 pis 22 pis 20 pts pri

* Crossover to ICLE70 Total
Enrolled study 1058E2 22 pts —» 21 pts 19 pts 62 pts
¥ Incitding 3 addiians! psiless
frany the food eflocl =ub-slugy
snalyzed i 1DEF onily,

interim analysis 1058E2

Source: Sponsor submission page 39

The patient disposition for the 43 patients continuing on Study 0105E2 from the previous studies
is shown in the following table. The single protoco! violation was due to lack of compliance and
the patient is included in the analysis populations.

Appears This Way
On Criginal
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Table 7-1 Patient disposition for each treatment group

ICLETC ICL6TD All
10mg/kg 2bmglkg treatments
Disposition n=24 n=27 n=51
Reason n_ {%) n_ (%} n_{%)
Conpleted core study (3 months) 24 {100.0) 26 (963 50 { 98.0)
Dizcontinued -0 1( 37} 1{2.0)
Adverse Events Y 1{ 3.7) 1{ 2.0)
Gontinuing into main study {12 months) 24 {100.0} 26 (96.3)# 50 {88.0)
Completed 12 months : 24 {100.0} 23{85.2) 47 (92.2)
Discontinued D 1( 37} 1(2.0)
Unsalisfactory therageutic effect 0 1{ 3.7} 1( 2.6
Continuing into profongation 105E1 (Amd 3) 24 (100.0) 23 (85.2) A7 (92.2)
Comgleted E1 22 (91.7) 22 ({81.8) 44 ( 86.3)
Discontinued 2( 83) G 2{ 39
Adverse Events 2( 8.3 o 2( 3.9
Continuing into extension study 185E2 22847 21 (77.8)# 43 { 84.3)#
Discontinued 4 18.7) 4(14.8) 8{15.7)
Adverse Events 0 2{ 7.4} 2{ 3.9
Unsatisfactory therapeutic effent 3{12.5) 137 4(7.8)
Peotocol violation 1({ 4.2) 6] 1( 2.0)
Subject withdrew consent 0 1{ 3.7} 1¢ 2.0

Patients initially randomized to ICLE70 and analyzed in this intedm regort are presented only.

#Two patients {1/8 and 1/15) only comgleted the core siudy before entering the food effect sub-
study and then entered straight into CICLS70ADMD5E2. Palient 3/18 only complated the main
study before entering the food effect sub-study and then entered CICLETOADICSE2. These 3
patients were not randomized but assigned fo 20 mg'kg ICLETO and not included in the analysis
of CER105 and CER10581 but in CPR105F.
*Patient 2/18 disconlinued treatment with study drug due to an AE but completed the prolongation
phase.

Source: Sponsor submission page 40

The number of patients in the analysis populations by treatment group is shown in the following
table.

Table 7-2 Number (%) of patients in analysis populations by treatment group

Analysis population ICLETO ICL670 All treatments
10 my/kg 20 mafky Total

Intent-to~lreat population {TT) 24 {100.0%) 28 {96.3 W S0 (98.0%)#

Safety population (SA) 24 {100.0%:) 27 (100.0%) 51 (100.0%}

# One patient was excluded from |TT analysis due to missing post-baseline SQIUID
assessment. The patient discentinued due to AE during the first 3 months treatment.
Source: Sponsor submission page 41

The demographic characteristics are listed in Study 0105 and were well balanced in this study
except for a preponderance of women in the 10 mg/kg/d group.
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Medications
Treatment with Exjade and its interruptions are shown in the following table.

Table 8-1 Therapy interruptions, average daily dose and dose intensi

ICLETO ICLSTC All
10 mofkg 20 mafkyg treatments
Study drug administration N=24 N=27 N=81
Mumber of interruptions
0 9 {37.5%) 10 {37.0%) 19 (37.3%)
1 5(20.8%}) 5(18.5%) 10 (18.5%)
2 2{8.3%;) 4 (14.8%) 6 {11.8%)
3 5 (20.8%} 4114.8%) 9 {17.6%)
>3 3 (12.5%) 4 (14.8%) T [13.73%)
Total length of iterruptions {days)
1 interruption '
n . 5 5 19
Mean + S0 128 2 9.76 226+ 31.7% 177 22271
Minimum ~ Maximum 2-24 1-78 1i-78
Median 10 18 12.5
2 interruptions
n ' 2 4 5
Mean 4 8D 2440 33813053 20542418
Minimum ~ Maxinwum 24-24 4 .57 4 - B7
Median 24 32 24
3 interruptions
1] 5 4 G
Mean + 30 2822896 24311443 25312233
Miaimum ~ Maxinmum 13-78 13- 44 13 ~ 78
Median 13 20 14
>3 interruptions
n 3 4 7
Mean + 8D 25+ 13 34 = 2953 3012227
Minirnum - Maximum 17 - 40 16«78 18 «78
Median 18 21 18
Average daily dese (mglkg/day)
n 24 27 51
Mean t 8D 17.5-5.03 20 - 5.1 18.9 1 5.60
FAinimum =~ Maximum 2.2-281 10.2 - 30. % 9.2~ 301
Median 17.8 206 19.3
Average daily dose group {maglfkg/day)
7.5 =1k B {25.0%) S (22.2%) 12 {23.5%}
15 - =25 17 (70.8%) 14 {51.9%;} 31{60.850}
>=25 1{4.2%) 7 {25.9%) 8 (15.7%)
Relative dose intensity
Mean 1 SD 1805 1:03 141055
Minimuem ~ Maxiaum 08-28 ¢5-15 0.5-2.8
IMedian 1B 1.3

Source: Sponsor submission page 42
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There was no difference in the percent of patients who underwent dose interruptions in the 2
groups. Most of the patients assigned to the 10 mg/kg/d dose group had their dose increased
over the course of the trial because of lack of efficacy, so that their average daily dose was
almost equivalent to that of the patients assigned to the 20 mg/kg/d dose group. Almost half of
the patients in the 20 mg/kg/d group also had an increase in dose because of lack of efficacy.

Table 8-2 Reasons for dose adjustment

ICLBTO ICL&70 All
10mgfkg 20mglkg freatments
Dose adjustment N=24 N=27 N=51
Dose increase due to lack of efficacy 21 {B7.5%} 13 (48.1%b) 34 (66.56%}
Time {0 dose increase {(weeks) 17.9-107 1 22.1-144.9 17.9-144.9
Dose decrease due o AEs G 3 3
Interruptions due o AEs (pafienis) 10 14 24
inierruplions due to AEs (episodes) 20 22 42

Source: Sponsor submission page 43

The final dose of Exjade administered is shown in the following table.

Table 8-3 Dose adjustments and final dose of study medication

ICLETO ICL670 Al
10 mgikg 20 mglkg treatments

Dose changes N=24 N=27 N=51
Any dose adjustment

Mo 1{4.29%) (1% 4(7.8%)

Yes 23 {85.8%) 24 {68.9%) 47 (82.2%)
Final dose

Prematurely discontinued 6 {25.0%) & (22.2%) 12 {23.5%) .

10 mgtkgiday 2 {8.3%) 2{7.4%) 4 { 7.8%)

15 mglkgiday 1{4.2%) 0 1(2.0%)

20 mgikg/day 8 {33.3%) 2 (33.3%) 17 {33.3%)

25 moikg'day 1 (4.2%} 4 (14.8%) 5 (8.8}

30 mgfkg/day 4 {16.7%) 3 (11.1%) 7 {13.7%}

35 mofkgiday 1{4.2%} 3 (11.1%) 4 (7.8}

40 mglkgiday 1{4.2%) 0 1(2.0%)

Source: Sponsor submission page 44
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The overall exposure to Exjade is shown in the following table.

Table 8-4 QOverall exposure to study medication

ICL&YD ICL6T70
Duration of 10mgikg 20mglkg All treatments
axposure [weeks) N=24 N=27 N=51
Expasure
< 12 weeks 0 (0.0%;) 1{3.7%) 11{2.0%)
3B - < 48 weeks C{0.0%) 1{3.7%) 1{2.0%)
48 - = 80 weeks 1(4.2%) D {0.0%) 14{2.0%})
€0 - < 72 veeeks 1 (4.2%%) 0 {0.0%) 1{2.0%}
72 - = B4 weeks 1{4.2%) 2 {7.4%) 3 {5.9%)
B4 - < 96 weeks 0 {0.0%) 2 (7.4%) 2 {3.9%)
85 - < 108 weeks : G (0.0%) 1(3.7%) 1{2.0%}
108 « < 120 weeks G (D.0%:) 3 (11.1%) 3 {8.9%)
120 - < 132 weeks 1(4.2%) 0(0.0%) 1{2.0%)
132 - < 144 weeks 10 (41.7%) 7 (25.9%) 17 {33.3%}
>= 144 weeks 10 (41.7%) 10 (37.0%) 20 {38.2%)
Statistic
Mean : SO 133 427 122 + 38 127 £ 34
finimum ~ Maximum 56 - 152 3-~152 3-152
P1C 74T 787 787
P25 138.3 108.7 109.4
Median 143 143 143
P75 1456.0 144.4 145.9
P9 161.1 1314 151.1

Source: Sponsor submission pagc 45

Efficacy Results

Liver iron concentration. Over the 3 years of the trial, patients in both arms of the trial had a
stable or small reduction in LIC. This may in part be due to the fact that most patients originally
assigned to Exjade at a dose of 10 mg/kg/d had an escalation in dose so that after a year or so
after initiation of the trial, patients in both arms were receiving comparable doses. The
following figure shows the change in LIC over the 3 year period.

Appears This Way
On Criginal
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Figure 9-2 Change in LIC {mg Fe/g dw) during the study (ITT population)
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Visit schedule: every 4 weeks
Source: Sponsor submission page 49

Traatmaat groop

Iron balance. The ratio of Fe excretion/Fe intake was 0.99 and 1.01 in the 10 mg/kg/d and the
20 mg/kg/d dose groups, respectively, indicating a near identity of iron balance in the two
groups.

Serum ferritin. Over the time in the trial, the serum ferritin tended to rise from a mean of
approximately 2600 ng/mL to 3400 ng/mL in both arms of the trial. Fluctuations in serum
ferritin were high throughout the trial. Serum ferritins are shown in the following figure.

Appears This Woy
On Criginal

173



Clinical Review

George Shashaty

NDA 21-882

Exjade (deferasirox, ICL-670)

Figure 8-3 Serum -f‘err‘ftin levels in patients initially randomized to 10 and 20
mglkg ICLETO {(ITT population)
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Median serum farrifin levels over ime by visit {excluding visit 41 to 44 at {he end of the prolongation phase due to
small samples sizes).

Source: Sponsor submission page 52

Serum iron and transferrin. There were no consistent changes in the levels of these variables
over the course of the trial.

Safety

Adverse Events.

The number of patients with AEs overall by primary organ system and preferred term is shown
in the following table. The table includes all AEs occurring during Studies 0105, 0105E1 and
0105E2.

Apoears This Way
On Original
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Table 101 Number (> 12% in total) of patients with AEs overall by primary
system organ class and preferred term

Primary systom organ class ICLE70 10mg/kg ICLE70 20mgfkg Al treatments
Preferrad termy N=24 N=ZT N=&1
n (%} n (%) n (%)
Any primary system organ class 24 (100.0) 27 {100.0) 51 (100.0)
Respimtory disorders 23 (95.8) 23 (35.2) 46 (20.2)
Cough 13 {54.2} 18 (86.7) 31 (60.8)
Masopharyngilis 2 {20.8) 4 {14.8) 9 {(17.5)
Pharyngitis 10 {41.7} g {33.3) 19 {37.3}
Pharyngolaryngeal pain 5 {20.8) 10 (37.0) 16 {294}
Rhinitis nos 10 {(41.7} 9 (33.3) 19 (37.3}
Infections and infestations 23 (95.8) 22 {81.5) 45 (88.2)
Bronchilis 4 (16.7} 3 (111) 7 {153.7)
Influenza & (37.5) 9 (33.3) 18 (35.3}
Pharyngitis 7 {29.2) g (33.3) 16 (31.4}
Rhinitis € (25.0) 5 122.2) 12 {23.5}
Gastrointestinal disorders 19:{759.2) 21 (77.8}) 40 (78.4)
Abdominal pain 14 ({58.3) 15 {55.6) 29 (56.5}
Diarrhea 7 {29.2} 7{25.9) 14 {27 .5}
Mausea 4 {167} 10 {37.0) 14 (27.5)
Vomiting 0{0.0) 8(33.3) g (17.6)
Goneral disorders 15 (62.5) 21 (77.8) 36 (70.6)
Asinenia 4 {167} 11 (40.7) 15 (29.4)
Influenza like diness 7 {29.2) 8 {25.6) 15 (29.4}
Cedema perigheral 3 {12.5) 4 {14.8) 7 {137
Pyrexia i 9 {37.5) 14 (51.9) 23 (45.1)
Musculeskeletal disorders 16 {65.7) 17 {63.0} 33 (64.7)
Arthralgia 9 {37.5) 6 {22.2} 1§ (298.4}
Back pain 12 (50.¢% 13 (481} 25 (48.0)
Nervous system disorders 16 (§8.7) 14 {51.9) 30 {58.8)
Headache 15 (62.5) 10 (37.0% 25 (40.0)
Skin 7 subcutaneous fissus disorders 9 {37.5) 9 {33.3) 18 {35.3)
Injury etc. 8 {258) 11 {(40.7) 17 {33.3}
Investigations & {25.0) 10 (37.0) 16 {31.4)
Ear and labyrinth disorders 7 (29.2) 6 (22.2) 13 (25.5)
Vertigo 5 {20.8) 4 {14.8} 8 {17.8)
Henal and urinary disorders 7 {28.2} 6 (22.2) 13 (25.5}
Renal colic 4 {16.7} 3 {111} ¥ {137}
Eye disorders 4 {16.7) 8 (29.8) 12 {23.5)
Cavdiac disorders 2 {8.3) B (22.2) 8 (15.7)
Heproductive disorders 4 {16.7) 4 (14.8) 8 {(15.7)
Vascular disorders 3 {12.5} 4 (14.8) 7 {(13.7)

A subject with multiple occurrences of an AE is counted cnly once in the AE categony.
A subject with muitiple AEs within a 30C is counted only once in the total row.
Source: Sponsor submission page 54

Although the numbers are small, the patients treated with Exjade at a dose of 20 mg/kg/d
appeared to have a greater frequency of nausea, vomiting, asthenia, fever, injury, abnormal
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investigations, ocular and cardiac AEs. During the extension phase of Study 0105E2, there were
three patients who developed AEs believed by the investigator to have been related to study drug
and all involved the gastrointestinal system. One patient (3/04) developed moderate diarrhea and
severe skin rash after dose escalation from 10 to 20 mg/kg/d and responded to drug withdrawal.
Reinstitution of the drug at low dose followed by escalation in dose to 30 mg/kg/d occurred
without recurrence of side effects. The second patient developed mild diarrhea after an increase
in dose from 20 to 30 mg/kg/d. The third patient developed moderate nausea that led to the
discontinuation of Exjade.

Deaths. No deaths occurred during the trial

Serious adverse events. Two SAEs were reported during the extension phase (Study 0105E2).
A pregnancy occurred in a woman (3/16) receiving Exjade at a dose of 20 mg/kg/d. The
pregnancy was terminated, and the drug restarted. She subsequently had a splenectomy and
cholecystectomy. The second patient had several hospitalizations for diabetes, venous
thrombosis and coxalgia. The patient was discontinued from Exjade for lack of compliance and
was recorded as a protocol failure. Neither SAE was believed related to study drug.

Other significant AEs. In Study 0105E2, one patient (3/04) had drug withdrawal and
reinstitution because of diarrhea and skin rash (see above). Dose reduction occurred in one
patient because of an improvement in iron overload during therapy. In four patients, temporary
mterruption of drug occurred because of an increase in transaminases (patient 2/22), fever and
renal colic (patient 2/11), flu (patient 2/13) and pregnancy (patient 3/16 — see above).

Study drug discontinuation. Two patients discontinued Exjade during Study 0105E2. The first
(patient 2/25) who was receiving 30 mg/kg/d developed moderately severe cardiomyopathy. His
last LIC was 11.1 mg Fe/g dw and his last serum ferritin was 3768 ng/mL. The second (patient
4/14) discontinued Exjade after developing nausea when the dose was raised from 20 to 30
mg/kg/d.

Laboratory values.
¢ Bone marrow function. No patient developed 2 consecutive neutrophil counts below
1,500/ml. However, one patient had a neutrophil count of 1,350 and 1,050 on days 321
and 449, respectively. No patient developed thrombocytopenia.
* Hepatic function. Transient increases in AST occurred in 75 and 65% of patients
receiving Exjade at doses of 10 and 20 mg/kg/d, respectively. However, no patients
developed an increase in ALT >5x ULN on 2 post-baseline visits.

Transient increases in ALT occurred in virtually all patients receiving Exjade at doses of
10 and 20 mg/kg/d, respectively. One patient (2/22) with an elevated ALT at baseline
and receiving Exjade at a dose of 20 mg/kg/d had an elevation in ALT >5x ULN on days
535, 547 (therapy withheld temporarily) and 813. The increases subsided despite
continuing therapy. A second patient (4/35) with an elevated ALT at baseline and
receiving Exjade at a dose of 10 mg/kg/d had an elevation of ALT 5x ULN on days 333
and 361. After interruption of Exjade, the dose was reinstituted and subsequently raised
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to 20 mg/kg/d with fluctuating ALT levels. No patients developed AST or ALT greater

than 10x ULN.

e Renal function. During Study 0105E2, one patient (2/06) had a single serum creatinine
(141pmol/L) above the ULN on day 1005. The change in creatinine clearance over time

and by dose of Exjade is shown in the following figure.
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About half of the patients had an elevated NAG (as a marker of renal tubular function) at
baseline and almost all patients at both dose levels had an elevated NAG sometime

during the study. There was no progressive increase in NAG during the study.

About one-third of patients had an elevated urinary protein/creatinine ratio at baseline.
Almost all patients had an increase in this ratio sometime during the course of the trial

but this did not seem to be progressive and did not appear to be dose related as shown in

the-following table and figure.
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Change in Protein(Urine)/Crentinine ratio {mg/mg}
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* Trace elements. Low levels of serum copper were present in 24% of patients at baseline

and were detected in 76% of patients at some time during the trial. These changes were
not progressive. Low levels of serum zinc were present in 4% of patients at baseline and
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were detected in 32% of patients at some time during the trial. These changes were not
progressive.

* ECGs. There were ECG changes that occurred during Study 0105E2.

* Ophthalmologic evaluations. On¢ patient (4/15) who had been receiving Exjade at a dose
of 40 mg/kg/d for 4 months developed severe retinal degeneration of the left eye. The
patient had stopped Exjade 2 days prior to the event because of lack of efficacy.

* Audiometric evaluations. No patients developed hearing loss during Study 0105E2.

* Liver echography. No patients developed echographic abnormalities during Study
0105E2.

Reviewer’s Comments The sponsor has provzded an interim analyszs of Study 01 05E2

‘which extended the use. -of Exjade for up to 3  years in patients with p- thalassemia who had
partzczpated in earlier trials with Exjade. Although the number of patients’ (43) in the study
is small, the data are useful as a prelzmznary evaluatzon of the safety of the Zong termuse of
Ex]ade This is important because the drug is likely to be used for an zndef nite perzod of
time in most patients treated :

A lthough patzents were initially asszgned to E)gade at either a dose of 10 or 20 mg/kg/d most
of the patients in the 10 mg group actually received higher doses because of lack of efficacy
during the trial. This demonstrates.that the dose of 10 mg/kg/d is znadequate Jor the: long
term management of iron overload in chronzcally transfused patients.

T he determznatzon of e]f cacy was not the primary endpoint of this trial and its evaluation by -
SQUID measurement of LIC makes its interpretation difficult. The LIC was stable over the -
period of the trial and iron balance studies showed a ratio of intake to excretion of 1:1.
However, since both of these evaluations were based on the SQUID results, their validity is
uncertain. 1t is of note that serum ferritins continued to rise over the time of the trial
suggesting that the correlation between LIC and serum ferritin is not dzrect or that SQUID is
not measurzng LI C accurately o :

T he f ndings regardzng safezjz are lzttle different from those observed in the prevzously
reviewed studies. Gastrointestinal complaints and skin rash, probably dose related,
occurred but appeared manageable.. There were no deaths or sevious AEs beheved related
to the drug. Drug interruption was occasioned by a rise in transaminases in one patient and
for renal colic in another. Transient increases in AST/ALT were common, but Jfor most
patients, their relation to Exjade was uncertain. The changes in renal function noted in
previous studies did not appear to progress over the time of the trial. The remaining
evaluations did not demonstrate progressive abnormalities, and there was a single case of
retinal damage described. Reduction in serum copper and zinc occurred, but the clinical
significance of this reduction is not known.
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Study 0109
Reviewed Primarily for Safety Data and Analysis

Study 0109 is an ongoing, randomized, multicenter, open label, phase II study designed to
evaluate the safety, tolerability, pharmacokinetics and effects on LIC of repeated doses of Exjade
compared to deferoxamine in adult and children sickle cell disease patients with transfusional
hemosiderosis. The data provided by the sponsor covers the period from May 27, 2003 through
the cut-off date of January 14, 2005.

Design

One hundred and seventy patients were to be randomized at a 2:1 Exjade/DFO ratio stratified
into 3 age groups: children aged 2 to less than 12; adolescents aged 12 to less than 16; and, adults
aged 16 and greater. Oral doses of Exjade from 5-40 mg/kg/d and parenteral doses of DFO from
20-60 mg/kg/d were determined by LIC measured by SQUID. The treatment period was one
year. The study design is shown in the following table.

Table 31 Study design

« Run-in period ~m—3 e Treatment and obsorvation period e

Prior to Amendmeant 3

Screening Washout EOS
-28 to -6 days ~-510-1 Day 1 Vilgek 2 Vieek 6 & Week 10 Weeks 14 1o 50 Week 52
&4 8 &12
Wisit 1 Wisit 2 W3 W45 V&-VT V8-v9 Wisits 10 to 28 Visit 25
After Amendment 3
~28 o =8 days =-5to -1 Cay 1 Week2 Week858&  Week 10 Wesks 16 10 48 Week 52
&4 8 & 12
Wisit 1 Wisit 2 V3 W45 VEMT V8-V Visits 10 to 18 Visit 19

* EOS = End of study; Visit 29 (19) was numbered visit 777 {EQOS) in the clinical dalabase
Source: Sponsor’s submission page 19

Appears This Way
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The visit schedule is shown in the following table.

Table 3-2 Visit schedule and evaluations since Amendment 3

Run-in Treatment and observation

Days 251 5 |1 EQS
1o | TO

6 | -1

2=neekly visits unfit Week 12, 4-weekly visils thereafier

Waeks 2(4]|8|8 (10|12 |16 (20|24 |28 |32 ]|36)40| 44| 48 82

VISIT 1 2 1345|6788 |10]11 1213|1415 16]17 |18 13

CRF Visit 1 2 3l4|s5)|6|7| 8 a (MM [ 13 (15 (17| 19|21 | 23} 25 ¢ 27 29
informed consent “ |

incl.fexch. criteria %

Randomization X,

Physical exam. X X X X X £

Medical historyf pd
current conditions

Liver funcfion and X
tranfuston history

SQUID

KR subgroup

Biopsy subgroup

.

Liver echography

Vital signs

Weight/height

ECG

Echacardiography

Holter menitoring

Ko s s | x e Ik Ix |x
p
>
M|
=
>
*,
®ox > |x
p24
AR PRI X IR )X (=[x X

=
x| x|
P

Ceularfaudiomelric
examinalion

Urinalysis £

=
>
»

Renal function

Hemoglobin

2
B A B
EA -

Hb Electrophoresis.

f o 4
4
>
O L
w
NOIR [w [ I
E O A -4
b4
X m ke | e
Ko x| x
Mogwop M
A R B
L S
L P

Nt
-

Hematology,
biochernistry,
iran metabolism

Hepatlitis serolfogy

Cystatin & X X AS REQUIRED

Biood!urine for X x X b x
profeornics

Blood for X
pharmacogenslics

Health care x| xpxlx! x X X X X X X X X X X
rasource ulilization

b4

Global assessment X X

QoL {EQ-50)

PK frough samples X

KoIX Ix IR
L B R ES

PK profile samples
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Run-in. Treatment and observation
Days '?: :; 1 2-weekly visits until Week 12, 4-vieekly visits thereafter EOS
5 § -1
Weaks 24|68 |10|12])16 20 (24 |28|32|36|40]as]48 52
VISIT 1 2 J34|8]6]7| 8] (10|11 |12|13]|14]|15}16]|17]| 18 19
CRF Visit 1 2 |3|4|5]|617| 8|9 | MM|13|15|17|19]121|23]|25] 27 29
‘Concomitant med. X Ix]xjx|x]x| x| x x | % x 1 x| x x
Adverse events x|[x]x]x| x| x X % [ x| ] x] x x| x| x X
Pediatric patienis additional evaluadions
Stature X X X
assessment
Growdh velocty X X
assessment
X-ray {(bone age) x
Puberial staging X x
Schoel attendance X X X X X X X X X X X X X X
School performance| x

Source: Sponsor’s submission page27-28

Patients

Patients included in this study had common variants of sickle cell disease (e.g., SS, SpB-thal, SC,
etc). Inclusion criteria were:

History of repeated blood transfusion with iron overload

Patients already receiving chelator therapy or patients without contraindications to the
use of chelator therapy

History of regular transfusion requirement or history of receiving at least the simple
transfusion of at least 20 units of packed red cells

Serum ferritin >1000pg/L

LIC 22 mg Fe/g dw if receiving simple transfusions during trial

LIC =5 mg Fe/g dw if receiving exchange transfusions during trial

For women capable of bearing children, adequate contraception

Written informed consent from adults or from guardians if children

Exclusion criteria were:

Chronic anemias other than SCD (SS, SC, SD, S HPFH and SB0 thal or SB+ thal)

Serum creatinine above the upper limit of normal

Significant proteinuria as indicated by a urinary protein/creatinine ratio greater than 0.5
(mg/mg) in second-void urine samples taken at both Visits 1 and 2. A third sample was to
be taken from patients in whom one ratio was greater than 0.5 (mg/mg) and one was less
than or equal to 0.5 (mg/mg) and patients in whom the urinary protein/creatinine ratio
greater than 0.5 (mg/mg) in two of the three determinations were also to be excluded
Serological evidence of active hepatitis B (presence of HBe Ag, HBsAg, HBcAg-IGM, in
the absence of HBsAb)
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e Clinical evidence of active hepatitis C (HCVAb positive and RNA positive with
abnormal liver transaminase level)

e Other clinically relevant laboratory abnormalities

* Unstable concurrent medical conditions not controlled by standard therapy

» Patients with 2nd or 3rd A-V block, clinically relevant Q-T interval prolongation as well
as patients requiring treatment with digoxin or similar compounds or drugs which may
induce prolongation of the A-V conduction time or prolongation of the Q-T interval other
than B-adrenoceptor antagonists.

* Patients with a diagnosis of clinically relevant cataract or a previous history of clinically
relevant ocular toxicity related to iron chelation

Treatment

The initial ICL670 dose was dependent on the LIC determined at screening:
Patients with a screening LIC of 2-3 mg Fe/g dw received 5 mg/kg
Patients with a screening LIC of >3-7 mg Fe/g dw received 10 mg/kg
» Patients with a screening LIC of >7-14 mg Fe/g dw received 20 mg/kg
 Patients with a screening LIC of >14 mg Fe/g dw received 30 mg/kg

The selection of the initial DFO dose also took account of the baseline LIC:

* Patients with a screening LIC of 2-3 mg Fe/g dw received 20-30 mg/kg/day

* Patients with a screening LIC of >3-7 mg Fe/g dw received 25-35 mg/kg/day

* Patients with a screening LIC of>7-14 mg Fe/g dw received 35-50 mg/kg/day

* Patients with a screening LIC of >14 mg Fe/g dw received >50 mg/kg/
Patients with a baseline LIC of 2-7 mg Fe/gm dw who were already receiving DFO were allowed
to continue on their previous dose.

Dose adjustments for both agents could be made on the combined evaluation of safety markers
indicative of over- or under-chelation. All dose adjustments had to be approved by the sponsor
after consultation with the Study Monitoring Committee.

Concomitant therapy to treat other symptoms was permitted and was recorded on the cCRF. The
use of hydroxyurea during the trial was prohibited. Blood transfusions were continued as
necessary.

Assessments

Efficacy
e LIC by SQUID measurement
e [ron balance
* Surrogate markers (serum ferritin, iron, transferrin, transferrin saturation)
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e Substudy to evaluate the relationship of LIC as measured by SQUID, liver biopsy and
MRI

Safety
e AEsand SAEs
e Vital signs and physical examinations
e ECGs, echocardiograms
e Audiometry and ophthalmological examinations
Liver echograms
Laboratory parameters (hematology, chemistry, urinary)
e In pediatric patients, growth and development

Protocol amendments

Four amendments were made to the protocol (February 27, 2003, June 26, 2003, November 24,
2003, December 21, 2004). None of provisions of these amendments affected fundamental
aspects of the trial or the interpretations of the results. The significant aspects of the changes
included:

e The level of proteinuria permitted to enroll in the trial and to cause a change in dosing of
Exjade during the trial was raised.

e Incorporation of an interim analysis 6 months after completion of enrollment.

e Changes in dosing of Exjade based on changes in creatinine levels during the trial.

e Abandonment of the initial doses of Exjade at 5 and 10 mg/kg/d for all patients. All
patients entering the trial were to be commenced at a dose of 20 mg/kg/d. This
amendment was instituted at the same time as the database was being locked for the
interim analysis and, therefore, did not affect any of the patients whose results were
analyzed in this report.

Statistics

The data from all centers were pooled for statistical analysis. All data was analyzed by treatment
group and for a number of subgroups. This interim report represented the safety analysis after all
patients enrolled in the trial had completed 6 months on the study.

In this interim report, only the safety population, defined as all patients who received at least one
dose of study medication, was analyzed.

Safety evaluation was based on the frequency of AEs and the number of laboratory values that
fell outside of pre-determined ranges. Other safety data (ECGs, audiometry, ophthalmological
examination, etc) were considered as appropriate. Laboratory values considered notable are
shown in the following table.
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Table 6-1 Definition of notable and extended ranges for selected
laboratory parameters

Lahoratory parameter Criteria for notable and extended ranges

Platelet count <100 x 10°1L

Absolute neutrophils <1.5x 10°L

Serum creatinine =>33% Increase from baseline at two consecultive post-baseline

measuraments {exiended range: >50% increase)
Urinary profein/creatinine ratic 21.0 (mg/mg) in a second-void moming urine sample
© SGOTIAST and SGPTALT =5 x ULN {exiended range: 10 x ULN}

Source: Sponsor submission page 43

Patient narratives were provided for all deafhs, SAEs with a suspected relationship to study
medications, and for all discontinuations of study drug due to an AE with a suspected
relationship to study drug.

With a population of 90 subjects, events not seen and having an underlying event rate higher
than 3.3% can be ruled out with a 95% confidence. The sample size of 170 patients was believed
sufficient to allow for dropouts and maintain the required number of patients to achieve adequate
evaluation of the study’s endpoint.

Patients studied

The following table shows the overall disposition of patients at data cut-off. A greater
percentage of patients receiving Exjade discontinued from the study because of AEs and
withdrawal of consent.

Table 71 Patient dispaosition
ICL&TO BFO All patients
Disposition . N=132 N=63 N=195
Reason n (%) n {%) n (%}
Completed 13 (9.8) 5 (7.9} 18 (9.2}
Ongoing 100 (82.6) 53 (8413 162 {83.1)
Discontinued 10{78) 5{7.9) 15 (7.7)
Adverse events 4 {3.G) 11{1.8} 5{2.8)
Lost to follows-up - 1{1.8} 11{0.5)
Withdrawal of consent & (4.5% 1(1.8) 7{3.8)
Unsalisfactory therapeutic effect - 2 (3.2} 2 {1.0}

Source: Sponsor submission page 48

The demographic characteristics of the patients by treatment group are shown in the following
table. The groups were well matched. About half the patients were <age 16 years.
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Table 7-5 Patient demographics
1CLETO BDFO Adl patients

Variable | Statistic N=132 N=63 N=185
Age (years)

N 132 63 195

Mean = 5D 1912107 194 £ 11.25 19.2 £10.85

Median 15 18 15

Win -Max 3~54 3- 51 354
fige group {years)

< G 4 (3.0%) 3 4.8%) 7 {3.6%)

6 -=<12 30 (22.7%) 15 (23.8%) 45 (23.1%)

12 - = 18 33 (26.0%) 13 (20.8%) 46 (23.6%)

16 - = 50 63 (47.7%) 31 (48.2%) 94 (48.2%)

5G - < &5 2 (1.5%} 1 {1.6%) 3 {1.5%)
Sexn

Male 52 (39.4%) 28 {44.4%) 80 (41.0%)

Female 50 (60.6%) 35 (55.6%) 115 {59.0%)
Race

Caucasian {8 1%} 3 (4.6%) 11 {5.6%)

8lack 118 (B9 4%) 59 (93.7%) 177 {90.8%]

Cthers G (4.5%) 1 (1.6%) 7 {3.6%)
Height {cm}

M 130 82 1q2

Mean + 8D 153.9 + 17.84 154 1+ 18.18 153.9 + 18.23

Kedian 156 159.5 157

Min — Max 88 - 180 96 - 185 96 - 190
Waight (kg)

M 130 83 193

Mean £ 8D 51.6 £19.3¢ 523 £20.54 51831972

Median 526 828 52.8

Min - hiax 16 - 105 18.5 - 125.3 16 - 1253
Weight group (kg}

15 - =35 31 (28.5%) 15 (23.8%) 45 (23.8%)

35 - <55 39 (29.5%) 20 {31.7%) 59 (30.3%)

55 - <75 46 [34.8%,) 21(33.3%) 67 (34.4%)

S=75 14 (10.6%) 7(11.1%%) 21 (10.8%)

Source: Sponsor submission page 51

There was a history of hepatitis B in 1.0%, hepatitis C in 7.2 % and both hepatitis B and C in
1.0% of all patients. Splenectomy had been performed in 12.8% of patients. Sixty one percent
(61%) of patients had received DFO prior to entry into the trial.

Study medication

The average daily dose of Exjade and DFO categorized by the initially assigned dose is shown
on the following table.
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Tahle 8-2 Average daily dose of ICLE70 and DFO during study - by initial

dose
Initial dose of ICLETO {N=132)
§ mglkg 10 molkg 20 mg/kg 30 mglkg
N=d MN=64 N=d6 N=18
Initial dose of ICLETG (N=132)

Mean+ 8D 454+0.29 1.0 +£3.45 19.4 +1.97 2894215
Median 5.0 10.0 20.0 306
tdinimum-Maximum 4.4-50 40-239 10.0 - 20.0 232-300

initial dose of DFQ (N=63)
<25mg/kg 25-<35maikg 35-<50mglkq 250mgikg

N=6 N=21 N=19 N=17
Initial dose of DFO (N=63}) '
Mean £ SD 22.523.82 28 8+2 88 3642064 51.0£5.67
fiedian 210 23.0 380 s0e
Minimum-Maxiomum 18.6-28.5 24.4-34.1 7.0-51.3 39.7-62.0

Source: Sponsor submission page 54

Although drug interruptions were somewhat more frequent and their lengths somewhat greater in
patients treated with Exjade compared to DFO, the relative dose intensity of drug administration
was similar in both arms. Dose interruptions were more commonly due to AEs in patients
treated with Exjade than in those treated with DFO. Dose increases for efficacy were more
common in patients treated with Exjade than in those treated with DFO. The durations of
exposure for Exjade and DFO were similar (mean £ SD, 28.7 + 10.54 weeks, median, 25.6
weeks). '

Efficacy

Efficacy was not the primary evaluation for this interim analysis and the study remains ongoing.
However, preliminary data suggest that at week 24 there was little difference in LIC (mean + SD,
-0.5 +£2.31 mg Fe/g dw) from baseline and that there was no difference in patients treated with
Exjade compared to those treated with DFO. There were no changes in serum ferritin in either
treatment group.

Safety

The safety information collected included AEs, laboratory evaluations, physical examinations,
vital signs and weight. Special attention was given to renal function which was monitored by
the regular measurement of creatinine and BUN in the blood, and of total protein,

a-1M, B-2 M, RBP, NAG, albumin and IgG in the urine. Creatinine clearance was also
calculated at each visit where serum creatinine was measured. In addition, monitoring of
auditory and visual function was carried out and serial liver echograms and ECGs were
performed. In pediatric patients, stature, growth velocity, bone age, pubertal stage and school
performance were determined.
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Adverse Events

AEs occurred in 90% of all patients enrolled in the study. The most common were related to the
gastrointestinal tract and infections. AEs affecting the skin, GI tract, renal, urinary, hepatobiliary
disorders and investigations were more common in patients receiving Exjade as compared to
DFO, while injuries were more common in patients receiving DFO. The overall experience with
AEs is shown in the following table.

Table 101 Number {%) of patients with AEs overall and by primary system
organ class

ICL&TO DFO All patients

Primary system organ class N=132 N=63 N=195

Preferred lerm n (%} n (%} n (%}
Any primary systeny organ class 119 {96.2} 56 {88.9) 175 (89.7)
Gastrointestinal disorders 68 (51.5) 23{35.5) 91 (45.73
Infections and infestations 62 (47.0} 28 (44.4) 90 (45.2)
Nervous system disorders 45 {34.1} 22 {34.9} 57 (34.4)
General disorders 44 (33.3) 22 {34.9) 66 (33.8}
Congenital disorders (SCD"wilh crisis} 34 (258} 17 {27.0) 51{258.2)
fuscuioskeletal diserders 34 (25.8) 17 {27.6} 51 {26.2)
Respiratory disorders 33{25.0) 13 {20.56} 46 (23.6)
Bkin disorders 27 {20.5) 8{12.7} 35 (17.9)
Eye disorders 18 (14.4) 8{12.7} 27 (13.8)
Injury efc. 11 {8.3) 15 {23.8} ' 26{13.3)
Investigations 18{13.8) 2{3.2) 20{10.3)
Metabclic and nutntional discrders 91(6.8) 2{3.2) 11 (5.8}
Reproductive disarders 9{6.8) 243.2} i1 (5.6}
Ear and |labynnth: disorders 5(3.8) . 5{7.9) 10 (5. 1)
Renal and urinary disorders S (6.8) {18 10 (5.1}
Vascular disorders 5 (4.5) 41{6.3) 10{5.1)
Psychiatric disorders S(4.5) 2{3.2} 8{4.1}
Blood disorders 5{3.8) 14{1.5) 64{3.1)
Surgical and medical procedures 4 (3.0) 2{3.2) 6{3.1
Cardiac disorders 323 2{3.%) 5{2.6}
Endocrine disordars ' . 14{1.8) 110.5)
Hepatobiliary disorders T{(5.3) ~ 74i3.6)
Neoplasms 2{1.5) - 2{1.0)
Pregnancy*® : 2101.8) 1 {1.8) 3{1.5)
Immune system disorders 2{1.5) - 2{1.0)
Bocial circumsiances - 2 {1.8) 1{0.5)

Source: Sponsor submission page 65
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The most frequently occurring AEs are shown in the following table.

Table 10-2 Most frequently reported AEs (>5% in any treatment group)

ICLETR OFO All patients
N=132 N=G3 N=195
Moderate/ Moderate/ Modcrate/

Total sevens Total sovere Total severe
Preferred Term n {%}) n (%) n (%) n {%} 11 {%]) n (%)
Heatache 33 (25.9) 13 {9.8) 17 {27.0} 5{7.9% 50 {25.6) 18 (9.2}
SCD* with crisis 33 {25.0) 29{22.0} W7{27.0) ~ 15(23.8) 50 (25.6) 44 /2 6)
Nausea 27 (20.5} 8 (6.1} 7{11.1) 2{3.2) 34 {174 10 (5.1}
Vomiting 15 {14.4} & {4.5) T{11.1} 3{4.8} 26 (13.3) 9 (4.6}
Abdominal pain 17 (12.9) 8i6.1) 3(4.8) - 20 {10.3) B (4.1}
Diarrhoea 17 {12.9) 5{3.8) 2( 32 - 19 (9.7} 5 (2.5)
Abdom. pain upper 16 {12.1) 3{2.3) 4{8.3) 2(3.2) 20 (10.3} 512.6)
URTI* 18 (12.1) 4 (3.0 8(12.7) 2(3.2% 24(12.3) 6 (3.1)
Back pain 14 (10.5) B {61 7{11.%) - 21{10.8} 841
Pyrexia 14 {10.8) §{4.5) 4( 6.3} 1 (1.6} 18 (8.2) 7(3.8)
Maszopharyngitis 12 (9.1) 1{0.8) 7(11.1) - 18{9.7) 110.5}
Agthralgia 11{8.3) 5(3.8) T{1N 3 (4.8} 18 (8.2) 8{4.1)
Chest pain 11 (8.3) 4 (3.0) 5({7.9 3 (4.8} 16 (8.2} 7 (3.6}
Rash 11 {8.3) 14{0.8) 1{1.6) 0 12 (6.2} 1 (0.5}
Corstipation 10 (7.6} 413.09 5{7.9) 1(1.5) 15 (7.7} 5(2.8)
Cough 10{7.6) 1{0.8) 4{5.3) 111.5) 14 (7.2) 2 (1.0%
Pain in exiremity 10 {7 .8} G {4.3) 5(7.9) - 15(7.7) 6(3.1%
Fharyngeal pain 10{7.6) - 3148 ~ 13 (6.7 -
Pain T{5.3) 4 (3.09 348 21(3.2} 1Q (5.1} 6 (3.1}
UTE~ T{83) 5{3.8} 3{48) 1(1.8) 10 (5.1) 6 (3.1}
\iral infection 3(2.3) 1{0.8) 4{6.3) 1{1.8) 7 (3.5) 2 (1.0%

Source: Post-text Table 15 1-3
* Bickle cell disease **Upper respiratory iract infection *** Urinary tract infection
Source: Sponsor submission page 66

Gastrointestinal complaints and skin rash were more common in patients receiving Exjade.
Severe GI symptoms were seen in 4.5% of patients receiving Exjade and in 3.2% of patients
receiving DFO. A dose-response effect for Exjade was seen for nausea, vomiting, diarrhea and
abdominal pain, with a 3-fold increase in these complaints at 30 mg/kg/d compared to lower
doses of Exjade, and occurred more frequently in females. Skin rash was not dose dependent.

The number of patients who experienced AEs suspected to be related to drug was 44 (33.3%) for
Exjade and 16 (25.4%) for DFO. For Exjade, these were primarily gastrointestinal and skin rash.
For DFO, these were primarily reactions at the site of administration.

Hearing loss was reported in 3 (4.8%) patients receiving DFO, 2 of which were believed to be
drug related. No patients receiving Exjade suffered hearing loss. One patient receiving Exjade
at a dose of 20 mg/kg/d developed a cataract on day 168. In that patient, the serum ferritin was
stable at about 2400 ng/mL and the LIC had decreased from 7.3 to 4.5 mg Fe/g dw.
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Deaths

No deaths occurred during the study.

Serious adverse events

SAEs occurred in 34.8% and 33.3% of patients receiving Exjade and DFO, respectively. SAEs
leading to drug discontinuation occurred in 4 patients receiving Exjade and 1 patient receiving
DFO. Two patients receiving Exjade and one receiving DFO became pregnant. One of the
pregnancies in a patient receiving Exjade led to a therapeutic abortion.

Appears This Way
On Criginal
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Other significant adverse events

The following table shows the number of patients in whom AEs led to dose adjustment or
interruption of therapy.

Table 10-5 Numbers (%) of patients with AEs requiring dose reduction or
interruption by primary system organ class and preferred term

ICL670 DFO Adl patients
Primary system organ class N=132 M=63 N=185
Preferred term 1 (%) n (%) n (%)
Any primary system organ class® 33(250) 14 {22.2) 47 (241}
Cardiac disorders 1 (0.8} - 1{0.5)
Ventricular hyperirophy 1 (0.8} ~ 1{0.5)
Congenital disorders 10(7.6) 5{7.8) 15 {7.7}
Sickle call crisis 10 (7.6} 5{7.9) 14 {7.2)
Ear and labyrinth diserders 1(0.8) 3(4.8) 421}
Deafress ~ 1{1.8) 1 (0.5}
Hypoacusis = 1{1.8) 140.5)
Tinnitus - 1{1.8) 140.5)
Vertigo 110.8) - 1¢0.5)
Gastrointestinal disorders 11 (8.3) 2{3.2) 13 (6.7}
Abdominal distension 1 (0.8} - 1{0.5
Abdominal pain 2(1.5) 1{18) 3(1.5)
Diarrhoea 5(3.8) - 5{(2.6)
Nausea 2 (1.5 1{1.8) 35
Vomiting 4030 1{1.8} 5(2.6)
General disorders 7 {5.3) 2(3.2) 9{4.6)
Chesi discormfort - 1 {18} T (0.5}
Chest pain 2(1.5) “ 211.0)
infusion site cedema . 1{1.8} 1{0.5)
Cedema peripheral 110.8) - 14{0.5)
Pyrexia 4 (3.0} = 4{2.1)
Hepatohiliary disorders 1(0.8) - 1 (0.5}
Hepatic function abnornal 1{0.8) - 1{0.5)
Infections and infestations 4 (3.0} 21(32) 5{3.1)
Catheter relaied infection 1 (0.8% - 1{0.5)
Cellukitis - 1{1.8) 11{0.5)
URTH 1{0.8) - 1{0.5)
Urinary tracl infection 110.8% . 140.5)
“reumonia 1¢0.8) . 140.5)
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Viral infection - 1186} 1{0.8)

Injury etc. - 2(3.2) 2{1.0y
Arthropod sting - 1{1.6) 140.5)
Transfusien reaction - 1(1.8) 1{0.5)

Investigations 4(3.0) = 421
ALT increased 1 (0.8) - 10.8)
Creatinine increased 3 (2.3} - 3(1.5

Musculoskeletal disorders 1({D.8) 1 (1.8} 201.0)
Arthralgia 1(0.8) - 1 {0.5}
Pain in extremity - 1{1.8) 1{0.5)

Nervous system disorders 5(3.8) - 5 (2.6}
Headache 4(3.0y - 421}
Intraventricular hemorrhage 1 (0.8} - 1{0.5)

Pregnancy 1{0.8) - 1{0.8)

Reproductive disorders 1 (0.8} - 1¢0.5)
Breast awelling 1(0.8) - 1(0.5)

Respiratory disorders 4 {3.0) - 421
Dyspnoea 1{0.8) . 1¢0.5)
Pharyngolaryngeal pain 3(2.3) - 3 (1.5)

Skin disorders 3(2.3) = 3015
Rash papular 1{0.8) - 1{0.5)
Rash vesicular 1{0.8) - 1{0.5)
Swelling face 1(0.8) - 1{0.5)

Vascular disorders 1({0.8) - 1(0.5)
Vascular occlusion 1({0.8) - 1 {0.5)

* Subject with mulliple adverse events within a primary system organ class is
counted only once in the iotal row.
Source: Sponsor submission page 71

The commonest reasons for dose modification in patients receiving Exjade were gastrointestinal
disorders, infections, fever, headache, skin disorders and elevations of serum creatinine and
ALT. A dose response relationship with Exjade was seen only for gastrointestinal disorders
(4.7%, 8.7% and 16.7% of patients affected at 10, 20 and 30 mg/kg/d doses, respectively).

AEs led to drug discontinuation in four patients (1 skin rash, 1 diarrhea, 1 pregnancy and 1 acute
pancreatitis with concomitant abnormal liver function tests) receiving Exjade and one patient
receiving DFO (1 pregnancy). No patients discontinued drugs because of laboratory
abnormalities.

Laboratory values

* Bone marrow function. One patient receiving Exjade at a dose of 10 mg/kg/d had
neutrophil counts <1500/mL on days 58, 127 and 213 but recovered spontaneously
without drug modification. No patient developed thrombocytopenia.

* Hepatic function. The number of patients with raised serum transaminases is seen in the
following table.
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Table 10-8 Number (%) of patients with transaminases greater than 5§ x ULN

ICLETT BFO All patients

Laboratory parameter N=132 N=§3 N={95

n (%) n (%) n (%)
SGOTIAST
No. patients with S8GOT/AST > x ULN at 1 (0.8} - 1{0.5)
22 post-baseline visits
No. patients with SGOT/AST »5 x ULN at 1(0.8y - 1 (0.5}
22 consecutive post-baseline wisits
SCGPTALT
No. patients with BGPT/ALT =5 x ULN af 22 1(0.8 101.8) 1(0.5)
post-baseline visils
No. patients with SGPTALT =5 x ULN at 22 5{3.8) - 5(2.8)

consecutive post-baseline visits

Source: Sponsor submission page 77

All of the patients whose transaminases were raised during drug administration also had
had elevations of transaminases at baseline. However, transaminases were raised more
frequently in patients receiving Exjade than in patients receiving DFO. One patient had a
drug interruption because of the abnormal transaminases but no patients were
discontinued from Exjade because of an abnormal transaminase.

e Renal function. The number of patients who had increases in serum creatinine that
qualified for the notable range definition is shown in the following table.

Table 10-9 Number (%} of patients with increases in serum creatinine
ICLB7C OFG All patients

Labeoratory parameter N=132 N=63 N=185

n {%) n (%) n (%}
Serum creatinine
No. palients with creatinine >33% at 22 conseculive 32 {24.2} 4 {6.3} 36 {18.5}
post-baseline «isits
No. patienis with creatinine increase »33% and 1{0.8) 2{3.2} 3{1.5)

=LK at 22 consecutive post-baseline wisits

Patienis are counted only once in each post-baseling categery
Source: Sponsor submission page 78

Of the 33 patients who had an increase of >33% in serum creatinine compared to
baseline, 3 underwent dose reduction. Most often, this was because the serum creatinine
had fallen spontaneously at subsequent visits before dose reduction could be
implemented or because they occurred in pediatric patients in whom dose adjustment was
not required unless the 33% increase also resulted in a creatinine that was above the
ULN. The changes in creatinine over the course of the study are shown in the following
figure.
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Change in Crestinine (umol/L)
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About 30% of patients in both treatment arms had a urinary protein/creatinine ratio that
was above the normal range at baseline. Transient increases during the study occurred
with a similar frequency in both arms of the trial. No patients developed progressive
proteinuria. The increases were not dose dependent. No patients had dose modifications
because of the urinary findings. Increases in the urinary protein/creatinine ratio are
shown in the following table.

Table 10-10  Number (%) of patients with increases in total urinary

protein/creatinine ratio

» ICL6&TD BFO All patients
Laboratery parameter N=132 N =53 N o=4485
n {%) n (%) n (%)
Urinary protein/creatinine ratio {UPCR])
No. patients with UPCR 0.2 - <0.4 mg/myg posi-baseline B0 (45.5) 25(39.7) 88 (43.6)
Mo, patients with UPCR 0.4 - <0.6 mg/mg post-baseline 1 (8.3} 3 (4.8} 14 (7.2}
No. patients with UPCR >=0.6 mgimg post-baseline 14 {10.6} 6 {3.5) 20 {16.3}

Patients are counted only once in each post-baseline category
Source: Sponsor submission page 79

Trace elements. Twenty five percent (25%) and 2% of patients had a low serum zinc and

copper Jevel at baseline, respectively. There were minor fluctuations of each of these
elements during the trial in both study groups.

194



Clinical Review

George Shashaty

NDA 21-882

Exjade (deferasirox, ICL-670)

e Vital signs. There were no significant changes in vital signs in patients in either arm of
the trial.

e ECGs. Four patients on ICL670 (1 case each of increased QT interval, AV block, sinus
arrhythmia, left ventricular hypertrophy) and 3 on DFO (QT prolongation, 2 cases of left
ventricular hypertrophy) developed new or worsening significant ECG abnormalities.
These changes are considered to be related to the underlying disease.

e Ophthalmologic examinations. Four patients on ICL670 and 2 on DFO had new
significant findings post-baseline, mainly related to blood vessel changes. No lens or
retinal abnormalities were reported.

¢ Audiometric examinations. Two patients on ICL670 and 2 on DFO had newly reported
significant findings after baseline. These episodes comprised 3 episodes of conductive
deafness and one of fluid in the middle ear cavity.

e Liver echograms. No significant findings were noted.

¢ Anthropometric measurements and sexual development. Only preliminary data are
available at 24 weeks, but there were no differences noted in these parameters between
the two arms of the trial.

Reviewer's Comments. Study 0109 is a trial that compared the safety and efficacy of the use of
Exjade and DFO over a one year period in a population of adult and children patients with
sickle cell disease and its variants who have developed hemosiderosis because of transfuszons
The information reviewed here is from an interim analysis of data after all enrolled patients had
been enrolled for at least 6 months and is submitted by the sponsor for a review of the safety

data in support of its application for approval of its mdtcatzon "As in some of its other studies,
the sponsor has relied on the use of SQUID to measure LIC. -This does not aﬁ’ect this review
other than fo note that since the initial dose of Exjade and DFO were dependent on the SQUID -
measured LIC, the dose of stuaﬁz drug may have been given at less than requzred dose to achieve
the goal of diminishing LIC.

Review of the safety data suggests that the use of Exjade in patients with sickle cell syndromes.is
associated with safety concerns that are similar those seen in patients with p-thalassemia. These
include gastrointestinal symptoms (nausea, vomiting, diarrhea and abdominal pain), skin rash,
cataract development, increases in serum transaminases, increases in serum creatinine and
urinary protein, and diminution in hearing. Although dose interruptions and decreases with
Exjade were more frequent than with DFO, almost all patients in the trial were able to continue
on the study. Pregnancies occurred in 2 patients receiving Exjade, one of whom had a
therapeutic abortion. The sponsor has not provided any znformatzon on the outcome of the
second pregnancy.
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Ophthalmology Consult
Submission date: 4/29/05
Review date: 10/28/05
Drug name: EXJADE® (deferasirox) Tablets for Oral Suspension
Sponsor: Novartis
Proposed Indication: Treatment of chronic iron overload due to blood transfusions

(transfusional hemosiderosis). EXJADE is indicated for both adult
and pediatric patients aged 2 years and over.

Submitted: Original NDA

Reviewer's Comments: This review is limited to area of ophthalmologic concern. Studies
105, 106, 107, 108 and 109 were reviewed.
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Executive Summary:

There are no objections to the approval of NDA 21-882 with the labeling revisions recommended
in this review. The studies conducted to date show some increases in cataract development, but
cataract development is a potentially treatable condition. Other ocular events such as elevations
in intraocular pressure and retinal pathology cannot be clearly evaluated in the studies conducted.
Phase 4 studies are recommended.

The following is a list of problems and issues identified in the execution of the studies submitted
to the NDA:

1.

10.

Visual acuity may become decreased by a clinical significant amount and still be within a normal range.
Analysis of visual acuity should include the number of patients in whom visual acuity decreased by 1 line,
decreased by 2 lines, decreased by 3 lines, decreased by more than 3 lines, increased by 1 line, increased by
2 lines, increased by 3 lines, increased by more than 3 lines and did not change by one line. It does not
appear that this type of analysis was provided in the NDA. It should be provided for all studies.
Intraocular pressure (IOP) may be increased by a clinically significant amount and still be within normal
range. Analysis of intraocular pressure should include mean IOP and the percentage of patients who have
an increase of 5 or more mmHg and percentage of patients who have an increase of 10 or more mmHg.
This analysis does not appear to have been submitted to the NDA. It should be provided for all studies.
The development of cataracts can be evaluated by either grading against a standard grading system (LOCS
IT or equivalent) or by taking standardized photographs and analyzing the changes seen on the photographs.
According to some of the protocols (105 and 106), standardized photographs were taken, but it does not
appear that either the photographs or the analysis of the photographs have been submitted. The analysis of
the photographs and potentially the photographs should be submitted. Some protocols (107, 108 and 109)
have had the section on taking photographs removed from the protocol. The removal from the protocol of
the standardized photographs removes the ability to evaluate the drug product’s potential to cause cataracts.
The abnormal events that are not considered clinically significant have not been identified. Without
identification of the events and without a definition of clinically significant, it is not possible to comment
on whether the event would be judged by the agency as clinically significant.

Comparisons between groups cannot be made from the “shift” tables because it is not accurate to treat all
clinically insignificant (or clinically significant) events as the same.

Some of the “shift” tables had many missing assessments.

Increases in myopia have been reported; if this is due to the changes in the lens, it may be an early sign of a
cataract.

Some of the examinations were not careful examinations. For example, patient GBR/0801/00015 had a
number of ocular abnormalities at screening and all visits except the final one. The abnormalities are
highly unlikely to have disappeared at the last visit. Another example is in patient USA/050/0001. This
patient is unlikely to have a long standing red/green color deficiency (classic genetic deficiency) with is not
present at screening, present at day 90, and normal afterward.

The English translations for several of the reports do not appear to be accurate. The reports should be
reviewed in the NDA.

If patient GBR/0801/00013 had cup-disc asymmetry and no longer exhibited it at later visits, this represents
advancing glaucoma.

The following Phase 4 study is recommended:

A study in the target population for at least 2 years which included at each visit, best corrected distance
visual acuity, applanation tonometry, lens photography, and wide angle fundus photography of retina and
optic nerve. Examinations should occur at baseline and six month intervals through 2 years. At least 60
patients should complete 2 years of follow-up (to rule out a 5% or greater incidence - higher number if you
want to rule out smaller effects).
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Ophthalmology Review

Study 105

A randomized, open label, phase Ila study to evaluate safety; tolerability and the effects on liver
iron concentration of repeated doses of 10 and 20 mg/kg/day of ICL670 in comparison with 40
mg/kg/day deferoxamine in patients with transfusion-dependent iron overload

Ocular examination

Ocular examinations were performed by an ophthalmologist as follows: For patients receiving
DFO: at screening and at the end of each study phase. For patients receiving ICL670: at
screening and then every two weeks. The ophthalmologic examination included the following
assessments:

Visual acuity test using a Snellen chart

Tonometry according to Goldman

Slit lamp exam of anterior segment using & Tbiomicroscopy

Slit lamp exam of the lens using {. [ biomicroscopy

Photographs of the lens using slit lamp at 10° and 30° left and right to the observation
axis at 1x enlargement

Fundoscopy by indirect ophthalmoscopy using a { T lens

Findings post-drug administration meeting the criteria for an AE were recorded in the CRF.

Reviewer's Comments:

1.

Visual acuity may become decreased by a clinical significant amount and still be within a
normal range. Analysis of visual acuity should include the number of patients in whom
visual acuity decreased by 1 line, decreased by 2 lines, decreased by 3 lines, decreased
by more than 3 lines, increased by 1 line, increased by 2 lines, increased by 3 lines,
increased by more than 3 lines and did not change by one line. It does not appear that
this type of analysis was provided in the NDA.

Intraocular pressure (IOP) may be increased by a clinically significant amount and still
be within normal range. Analysis of intraocular pressure should include mean IOP and
the percentage of patients who have an increase of 5 or more mmHg and percentage of
patients who have an increase of 10 or more mmHg. This analysis does not appear to
have been submitted to the NDA.

The development of cataracts can be evaluated by either grading against a standard
grading system (LOCS Il or equivalent) or by taking standardized photographs and
analyzing the changes seen on the photographs. According to the protocol, standardized
photographs were taken but it does not appear that either the photographs or the analysis
of the photographs have been submitted.
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Visit and evaluation schedule

VISIT

Informed consent
Eligibility

Medical history
Hemoglobin
Transfusion

SQUID

Pregnancy test
Physical examination
Vital signs, ECG
Body weight/height
Hepatitis serology/HIV
Urinalysis

Urinary creatinine,
protein, NAG, B 2-M
Creatinine clearance
Ocular exams
Audiometry

Liver echography
Laboratory safety
Surrogate markers
PK blood sampling
(troughs)

PK blood and urine
sampling (profiles)
Concurrent medications
Comments

Adverse events

Drug dispensing

Reviewer's Comments:

Run-in period
Screen Washout

Day Day

-14t0-6 -5to-1

1 2

X

X X

X

X X
X

X

X

X

X

XiX X

X
X
X
X

X

X

X

X X
X

X X

Day

1

3

Treatment and observation

Core EOS Extension EOS
Month Month
2 3 4 5 6 7- 12
11
567 8 9 10 - 27
At each visit
As required
X 3 monthly
X X
X .
X X X Monthly
At each visit
At each visit
At each visit
X Monthly
At each visit
X 3 monthly
X 3 monthly
X X X Monthly
XXX x X At each visit
X X X 3 monthly
X X X 3 monthly
As required
As required
XX x x X At each visit
XxXxx x X At each visit

Acceptable from an ophthalmologic prospective.
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Post-Text Table 10.5-2
Summary of changes from the baseline ophthalmic(OPH) result to the worst OPH result by
treatment group

Safety population

Treatment/ Baseline OPH result
Maximum OPH result, post-baseline NR AT AS TOT

ICL670 10mg/kg

Normal (NR) 9 9
Abnormal, Clinically Insignificant (AT) 13 13
Abnormal, Clinically Significant (AS) 2 2
Total (TOT) S 13 2 24

ICL670 20mg/kg

Normal (NR) 7 7
Abnormal, Clinically Insignificant (AI) 2 15 17
Total (TOT) 9 15 24

Deferoxamine 40mg/kg

Normal (NR) 8 8
Abnormal, Clinically Insignificant (ATI) 1 11 12
Abnormal, Clinically Significant (AS) 1 1
Not available (NA) 2 2
Total (TOT) 11 12 23

OPH result: NR = Normal, AI = Clinically Insignificant abnormal, AS = Clinically
significant abnormal, NA = Not available, TOT = Total.

Worst result: The most significant OPH result while the subject is receiving treatment
final/pgm saf/t oph.sas - 30JAN2003:9:33

Reviewer's Comments:

1. The abnormal events that are not considered clinically significant have not been
identified. Without identification of the events and without a definition of clinically
significant, it is not possible to comment on whether the event would be judged by the
agency as clinically significant.

2. Comparisons between groups cannot be made from the table above. It is not accurate to
treat all clinically insignificant (or clinically significant) events as the same.

ADD@Qr

S This
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Post-Text Table 10.1-3
Adverse events ,regardless of study drug relationship, by primary system organ class
and treatment group and descending frequency in the ICL670 20mg/kg group

Safety population .

ICL670 ICL670 Deferoxamine

lomg/kg 20mg/kg 40mg/kg

N=24 N=24 N=23
Primary system organ -class n (%) n (%) n (%)
-Any primary system organ class 24 (100) 23(96) 21(91)
Respiratory, thoracic and mediastinal disorders 21(88) 15(63) 13(57)
Gastrointestinal disorders 17(71) 14 (58) 11(48)
General disorders and administration site conditions 13(54) 14 (58) 11 (48)
Musculoskeletal and connective tissue disorders 12(50) 12 (50) 12(52)
Infections and Infestations 18(75) 11 {46) 12 (52)
Nervous system disorders 9(38) 9(38) 6(26)
Investigations 3(13) 6(25) 2(9)
Injury, poisoning and procedural complications 3(13) 5(21) 1(4)
Skin and subcutaneous tissue disorders 5(21) 5(21) 5(22)
Eye disorders 2(8) 4(17) 0(0)
Cardiac disorders 0(0) 3(13) 4(17)
Ear and labyrinth Disorders ) 6(25) 3(13) 4(17)
Renal and urinary Disorders 6(25) 2(8) 4(17)
Hepatobiliary disorders 0(0) 1(4) 0(0)

- A subject with multiple occurrences of an AE under one treatment is counted only
once in the AE category for that treatment

- A subject with multiple adverse events within a primary system organ class is
counted only once in the total row. final/pgm saf/t aevsocfreqg.sas - 30JAN2003:9:18

Reviewer's Comments: There is an imbalance between groups with higher events in the
ICL670 groups, but the numbers of patients studied is small.

Adverse events, regardless of study drug relationship, by prlmary system organ class,
preferred term.and treatment group

Safety population
ICL670 10mg/kg ICL670 20mg/kg Deferoxamine 40mg/kg

Primary system organ class N=24 N=24 N=23

Preferred term n (%) n(%) n (%)

All Eye disorders 2( 8.3) 4(16.7) 0(0.0)
Chalazion 1( 4.2) 0(0.0) 0(0.0)
Conjunctival hemorrhage 1( 4.2) 0(0.0) 0(0.0)
Conjunctivitis allergic 0( 0.0) 4(16.7) 0(0.0)
Keratitis 0( 0.0) 1(4.2) 0(0.0)
Visual disturbance NOS 0( 0.0) 1(4.2) 0(0.0)

- A subject with multiple occurrences of an AE under one treatment is counted only
once in the AE category for that treatment.

- A subject with multiple adverse events within a primary system organ class is
counted only once in the total row. final/pgm saf/t aev003.sas - 30JAN2003:9:12

Reviewer's Comments: Most of the events are allergic conjunctivitis.
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Study 106

An open label, phase Ila study to evaluate the safety, tolerability, pharmacokinetics and the
effects on liver iron concentration of repeated doses of 10 mg/kg/day of ICL670 administered to
pediatric patients with transfusion-dependent B-thalassemia major

Ocular examination
The ocular examinations listed below were performed by an ophthalmologist at screening, then
every 12 weeks during scheduled visits:

* Visual acuity test using a Snellen chart

* Tonometry according to Goldman

« Slit lamp examination of the anterior segment using ¥ P biomicroscopy

» Slit lamp examination of the lens usingZ fbiomicroscopy

* Photographs of the lens using slit lamp at 10° and 30° left and right to the observation axis at
Ix enlargement '

» Fundoscopy by indirect ophthalmoscopy using a £ 1lens

The results of the ocular examination were recorded on the ocular exam CRF and the slit lamp
photographs were kept in the Investigator folder. Any significant findings post-drug
administration which met the definition of an AE, were recorded as such.

1. Visual acuity may become decreased by a clinical significant amount and still be within a
normal range. Analysis of visual acuity should include the number of patients in whom
visual acuity decreased by 1 line, decreased by 2 lines, decreased by 3 lines, decreased
by more than 3 lines, increased by 1 line, increased by 2 lines, increased by 3 lines,
increased by more than 3 lines and did not change by one line. It does not appear that
this type of analysis was provided in the NDA.

2. Intraocular pressure (I0OP) may be increased by a clinically significant amount and still
be within normal range. Analysis of intraocular pressure should include mean IOP and
the percentage of patients who have an increase of 5 or more mmHg and percentage of
patients who have an increase of 10 or more mmHg. This analysis does not appear to
have been submitted to the NDA.

3. The development of cataracts can be evaluated by either grading against a standard
grading system (LOCS Il or equivalent) or by taking standardized photographs and
analyzing the changes seen on the photographs. According to the protocol, standardized
photographs were taken but it does not appear that either the photographs or the analysis
of the photographs have been submitted.
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Table 3-1 Visit schedule

Screening WashoutDay Treatment and observation period (Day 1 — End of study) EOS
1 .

Weeks 2 4 6 8 10 12 14 16 18 20 22 24 26 28-46 48
Visit 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17-26 27
Informed consent X
In-/exclusion X X
Medical history / X
prior medications
Vital signs X X X X X X X X
Hematology, X X X X X X X X X X X X X X X X X
Blood chemistry
Renal function X X X X X X X X
Urinalysis X X X X X X
Physical exam. X X X X # X
SQuID X X X X # X
Liver echography X X X X # X
ECG X X X X X # X
Ocular exam. X X X # X
Audiometry X X X # X
Pubertal staging/ X X X X # X
anthropometric
assessments
Bone age / X X
metaphys. growth
PK sampling X X X X X # X
(trough levels)
PK sampling X X X
(profiles) + UIE
Blood transfusions As required to maintain hemoglobin 9g/dL
Comments As required
Conc. medication As required
Adverse events X X X X X X X X X X X X X X
Drug dispensing X X X X X X X X X X X X X X X

# = assessments to be performed at visit 21 (after 36 weeks of treatment)

Reviewer's Comments: Acceptable from an ophthalmologic prospective.
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Post-text Table 10.6-1 (Page 1 of 1)

Changes from the baseline ophthalmological test result to
the worst ophthalmological test result by age group
Safety population

Age group/ Baseline OPH result
Worst OPH result, post-baseline NR AT TOT

Children < 12 yrs

Normal (NR) 10 10
Abnormal, Clinically (AT) 6 3 9
insignificant

Not available (NA) 1 1
Total (TOT) 16 4 20

Adolescents >= 12 yrs

Normal (NR) 7 7
Abnormal, Clinically (AT) 1 12 13
insignificant

Total (TOT) 8 12 20

All patients

Normal (NR) 17 17
Abnormal, Clinically (AI) 7 15 22
insignificant

Not available (NA) 1 1

Total (TOT) 24 16 40

OPH result: NR = Normal,AI = Clinically Insignificant
abnormal, AS = Clinically Significant abnormal,

Worst result: The most significant OPH result while the
subject is receiving treatment

Reviewer's Comments: The abnormal events that are not considered clinically significant
have not been identified. Without identification of the events and without a definition of
clinically significant, it is not possible to comment on whether the event would be judged by
the agency as clinically significant. '
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Post-text Table 10.1-1

Adverse events, regardless of study drug relationship

by primary system organ class, preferred term and age group
Safety population

Children Adolescents
< 12 yrs >= 12 yrs
Primary system organ class N=20 N=20
Preferred term n (%) n (%)
Eye disorxders
-Total 2( 10.0) 2( 10.0)
Conjunctivitis 2( 10.0) 1(5.0)
Retinal degeneration 0(0.0) 1(5.0)

- Primary system organ classes are presented alphabetically; preferred
terms are sorted within primary system orxrgan class alphabetically.

- A subject with multiple occurrences of an AE is counted only once in
the AE category.

- A subject with multiple adverse events within a primary system organ
class is counted only once in the total row.

Reviewer's Comments: It is not clear what type of retinal degeneration was identified.

Appears This Way
On Original
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Study 107

A randomized, comparative, open label phase III trial on efficacy and safety of long-term
treatment with ICL670 (5 to 40 mg/kg/day) in comparison with deferoxamine (20 to 60
mg/kg/day) in B-thalassemia patients with transfusional hemosiderosis

Ocular examinations

Ocular examinations must be performed by an ophthalmologist at screening, then at visit 6, 9,

12 and 16.

The ophthalmologic examination will include the following assessments:

* Visual acuity test using a Snellen chart

¢ Tonometry according to Goldman

» Slit lamp exam of anterior segment using - £ biomicroscopy

« Slit lamp exam of the lens using < I biomicroscopy

* Photographs of the lens using slit lamp at 10° and 30° left and right to the observation axis at
1x enlargement

* Fundoscopy by indirect ophthalmoscopy using a L. Yens

The ocular examination will be captured on the Ocular exam CRF and the slit lamp

photographs will be kept in the investigator folder. Any significant findings that meet the

definition of an AE must be recorded in the adverse event summary page of the CRFs.

Amendment 3

In addition, the following minor discrepancies in the protocol were clarified:
* No photographs of the lens were to be taken during the eye examinations since no
centralized review was planned

Reviewer's Comments:

1. Visual acuity may become decreased by a clinical significant amount and still be within a
normal range. Analysis of visual acuity should include the number of patients in whom
visual acuity decreased by 1 line, decreased by 2 lines, decreased by 3 lines, decreased
by more than 3 lines, increased by 1 line, increased by 2 lines, increased by 3 lines,
increased by more than 3 lines and did not change by one line. It does not appear that
this type of analysis was provided in the NDA.

2. Intraocular pressure (I0P) may be increased by a clinically significant amount and still
be within normal range. Analysis of intraocular pressure should include mean IOP and
the percentage of patients who have an increase of 5 or more mmHg and percentage of
patients who have an increase of 10 or more mmHg. This analysis does not appear to
have been submitted to the NDA.

3. The development of cataracts can be evaluated by either grading against a standard
grading system (LOCS Il or equivalent) or by taking standardized photographs and
analyzing the changes seen on the photographs. The removal from the protocol of the
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standardized photographs removes the ability to evaluate the drug product’s potential to
cause cataracits.

Post-text Table 10.6-1
Changes from the baseline ophthalmological test result to the worst
ophthalmological test result by treatment

Treatment/ Baseline OPH result
Worst OPH result, post-baseline NR AT AS NA TOT
ICL670

Normal (NR) 168 8 3 179
Abnormal, Clinically (ATI) 45 58 1 104
insignificant

Abnormal, Clinically significant (AS) 3 1 1 5
Not available (NA) 4 2 2 8
Total (TOT) 220 69 1 6 296
Deferoxamine

Normal (NR) 166 10 1 177
Abnormal, Clinically (AT) 45 55 1 1 102
insignificant

Abnormal, Clinically significant (AS) 3 2 1 6
Not available (NA) 1 3 1 5
Total (TOT) 215 68 4 3 290

Ophthalmological test result: NR = Normal, AI = Clinically
Insignificant abnormal, AS = Clinically Significant abnormal, NA =
Not available, TOT = Total.

Worst result: The most significant Ophthalmological test result while
the subject was receiving treatment

report/pgm_saf/t oph.sas - 06JAN2005:21:28

Reviewer's Comments:

1. The abnormal events that are not considered clinically significant have not been
identified. Without identification of the events and without a definition of clinically
significant, it is not possible to comment on whether the event would be judged by the
agency as clinically significant.

2. Comparisons between groups cannot be made from the table above. It is not accurate to
treat all clinically insignificant (or clinically significant) events as the same.
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Post-text Table 7.4-9
Active medical histories and continuing medical conditions by primary system organ class,
preferred terms and treatment

Safety population

ICL670 Deferoxamine
Primary system organ class N=296 N=290
Preferred term n (%) n (%)
Eye disorders
-Total 6(2.0) 8(2.8)
Amblyopia 0(0.0) 2(0.7)
Astigmatism 1(0.3) 0(0.0)
Blindness 0(0.0) 1(0.3)
Blindness unilateral 0(0.0) 1(0.3)
Chorioretinal atrophy 0(0.0) 1(0.3)
Glaucoma 0(0.0) 1(0.3)
Lenticular opacities 1(0.3) 0(0.0)
Myopia 5(1.7) 1(0.3)
Retinal degeneration 0(0.0) 1(0.3)
Scotoma 0(0.0) 1(0.3)
Strabismus 0(0.0) 1(0.3)
Reviewer's Comments: There are a small number of events in both arms. Increases in

myopia, if due to the lens, may be an early sign of a cataract.

Appears This ...
ligingy
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Post-Text Listing 10.6-3

14

Ophthalmological Evaluation For All Subjects With At Least One Clinically Significant Abnormality By Treatment

Safety Population

Treatment: ICL670
Country/Center/Subject
Age/Gender/Race
Dose/Category
ITA/0409/00001

16/F/ICA

30 mg/kg ICL/>=50 mg/kg DFO

Date Of
Ophth

ITA/0412/00003
28/F/CA
30 mglkg ICL/ >=50 mg/kg DFO

ITA/0413/00021 .
27/M/CA
10 mg/kg ICL/25=<35ma/kgDFO \

‘k
\\:

TUN/1902/00001
6/F/CA
30 mg/kg ICL/ >=50 mg/kg DFO

TUR/1102/00009
11/M/CA :
20 mg/kg ICL/ 35-<50 mg/kg DFO

TREATMENT: DEFEROXAMINE
ARG/0002/00010 18/F/CA
10 mgrkg ICL/ 25-<35 mg/kg DFO

FRA/0902/00001 36/F/CA

Fxamination

Study Interpretation Abnormality

Day

-22

199
-19

83

- 182

257

+ 356

-33

N

- 175

256

. 364

-75

82
182

- 250

357
-18

101
164
252

363

-34

86

169
254
359
-38

Normal

Clin Sig
Normal

Clin Insig
Normal
Clin Sig
Normal
Clin Insig

Clin Insig
Clin Sig

Clin Sig

Clin Insig
Clin Sig

Clin Sig
Clin Sig
Clin Sig
Clin Sig
Normal

Normal
Normal
Clin Sig

Normal
Normal

Normal
Normal
Clin Insig
Clin Sig
Clin Sig

Abnormality
Compared
To Baseline
Left Eye Cataract New/Worse
Alteration of foveal reflex New/Worse
Left Eye: in crystalline lens New/Worse
New paracentral bubble like
elements
Left Eye: in crystalline lens New/Worse
New paracentral bubble like
elements
Myopia 3/10
Lens OK
Bilateral maculopathy
Bilateral maculopathy Unchanged
Bilateral maculopathy Unchanged
Bilateral maculopathy Unchanged
Bilateral maculopathy Unchanged
Atrophy of retinal pigment New/Worse

epithelium

Mild opacity in posterior capsule New/Worse
Macular Scar in left eye
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10 mg/kg ICL/ 25-<35 mg/kg DFO

GBR/0801/00015 28/F/OT
10 mg/kg ICL/ 25-<35 mg/kg DFO

"‘GRC/0701/00001
12/M/CA
10 mg/kg ICL/ 25-<35 mg/kg DFO

ITA/0412/00004
21/FICA
20 mg/kg ICL/ 35-<50 mg/kg DFO

TUN/1901/00011
24/M/CA
30 mg/kg ICL/ >=50 mg/kg DFO

TUR/1105/00002
22/MICA

20 mg/kg ICL/
35-<50 mg/kg
DFO

NDA 21-882 EXJADE (deferasirox) 'I'ablets for Oral Suspension Ophthalmology Consult

97

199

313

378

100

176

260

- 372

-13

- 92

232
300
362

- -18

84

183
267
357

225

397

-69

83
189

Clin Sig

Clin Sig

Clin Sig

Clin Sig

Clin Sig

Clin Sig

Clin Sig

Clin Sig

Normal
Clin Sig

Clin Insig
Clin Insig
Clin Insig
Clin Insig
Normal

Clin Insig
Clin Insig
Clin Sig

Clin Insig

Clin Sig

Clin Sig

Clin Sig

Normal
Normal

Moderate opacity of the lens
(both eyes)

Macular scar of left eye
Moderate opacity of the lens
(both eyes)

Macular scar of left eye
Moderate opacity of the lens
(both eyes)

Moderate opacity of the lens
(both eyes)

Macular scar of left eye
Tilted Disc

Myopic changes

R Pigmentary changes
Tilted Disc

Myopic changes

R Pigmentary changes Disc
Tilted Disc

Myopic changes

R Pigmentary changes
Tilted Disc

Myopic changes

R Pigmentary changes

Anisometropic

Amblyopia

Maculopathy
Right Eye

15

New/Worse

Unchanged
Unchanged

Unchanged

Unchanged

Unchanged

New/Worse

Unchanged

Unchanged

Unchanged

New/Worse

Optic Fundus: Important Retinal Not Comp

Vascular Tortuosity.

Twisting .
Expanded Veins
At Optic Fundus

Visual Acuity (Snellen Chart)

5/10, 5/10
Abnormal VEP

Not Comp
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»~ 4273  Normal

371  Normal
USA/0501/00001 5 mg/kg ICL/ -7 Normal
32/M/CA <25 mglkg
DFO
291 Clin Sig Long Standing Red/Green ColorNew/Worse
/” Deficiency

J 175 Normal
/ 265 Normal

358 Clin Insig

Reviewer's Comments: Some of the examinations were not careful examinations. For

example, patient GBR/0801/00015 had a number of ocular abnormalities at screening and all
visits except the last one. The abnormalities are highly unlikely to have disappeared at the last
visit. Another example is in patient USA/050/0001. This patient is unlikely to have a long
standing red/green color deficiency (classic genetic deficiency) with is not present at screening,
present at day 90 and normal afterward.
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Table 10-1 Number (%) of patients with AEs overall and by primary system
organ class

Primary system organ class ICL670 DFO

N=296 N=290

n (%) n (%)
Any primary system organ class 254 (85.8) 246 (84.8)
Infections and infestations 182 (61.5) 182 (62.8)
Gastrointestinal disorders 126 (42.6) 91 (31.4)
General disorders 88 (29.7) 119 (41.0)
Respiratory, thoracic and mediastinal disorders 80 (27.0) 102 (35.2)
Musculoskeletal disorders 55 (18.6) 69 (23.8)
Nervous system disorders 55 (18.6) 67 (23.1)
Skin and subcutaneous tissue disorders 65 (22.0) 45 (15.5)
Injury, poisoning and procedural complications 39 (13.2) 40 (13.8)
Investigations 57 (19.3) 16 (5.5)
Ear and labyrinth disorders 21(7.1) 27 (9.3)
Eye disorders 21(7.1) 24 (8.3)
Cardiac disorders 15(5.1) 20 (6.9)
Blood system disorders 12 (4.1) 14 (4.8)
Psychiatric disorders 14 (4.7) 10 (3.4)
Reproductive system and breast disorders 8(2.7) 15(5.2)
Metabolic and nutritional disorders 11 (3.7) 10 (3.4)
Renal and urinary disorders 9@3.0) 10 (3.4)
Hepatobiliary disorders 14 (4.7) 5(1.7)
Vascular disorders 7(2.4) 5(1.7)
Surgical and medical procedures 5(1.7) 6(2.1)
Immune system disorders 4(1.4) 7124
Endocrine disorders 4(1.4) 4(1.4)
Neoplasms 0(0.0) 4(1.4)
Congenital disorders 0 (0.0) 1(0.3)
Pregnancy, puerperium and perinatal conditions 0(0.0) 1(0.3)
Social circumstances 1(0.3) 0(0.0)
Reviewer's Comments: ~ There were approximately equal numbers of ocular events between
groups.

'4@0@
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Study 108

A multicenter, open-label, non-comparative, phase II trial on efficacy and safety of ICL670 (5-40
mg/kg/day) given for at least 1 year to patients with chronic anemias and
transfusional hemosiderosis

Ocular examination
Ocular examinations must be performed by an ophthalmologist at screening, then at visit 6, 9,
12 and 16.

The ophthalmologic examination will include the following assessments:

* Visual acuity test using a Snellen chart

» Tonometry according to Goldman

« Slit lamp exam of anterior segment using { _ } biomicroscopy

« Slit lamp exam of the lens using ¢ _ Y biomicroscopy

* Photographs of the lens using slit lamp at 10° and 30° left and right to the observation axis
at 1x enlargement

« Fundoscopy by indirect ophthalmoscopy using a { } lens

The ocular examination will be captured on the Ocular exam CRF and the slit lamp photographs
will be kept in the investigator folder. Any significant findings that meet the definition of an AE
must be recorded in the adverse event summary page of the CRFs.

Amendment 3 retrospectively addressed minor changes to the liver biopsy procedures. ...

In addition, the following minor discrepancies in the protocol were clarified:

» No photographs of the lens were to be taken during the eye examinations since no
centralized review was planned

Reviewer's Comments:

1. Visual acuity may become decreased by a clinical significant amount and still be within a
normal range. Analysis of visual acuity should include the number of patients in whom
visual acuity decreased by 1 line, decreased by 2 lines, decreased by 3 lines, decreased
by more than 3 lines, increased by 1 line, increased by 2 lines, increased by 3 lines,
increased by more than 3 lines and did not change by one line. It does not appear that
this type of analysis was provided in the NDA.

2. Intraocular pressure (IOP) may be increased by a clinically significant amount and still
be within normal range. Analysis of intraocular pressure should include mean IOP and
the percentage of patients who have an increase of 5 or more mmHg and percentage of
patients who have an increase of 10 or more mmHg. This does not appear to have been
submitted to the NDA.

3. The development of cataracts can be evaluated by either grading against a standard
grading system (LOCS II or equivalent) or by taking standardized photographs and
analyzing the changes seen on the photographs. The removal from the protocol of the
standardized photographs removes the ability to evaluate the drug product’s potential to
cause cataracits.
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Table 3-2 Visit schedule and evaluations

Run-in Tréatment and observation
Day Day Day 4-weekly
period

4567 8 9 10 11 12 13
4 56 7 8910 11 12 13 14 15 16

28--6 -5--1 1
Visit 1 2 3
Randomization X

—_
N
w

Informed consent
Inclusion/exclusion criteria
Physical examination

Medical history/Current medical
conditions
Liver function history

Liver biopsy

LIC SQUID

Liver pathology
Liver echography
Vital signs

ECG
Echocardiography
Urinalysis X X

Renal function
Ocular exam/audiometry

X X XX XXXX X

X X X X X X X X X X X X
X
x
x
x

XX XX X
XX XX X

xX X

Hemoglobin
Hematology, biochemistry, iron
metabolism

x
>
XX XX X X X X X X X X

XX XX

x X

XX XX X
x X

XX
XX X
XX

x

XX XX X

APpears This Weny
N Origingy
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Post-text Table 10.6-1
Changes from the baseline ophthalmological test result to the worst ophthalmological
test result by disease group

Safety population

Disease group/ Baseline OPH
result
Worst OPH result, post-baseline NR Al AS NA TOT
Beta-thalassemia
Normal (NR) 38 2 1 41
Abnormal, Clinically insignificant (AhH 18 16 1 35
Abnormal, Clinically significant (AS) 2 2 4 8
Not available (NA) 1 1
Total (TOT) 58 21 6 85
Rare anemias
Normal (NR) 29 3 1 33
Abnormal, Clinically insignificant Ay 10 32 2 1 45
Abnormal, Clinically significant (AS) 1 1 9 11
Not available (NA) 2 6 2 10
Total (TOT) 42 42 14 1 99

Reviewer's Comments:
The abnormal events that are not considered clinically significant have not been identified.
Without identification of the events and without a definition of clinically significant, it is not
possible to comment on whether the event would be judged by the agency as clinically
significant.

Appe
gﬁafs This 1
no y
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Table 10-1 Number (%) of patients with AEs overall and by primary
system organ class

B -thalassemia Rare anemias

Primary system organ class N=85 N=99
n (%) n (%)

"~ Any system organ class 84 (98.8) 97 (98.0)
Gastrointestinal disorders 61 (71.8) 72 (72.7)
Infections and infestations 60 (70.6) 65 (65.7)
General and admin. site disorders 41 (48.2) 48 (48.5)
Respiratory disorders 37 (43.5) 39 (39.4)
Nervous system disorders 34 (40.0) 34 (34.3)
Musculoskeletal disorders 32 (37.6) 35 (35.4)
Investigations 28 (32.9) 31 (31.3)
Skin disorders 34 (40.0) 23 (23.2)
Injury etc. 23 (27.1) 14 (14.1)
Cardiac disorders 4 (16.5) 16 (16.2)
Renal/urinary disorders 0 (11.8) 19 (19.2)
Metabolism and nutrition disorders 4 4.7) 18 (18.2)
Eye disorders 12 (14.1) 7(7.1)
Psychiatric disorders 8 (9.4) 10 (10.1)
Vascular disorders 6 (7.1) 12 (12.1)
Ear and labyrinth disorders 10 (11.8) 7(7.1)
Blood disorders 4 (4.7) 10 (10.1)
Surgical and medical procedures 2(24) 10 (10.1)
Reproductive disorders 6(7.1) 5(5.1)
Hepatobiliary disorders 5(5.9) 5(56.1)
Immunes system disorders 6(7.1) 4 (4.0)
Neoplasms - 6 (6.1)
Endocrine disorders 3(3.5) 2(2.0)
Social circumstances - 1(1.0)
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Post-text Table 7.4-9

Active medical histories and continuing medical conditions by primary
system organ class, preferred terms and disease group

Safety population

Beta-

thalassemia Rare anemias
Primary system organ class N=85 N=99
Preferred term n(%) n(%)
Eye disorders
-Total 0 12(12.1)
Aphakia 0 1(1.0)
Cataract 0 6(6.1)
Diabetic retinopathy 0 1(1.0)
Diplopia 0 1(1.0)
Glaucoma 0 1(1.0)
Maculopathy 0 1(1.0)
Strabismus 0 2(2.0)
Reviewer's Comments: 1t is not clear why events occurred only in the rare anemias.

0,
gigg.;- s Wy
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Country/Center/Subject Date of
Age/Gender/Race

Dose/Category

FRA/0901/00013 42/M/Ca 20
Mg/Kg ICL

FRA/0901/00014
38/M/Ca
20 Mg/Kg ICL

GBR/0801/00004
21/M/Ot
20 Mg/Kg ICL v

GBR/0801/00005
49/F/Ca
30 Mg/Kg ICL

GBR/0801/00010
22/M/0Ot
30 Mg/Kg ICL

1T A/0404/00006
26/M/Ca
20 Mg/Kg ICL

ITA/0406/00001 p

Ophthalmology

Study Overall

Day Interpretation Abnormality

-9

117
229
362
-14

112
224
-8

90

166

244

362

-12

92

176

267

372

96

207
270
382
-27

84
-52

Clin Sig

Clin Sig

Clin Insig
Clin Insig
Clin Insig

Clin Sig

Normal

Clin Sig

Clin Sig

Clin Sig

Clin Sig

Clin Sig

Clin Sig

Clin Sig

Clin Sig

Clin Sig

Clin Sig
Clin Sig

Clin Sig
Clin Sig
Clin Sig
Clin Sig
Clin Sig

Normal

Clin Insig

Compared To
Baseline
Papillary Diversion
Papillary Diversion Unchanged
Minor Congenital Cataract Not Comp
Left Iris Coloboma Left Dot
Cortical Lens Opacities
Left Iris Coloboma Left Dot Unchanged
Cortical Lens Opacity
Left Iris Coloboma Left Dot Lens Unchanged
Opacity
Left Coloboma Unchanged
Left Dot Cortical
Lens Opacities
Left Iris Colobama Left Dot Unchanged
Cortical Lens Opacity
Bilateral Angiod Streaks Left
Macular Scar Right Pre Retinal
Hemorrhage
Angiod Streaks, Macular Scar Unchanged
Previous Hemorrhage Resolved  Improved
Angiod Streaks Macular Scar Unchanged
Blepharitis New/Worse

Angiod Streak With Scarring Both Unchanged
eyes

Bilateral Angiod Streak Unchanged
Right eye amblyopia

Right eye amblyopia Unchanged
Right eye amblyopia Unchanged
Right eye amblyopia Unchanged
Right eye amblyopia Unchanged

Increased Physiologic Optic Disk
excavation
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31/F/Ca
30 Mg/Kg ICL

USA/0501/00006
31/M/Ca
30 Mg/Kg ICL

USA/0501/00009
23/M/Or
30 Mg/Kg ICL

USA/0502/00002
33/M/Ca 30
Mg/Kg ICL

BEL/1207/00004
67/M/Ca
30 Mg/Kg ICL

DEU/0603/00002
68/F/Ca
30 Mg/Kg ICL

FRA/0904/00001
64/M/Ca
10 Mg/Kg ICL

GBR/0802/00001

L

88
165
242
347
-4

115
185
-4

85

169
253
365

85
212
254

373
-16

86
174

258

363

83
166
252
371
-17

85

163
249
362

-5

Clin Insig
Clin Insig
Clin Insig
Clin Sig
Clin Sig

Normal
Clin Insig

Normal

Normal
Clin Sig
Clin Sig
Clin Sig

Normal

Normal
Normal
Clin Sig

Clin Insig
Clin Sig
Clin Insig
Clin Sig
Clin Sig
Clin Sig
Clin Sig
Clin Insig
Cim Sig
Clin Insig
Clin Insig
Clin Sig
Clin Sig
Clin Sig
Clin Sig
Clin Sig

Clin Sig

Cataract Subcapsular Posterior ~ New/Worse
Congenital Retinal Holes-Left Eye

Small Peripheral Retinal Hole New/Worse
Left Retinal Hole New/Worse

Refined hold secondary to high  New/Worse
myopia, left eye

Crystalline Deposit Left Lens, New/Worse

Peripheral, not visually significant

Nuclear Lens sclerosis (Probably
related to diabetes mellitus)

Nuclear Lens sclerosis (Probably Unchanged
related to diabetes mellitus)

Nuclear Lens sclerosis (Probably Unchanged
related to diabetes mellitus)

Nuclear Lens sclerosis (Probably Unchanged
related to diabetes mellitus)

Cataract Concerning Both Eyes

Cataract Concemning Both Eyes  Unchanged

Glaucoma Limited
Cataract in both eyes

Cataract On left eye Unchanged
Cataract On right eye

Cataract Glaucoma Unchanged
Cataract - Unchanged

Yellow Aspect of conjunctiva ~ Not Comp

Cataract Yellow
Aspect of conjunctiva
Cataract In Left Eye

Unchanged
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75/F/0t

20 Mg/Kg ICL
1TA/0413/00003
79/M/Ca

30 Mg/Kg ICL
USA/0503/00009
71/F/Ca

30 Mg/Kg ICL

DEU/0602/00005 26/M/Ca 30
Mg/Kg ICL

FRA/0907/00004
7/M/Ca
20 Mg/Kg ICL

GBR/0801/00013
22/M/Ca
30 Mg/Kg ICL

GBR/0801/00015
27/F/Ca
30 Mg/Kg ICL

USA/0504/00003
7/M/0t
20 Mg/Kg ICL

USA/0505/00003
19/M/Ca
30 Mg/Kg ICL

(

84
169

287

86

170
253
360

113
168

252
358

82
166
397
-9

&9
181
271

120
271

400
-28

79
168

Clin Sig

Clin Sig

Clin Insig
Clin Sig

Clin Insig
Clin Sig

Clin Sig

Clin Sig
Clin Insig
Clin Insig

Normal

Normal
Clin Sig

Normal
Normal
Chn Sig

Clin Sig
Clin Sig
Normal
Clin Sig

Clin Sig
Clin Sig
Clin Sig
Clin Insig

Clin Insig
Clin Sig
Clin Sig
Clin Sig

Normal

Normal

Atrophic Senile Maculopathy

Maculopathy Bilaterally with
pigment changing? If related to
Desferal

Cataract bilaterally

Cataract Mamlar Pigment Unchanged

Changes

Mild Catarracta Incipiens

Corticalis, Not Clinical Relevant
Mild Cataract, Not Clinical
Relevant

Mild Cataract

Unchanged

Unchanged

Left Eye Hypermetropy Left Eye New/Worse

Astigmatism

Right Amblyopia

Cup/Disc Asymmetry Not Comp
Cup:Disc Asymmetry Unchanged
Asymmetrical Optic Discs

Asymmetrical Optic Discs Unchanged
Asymmetrical Optic Discs Unchanged
Asymmetrical Optical Disc Unchanged
Amblyopia - OD, Right Eye Not Comp

Partially accommodative esotropia
Strabismus Amblyopia, Right Eye New/Worse

Aphakia OU
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245  Clin Insig

371 Normal
DEU/0603/00003 -43  Clin Sig Cataract Left Eye And Right Eye,
66/F/Ca
30 Mg/Kg ICL
Left Eye More Than Right Eye
93 Clin Insig
FRA/0902/00002 -68  Clin Sig Left And Right Hypermetropia
23/F/Ca Left and Right Rotary Nystagmus
30 Mg/Kg ICL
// 94 Nommal
/./ 156  Normal
i 241 Normal
/ 381  Normal
GBR/0801/00011 ’ -6 Clin Sig Bilateral Optic Atrophy
22/M/Ca
30 Mg/Kg ICL
85 Clin Sig Bilateral Optic Atrophy Unchanged
. 169  Clin Sig Bilateral Optic Atrophy Unchanged
253 ClinSig Bilateral Optic Atrophy Unchanged
379 Clin Sig Atrophic Optic Discs Unchanged
GBR/0801/00012 -13 Clin Sig Bilateral Optic Atrophy Bilateral
18/M/Ca
30 Mg/Kg ICL
Fine Dot Cortical Lens Opacities
78 Clin Sig Bilateral Optic Atrophy Unchanged
Bilateral fine dot cortical opacities
Cup:Disc Asymmetry Not Comp
162  Clin Sig Bilateral Optic Atrophy Bilateral Unchanged
Fine Dot Cortical Opacities
246 Clin Sig Bilateral Optic Atrophy Bilateral Unchanged

Fine Dot Cortical Opacities
! 372 Clin Insig

Reviewer's Comments:
1. The English translation for several of the reports does not appear to be accurate.
2. Ifpatient GBR/0801/00013 had cup-disc asymmetry and no longer had it at later visits,
this represents advancing glaucoma.
3. Most of the events are related to cataract development or glaucoma development.
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Study 109

A randomized, multicenter, open label, phase Il study to evaluate the safety, tolerability,
pharmacokinetics and the effects on liver iron concentration of repeated doses of 10
mg/kg/day of ICL670 relative to deferoxamine in sickle cell disease patients with transfusional
hemosiderosis

Ocular examination

Ocular examinations must be performed by an ophthalmologist at screening and then every

twelve weeks during scheduled visits.

The ophthalmologic examination will include the following assessments:

* Visual acuity test using a Snellen chart

* Tonometry according to Goldman

» Slit lamp exam of anterior segment using [ Ybiomicroscopy

+ Slit lamp exam of the lens using { Ybiomicroscopy

* Photographs of the lens using slit lamp at 10° and 30° left and right to the observation axis at
Ix enlargement

* Fundoscopy by indirect ophthalmoscopy using a{ Ylens

The ocular examination will be captured on the Ocular exam CRF and the slit lamp

photographs will be attached to the CRF. Any significant findings post drug administration,

which meet the definition of an AE must be recorded in the Adverse Event summary page of

the CRFs.

Protocol Amendment 3
Ocular examination ,
Ocular examinations must be performed by an ophthalmologist at screening and then every
twelve weeks during scheduled visits.
The ophthalmologic examination will include the following assessments:
Visual acuity
Tonometry
Slit lamp exam of anterior segment
Slit lamp exam of the lens
Photographs of the lens using slit lamp
Fundoscopy by indirect ophthalmoscopy

The ocular examination will be captured on the Ocular exam CRF documenting any
abnormalities that are present and the slit lamp photographs will be attached to the CRF. Any
significant findings post drug administration, which meet the definition of an AE must be
recorded in the Adverse Event summary page of the CRFs.

Reviewer's Comments:

1. Visual acuity may become decreased by a clinical significant amount and still be within a
normal range. Analysis of visual acuity should include the number of patients in whom
visual acuity decreased by 1 line, decreased by 2 lines, decreased by 3 lines, decreased
by more than 3 lines, increased by 1 line, increased by 2 lines, increased by 3 lines,
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increased by more than 3 lines and did not change by one line. It does not appear that
this type of analysis was provided in the NDA.

2. Intraocular pressure (IOP) may be increased by a clinically significant amount and still
be within normal range. Analysis of intraocular pressure should include mean IOP and
the percentage of patients who have an increase of 5 or more mmHg and percentage of
patients who have an increase of 10 or more mmHg. This analysis does not appear to
have been submitted to the NDA.

3. The development of cataracts can be evaluated by either grading against a standard
grading system (LOCS II or equivalent) or by taking standardized photographs and
analyzing the changes seen on the photographs. The removal from the protocol of the
standardized photographs removes the ability to evaluate the drug product’s potential to
cause cataracts.

Table 3-2 Visit schedule and evaluations since

Amendment 3

Run-in Treatment and observation
Days -28 -5 1 EOS

2-weekly visits until Week 12, 4-weekly visits
thereafter

TO TO

6 -1
Weeks 2 46 8 10 12 16 20 24 28 32 36 40 44 48 52
VISIT 1 2 3456 7 8 9 10 11 12 13 14 15 16 117 18 19
CREF Visit 1 2 3456 7 8 9 11 13 15 17 19 21 23 25 27 29
Informed consent X
Incl./excl. criteria X
Randomization X
Physical exam. X X X X X X
Medical history/
current conditions
Liver function and X
transfusion history
SQUID X X
MRI subgroup X X X
Biopsy subgroup X X
Liver echography X X X
Vital Signs X X X X X X X X X X
Wejghtjheight X X X X X X X X X X X X X X
ECG X X X
Echocardiography X X X
Holter monitoring X X X
Ocular/audiometric X X X
examination
Urinalysis X X X
Renal function X X X X X X X X X

X X X X X X X X X

Hemoglobin

NDA 21-882 EXJADE (deferasirox) Tablets for Oral Suspension
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Hb Electrophoresis
Hematology,

biochemistry,
iron metabolism
Hepatitis serology

Cystatin C

Blood/urine for

proteomics
Blood for

pharmacogenetics
Health care

resource utilization
Global assessment

QoL (EQ-5D)

PK trough samples
PK profile samples
Concomitant med.
Adverse events

X X X X X X X X X X X

AS
REQUIRED
X X X X

Pediatric patients additional evaluations

Stature

assessment
Growth velocity

assessment
X-ray (bone age)

Pubertal staging
School attendance
School performance

Reviewer's Comments:

X

X

X X
X
X X
X
X X X

X X XX X
X
X

X X X X X X X X X X X X

Acceptable from an ophthalmic prospective.

4@‘0

o} Q"S My
/79. 814/
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X X X X X X

xX X X X
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Post-text Table 10.6-1 (Page 1 of 1)
Changes from the baseline ophthalmological test result to the worst ophthalmologlcal
test result by treatment

Safety

population
Treatment/ Baseline OPH result
Worst OPH result, post-baseline NR Al AS NA TOT
ICL670 :
Normal (NR) 70 7 1 81
Abnormal, Clinically Insignificant (AI) 4 9 2 1 16
Abnormal, Clinically Significant (AS) 2 2 4 8
Not available (NA) 19 6 1 1 27
Total (TOT) 95 24 8 132
Deferoxamine
Normal (NR) 32 4 1 37
Abnormal, Clinically Insignificant (AI) 9 5 1 15
Abnormal, Clinically Significant (AS) 1 1 2 4
Not available (NA) 4 2 1 7
Total (TOT) 46 12 4 1 63

Reviewer's Comments:

1. The abnormal events that are not considered clinically significant have not been
identified. Without identification of the events and without a definition of clinically
significant, it is not possible to comment on whether the event would be judged by the
agency as clinically significant.

2. Comparisons between groups cannot be made from the table above. It is not accurate to
treat all clinically insignificant (or clinically significant) events as the same.

3. There were many missing assessments. ~
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Table 10-1 Number (%) of patients with AEs overall and by primary system
organ class

ICL670 DFO
Primary system organ class N=132 N=63
Preferred term n (%) n (%)
Any primary system organ class 119 (90.2) 56 (88.9)
Gastrointestinal disorders 68 (51.5) 23 (36.5)
Infections and infestations 62 (47.0) 28 (44.4)
Nervous system disorders 45 (34.1) 22 (34.9)
General disorders 44 (33.3) 22 (34.9)
Congenital disorders (SCD with crisis) 34 (25.8) 17 (27.0)
Musculoskeletal disorders 34 (25.8) 17 (27.0)
Respiratory disorders 33 (25.0) 13 (20.6)
Skin disorders 27 (20.5) 8 (12.7)
Eye disorders 19 (14.4) 8(12.7)
Injury etc. 11 (8.3) 15 (23.8)
Investigations 18 (13.6) 2(3.2)
Metabolic and nutritional disorders 9 (6.8) 2(3.2)
Reproductive disorders 9(6.8) 2(3.2)
Ear and labyrinth disorders 5(3.8) 5(7.9)
Renal and urinary disorders 9(6.8) 1(1.6)
Vascular disorders 6 (4.5) 4 (6.3)
Psychiatric disorders 6 (4.5) 2(3.2)
Blood disorders 5(3.8) 1(1.6)
Surgical and medical procedures 4 (3.0) 2(3.2)
Cardiac disorders 3(2.3) 2(3.2)
Endocrine disorders - 1(1.6)
Hepatobiliary disorders 7(5.3) -
Neoplasms 2(1.5) -
Pregnancy* 2(1.5) 1(1.6)
Immune system disorders 2 (L.5) -
Social circumstances - 1(1.6)
Reviewer's Comments: There were approximately equal ocular events between groups.
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Post-text Table 7.4-5

Active medical histories and continuing medical conditions by prlmary
system organ class, preferred terms and treatment

Safety population
ICL670 Deferoxamine

Primary system organ class N=132 N=63

Preferred term

Eye disorders
-Total

Ocular icterus
Visual acuity reduced
Myopia

Optic nerve cupping
Astigmatism

Retinal tear
Retinopathy sickle cell
Retinopathy
Cataract nuclear
Eye pruritus

Eyelid ptosis
Glaucoma
Hypermetropia
Ocular hypertension
Optic neuropathy
Photopsia
Blindness cortical
Optic atrophy
Strabismus

Reviewer's Comments:

n (%) N (%)

. 00 00 00 00 CO OO0 00 €O OO0 Ui L L1 W
Nt vt Nt e ottt gt “agtt” “mait” vt vt "t gt “aut”

There is no particular pattern in the observed events.
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Post-text Table 10.1-1
Adverse events after start of treatment, regardless of study drug
relationship by primary system organ class, preferred term and
treatment

Safety population

ICL670 Deferoxamine
Primary system organ class N=132 N=63
Preferred term n(%) n(%)

Eye disorders
-Total 1
Ocular icterus 3
Eyelid edema 2
Eye irritation 2
1
1
1
1

<o)
~—~~

14.4)

—~—~
~—

w
~—
—~
— e —
oo™
N |

Astigmatism

Optic nerve cupping
Retinopathy sickle cell
Vision blurred

Visual disturbance 1
Conjunctivitis

Eye pruritus

Eye swelling

Glaucoma

Keratitis
Keratoconjunctivitis sicca
Lenticular opacities
Ocular hypertension
Ocular vascular disorder
Retinal vascular occlusion
Scotoma

Myopia
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Reviewer's Comments: There is no particular pattern in the observed events.
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Treatment: ICL670

Country/Center/Subject Date of Ophth Study Overall Abnormality Abnormality
Age/Gender/Race Examination Day  Interpretation Compared to
Dose Baseline
FRA/0902/00003 : -17 Normal

10/M/B1

10 Mg/Kg ICL/25-<35 Mg/Kg DFO
. 111 Normal

172 Clin Sig Sickle-Cell New/Worse
Retinopathy Lesion Of
The Right Eye

FRA/0903/00001 -29 Normal
8/M/B1
20 Mg/Kg ICL/35-<50 Mg/Kg DFO
89 Clin Sig Bilateral Increasing New/Worse
Of Intraocular
Pressure

181 Normal

ITA/0403/00003 -32 Clin Insig
39/F/Ca
10 Mg/Kg ICL/ 25-<35 Mg/Kg DFO

/ 100 Clin Insig

4 191 Clin Insig
280 Clin Sig Small Vessel ) New/Worse

Abnormality to
Periphery Of Retina

402 Clin Sig Small Vessel New/Worse
Abnormality Periphery
Of Retina
USA/0501/00006 -7 Clin Sig Optic Atrophy 0OS
12/M/B1l Macular Atrophy 0S
20 Mg/Kg ICL/ 35-<50 Mg/Kg DFO
91 Clin Sig Optic Atrophy OS Unchanged
203 Clin Sig Optic Atrophy OS Unchanged
Macular Atrophy OS
USA/0504/00003 -29 Clin Insig
51/F/Bl

20 Mg/Kg ICL/ 35-<50 Mg/Kg DFO
118 Clin Sig Significant Arcuate New/Worse
: Defect In The Left
Eye Normal Tension
Glaucoma Laser
Asymmetric Cups With
Cup-To-Disc Ratios Of

0.75 OD
170 Clin Sig Cupping In Left Eye Not Comp
Stable Cupping In New/Worse
Right Eye Increased
USA/0509/00001 -29 Clin Sig Peripheral Retinal
19/F/B1 Changes
10 Mg/Kg ICL/ 25-<35 Mg/Kg DFO Glaucoma Suspect
USA/0515/00005 : -35 (Clin Sig Iritis OD
13/F/Bl

20 Mg/Kg ICL/ 35-<50 Mg/Kg DFO
. [ 128 Normal

183

USA/0516/00001 { -55 Clin Sig Sickle Retinopathy
29/F/B1
10 Mg/Kg ICL/ 25-<35 Mg/Kg DFO
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174
251
USA/0516/00002 -22
27/F/B1
10 Mg/Kg ICL/ 25-<35 Mg/Kg DFC
20
174
256
USA/0516/00006 -35
15/M/B1
30 Mg/Kg ICL/>=50 Mg/Kg DFO
89
/// 166
USA/0527/00003 15/M/B1 20 ‘/// -46
Mg/Kg ICL/ 35-<50 Mg/Kg DFO
74
163
USA/0537/00006 11/M/B1 10 -35
Mg/Kg ICL/ 25-<35 Mg/Kg DFO
89
160
Treatment : Deferoxamine
USA/0509/00002 -26
32/M/B1l
10 Mg/Kg ICL/25-<35 Mg/Kg DFO
USA/0513/00001 -47
9/F/BL
10 Mg/Kg ICL/ 25-<35 Mg/Kg DFO
72
170
USA/0516/00003 . -37
51/F/B1 .
20 Mg/Kg ICL/ 35-<50 Mg/Kg DFO
5 59
" 169

Clin
Clin
Clin
Clin

Clin

Clin
Clin
Clin

Clin

Clin

Clin

Clin
Clin
Clin

Sig
Sig
Sig
Sig

Sig

Insig
Insig

Sig

Sig

Sig

Sig

Insig
Insig

Sig

Normal

Clin

Clin

Clin

Clin

Clin

Clin

Clin
Clin

Insig

Sig

Sig

Sig

Sig

Insig

Insig

Sig
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Sickle Retinopathy
Sickle Retinopathy
Sickle Retinopathy

Bilateral Sickle
Retinopathy

Bilateral Sickle
Retinopathy

Dry Eye Syndrome

Optic Nerve Cupping
Bilaterally Optic
Neuropathy Left Eye
> Right Eye

Optic Cupping
Optic Neuropathy >
Left Eye

Optic Cupping
Optic Neuropathy
Left > Right

Ocular
Hypertension,
Both Eyes

Right Eye, Right
Branch Retinal Artery
Occlusion

Peripheral Changes
Glaucoma Suspect

Optic Atrophy Right
(Longstanding)
Small Angle Right
Exotropia

Long Standing
Optic Neuropath
Right Eye
(Ischemic)
Small Angle
Right Exotropia

Ischemic Optic
Neuropath -Right Eye
Small Angle Right
Exotropia

Right Eye - Active
Sickle Cell
Retinopathy

35

Unchanged
Unchanged
Unchanged

Unchanged

New/Worse

Unchanged

Unchanged

Unchanged

Unchanged

New/Worse

Ophthalmology Consult



USA/0518/00004
27/M/B1
30 Mg/Kg ICL/ >=50 Mg/Kg DFO

USA/0522/00007 9/M/B1
10 Mg/Kg ICL/ 25-<35 Mg/Kg DFC

USA/0542/00004 10/M/B1
30 Mg/Kg ICL/ »=50 Mg/Kg DFO

Reviewer's Comments:
retinal findings.

/

/

y

253

85
173

-26

155
-20

115

192

Clin Sig

Normal

Normal

Clin Sig

Clin Sig

Clin Insig
Clin Sig

Clin

Sig

Clin Sig
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Right Eye Sickle CellNew/Worse
Retinopathy Regressed
With Laser Surgery

New Area Of
Neovascularization In
The Right Eye
Possible Surgery
Needed

New/Worse

Vision 20/70 -
Needs Glasses

Cortical Vision
Impairment Secondary
To 01d Cerebral
Infarct

Cortical
Blindness,
Cortical
Infarct

Unchanged

Cortical Visual
Impairment

Unchanged

Most of the events are related to IOP elevations or in determinant
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s
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Labeling (limited to areas of ophthalmic concern)

Reviewer's Comments: Recommended additions and deletions to the labeling from an
ophthalmologic prospective are listed below.

EXJADE®

(deferasirox)

Tablets for Oral Suspension

WARNINGS
Special Senses:

Auditory disturbances (high frequency hearing loss, decreased hearing), and ocular disturbances
(lens opacities/cataracts, elevations in intraocular pressure and retinal disorders) have been
reported with EXJADE therapy. Auditory and ophthalmic testing (including slit lamp
examinations and dilated fundoscopy) are recommended before the start of EXJADE treatment
and thereafter at regular intervals (every 12 months). If disturbances are noted, dose reduction or
interruption should be considered.

PRECAUTIONS

General

Skin rashes may occur during EXJADE® (deferasirox) treatment. For rashes of mild to
moderate severity, EXJADE may be continued without dose adjustment, since the rash often
resolves spontancously. [”

1

Abpe
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Information for Patients

EXJADE should be taken on an empty stomach at least 30 minutes prior to food preferably at the
same time every day.

Patients should be cautioned not to take aluminum-containing antacids and EXJADE
simultaneously.

Patients experiencing L. "} dizziness should exercise caution when
driving or operating machinery (see ADVERSE REACTIONS).
Auditory £. ' , and ocular disturbances

i i ) 4 j have been
reported with EXJADE . ! Auditory and ophthalmic testing { 7

) are recommended before the start of EXJADE treatment
and thereafter at regular intervals { ' '

)

ADVERSE REACTIONS

Overview

The most frequently occurring adverse events . ! in the therapeutic trials of

EXJADE were diarrhea, vomiting, nausea, headache, abdominal pain, pyrexia, and cough.
I

LR
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Summary Comments:

There are no objections to the approval of NDA 21-882 with the labeling revisions recommended
in this review. The studies conducted to date show some increases in cataract development, but
cataract development is a potentially treatable condition. Other ocular events such as elevations
in intraocular pressure and retinal pathology cannot be clearly evaluated in the studies conducted.
Phase 4 studies are recommended. ‘

The following is a list of problems and issues identified in the execution of the studies submitted
to the NDA:

1.

*

Visual acuity may become decreased by a clinical significant amount and still be within a
normal range. Analysis of visual acuity should include the number of patients in whom
visual acuity decreased by 1 line, decreased by 2 lines, decreased by 3 lines, decreased by
more than 3 lines, increased by 1 line, increased by 2 lines, increased by 3 lines,
increased by more than 3 lines and did not change by one line. It does not appear that
this type of analysis was provided in the NDA. It should be provided for all studies.

. Intraocular pressure (IOP) may be increased by a clinically significant amount and still be

within normal range. Analysis of intraocular pressure should include mean IOP and the
percentage of patients who have an increase of 5 or more mmHg and percentage of
patients who have an increase of 10 or more mmHg. This analysis does not appear to
have been submitted to the NDA. It should be provided for all studies.

. The development of cataracts can be evaluated by either grading against a standard

grading system (LOCS II or equivalent) or by taking standardized photographs and
analyzing the changes seen on the photographs. According to some of the protocols (105
and 106), standardized photographs were taken but it does not appear that either the
photographs or the analysis of the photographs have been submitted. The analysis of the
photographs and potentially the photographs should be submitted. Some protocols (107,
108 and 109) have had the section on taking photographs removed from the protocol.
The removal from the protocol of the standardized photographs removes the ability to
evaluate the drug product’s potential to cause cataracts.

The abnormal events that are not considered clinically significant have not been
identified. Without identification of the events and without a definition of clinically
significant, it is not possible to comment on whether the event would be judged by the
agency as clinically significant.

Comparisons between groups cannot be made from the “shift” tables because it is not
accurate to treat all clinically insignificant (or clinically significant) events as the same.
Some of the “shift” tables had many missing assessments.

Increases in myopia have been reported; if due to chamges in the lens, it may be an early
sign of a cataract.

Some of the examinations were not careful examinations. For example, patient
GBR/0801/00015 had a number of ocular abnormalities at screening and all visits except
the last one. The abnormalities are highly unlikely to have disappeared at the last visit.
Another example is in patient USA/050/0001. This patient is unlikely to have a long
standing red/green color deficiency (classic genetic deficiency) with is not present at
screening, present at day 90 and normal afterward.
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9. The English translations for several of the reports does not appear to be accurate. These
reports should be reviewed in the NDA.

10. If patient GBR/0801/00013 had cup-disc asymmetry and no longer had it at later visits, this
represents advancing glaucoma.

Phase 4 recommendations:
The following Phase 4 study is recommended:

A study in the target population for at least 2 years which included at each visit, best
corrected distance visual acuity, applanation tonometry, lens photography, and wide
angle fundus photography of retina and optic nerve. Examinations should occur at
baseline and six month intervals through 2 years. At least 60 patients should complete 2
years of follow-up (to rule out a 5% or greater incidence - higher number if you want to
rule out smaller effects).

Wiley A. Chambers, MD
Supervisory Medical Officer, Ophthalmology
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