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1 Executive Summary

1.1 Recommendation . . .

From the viewpoint of the Office of Clinical Pharmacology (OCP), the information contained in this
submission is acceptable, provided that a mutually acceptable agreement can be reached between the
Agency and sponsor regarding the language in the package insert.

In addition, a higher dose (3 mg/kg) should be considered for low body weight subjects who do not
demonstrate adequate clinical efficacy with 2 mg/kg dose, provided safety and tolerability are
acceptable.

1.2 Phase IV Commitments
None

1.3 Summary of Clinical Pharmacology Findings

Novartis Pharmaceuticals Corporation submitted this original BLA for ILARIS (Canakinumab

or ACZ885) injection for the treatment of Cryopsin Associated Periodic Syndrome (CAPS).
CAPS, an orphan indication, are group of systemic autoinflammatory diseases including Familial
Cold Autoinflammatory Syndrome (FCAS), Muckle-Wells Syndrome (MWS) and Neonatal-onset
Multisystem inflammatory Disease (NOMID). Ilaris is not approved for CAPS or any other
indications outside of US.

Iaris is a recombinant human monoclonal anti-human interleukin- (IL-1B) antibedy of the IgGl/k
isotype. Ilaris is supplied in sterile, single-use 6 ml glass vial as a 150 mg white, preservative-free
lyophilized powder and requires reconstitution with 1 mL of preservative-free sterile for injection via
subcutaneous administration.

In addition to the adults, the current submission also seeks marketing approval of ILARIS for use in
treatment of CAPS in children over 4 years of age. The recommended dose for CAPS patients with
body weight >40 kg is 150 mg, and for patients with body weight > 15 kg and <40 kg is 2 mg/kg,
administered as a subcutaneous injection every eight weeks.

Priority review has been granted on the basis of this products’ potential to serve the unmet medical
need in treating children with CAPS diseases.

Clinical Pharmacology and Clinical study data results from three clinical studies form the basis for
canakinumab safety and efficacy in CAPS patients.

Study A2102 was an open-label dose-titration study in CAPS (also providing long-term safety data).
Study D2304 was a placebo-controlled efficacy trial in patients with Muckle-Wells Syndrome
(MWS) including an uncontrolled element in both the run-in (Part I) and extension period (Part III),
and Study D2306 is an uncontrolled long-term safety and efficacy trial in CAPS. Additional details.
of these studies can be found in the attached synopses. :

Canakinumab PK and PD, measured as total IL-1p levels (free and antibody bound), have been
characterized in CAPS patients in the following studies (see discussion below and attached study
synopses):

* SC Dose titration study in CAPS patients [CACZ885A2102]

* Randomized withdrawal study in CAPS [CACZ885D2304]



Proposed dosing regimen was prospectively studied

Additionally, pharmacokinetics of canakinumab was also studied in healthy volunteers and other
patient populations in the following studies (see attached study synopses):

Single and multiple dose (150 mg) SC administrationin ~— ;patients [CACZ885 —
In healthy subjects and - as IV infusion {CACZSSS —_

e In healthy Japanese volunteers as IV infusion [CACZ885A1101]

e In RA patients as IV infusion [CACZ885A2101]

The PK parameters were determined in serum using non-compartmental analysis as well as a
compartmental modeling approach described by a population based PK model in ACZ885 CAPS
Modeling Report.

In pivotal clinical trial # D2304, CAPS patients meeting the followmg inclusion criteria were
recruited:
e Males and females aged 4-75 years.
® Molecular diagnosis of NALP3 mutations and clinical picture resembling MWS (patients
who participated in the CACZ885A2102 study had the option to participate in this study upon
disease relapse).
¢ Body weight> 15 and < 100 kg.

During the lead-in period ot Part I of the study, 97.1% of patients (n=35) had a complete response to
canakinumab, with 71.4% of patients having complete response by the first scheduled time point
(Day 8). Four patients discontinued before entering Part I (DB, PC, random-withdrawal period)
because of insufficient efficacy in Part I (open-label, actxve treatment period). Two are from the 17 -
41 year group and two from >41 yr old group.

Although the clinical endpoints CRP (n=3) and SAA (n=4) improved over baseline, these patients
were noted as having minimal disease activity by the physician’s global assessment of disease
activity (PGADA); whereas treatment success would require “absence” of disease as assessed by
PGADA.

Pharmacodynamics of canakinumab

Canakinumab binds to human IL-1p, and blocks the interaction of this cytokine with its receptors.
Sponsor evaluated the changes in several serum and pharmacogenetic markers in CAPS patients
following canakinumab treatment (Study D2304, see pharmacometrics review by Dr. Hao Zhu and
Genomics review by Dr. Mike Pacanowski). Following the administration of canakinumab, the total
(free + canakinumab bound) plasma IL-1p levels were elevated.

b(4)

Objective clinical endpoints such as CRP and SAA decreased in response to canakinumab treatment

during all stages of the clinical trial. As shown in the figure below, the clinical response was note
within one to two weeks of treatment initiation in the open-label lead-in period. During the
randomized withdrawal period, both CRP and SAA increased in placebo group, whereas they
remained low in canakinumab treatment group.

Among 35 subjects enrolled in the pivotal trial (Study #2304), only 1 subject received less than 150
mg dose. The primary efficacy variable was the number of subject who experienced flare dunng Part
II. Subject CACZ885D2304_0002_00001 was randomized into the treatment group and expetience
no flare during the entire part II. In addition, the CRP and SAA levels for subject



Sponsor evaluated the effect of age, race, gender and disease on the pharmacokinetics of

canakinumab. There were limited number (n1=69) of CAPS patients in the clinical and clinical

pharmacology database because CAPS is an orphan disease. However, clinical PK database included

healthy volunteers and patients that received canakinumab for the experimental treatment of —— b”’)
rheumatoid arthritis = ———— The randomized withdrawal clinical trial had a high success rate

(85%) compared to placebo. However, it was noted that clearance of canakinumab was dependent on
bodyweight of patient.

Based on the population PK analysis, the PK parameters were comparable between CAPS patients
and other study populations (Japanese healthy volunteers or JHV and non-Japanese volunteers or
NJHV(predominantly Caucasian)), except for the non-Japanese healthy volunteers, which differed
from CAPS patients in that they had approximately 20% slower clearance. However, it was
discovered that clearance of canakinumab is dependent on patient bodyweight. The appropriateness
of the proposed bodyweight based dosing is discussed below.

Evaluation of body weight based dosing

The body weight based dosing proposed by the sponsor is acceptable (see Table below). However, a
higher dose (3 mg/kg) should be considered for low body weight subjects (i.e., 215 kg and < 40 kg)
who do not demonstrate adequate clinical efficacy under 2 mg/kg dose, provided safety and
tolerability are acceptable.

The Sponsor Proposed Dose

_Patients  Proposed Dose
>40 kg 150mg
215 kgand <40
kg . 2mgkg

Body weight based dose adjustment is necessary because large body weight is associated with high
clearance of canakinumab. The sponsor’s population binding and kinetic model identified body
weight as a significant covariate for clearance (Figure below left -A). We confirmed it by checking
the relationship between the clearance obtained from Study 2102 using non-compartmental analysis
and body weight (Figure below right - B). The results indicated that body weight based dosing is
necessary to achieve similar exposure for CAPS patients with different body weights.

Figure Legend: Body Weight and Clearance Relationship
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Note: (A) based on binding and kinetic modeling results in all CAPS patients
(B) based on non-compartmental analysis results from Study 2102.



Based on the clinical (relapse of flare) and biomarker (SAA and CRP levels) observations in the
pivotal clinical trial (Study 2304), the sponsor proposed body weight adjusted dose is acceptable.
However, only 1 subject (subject CACZ885D2304 0002_00001) received 2 mg/kg dose while all -
other subjects received 150 mg (N=34). The primary efficacy variable was the number of subjects
who experienced flare during Part II of the trial. Subject CACZ885D2304 0002_00001 was
randomized into the treatment group and experienced no flare during the part II. In addition, the
major biomarker values for subject CACZ885D2304_0002_00001 were similar to the rest of the
subjects in the treatment group by the end of part I, I and III of the trial (Figure below).

Figure Legend: Biomarkers in the Treatment Group and the Observation from

Subject CACZ885D2304_0002_00001
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Note: (A) CRP level and (B) SAA level from Study 2304
blue line = Treatment Group (Mean + SE)
Red line = Placebo Group (Mean + SE)
Green line = Observation from Subject CACZ885D2304_0002_00001 (on treatment).



In addition, we identified a flat exposure-response relationship following canakinumab treatment,
where response is defined as the incidence of flare by the end of part II in the trial (See Figure
below). In summary, a similar clinical and biomarker response can be seen in low body weight:
‘patient receiving 2 mg/kg dose as compared to high body weight (> 40 kg) patients receiving 150 mg

dose.

Figure Légend: Exposure-Response Relationship for Subjects in Study D2304
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At a clinical pharmacology briefing held on 5/4/2009, the appropriateness of the proposed
bodyweight based dosing in patients between 15 kg — 40 kg bodyweight was discussed. During the
briefing, the utility of exploring exposure-response relationship to a different clinical endpoint such
as time-to-flare was raised. Most of the subjects in study D2304 did not show disease flare during
treatment with canakinumab. Hence, data from the study A2102 which also employed the most
number of patients in the 15 — 40 kg body weight range was utilized (See table below).

Table Legend: Efficacy Outcomes for Pediatric Patients Receiving 2 mg/kg Dose

Patient, Condition

Age

1st

Trial

Dosage

Response/Relapse

2mglkg s.c. scheduled dose, (rescue dose), weight 40 kg

‘responder, 1% refapse at 10 days,

0002-05123 (MWS) 4yr  A2102  2mg/kgs.c. (x10)
_ _ ‘ S mgkgi.v.. (x3) _ then tims lo relapsé approx 30 days
0504-00001 (FCAS) Syr  D2308 2ing/kgs.c. responder at cut-off
0022-05127 (MWS) 6yr A2102 2mglkgs.c. (x4) responder, 1% relapse at 70 days,
. time to relapse approx 70 days
0002-05116 (MWS) 6yr A2102 2mg/kg s.c. (x7) responder, 1= relapse at 72 days,
_ then approx 38 days post dose
0002-05108 (MWS) Tyr A2102 2mghks.c. (x10) responder, 1% relapse at 3 days,
125 mg iv (x10) then partial/na respensé to 2 mg/kg
response 1o high dese, relapse at 7
relapse approx 34 days after high d
0501-00003 (MWS/NOMID) 8yr D2308 2mglkgs.c. responder at cut-off '
(002-00001 (MWS) 9yr D2304 2mg/kgs.c. {S) responder, no relapses,
D/C on Day 229 for SAE (UTI)
$002-05113 (MWS) 13yr A2102 2mg/kgs.c. (x8) responder, 1% relapse at Day 63,
then approx 59 days post-dose.



Upon further investigation of canakinumab exposure (dose) and time-to-flare (a different efficacy
variable), we found a noticeable difference between patients receiving 2 mg/kg dose and 150 mg
dose. In terms of the proposed route of administration, i.e., subcutaneous administration, data
indicated a shorter median time to relapse in patients receiving 2 mg/kg dose as compared to 150 mg
dose (e.g. median values for time to relapse are 48.6 and 115 days for patients receiving 2mg/kg and
150 mg doses, respectively). Two of the patients receiving 2 mg/kg dose received an IV rescue of
canakinumab. This suggests that a dose higher than 2 mg/kg may be considered for low body weight
~ patients who do not demonstrate adequate clinical efficacy under 2 mg/kg dose, provided safety and
tolerability are acceptable. It is noteworthy that the 10 mg/kg IV dose of canakinumab showed the
longest median time-to-relapse among all coborts, 1 mg/kg IV dose showed lower median time-to-
flare, albeit in limited number of subjects (see Table below).

Figure Legend: Cumulative Probability of Time-to-Relapse by Dose Group
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Table Legend: Median Time-to-Relapse Stratified by Different Dose Regimen

Numbar of uniqué '

subjects who Median 5%

received dose Number of Time-to-Relapse Confidence
Dose regimen regimen perigds (days) interval
10 mg/kg i.v. 4 4 156.2 102.5-209.8
1 mg/kgi.v. 4 4 728 48.0 - 97.7
150 mg s.c. 29 96 115.2 94.1-136.4
150 mg s.c. + rescue i.v. 4 5 174.5 90.5-258.8
2mg/kg s.c. 4 22 - 486 293- 879
2mg/kg s.c. + resguaiv. .2 11 . 51.7 270- 785

As discussed before, clearance of canakinumab is dependent on bodyweight; hence, bodyweight
based dosing is appropriate. We also noted that the median canakinumab exposure for low body
weight patients receiving 2 mg/kg dose is 37% lower than the high body weight patients receiving
150 mg dose. Simulations exposure of 2 mg/kg, 3 mg/kg and 4 mg/kg in patients with 15 —-40 kg
bodyweight were compared to that noted in patients of >40 kg bodyweight receiving 150 mg dose.
We propose that the dose should be increased to 3 mg/kg in patients with 15 — 40 kg bodyweight
(Figure below) who do not demonstrate adequate clinical efficacy with 2 mg/kg dose, provided safety
and tolerability are acceptable.



Simulated Exposure Distribution for Low Body Weight Patient ( > 15 kg and < 40 kg) and High
Body Weight Patient (> 40 kg) Following Different Doses
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Overall, adequate Clinical Pharmacology information has been provided by the sponsor in support of
this BLA.

APPEARS THIS WAY ON ORIGINAL
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2 QBR.
2.1 General Attributes

Novartis Pharmaceuticals Corporation submitted this original BLA for ILARIS (Canakinumab or
ACZ885) injection for the treatment of Cryopsin Associated Periodic Syndrome (CAPS). CAPS, an
orphan indication, are group of systemic autoinflammatory diseases including Familial Cold
Autoinflammatory Syndrome (FCAS), Muckle-Wells Syndrome (MWS) and Neonatal-onset
Multisystem inflammatory Disease (N OMID) Ilaris is not approved for CAPS or any other
indications outside US.

Ilaris is a recombinant human monoclonal anti-human interleukin-p (IL-1pB) antibody of the IgGl/k
isotype. Ilaris is supplied in sterile, single-use 6 m! glass vial as a 150 mg white, preservative-free
lyophilized powder and requires reconstitution with 1 mL of preservative-free sterile for injection via
subcutaneous administration.

In addition to the adults, the cutrent submission also seeks marketing approval of ILARIS for use in
treatment of CAPS in children over 4 years of age. The recommended dose for CAPS patients with
body weight >40 kg is 150 mg, and for patients with body weight > 15 kg and <40 kg is 2 mg/kg,
administered as a subcutaneous injection every eight weeks. Priority review has been granted on the
basis of this products’ potential to serve the unmet medical need in treating children with CAPS

diseases.
2.2 General Clinical Pharmacology

Clinical Pharmacology and Clinical study data results from three clinical studies form the basis for
canakinumab safety and efficacy in CAPS patients. Study A2102 was an open-label dose-titration
study in CAPS (also providing long-term safety data). Study D2304 was a placebo-controlled
efficacy trial in patients with Muckle-Wells Syndrome (MWS) including an uncontrolled element in
both the run-in (Part I) and extension period (Part III), and Study D2306 is an uncontrolled long-term
safety and efficacy trial in CAPS.

1. What are the design features of the clinical pharmacology and clinical studies used to
support dosing or claims?

A general overview of the clinical trial design, study population and clinical endpoints are tabulated
below.

APPEARS THIS WAY ON ORIGINAL
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“Study Treatment | Dosage Efficacy endpoint
objective, duration
population A
Study A2102 (n=34)
(Multiple doses, re- . . Induction 0 f
, . clinical response and time to relapse.
. dosing upon relapse) ..
Dose selection N Clinical response was as
. : initially 10 mg/kg IV .
in . assessed by physician’s global
Up to 28 (first 4 patients only) . . 2 .
CAPS (MWS, months then 1 mg/kg IV (first assessment of disease activity, skin
FCAS, NOMID - . g disease activity, and serum
4 patients only) next . .
+MWS) inflammatory markers (C-reactive
150 mg SC (age >16) Protei CRP and Jloid A
or 2 mg/kg (age <16) rotein or and serum amyiol
= - or SAA).
Study D2304 (n=35)
Safety / efficacy | 48 wks in Part I Part I: At the end of week 8 (Day
in total: 150 mg SC single dose | 57), all patients who were complete
MWS (PartsI & | Part[: 8 | (>40kg) or 2 mg/kg SC | responders by Day 8 or Day 15 and
III: weeks Part (15 -40kg) did not flare entered Part II.
uncontrolled) 1I: 24 PartII In the withdrawal period in Part II of
(Part II: weeks Part 150 mg SC q 8wk the study, the primary efficacy
placebo- III: 16 (>40kg) or 2 mg/kg SC variable was the proportion of
controlled weeks (15 -40kg) or placebo patients with disease flare.
withdrawal) Part III
150 mg SC q 8wk
(>40kg) or 2 mg/kg SC
(15 -40kg)
Study D2306 (n=57)
Safety / efficacy | 6 months- 150 mg SC q 8wk Maintenance of response
in 2 years (>40kg) or 2 mg/kg . (absence of relapse)
CAPS (MWS, SC (15 - 40kg)
FCAS, NOMID
+
MWS)
2. What are the response endpoints, i.e., clinical or surrogate endpoints, or biomarkers

(collectively called pharmacodynamics, PD) and how are they measured in clinical
pharmacology and clinical studies?
In study D2304, complete response to treatment was defined as:

« Physician global assessment of autoinflammatory disease activity < mxmmal (using a
S-point scale ranging from absent to severe)

AND

» Assessment of skin disease < minimal (using a 5-point scale ranging from absent to

severe)
AND

Normal serum values of C-reactive protein (CRP) and/or serum amyloid A (SAA) (< 10 mg/L)
For complete responders, relapse was defined as the following criteria (to be assessed on the same

day):




« CRP and/or SAA value > 30 mg/L.

AND EITHER »

» Physician global assessment of autoinflammatory disease activity > minimal

OR ‘

« Physician global assessment of autoinflammatory disease activity = minimal AND assessment of
skin disease > minimal

3. Exposure-response and pharmacodynamics of canakinumab

We identified that there was no exposure-response relationship following canakinumab treatment
when considering “incidence of flare” as the primary efficacy endpoint from the pivotal trial. Upon
further investigation of canakinumab exposure (dose) and time-to-flare (a different efficacy variable),
a noticeable difference between patients receiving 2 mg/kg dose and 150 mg dose was observed. A 3
mg/kg should be considered for low body weight subjects who do not demonstrate adequate clinical
efficacy with 2 mg/kg dose, provided safety and tolerability are acceptable.

In pivotal clinical trial # D2304, CAPS patients meeting the following inclusion criteria were
recruited:

*» Male and female patients aged 4 to 75 years.

» Molecular diagnosis of NALP3 mutations and clinical picture resembling Muckle-Wells Syndrome
(MWS) (patients who participated in the CACZ885A2102 study, had the option to participate in this
study upon disease relapse).

* Body weight > 15 and < 100 kg.

During the lead-in period or Part I of the study, 97.1% of patients (n=35) had a complete response to
canakinumab, with 71.4% of patients having complete response by the first scheduled time point
(Day 8). Four patients discontinued before entering Part II (double-blinded, placebo-controlled,
random-withdrawal period) because insufficient efficacy was demonstrated in Part I (open-label,
active treatment period). Two are from the 17 - 41 year group and two from >41 yr old group.
Although the clinical endpoints CRP (n=3) and SAA (0=4) improved over baseline, these patients
were noted as having minimal disease activity by the physician’s global assessment of disease
activity (PGADA); whereas treatment success would require “absence” of disease as assessed by
PGADA. '

Exposure-response with respect to “incidence of flare” as primary endpeint:
A flat exposure-response relationship was noted following canakinumab treatment, where response is
defined as the incidence of flare by the end of part II in the trial (See Figure below). In summary, a

similar clinical and biomarker response can be seen in low body weight patient receiving 2 mg/kg
dose as compared to high body weight (> 40 kg) patients receiving 150 mg dose.

13



Figure Legend: Exposure-Response Relationship for Subjects in Study D2304
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Exposure-response with respect to “time to flare” as a clinical endpoint:

At a clinical pharmacology briefing held on 5/4/2009, the appropriateness of the proposed
bodyweight based dosing in patients between 15 kg — 40 kg bodyweight was discussed. During the
briefing, the utility of exploring exposure-response relationship to a different clinical endpoint such
as time-to-flare was raised. Most of the subjects in study D2304 did not show disease flare during
treatment with canakinumab. Hence, data from the study A2102 which also employed the most
number of patients in the 15 — 40 kg body weight range was utilized (See table below).

Table Legend: Efficacy Outcomes for Pediatric Patients Receiving 2 mg/kg Dose

Patient, Condition Age 1st - Dosage Response/Relapse

. - Trial . .

2 mg/kg s.c. scheduled dose, {rescue dose), weight,_sm kg

0002-05123 (MWS) 4yr  A2102 2mglkgs.c.(x10)  responder, 1* relapse at 10 days,

e _ .. Smg/kgiv.. (x3) _then time to relapse approx 30 days

0504-00001 (FCAS) 5yr D2306 2mgikgs.c. responder at cut-off

0022-05127 (MWS) Gyr  A2102  2mglkg s.c. (x4) respender, 1% relapse at 70 days,
time to relapse approx 70 days

0002-051168 (MWS) 8yr A2102 2mgkgs.c. (x7) responder, 1* relapse at 72 days,
then approx 38 days post dose

0002-03108 (MWS) 7yr  A2102 2mghks.c. (x10) resporider, 1% ralapse at 3 days,

125 mg iv (x10) then partial/no response to 2 mg/kg
response to high dose, relapse at 7
retapse approx 34 days after high d

0501-60003 (MWS/NOMID) 38yr D2308 2mgkgs.c. responder at cut-off
9002-008001 (MWS) 9yr D2304 2mglkgs.c. (x5) rasponder, no relapsss,
: D/C on Day 229 for SAE (UTH)
0002-85113 (MWS) 13yr A2102 2Zmgkgs.c. (x8) responder, 1% relapse at Day 63,
then approx 59 days post:-dose.

Upon further investigation of canakinumab exposure (dose) and time-to-flare (a different efficacy
variable), we found a noticeable difference between patients receiving 2 mg/kg dose and 150 mg
dose. In terms of the proposed route of administration, i.e., subcutaneous administration, data

14



indicated a shorter median time to relapse in patients receiving 2 mg/kg dose as compared to 150 mg
dose (e.g. median values for time to relapse are 48.6 and 115 days for patients receiving 2mg/kg and
150 mg doses, respectively).- Two of the patients receiving 2 mg/kg dose received an IV rescue of
canakinumab. This suggests that a dose higher than 2 mg/kg may be considered for low body weight
patients who do not demonstrate adequate clinical efficacy under 2 mg/kg dose, provided safety and
tolerability are acceptable. It is noteworthy that the 10 mg/kg IV dose of canakinumab showed the
longest median time-to-relapse among all cohorts, 1 mg/kg IV dose showed lower median time-to-
flare, albeit in limited number of subjects (see Table below).

Figure Legend: Cumulative Probability of Time-to-Relapse by Dose Group
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Table Legend: Median Time-to-Relapse'Stratified by Different Dose Regimen

Number of unique

subjects who Median 95%

receivad dose Numberof Time-fo-Relapse Confidence
Dose regimen : regimen pariods (days) Interval
10 mg/kg i.v. 4 4 156.2 102.5-2093
1mghkgiv. . = 4 4 728 48.0 - 97.7
158 mg s.c. 28 86 115.2 94.1-138.4
158 mg s.c. + rescue i.v. 4 5 174.5 90.5 - 258.5
2 mg/kg s.c. 4 22 436 29.3- 679
2 mg/kg s.c. + rescua i.v. 2 11 517 27.0- 76.5

Pharmacodynamics of canakinumab

Canakinumab binds to human IL-1B, and blocks the interaction of this cytokine with its receptors.
Sponsor evaluated the changes in several serum and pharmacogenetic markers in CAPS patients
following canakinumab treatment (Study D2304, see pharmacometrics review by Dr. Hao Zhu and
Genomics review by Dr. Mike Pacanowski). Following the administration of canakinumab, the total
(free + canakinumab bound) plasma IL-1B levels were elevated.

Objective clinical endpoints such as CRP and SAA decreased in response to canakinumab treatment
during all stages of the clinical trial. As shown in the figure below, the clinical response was note
within one to two weeks of treatment initiation in the open-label lead-in period. During the
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randomized withdrawal period, both CRP and SAA increased in placebo group, whereas they
remained low in canakinumab freatment group.

Figure: Change in Clinical Endpoints, C-Reactive protein and Serum Amyloid A, with
canakinumab treatment over the entire clinical trial # 2304
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Note: blue line = Treatment Group (Mean + SE)
Red line = Placebo Group (Mean * SE)
Green line = Observation from Subject CACZ885D2304_0002_00001.

Among 35 subjects enrolled in the pivotal trial (Study #2304), only 1 subject received less than 150
mg dose. The primary efficacy variable was the number of subject who experienced flare during Part
II. Subject CACZ885D2304_0002_00001 was randomized into the treatment group and experience
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no flare during the entire part II. In addition, the CRP and SAA levels for subject
CACZ885D2304 _0002_00001 were similar with the rest of the subjects in the treatment group (see
figure above) by the end of part I, IT and ITL

Apart from subject CACZ885D2304_0002_00001, seven other subjects received 2 mg/kg dose
during the clinical development in study# 2102. See clinical review by Dr. Carolyn Yancey for
information on canakinumab efficacy in pediatric CAPS patients.

4. Are the active moieties in the plasma (or other biological fluid) appropriately identified
and measured to assess pharmacokinetic parameters and exposure response relationships?

Canakinumab PK and PD, measured as total IL-1p levels (free and antibody bound), have been

characterized in CAPS patients in the following studies (see discussion below and attached study

synopses):

. SC Dose titration study in CAPS patients [CACZ885A2102]

o Randomized withdrawal study in CAPS [CACZ885D2304] Proposed dosing regimen was
prospectively studied

Additionally, pharmacokinetics of canakinumab was also studied in healthy volunteers and other
patient populations in the following studies (see attached study synopses): '

. Single and multiple dose (150 mg) SC administrationin  ~— . patients [CACZ885 — b(4)
In healthy subjects and - — as IV infusion [CACZ885" —- :

In healthy Japanese volunteers as IV infusion [CACZ885A1101]

In RA patients as IV infusion [CACZ885A2101]

The PK parameters were . determined in serum using non-compartmental analysis as well as a
compartmental modeling approach described by a population based PK model in ACZ885 CAPS
Modeling Report. Review of population PK modelmg and simulation report by Dr. Hao Zhu is
appended to the review.

S. What are the PK characteristics of the drug and its major metabolite?
a) What are the single dose and multiple dose PK parameters?

In adult CAPS patients peak serum levels of 15.9 (+ 3.52) ug/mL were reached by approximately 7
days. Apparent half-life following the single SC dose administration was 26.1 (= 7.31) days. The low
apparent clearance (average CL/F was 0.228 + 0.0597 L/d) and a low apparent volume of
distribution (Vz/F was 8.33 % 2.62 L) noted for canakinumab appeared typical for a human IgG
molecule.

Pharmacokinetics of single dose SC administered canakinumab were investigated in adult CAPS h(4)
patients in study #A2102 and in

-

In study A2102, CAPS patients received canakinumab in two stages. In dosage stage 1, first dose
was a single administration of 10 mg/kg IV, the 2nd dose was a single administration of 1 mg/kg IV
upon relapse. On second relapse, single administration of 150 mg SC Dosage Stage 2: single
administration of 150 mg SC followed by repeat administration upon each relapse (in children from 4
to 16 years an equivalent of 2 mg/kg SC). If needed: rescue dose of 5 or 10 mg/kg IV Twenty five
subjects received single 150 mg SC dose of canakinumab in stage 2 of the study. Since they did not
require additional doses due to lack of disease relapse, single dose PK were calculated by
noncompartmental analysis (see PK parameters below).
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Table: PK parameters of canakinumab a single SC dose of 150 mg in adult CAPS patients are
shown in the table below.

Cmax Tmax | AUClast AUC0-© F 5 [d] CL/F'| Vz/F
[ug/mb] | (day) | [pg*d/mL] | [pg*d/mL] | (%) [L/d] L]
n - 25 25 22 22 4 22 22 22
Mean | 159 _ 674 708 66.5 26.1 0.228 - 8.33
SD 3.52 189 206 22.2 7.31 0.0597 2.62
Median 16.2 6.98 634 . 656 69.7 25.6 0229 | 797
Min " 104 1.92 387 405 37.3 13.1 0.125 4.38
- Max 21.7 14.0 | 1124 1204 89.3 39.2 0.370 13.9
CV% 222 28.0 29.1 33.5 28.0 26.2 31.4

Figure: Serum PK concentration-time profiles in adult patients [n = 25] after single (initial) SC
dose of 150 mg canakinumab (ACZ885)*

\ IR o)

The protocol (study #2102) allowed repeated drug administration only if the disease relapsed in the
patients. In patients receiving 150 mg SC, the median time to relapse was about 115 days (95% CI
94 — 136 days). Hence, multiple dose administration and the PK profile varied in different CAPS
patients. Following repeat administration, accumulation or change in serum half-life of canakinumab
was not noted.

Population PK analysis indicated that steady-state canakinumab levels were achieved in
approximately 130 days (5 half-lives, 26.1 days), and a 30% accumulation was estimated-fold for any
SC dosing regimen administered every 8 weeks in a typical adult CAPS patient weighing 70 kg.
Based on the same model, following multiple doses of 150 mg every 8 weeks in the CAPS patients,
the estimated steady state Cmaxand AUCtau were 17.5 pg/mL and 537 pg day/mL, respectively.

Following IV infusions of 10 mg/kg canakinumab, the maximum serum concentrations were
observed within 1 or 2 days after the end of the infusion and were on average 148.7 (SD + 45.4)
ug/mL. After a short distribution phase the serum levels decreased with a mean (+ SD) terminal half-
life of 31.2 (+ 3.39) days. Serum clearance (CL) of canakinumab averaged 0.182 (x 0.053) L/d with
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a low total volume of distribution (Vss) (7.08 £2.12 L). After dose normalization, the SC dose had
an absolute bioavailability of 67%.

Siﬁgle and multiple dose phahnacokinetics of canakinumab were investigated in pétients with = h(4)
3 , following treatments:

Single dose Cohort - Day 1: Canakinumab 150mg SC, Days 8,15,22: Placebo SC.
Multiple dose Cohort — Day 1, 8, 15, 22 Canakinumab 150 mg SC.

Table: PK parameters of canakinumab in adult patients with — , h(4)

receiving 150 mg SC are described in the table below.

Summary Cmax | Tmax AUCtlast tin | AUCwxi Vz/F CL/F

Statistics (pg/mL) | (day) (ng.day/mL) (day) | (pg.day/mL) L) (L/day)

n 1 10 10 10 10 - 10 10 | 10

Mean 11.9 6.1 451 26.2 479 15.0 0.430

SD 4.89 3.62 177 5.16 - 197 9.96 0.341

CV% 40.9 59.4 39.2 19.7 41.1 66.3 79.3

Median 13.5 5.0 510 25.6 527 10.6 | 0.286

Minimum | 3.1 2.0 120 19.9 | 123 9.6 0.209

Maximum 18.5 14.0 624 36.2 717 | 39.8 1.22

Figure: Mean (SD) serum concentration-time profile of ACZ88S following single and multiple

sc ACZ885 dose (150 mg) in patients with - —ee o b(4)
100.0

—o— Single Dose
PK (Day 1:
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Dose PK
{Days
1,8,18.22:
ACZ885 150

1.0 4
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b) How does the PK of the drug in healthy volunteers compare to that in patients?

Based on the population PK analysis, the PK parameters were comparable between CAPS patients
and other study populations (Japanese healthy volunteers or JHV and non-Japanese volunteers or
NJHV (predominantly Caucasian)), except for the non-Japanese healthy volunteers, which differed
Jfrom CAPS patients in that they had approximately 20% slower clearance. '
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Compared to CAPS patients, pharmacokinetics (Cmax, AUC and ty) of canakinumab appear to be

similar in healthy volunteers. The non-compartmental t, estimate in adult CAPS patients, e—— b(4)
patients, and in healthy adult Japanese subjects following a single 150 mg SC dose of canakinumab,

- estimated by non-compartmental analysis were 26.1, 26.2, and 26.3 days respectively.

As noted in the discussion above, in adult CAPS patients peak serum levels of 15.9 (& 3.52) pg/mL
were reached by approximately 7 days. Apparent half-life following the single SC dose
administration was 26.1 (+ 7.31) days. The low apparent clearance (average CL/F was 0.228 +
0.0597 L/d) and a low apparent volume of distribution (Vz/F was 8.33 + 2.62 L) noted for
canakinumab appeared typical for a human IgG molecule (see figure below). Based on the
population PK analysis, the PK parameters were comparable between CAPS patients and other study
populations (Japanese healthy volunteers or JHV and non-Japanese volunteers or NJHV
(predominantly Caucasian)), except for the non-Japanese healthy volunteers, which differed from
CAPS patients in that they had approximately 20% slower clearance.

Figure Legend: Clearance (L/day) in CAPS patients and in healthy volunteers
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¢) What are the characteristics of drug absorption? ‘
Absolute bioavailability of subcutaneously administered canakinumab is approximately 70%.

As discussed above in the single dose PK studies, absolute bioavailability of SC canakinumab is 67%
in CAPS (n=4, study#A2102), and ~ 70% in healthy Japanese subjects (n=10, study#A 1 101).

d) What are the characteristics of drug distribution?

Canakinumab acts by binding to IL-1B. Ne specific studies were conducted to determine the
serum/plasma protein binding of canakinumab.

e) Does the mass balance study suggest renal or hepatic as the major route of elimination?
A mass balance study was not conducted for this biologic.

) What are the characteristics of drug metabolism?
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Canakinumab, a biologic, is not suspected to undergo metabolism as in the case noted with small
molecules.

g) What are the characteristics of drug excretion?
Exact pathway of canakinumab excretion is unknown.

h) Based on PK parameters, what is the degree of linearity or nonlinearity in the dose-
concentration relationship?

Pharmacokinetics of canakinumab appears to be linear following IV administration of 0.3 to 10
mg/kg doses in healthy volunteers, RA patients and CAPS patients. A dose-proportional increase in
PK parameters (Cmax and AUC) was noted when 150 mg and 300 mg SC dose was administered in
healthy volunteers.

In study A1101, following IV infusion administration of 1 mg/kg, 3 mg/kg and 600 mg in Japanese
healthy volunteers, the Cmax, AUCo-tiast, and AUCo-infincreased in a weight-normalized dose-
proportional manner.

Pharmacokinetics of canakinumab was investigated in a placebo-controlled single ascending dose
safety, tolerability, study (#A1101) following IV infusion and s.c injection administration in healthy
Japanese volunteers. Canakinumab or placebo was administered as an IV infusion over
approximately 120 minutes in Coherts 1, 2, and 3, at doses of 1 mg/kg, 3 mg/kg and 600 mg,
respectively. In Cohorts 4 and 5, the study drug was administered as SC injection at the dosage of
150 and 300 mg, respectively. Subjects in Cohort 6 received one 600 mg IV dose followed 2 hours
later by a 300 mg SC dose.

Table: Pharmacokinetic parameters of canakinumab following SC administration in health
Japanese volunteers. '

Dose Tmax | Cmax AUCO-last | AUC0-00 tin
(day) (day) (ng.hr/mL) | (ng.hr/mL) | (day)
150 | Mean - 16.9 15000 15900 26.3
mg SD - 2.62 1750 1910 2.02
SC Min 5.00 13.2 12000 12400 16300 | 24.2
n=6 | Median {5.00 17.2 15400 17800 25.9
Max 9.94 20.2 16900 29.8
CV% - 15.5 11.6 12.0 7.67
300 | Mean - 34.1 29200 31200 26.9
mg |SD - 6.09 4770 6610 8.23
SC Min 2.00 25.6 24000 25800 21.7
n=6 { Median | 5.00 36.0 28800 . 29700 232
Max 5.00 41.2 37300 43700 42.8
CV% - 17.9 | 16.4 21.2 30.6
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Table: Pharmacokinetics of canakinumab following IV administration

Treat tmax Cmax AUC).  AUCoiw A tiz
ment [day]  [MOM s, ughy [t/day]  (HL)
L] fughr/  mL] [day]
mi]

1mg/ Mean - 210 93%0 9770 00312 226
kgiv. gp - 244 1940 2150 000454 299
Min 00833 188 7330 7650 00270 180
n=6 Median 0167 204 8720 9060 00289 240
Max 0167 255 12500 13500 0.0386  25.7
CV% - 116 206 221 14.6 133
3mg/ Mean - 575 24500 26000 00262 274
kgiv. gp - 585 4260 4980  0.00539 5.41
Min 0.0833 467 20200 21800 00198  20.1
n=6  Median 0125 585 22600 23400 00251 276
Max  0.167 644 30700 32600 0.0344 350
V% - 102 174 191 20.6 19.8
600m Mean - 191 82500 87100 00268 272
giv. gp - 212 8880 11300 0.00675 6.61
Min 0.0833 159 67100 68000 00186 184
n= Median 00833 192 83900 87800 00255 273
Max 0167 215 94100 102000 0.0376 372
cV% - 111 108 129 252 243

Figure legend:

cmax (ug/mt)
g § 8§

g

0
0

1t 2 3 4 5 86 7 8 9 10
Dose (mg/kg)

ACZ885 Dose-Cmax relationship. Shown are the
individual values (filfed circles), group means (open
squares), and the linear regression line.

Canakinumab IV dose-proportionality: 0.3 - 10 mg

12000

As in left panel for ACZ885 Dose-AUC relationship.

Regression ine:

Dose (mg/kg)

2 3456 78 9 10

i) What is the inter- and intra-subject variability of PK parameters in volunteers and patients, and
what are the major causes of variability?

Inter-subject variability in CAPS patients was similar with a coefficient of variation of approximately

22.2% and 29.1% observed in Cmax and AUC-co values. Patient’s bodyweight, disease and race
explain the inter-subject variability of canakinumab pharmacokinetics (see discussion below).
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2.3 Intrinsic Factors

1. . What intrinsic factors (age, gender, race, weight, height, disease, genetic polymorphism,
pregnancy, and organ dysfunction) influence exposure of canakinumab?

Clearance and volume of distribution of canakinumab is related to patients’ bodyweight.

Sponsor evaluated the effect of age, race, gender and disease on the pharmacokinetics of
canakinumab. There were limited number (n=69) of CAPS patients in the clinical and clinical
pharmacology database because CAPS is an orphan disease. However, clinical PK database included

healthy volunteers and patients that received canakinumab for the experimental treatment of ——
rheumatoid arthritisand ——  The randomized withdrawal clinical trial emiployed a single dose
and there was high success rate (85%) compared to placebo. Hence, an exposure-response analysis
could not be conducted. However, it was noted that clearance of canakinumab was dependent on
bodyweight of patient. See Dr. Hao Zhu’s review and the discussion below.

Table: Demographics of subjects in different PK studies is tabulated below.

Patient numbers Demographic data for analysis population (mean + SD &
_ range)
Study :;:9: # patients analyzed plafebo Weight (kg) Age (years) - Al(';':;i" M| F
A2102 | cAPs Adults 27 0 g;')‘“‘g" (43- ?152;6_*51‘)‘"6 ?323'3_123)'4 10| 17
Ps | 7| 0 Qe |@en |ohasy |3 ¢
o e | o e (oA (8 vl
D2304 | CAPS Adults 30 0 ?fff_%f_ % ?fég_ﬂ;;fj ?3257_*492)‘9 7| 23
e |+ | o en e e ]
o [ | o (e e 18w o]
01 | N T ot it Sl ol R 2
ALOL | o e 81 2 G0 loosn |wisg 8] 0
T s , | 769135 [332%103 |431z24 2l 4
(57 - 120) (18-58) | (383-48.8)

A2101 | RAadults 52 15 (7;1*_11%‘35) (5132;5_*7,:)0 o ?303'9_523)" 13| 39 \\\A‘

- — 2z 4 ?gé?si- 19’19'.:;) ?2963-221)3 ? ?4Sé4-i52.2) 2310
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Summary of the Final Canakinumab PK Parameter Estimates

Parameter funits] \ [ aSEM [o2SEM(%CV)]
m”fummwammmngn. 0.174 £ 00124 00850 £ 0.0147 (20%)
Cantral volume of disribution (s, L/70 kg) 3.30£0.135 0.0580 + 0.0205 (24%)
Peripheral volume of disiribution (Vs, LITO kg) 2712045 0.0817 £ 0.02 (20%)
LogR bioaaiiablity parametey  ~———— 0.545 20227
BAV after ransioemalicn from logk 83.3% £5.20%"
Inierccenparimental permeabiity 3ow (PSs, Lid) 0.429 £ 0.0820 .28 +0.107 (53%)
AL-18 parameters . . . e
“Clearance for ligand (CLy, Ud) 1422255 0,371 0.08 (B1%)
Production rate of Sgand (R, ng/d) 9571134 0.201 1 0.0484 {51%)
Intercomparimental permeabiiiy fow f (PSy. Lid) 0.386 £ 0.0555 01254 2 0.139 (80%)
Binding censtant (Ke, nM} 10720173 0305 +0.13 (83%)
‘Weighton CLg™ 0.605 £0.00
Afourrin on Clo™ 0.018£0.185
Weight on Vo™ 0.084 £ 0.0021
Weight on V™ 0.798 £0.230
Ageon ™ -0.555 £0.151
— .onk, {rafiofrom — ; 0.890+0.178
Mmmm(utz{f?rﬂmdd) 02602 0.0034"
_ —_—
Logit ratio parameter forcall e cn P 1620337
Bioavadabity of —— material 70.0%23.25%"
Study poputaion cn Clo see {able 3-3
Study pepulasicn on Cly, see table 3-3
Study pepulalion on Ry, see fable 8-3
rdy populabon caKe, sew tble 33
CloVo B 1,048 00142
VyPSe 0.0508 +0.0414
Vo PG, L0408 2 0.0408
PSePS, . 021810.105
CLuRu_ 0.131 £ 0.0425
Canakirumab (ngiml.)  0.0827 20.00572 (23%)
118 {pg/ml) 0.084.+ 0.0113 {20%)
_Obectvefuncion 000783
* Logt transformation: F = expQO/ 1+axp{X)) )

= Exponent for power model on centered covariale
¥ Computed using simulation (see sacfion 5.3)

Is the body weight based dosing justified? _
The body weight based dosing proposed by the sponsor is acceptable (see Table below). However, a
higher dose (3 mg/kg) may be considered for low body weight subjects (i.e., 215 kg and <40 kg) who

do not demonstrate adequate clinical efficacy under 2 mg/kg dose, provided safety and tolerability

are acceptable.

The Sponsor Proposed Dose

_Patients Proposed Dose
>40 kg 150 mg
215 kg and <40
kg 2 mg/kg

b(4)

()
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Body weight based dose adjustment is necessary because large body weight is associated with high
clearance of canakinumab. The sponsor’s population binding and kinetic model identified body
weight as a significant covariate for clearance (Figure below left -A). We confirmed it by checking
the relationship between the clearance obtained from Study 2102 using non-compartmental analysis
and body weight (Figure below right - B). The results indicated that body weight based dosing is
necessary to achieve similar exposure for CAPS patients with different body weights.

Figare Legend: Body Weight and Clearance Relationship
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Note: (A) based on binding and kinetic modeling results in all CAPS patients

(B) based on non-compartmental analysis results from Study 2102.
As discussed in the analysis above (see Section 2.3 General Clinical Pharmacology Bullet 3):
a) A flat exposure-response relationship was noted following canakinumab treatment, where response
is defined as the incidence of flare by the end of part II in the clinical trial D2304.
b) A similar clinical and biomarker response was seen in low body weight patient receiving 2 mg/kg
dose as compared to high body weight (> 40 kg) patients receiving 150 mg dose.

Hence, sponsor proposed dosing is acceptable, in general.

Upon further investigation of canakinumab exposure (dose) and time-to-flare (a different efficacy
variable), we found a noticeable difference between patients receiving 2 mg/kg dose and 150 mg
dose. We noted that the median canakinumab exposure for low body weight patients receiving 2
mg/kg dose is 37% lower than the high body weight patients receiving 150 mg dose. Simulations of
exposure of 2 mg/kg, 3 mg/kg and 4 mg/kg in patients with 15 — 40 kg bodyweight were compared to
that noted in patients of >40 kg bodyweight receiving 150 mg dose. We propose that the dose can be
increased to 3 mg/kg for the patients with 15 — 40 kg bodyweight to match the exposure observed in
>40 kg bodyweight patients receiving 150 mg (Figure below). _
Simulated Exposure Distribution for Low Body Weight Patient ( > 15 kg and < 40 kg) and High
Body Weight Patient (> 40 kg) Following Different Doses

10?..0 12]00

Canakinumab Exposura [ng/mL*Day]
800
1

600
I
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2. Based upon what is known about exposure-response relationships and their variability, and
the groups studied, healthy volunteers vs. patients vs. specific populations (examples shown below),
what dosage regimen adjustments, if any, are recommended for each of these groups?

a) Elderly

Dose adjustment is not necessary in elderly patients. Pharmacokinetics of canakinumab when
administered subcutaneously does not seem to be different in elderly compared to young adullts.

Population PK database consisted of one CAPS patient (receiving canakinumab via SC route) and
seven rheumatoid arthritis patients (receiving canakinumab via IV route) who were older than 65
years (range: 68-74). Population PK analysis showed that upon bodyweight normalization, clearance
and volume of distribution (central) of canakinumab were not significantly different between elderly
and young adults.
Figure: Canakinumab clearance vs. Age after body weight normalization (to 70 kg)

ACZ885 CL, L/d at 70 kg and 43 g/L Alb. Cevtral volume of distribution, L/70 kg

D&

b) Pediatric patients

The proposed dose of 2 mg/kg subcutaneous canakinumab is appropriate for pediatric CAPS patients
in the bodyweight range of 15kg and 40 kg.

Twelve children were recruited in CAPS clinical trial A2304 and study A2102. Children in the
studies were 4 years and older and their bodyweights were in the range of 15 — 40 kg. It should be
noted that all of the pediatric CAPS patients responded to treatment in both clinical studies. As
‘mentioned above, population PK analysis evaluated the effect of age (4 — 74 yrs) on clearance and
volume of distribution (central) of canakinumab. After bodyweight normalization, canakinumab
clearance was not significantly different across patients of different age.
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Figure: Clearance of canakinumab in pediatric and adult CAPS patients.
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See Dr. Hao Zhu’s review for additional discussion above on appropriateness of bodyweight based
dosing of canakinumab.

c) Gender

Canakinuinab dose adjustment is not needed with regard to gender of the patient.

PK and PD data from 135 males and 98 females were included in the population PK analysis.
Population PK analysis indicated that after taking patients body weight into account, PK of
canakinumab was similar in males compared to females (see figure below).

Figure: Box-plot of canakinumab clearance in male (n=20) vs. female (n=40) CAPS patients.
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d) Race

Canakinumab dose adjustment is not needed with regard to race or ethnicity of patient.
Pharmacokinetics of canakinumab are not significantly different between Caucasian and Asian

subjects.
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The database for population PK analysis included 175 Caucasians, 54 Asians (of which 48 were
Japanese and 3 Indian), 1 black, 1 Native American, 1 “other”. In population PK analysis, after.
taking body weight into account, non-Japanese and Japanese healthy volunteers differed in -
canakinumab clearance by about 17%, with the non-Japanese having the slower clearance. However,
this difference is not significant to warrant dose adjustment (See discussion in healthy vs. patient PK
differences above). '

e Renal impairment
Adequate data is not available to recommend dosage adjustment in patients with renal impairment.

In study # 2102, pharmacokinetics of canakinumab was evaluated in four CAPS patients with varying
degree of renal impairment (see table below). Canakinumab (150 mg sc dose) PK parameters from
the CAPS patients with renal impairment vs. normal renal function are tabulated below. Although
canakinumab Cmax is comparable, AUC levels were very low in patients with decreased renal

function is compared to normal renal functions subjects.

Patient # Creatinine Cmax Tmax AUC vd T CL/F f)
clearance (ng/L) (days) - | (ng.day/mL) (L) (days) (L/day)
(mL/min) median . .
CAPS 7 - Hepatic
patients ~80 15.9 674 8.33 26.1 0.228 lmpalrm
5132 40 20.7 7 78.04 5.66 17 0.23 ent
5135 56 13.3 7 110.99 12.35 34.8 0.25
5118 27 11.7 7 76.96 10.94 34 0.223 Pharma
5136 27 (GFR) 11.1 7 168.96 9.55 33.8 0.196 cokineti
cs of

canakinumab were not evaluated in patients with hepatic impairment.
2 Pharmacogenomics?

Canakinumab produces modest changes in IL1-beta pathway gene expression. The efficacy of
canakinumab in patients without a molecular diagnosis of NLRP3 mutations (25% of MWS and 50%
of NOMID patients) has not been established. Treatment response does not appear to vary
according to the different mutations in NLRP3.

Pharmacogenomic aspects of the BLA were reviewed by Dr. Mike Pacanowski (see appended
review). CAPS is generally attributed to numerous heterozygous gain-of-function mutations in the
gene encoding cryopyrin, NLRP3, which results in constitutive IL-1beta production. NLRP3
mutations are detectable in approximately 75% of FCAS and MWS patients, but less than 50% of
NOMID patients.

The sponsor conducted 3 studies to support the efficacy of canakinumab in CAPS: ACZ885A2102,
ACZ885D2304, and ACZ885D2306. A molecular diagnosis of presence of NLRP3 mutations was
required for entry into A2102 and D2304. This does not represent the distribution of mutations in the
to-be-treated population. While some CAPS patients demonstrate low-level mosaicism (i.e. presence
of both mutant and non-mutant cells), 25-50% are not characterized as having NLRP3 mutations
using conventional sequencing methods.

In both of these studies, the sponsor collected RNA on a voluntary basis from consenting patients at
baseline and at various time points following treatment with canakinumab to assess changes in gene
expression (genome-wide and focused microarray). RNA samples were collected from a large
proportion of study participants. However, gene expression data were incomplete in study # A2102,
and not available for analysis to be verified by the reviewer. The gene expression results of study
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D2304 were confirmed by the reviewer, and suggested a modest effect of canakinumab on IL-1beta
pathway gene expression (approximately 1.5-fold change); these findings are exploratory

Two patients with the V198M mutation required frequent use of rescue therapy in study A2102.
Since patients with other mutations relapsed in A2102 and D2304, it cannot be concluded based on
the available data that NLRP3 mutation status affects treatment response.

h) What pregnancy and lactation use information is there in the application?

Canakinumab pharmacokinetics, safety or efficacy were not evaluated in pregnant and lactating
women.

i) Immunogenicity
What is the incidence of formation of antibodies to canakinumab during and after the treatment?

None of the 192 subjects treated with canakinumab in the six different clinical studies developed anti-
canakinumab antibodies.

"Immunogenicity assessments were done in single and multiple dose PK, safety and efficacy studies in
different patient populations.

. SC Dose titration study in CAPS patients [CACZ885A2102]

Blood samples for immunogenicity were collected in each treatment period on Day 1 at predose on
Day 8 and at relapse before re-treatment.

. Randomized withdrawal study in CAPS [CACZ885D2304].

Blood samples for immunogenicity were collected pre- dose 1, pre-dose Day 57, pre-dose Day 113,
pre-dose Day 169 and pre-dose Day 120.

. Single and multiple dose (150 mg) SC administrationin° ——  patients [CACZ885/ == h@‘)
Blood samples for immunogenicity were collected at pre-dose 1, pre-dose Day 15, pre-dose Day 22

and at Day 50, 78 and 120.

. In healthy Japanese volunteers as IV infusion [CACZ885A1101]

Blood samples for immunogenicity were collected at pre-dose, day 29, day 57 and day 113.

2.4 Extrinsic Factors

1. What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) influence
dose- exposure and/or response and what is the impact of any differences in exposure on
response?

None evaluated

The formation of CYP450 enzymes is suppressed by increased levels of cytokines (e.g., IL-1) during
chronic inflammation. Thus it is expected that for a molecule that binds to IL-1, albeit a subtype IL-
1B, such as canakinumab, the formation of CYP450 enzymes could be normalized. This is clinically
relevant for CYP450 substrates with a narrow therapeutic index, where the dose is individually
adjusted (e.g., warfarin). Upon initiation of canakinumab, in patients being treated with these types
of medicinal products, therapeutic monitoring of the effect or drug concentration should be
performed and the individual dose of the medicinal product may need to be adjusted as needed.

2.5 General Biopharmaceutics

During development of canakinumab several drug substance manufacturing changes were introduced.
A summary of manufacturing changes and corresponding comparability exercises conducted by the

sponsor are listed in the table below. CMC reviewer, Dr. Ruth Cordoba-Rodriguez, addressed the
: 29



adequacy of the physico-chemical comparability testing and results supporting the introduction of the
- final commercial material (Product type D). The final commercial product of canakinumab, referred
to as Product type D, will be available as 150 mg powder for solution for injection, as a lyophilisate
form, that is reconstituted with Water for Injections (WFI) intended for SC administration.

Summary of the main manufacturing changes for drug substance and drug product during
development, the corresponding comparability exercises and the material used per clinical

study or program
item Process A Process B Process C Process D
Production cell line
Drug substance
concentration
Drug preduct f
strength
Drug substanee
manufacturing site
Drug product b(4)
manufacturing site
Drug substance
scale (approximate
working volume)
Drug substance
manufacturing \
change
Comparability Physicochemical Physicochemical
exercise - testing Physicochemical Physicochemical testing .
testing testing
PK marmosets PK marmosets
Tissue cress-reactivity  Tissue cross-
{human /marmosets) reactivity (human
’ /mamosets)
PKPD Comparison Population based Population based PK-  No data available No data
in. Humans PK-binding model®  binding medel® available
Toxicology Test -Marmosets: 4,26 _Single dose local -Tissue cross- No data
wksLv., 13 wks S-6.  intra-articular reactivity Study available
toxicology and EFD’  marmoset
-Tissue cross-
e -Tissue cross-
reactivity Study reactivity Study
Material per clinicai  CACZ885A2101 CACZ88502304 CACZ835D2306 intended for
study CACZ885A2102 market, and b(4)
CACZ885¢ intended to be
CACZ38¢ used for clinical
CACZ88uA11U1 trials
Use of ACZ885 Clinical trials Clinical trials Clinical trials Clinical trials,
batches market
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2.6 Analytical
1) Is the method employed for detection of canakinumab adequately validated?
Total canakinumab, i.e. free canakinumab plus canakinumab bound to IL-1p (canakinumab : IL-1B
complex), was analyzed in human serum using a specific competitive ELISA method with an LLOQ

-of 100 ng/mL. This method is based on a purified anti-idiotype anti-canakinumab antibody coated on
microtiterplates. Total IL-1B is determined in human serum using a sandwich ELISA method based 4
on a commercially available kit — with a lower limit of h( )
detection of 0.1 pg/mL.

APPEARS THIS WAY ON ORIGINAL
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Summary of analytical method validation for canakinumab or ACZ-885 detection

Method Competitive ELISA

A purified anti-idiotype anti-ACZ885 antibody is coated on the
microtiterplate. Serum samples (calibration, quality control or
unknown samples) and biotin-labeled ACZ885 are simultaneously
incubated and compete for binding to the anti—idiotype anti-
ACZ3885 antibody. Non-bound material is removed by washing.
Bound biotinylated-ACZ88S is detected by incubating horseradish
peroxidase-conjugated Streptavidin with O-phenylenediamine
dihydrochloride (OPD) as substrate.

Detection Optical density at 490/650 nm

Calibration curves 4-Parameter Logistic (4PL) fit. The acceptance criteria for the mean
accuracy was met: Deviation < 15 % (from nominal concentration)
within the working range for at least two-third of the non-zero
calibration samples.

LLOQ 42.6 pg/mL serum

ULOQ . 2130 pg/mL serum ‘

Intra-day accufacy and | Intra-day Accuracy within the range 89.1 % to 117 %. Intra-day
precision Precision within the range 3.9 % to 25.9 %. '
Inter-day accuracy and | Inter-day Accuracy within the range 100.6 % to 105 %. Inter-day
precision Precision within the range 9.6 % to 14.9 %.

Stability Stable in spiked human serum after 3 freeze-thaw cycles

Stable ih'spiked human serum for at least 4 weeks storage at or
below -18°C

Immunogenicity Assay:

The method used to screen the human samples for anti-ACZ885 antibodies was a '~ method
validated for human serum. The principle of the method is the interaction of anti-ACZ885 with
ACZ885 based on plasmon resonance spectroscopy / — . ACZ885 is

Biologic product quality reviewer, Dr. Lixin Xu, from the division of monoclonal antibodies has
observed several deficiencies in the validation of the immunogenicity assay, particularly regarding
the sensitivity of the assay.-
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4.2 Individual Study Reviews
4.2.1 Pharmacometrics Review

See Next Page
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OFFICE OF CLINICAL PHARMACOLOGY:

1 SUMMARY OF FINDINGS

1.1 Key Review Questions
The purpose of this review is to address the following key questions.

1.1.1 Is the body weight based dosing justified?
The body weight based dosing proposed by the sporisor is. aceeptable (Table 1). However,
a higher dose (3 mg/kg) should be considered for low body weight subjects (ie., 215kg

aind < 40 kg) who do-net demonstrate. adeqqate clinical efficacy with 2mg/kg dose,
provided safety and tolerability are acceptable.

Body weight based dose adjustment is necessary because large body weight is associated
with high clearance of canakinumab. The sponsor’s population binding and kinetic model
identified body weight as-a significant covariate for clearance (Figure 1A). We confirmed
it by checking the relationship between the cleararice obtainéd from Study. 2102 using
non-compartmental analysis and body weight (Figure 1B). The results iridicated that body
weight based dosing is necessary to achieve: similar exposure for CAPS patients with
different body weights.

Based 6n the chmcal (relapse of ﬂare) and bromafker (SAA and CRP levels) observanons

1s acceptable HQWever only 1 subject (sub}eet CA€Z885D2304 0002 09001) recetved
2 mg/kg dose while all other subjects received 130 mg (N=34); The primary efficacy
variable was the number of subjects whe experienced flare during Part IT of the trial.
Subject CACZ885D2304-.0002_00001 was randomized into the tréatment group and
experienced no flar¢ during the part I. In addition, the major biomarker values for
subject CACZ385D2304 0002 00001 were similar to-the rest of the subjects in the
treatment group by the end of part.I, I and HI of the trial (Figure2), In:addition, we
identified a flat exposure-response. relatmnshlp following canakinumab treatment, where
response is defined as the incidence of flare by thie end of part H in the trial (Fi igure 4). Iin
suinmary, a similar clibical anid biomarker résponse.can be seen in low body weight
patlent receiving 2 mg/kg dose as compared to high body weight (> 40 kg) patients
receiving 150 mg dose.

However, by mvestigatmg canakinumab exposure and time-to-flare (a different efficacy
vatiable), we found a noticeable difference betweer patients receiving 2 mg/kg dosé and
150:mg dose. Fxgure 4:showed that the median cairakinurmab exposure for low: body

weight patients receiving 2 mg/kg dose is 37% lower than the high body weight patients

BLA 125319 , | ‘Page1 of 22
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receiving 150 mg dose. Furthermore, the observation from Study 2102 indicated a shorter
median time to relapse in patients receiviiig 2 mg/kg dose as compared to 150 mg dose
(¢.g. median valtues for time te relapse arc 48:6-and 115 days for patients receiving
2mg/kg and 150 mg doses, respectively). This suggests that a higher dose than 2 mg/kg -
can be considered for low body weight patients whe do not demonstrate adequate clinical
efficacy under 2 mg/kg dose, provided safety and tolerability are acceptable. We
proposed that the dose can be increased to 3 mg/kg for these patients to match the
exposure observed in high body weight patients receiving 156 mg (Figtre 3).

Figure 1. Body Weight and Clearance Relationship
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i g&z . - :.-- et ".‘..—- -
N I
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214 ™
2 ®» @ = w wn
Body Weight [kg) Body Weigh gl
A (B)
Note: (A) based on binding and kinetic modeling results in all CAPS patients
(B) based on non-compartmental analysis results from Study 2102.
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'

Figure 2 Biomarkers in the Treatment Group and the Observation from
Subject CACZ385D2304_0002_00001

0
1

C-Resctive Proteia (mg/l).
2

0 16 20 a0 40
Time [Weeks]

(A)

Serum Amylold A Protein Level [mg/L]

o ®
Note: (A) CRP level and (B) SAA level from Stidy 2304
Blue line = Treatment Group (Mean + SE)
Red liig = Placeba:Group (Mean + SE) ) .
Green lifie = Observation from Subject CACZ885D2304_0002_00001 (on treatment).
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Figure 3. Simulated Exposure Distribution for Low Body Weight Patient (215 kg
and < 40 kg) and High Bedy Weight Patient (> 40 kg) Following Different Doses

1200
1

16;0'0

Canakinumab Exposure [ng/mL*Day]}

[=]
g -4
L
BW15:40kg BW15-40kg BW1540kg BW> 40kg
2mgkyg 3 mgikg 4.mgkg 150 mg

Body Weight and Dose Group

Figure 4 Exposure-Response Relationship for Subjects in Study D2304

¥
24 '
|
|
o
3 1
T )
21 '
g © Median Esposure for 2 maikg - Median|Exposure for 150 mg
s : {
5 i
s ] ]
< |
|
2o
- '
g i
' '
o4 o : 00 © o ®; 00 o© 0o
|
. 3
¥ ¥ ¥ T - T A T
500 604 700 808 269 1000 1100
Exposurs [ng/mL*Day}

BLA 125319 Page4of22
PM ReviewCanakinumab May8.doc '



Table 1 The Sponsor Proposed Dose

Patierits __Proposed Dose _
> 40 kg 150 mg
215 kgand s 40 kg 2 makg

1.2 Recommendations

The sponsor proposed dosing regimen is acceptable from clinical pharmacology
perspective. However, a higher dose (3 mg/kg) should be considered for low body weight
subjeets who do not demonstrate adequate clinical effieacy under 2 mg/kg dose, provided
safety and tolerability are acceptable.

1.3 Label Statements |
Labeling statements to be removed are shown in red-strikethrough-font and suggested
labeling to be included is shown in underline blue-font.

2.2 Recommmended Dose
. The recommended dose of Haris is 130 mg for CAPS patients with body weight >40 kg. b(4)
For CAPS. patients.
<g. and dose can

be increased to 3 merke for patients who do not demonstrate adequate clinical efficacy

with 2 mg/kg dose.

Haris is administered every eight weeks as a single dose via subcutaneous injection.

\ , nm

2 PERTINENT REGULATORY BACKGROUND

This is the original subission that the sponisor is seeking marketing approval of
caniakinumab (BLA 123319) for the teeatiment of Cryoprin Assocjated Periodic Syndroine
(CAPSYin adults and pediatric patients aged 4 and-above.

3 RESULTS OF SPONSOR'S ANALYSIS

In the modeling report (Modeling report:for the pharmacokinetics and pharmacodynamies
of canakinumab or ACZ 8835, an anti-interfeukin- 1p monoclonal antibody for cryopryin
associated periodic syndromes, CAPS), the sponsor applied the binding and kinetic
model to simultaneously deseribe the canakinumab and -1 concentration time profiles
BLA 125319 Page S of 22
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(Figure 3). Total canakinumab concentration and total IL<1B concentration from: 223

subjects in 6 different clinical trials (CACZ885A2102, CACZ885D2304,

CACZ885 — ,CACZ885A1101, CACZ885A2101, and CACZS85 —— were

includedin the: analysxs Patient populahon included healthy subjects and pattents with

CAPS,” —— | theumatoid artliritis, ~——  3(Table2).
Table 2 Suminary of the Subjects includedt I the Asalysis
et e
Study :;“:x_ :“‘:"yz':‘d” :h“bo Welght (kg) Age (years) A'(";l‘a"‘)i" M F
A2102 CAPS  Adults 27 0 621; *'7‘;)1 3?12*;%6 "é'g *4%;‘ 10 17
1o R mE s .
or w0 g e a5
S T T R
Peds 5 0 Geiem eom G o 2
w0 BN MR B3 e o
B2101 e 5 1 G et am2 ow ow
MO e ® 2 e @oosh i B 0
—— s s Ty T Sem e
A2101  RA 52 15 (5714_‘—‘1:]%25) 5‘;’13";2)5 s 13 3
— 23 4 (Gb5.008) (063 rosiny B O

* Overlap of 9 patients between the two CAPS studies

Based on the'sponsor’s model, the major parameters derived from the ﬁnal model were

listed in Table 3. The major: dxagnosttc plots for'the base model and final model were
shown'in

Figure 6 and Figure 7 respectively.

BLA- 125319
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Figure 5 Schematic Presentation of the Model for €anakinuniab and IL-1f
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Table 3 Summary of the Final Parameter Estimatesfor CAPS Patients

Population mean nter-individual variance
Parameter [units) © P;,s'asti:l " ;0) +SEM (’/?C\'I)]
Canakinumab parameters- '
gmﬁ;‘e'f“ drug {Clol/d at 70 kg and 43 g/l 0.174£0.0124 0.0859.2 0.0147 (29%)
Central volume of distribution (Vp, L/70 kg) 3.30-+ 0.135 0.0589 * 0.0205 (24%)
Peripheral volume of distribution (Vs, L/70 kg) 2.71£0.151 0.0817 £ 0.02 (29%)
Absom’fim rate constant (k, 1/d for 34 year old) for 0.299 + 0.0382 0.406'+ 0.107 (64%) b(4)
Logit bioavailability parameter —_— 0:545£0.227
BAV after transformation from logit ——— 63.3% + 5.26%"
Intercompartmental permeability flow (PSo, L/d) 0.429 £ 0.0529 0.28 = 0.107 (53%)
IL-18 parameters '
Clearance for ligand (CL,, L/d) 14.24255 0.371 +0.08 (61%)
Production rate of figand (Ru, ng/d) 957+ 134 0.281 £ 0.0464 (51%)
Intercompartmental permeability flow f (PSi, L/d) Q.386 £ 0.0555 0.254 £ 0.139.(50%)
Bindirig constant (Ks, nM) 1.07 £+ 0173 0.395 £ 0.13 (63%)
Covariatés )
Welighit on CLp** 0.695+0.09 -
Alburmin on CLp** -0.916 +0:185
Waeight on Vo' 0.684 +0.0921
Weighton Ve 0.798 £0.236
Age on Ka** -0.555 £0.151
~ celtline on ks (ratio from ' — 10:899£0.178 0(4)
Absorption rate constant (K., 1ldv_f9r 34 vear o}d) 0.269 + 0,0634%
for — celtfins '
Logit ratio parameter for cell line on F 1.6 £ 0.337
Bioavailability of — . cell line material  70.0% + 8.25%"
Study population on CLp see lable' 83
Study populdation on CL, sée table 8-3
Study population on Ry, see table 83
Study population on Ko see lable-8-3
Covariances in-OMEGA matrix
CloiVe 0.0485 £ 0.0142
Vp:PSo 0.0808 + 0.0414
Ve :PS, 0.0408 + 0.0408
PSp:PSy 0.218+0.105
CLi:Ry 0:181 £ 0.0425
Residual variances.
Canakinumab (ng/mL) 0.0527 + 000572 (23%)
IL-1B (pg/mL) 0.084 + 0.0113 (29%)
Objective function -10007.83
BEA 1235319 Page 8 of 22
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Figure 6 Diagnostic Plots for Base Model:

© 4 [ .
%
E %
* % - %
. X x »
g“" ® EN i R
.
3o] 4 3
P o "
x ¥y
"
T/ )

2

1

RES
-1 0

-3

© 4 © F
< -
s. o B ~ X 5
3 3 >
o o i
- X
R o
2 0 2 4 6
IPRE
o0 o
© . ©
- o -
£, = > 2.
21 n 2 . 21
-2 1} 2 4 -2 [} 2 4
(@) PRED PRED

(b)
(Note: Diagnostic plots for Canakinumab (a) amd IL-1 § (b)

BLA 125319 Page 9 of 22
PM ReviewCanakinmab. May S:doe '



Figure 7 Diagnostic Plots for Final Model
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Major assumptions for the binding and kineties process-include,

1) Equilibrium between canakinumab-and IL- 1B was-achiéved:at a short time scale
irrboth central an&pe‘ripher&al:coirx‘pﬁr&nent;‘
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2.) The volume of distributions for IL-1f, canakinunrab, and the complex were .
assumed to be the same.

3)) The clearance of canakinumab and complex was assumed to the same.

4:) The exchange rates for canakinumab and. complex between the peripheral and
central compartment were assumed to be the same. IL-1f8 has a different
excharige rate.

Typical assumptions in the compartniiental analysis, such as first-order absorptlon and
first-order elimination, also applied.

Reviewer’s Comments:

1. The sponsor’s model was established based on assumptions for the binding and
kinetic process for canakinumab and IL-18 These assumptions-are difficult to
evaluate. In the reviewer’s analysis section, however, we: applied the standard
two-compartment model to assess the canakinumab PK profile.

2. The major pharmacokinetic parameter estimates for candakinumab (i.e.,
Clearance and Volume of Distribution) based on the sponsor’s binding and
kinetic model are similar to the reviewer’s analysis results using 2-compartment
model and non-compartmental analysis.

4 REVIEWER’S ANALYSIS

4.1 Iitroduction

Based ori the sponsor’s modeling approach;, the reviewer preformed additional analysis to
evaluate the proposed dose and to conifirm the pharmacokinetic parameters derived from
the sponser’s model.

4.2 Objectives

Analysis objectives are:

1. to confirm the population PK parameters derived from the sponsor’s model, and
2. to evaluate the body weight based dose adjustment propesed by the sponser

4.3 Summary of the Pivetal Study Design

Thee sponsor conducted oné pivotal trial (Study 2304). The priimary objectwe was to
assess the efficacy of canakinumab (percentage of patients who experienced disease flare)
compared with placebe in Part H as determined by the Physician’s global assessment of
autoinflammatory disease activity, assessment of skin discase and inflammation markers
(CRP:anid/or SAA). This was a'three part teial, with an open-labiel design to Past I for
identification of canakinumab respondefs. Only patients with completé response to
treatment and without disease relapse until Week 8 inn Part I entered Part IL, which was a
double-blind; placebo: controlled; randomized-withdrawal period. Upon disease flare or
completion in Part II, patients entered Part HI, which was open-label, active treatment
with, canakmumab In part I, 35 patieats were esirolled, 4 subjects discoritinued dise to

BEA 125319 4 : Page 11 of 22
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unsatisfactory therapeutic effect, with 31 entering into Part II. All patients with a body
weight > 40 kg received one mjectxon of canakinumab 150 mg s.c. every 8 weeks.
Patients with a body weight > 15 kg and < 40 kg received an eqmvatent of 2 mg/kg s.c.

dose.
44 Methods
4.4.1 DataSets

Data sets used are sunimarized in Table 4.

Table 4 Analysis Data Sets

Study | Name
Number )

 Link to EDR

Capsms.xpt

\cbsap58M\cCTD_Submissions\STN125319\0003\m5\datasets\pooledpkpd\analysis

4.4.2 Software

NONMEM (Pouble Precision Version 6.1.0, Golobomax Inc.) and S_Plus (Vession 7.0,
Insnghtful Inc) were used in the analyses. :

4.4.3 Models and Results

4.4.3.1 Data Preview
We firstly previewed plasma concentration of IL~1P. The baseline IL.-1p conicentration

across different disease populations were shown in Figure 8, It appeared that: ‘higher
percentage of CAPS and Rheumatoid Arthritis patxents were associated with elevated

baseline HL-1B levels in the plasma.

BLA 125319
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Figure 8. Baseline IL-1B Concentration Distribution
across Different Disease Populations
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Following the administration of canakinumab, the total plasma IL-1B levels were
clevated. A similar trend was seen in CAPS patients and nen-CAPS patients (Figure 9).

Figure 9 Total IL-1 f§ Concentration vs. Time Profiles in Non-CAPS Patients (A)
and €APS Patients (B) Following Administration of Canakinumab.
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bray

(B)

The Canakinumab concentration time profiles in CAPS and non-CAPS patients were
shown in Figure 10.

Figure 10 Canakmmnab Concentration Time Profiles
in Non-CAPS (A) and CAPS (B) Patients

b(4)

G
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4.4.3.2 Analyses and Results

®

o

The reviewer performed population PK analysns using the PK observations from CAPS
patients. PK samples were taken from 60. C APS patients in'2 clinical trials (Study 12102
and Study 2304) (Table 3). Instead of applying the binding and kinetic model with
various assumptions on the binding-and distribution process between canakinumab and
IL-1B, we applied-a standard two-compartment model using NONMEM to characterize
the pharmacokinetic proﬁle of canakinumab. The results were shown in Table 6. In
addition, phannacokmetw paraméters based:.on non—compartmental analysis (NCA) using
intensive PK observations from Study 12102 were also summarized. Al PK parameters
using different analyses were similar with the sponsor’s results.

Table S Snmmary of the Two Chmeal 'I‘rials

Stu_g{ N. PK Gbservatlons | Sublects * 1l Route of Admlmstratlen
2162 1075 34 im
2304 291 35 iv. infusion

Note: * Total subject number = 60, with 9 subjects participated both trials
"Fable 6 Summary of the Major Pharmacekinetic Parameters using Different

Vlethods
Pharmacokinetic Parameters

= T F
Analysis Method _(LBbay) (L} (%) Dataset
Binding and Kingtic o Combmed data from 6 studies i ln  CAPS
_Model (NONMEM)® 0174 6:01 70 andrion-CAPS patients ®
Z-Campartment Model ) ‘ Combired data fremSt 12102
(NQNMEM) , . .. Study 2304 (CAPS patient}.

015 414 72
Non—comgartmenta} -
Ana_kE:s Sti_dy 12102 2.0nly (CAPS g_glent) ,
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Ceometric Mean , 0.21 67 664
Note:

#1: The sponsor performed binding and kinetic model. The major PK parameters were
included in the label.

#2: Disease was used as a covariate in'the model. Therefore the PK parameters were
specifically related to CAPS patients.

#3: Please refer to Dr. Nallani Srikanth’s review for detail.

Additional analyses were preformed to identify whether body weight based dose
adjustment was necessary. According to the sponser’s analysis, body weightisa
significant covariate for clearance. The body weight and clearance rélationship in CAPS
patient (Study 2102 and Study 2304) based on the sponsor’s model was shows in

Figure 11 A, A similar trend can be seen from NEA analysis using data in Study 12102 (
Figure 11 B). Because larger clearance is associated with higher body weight, body
weight based dose adjustment is necessary to maintain similar canakinumab exposure for
patients with different body weights.

Figure 11 Body Weight and Clearance Relationship
Based on the Sponser’s Model (A) and the Reviewer’s NEA analysis (B)
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Note: NCA analysis was conducted baséd on observations from Study 2162,

The sponser proposed 150 mg dose for patients with body weight greater than 40 kg and
2 mg/kg dose for patients with body weight > 15 kg and < 40 kg. We performed
simulation to assess th¢ exposure levels for patients with different body weight. The
simulation included all subjects enrolled in Study 2102 and Study 2304. Following the
proposed dosing: regtmen the exposure distributions.were shown in Figure 12. The
median exposuré ifi patieits with low body weight (body weight not greater than 40 kg)
was about 37% lower than that obtained from high body weight (body wexght greater
than 40'kg) patients.

In addition, the exposure-response analysis was performed graphically based on the
clinical observations from the pivotal study (Study 2304). Exposure is defined as AUC
within a dese interval. Response is the incidence of flare by the end of pait If in the
treatment group, As shown in Figure 13, the exposure-responsé relationship is flat. A
30% reduction in exposure did not yield meaningfil change in the probability of flare.
However, only 1 patient received 2 mg/kg dose.

BLA 125319 _ Page 17022
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Figure 12 Canakinumab Expoesure Distributions
Following the Sponsor Propoesed Desing Regimen
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can be increased to 3 mg/kg for these patients: to match the exposuee observed in high
body weight patients receiving 150 ing (Figure 3):.

Table 9 Efficacy Outcomes for Pediatric Patients Receiving 2 mg/kg Dose

Patient, Condition

Age st Dosage Response/Relapse
Trial
2 mg/kg s.c. scheduled dose, (rescue dose), weight <40 kg
0002-05123: (MWS) 4yr  A2102 2mg/kgs.c. (x10)  resporider, 1% relapse at 10 days,
' ' : 8 mg/kgiv.. (x3) then:time:to relapse approx 30-days
0504-00001 (FCAS) 3yr  D2308- 2mg/kgs.e. responder at cut-off
0022-05127 (MWS) gyr A2102 2Zmg/kg s.c. (x4) responder, 1* relapse at 70 days,
time:to relapse approx 70 days
0002-05118 (MWS) 6yr A2102 2mg/kg s.c. (X7) responder, 1* relapse at 72 days,
: ther' approx 38 days post dose
0002-05108 (MWS) Tyr  A2102 2 mglks.c. (x10) responder, 1* relapse at 3 days,
125mg iv {(x10) then partial/no response to 2 ing/kg
respensa to high dose, relapse at 7
relapse approx-34 days after high ¢
0501-00003 (MWS/NOMID) 8yr D2306 2mglkgs.c. responder-at cut-off
0002-00001 (MWS) 9yr D2304 2mg/ikgs:c. (x3) responder, no relapses,
' ' D/C on Pay for SAE (UTY)
0002-05113. (MWS) 13yr A2102 2mg/kgsc. (8)  responder, 1% relapse at Day 63,
then-approx:59 days post-dose.
BLA 125319 Page 20 of 22
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Figure 14 Biomarkers in the Treatment Group and the Observation from
Subjeet CATZS85D2304_0002_00001
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Note: blue line = Treatmient Group (Mean + SE)
Red line = Placebo Group (Mean * SE)
Green line = Observation from Subject CACZ885D2304_0002_00001.
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Figure 15 Cumulative Probability of Time-to-Relapse by Dose Group
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Table: 10 Median Time-to-Relapse Stratified by Different Dose Regimen

Number of unique
subjects who 4 Median 95%
received dose Number of Time-to-Relapse  Confidence
Dose regimen regimen periods {days) Interval
10 mgkg i.v. 4 4 158.2 102:5-209.8
1 mgikgi.v. 4 4 728 48.0- 97.7
150mg:s.c. 29 96 115.2 94.1-136.4
4
4

150 Mg s.c. + rescue iv. 5 174.5 90.5- 258.5
2 mg/kg s.c. 22 48,8 29.3- 879
2-mg/kyg s.c. + rescusi.v. 2 11 51.7 27.0- 76.5
Results from statistical analysis: of time-to-relapse. Source: Post-text table 14.2-1.1.

5 LISTING OF ANALYSES CODES AND OUTPUT FILES

FileName | Description T Tocation in \wedsnas\pharmacometrics.

Soips | SplsSenptfle | Nedsnaspharmacometrics\Canakinumab |
NM | NONMEM Code:
Results Results
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4.2.2 Genomics Review
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L BACKGROUND

Canakinumab is an anti-IL-1f antibody (IgG1/k). The applicant is-seeking approval of
canakifumab for the treatiiient of Cryopyrin- Associated Periodic Syndrome (CAPS).
CAPS encompasses several rare, sometimes overlapping, autosomal dominant, periodic
fever disorders: Familial Cold Autoinflammatory syndrome (FEAS), Muckle-Wells
syndrome (MWS), and Neonatal Onset Multisystem Inflammatory Disease (NOMID).
CAPS is-generally attributed to heterozygous gain-of-function mutations in the gene
encoding cryopyrin, NLRP3, which resulis in constitutive HL.-1f production.

From a genorics standpoint, the sponser’s proposed labeling includes comment on
CAPS genietics and canakiriumab’s effect on IL-1B pathway geéne expression.

2. BLA CONTENT RELATED TO GENOMICS

The sponsor conducted 3 studies to support the efficacy of canakinumab in CAPS:
ACZ885A2102, ACZ885D2304, and ACZ385D2306. A molecular diagnosis (i.e.,
presence of NLRP3 mutatioiis) was requited for entry into A2102 aiid D2304. Also, in
both of these studies, the sponsor collected RNA on a vohuntary basis from consenting
patients at baseline and at various time points following treaiment with canakinumab to
assess changes in gene expression (genome+wide and candidate gene studies). D2306

~ represents an extension study of D2304 and A2102, but alse recruited new patients
without regard to mutational status; exploratory pharmacagenetic aims weére not
described in this study report: ‘

3. KEY QUESTIONS AND SUMMARY OF GENOMICS FIN})ING;S'

The following key questions were addressed in this review in the context of the sponsor’s
proposed labeling regarding the effects of canakinumab on IL-1f pathway gene
expression.

3.1 What are the genetic characteristics of CAPS?

Cryopyrinopathies generally. result from rare inherited or de nove mutations in the gene
encading cryopytin, NLRP3 (previously referred to as the Cold:Iiiduced Auto-
inflammiatory Syndrome 1 gene, or CIASI). Cryopyrin (NLRP3, also referred to as
NALP3 or PYPAF-1) is an inflammasome constituet that is integral to innate immunity
(e.g.-cellular responses torpathogenic and other threatening signals). Activation of
NLRP3 by cellular threats results in recruitment. of” procaspase 1, which is then converted
to caspase 1. Caspase 1; in-turn, converts IL-1p precursors to their active form.(Neven
18665151, Ting 15771576, Inohara 15952891)



‘NLRP 3 mutations lead to inflammasome acttvauon, resulting in constitutive expression
of IL-1P and chronic systemic autoinflammation.(Agostini) NLRP3 mutations are
detéctable in approximately75% of FEAS and MWS' patients, butless than 50% of
NOMID: ‘patienits. Apprommately 60 rmutations in NLRP3 have been described, almost.
all of whiich afe missense mutations residing in fimetional dotiaiis of the protein. The
different mutations may- correspond to differerit fevels of discase sevetity, as showninthe
table below. (Aksentijevich 12483741, Feldmann 120329153, Neven 14630794, Aro’stegui
15593220, Goldbach-Mansky 16899778 Aksentgevrch 17393462 Dode 11992256,
Aganma 12 353493, Hoffinan 1 1687797) Forinstanee, the D303N mmtation is more
comonly seen in patients with the miost Severe diseéase group, NOMID, whereas L353P
is.seldomi seenin MWS or NOMID. Conversely, the VI98M nmtation has been
identified in healthy individuals, and as such, the clinigal significance of this rutation
has been questioned. One réport deseribed an anakinra resistant periodic fever patient
with V198M.(Aksentijevich 124837 41) Furthermore, among patients with the clinteal
‘picture of CAPS who are mistation riegative, genetic mosaicism. ias been des¢ribed.
Thus, a portton of patients may actually carry mutations: that go- undetacted by
conventional sequencing techmigues: Mutation-negative patients respond to-anti-IL-1p
therapy. (Aksentijevich 17393462, Saito 18063752, Saito-16255047, Aksentijevich

1 6871 551)

“9\
By

\

b(4)

Source: Aksentijevieh, et al. Arthrsss rneum 2007 (124837 41)

Comment

« Al of the patients in the: spefisor’s: studies-A2102 and D2304 had-a molecular-
diagnosis of CAPS, i.e;, NERP3 mutation -positive; ds a requirement for entry. This:
does not represent the: distribution of' utations in the to-be-ireated population.

* D2306is an ongoing supportive study enrolling patients without regard to niitational
status; onky2 of the 57 enrolled patients were ‘riégative for mtations in VLRP 3.




® The mutations may be of varying penetrance, and other genetic/environmental factors
may contribute to disease activity.

3.2  What is the impact of canakinumab on ¥L-1 pﬁthway gene expression?

321 _StudvA2102

Objectives

Primary: ¢fficacy (complete response [physician global assessment, skm disease,
CRP/SAA])

Secondary: safety, tolerability, immunegenicity, PK, PD (i.+18, IL-1a, 1L-1 Ra, IL-6,
L8, TL-10, IL-12P40, IL-12P70, IL-15, IL-17, IL-18, MCP-1, TIME, MMP1, MMP2,
MMP3; MMP9, RANTES, eotaxin, ferritin, GMCSF, TNF:B, TNFR2, and VEGF), PK/
PD, modification of disease progression (deafness, kxdney function, neurologlcal and
ophthalmelogical symptoms), and health-related quality of life.

Exploratory: changes in gene expression patterns (blood, PAXgene; genome-wide
microarray) following canakinumab treatment

Design and methods

A2102 was an open label, uncontrolled, phase II study of canakinumab in CAPS patients
with a molecular diagnosis (included FCAS, MWS, and NOMID) to evaluate efficacy
{(complete response [CR]), defined by a combined assessment of physictan global
assessmert of disease activity (9 items, 5-point scale of absent.to severe) and skin
disease, and seram CRP/SAA concentrations. Paticnts were tréated first with first a
single admiinistration of 10 mg/kg IV. The 2nd dose'wasa single dose ngen following
relapse at a dose of 1 mg/kg IV. For subsequent relapses; 150 mg SC was given as
needed (children were give 2 mg/kg SC). Rescue with 5-10 mg/kg IV was permitted.

Enrollment in the gene expression study required separate volunitary informed consent if
the patient agreed to participate. It was required as part of this protocol that the
Investigator presented this option to the patient. Pharmacogenomic samples were to-be
cotlectedat vmts 5-11 (dayl 3 samples at 0 4 and 6 heuvs} 2, 3 8, 13 22 29)

but the analysxs methode}ogy, platform oF target genes werg otherwxse 1ot descnbed

Results

Consent/RNA was obtained from 29 of 34 patients in study A2102. Ofthose, gene
expressiori profilés were completed for only 7 subjects. Raw data were not included in
the submissien and the data/results tables were not provided for study A2102. Genome-
wide expression (Aﬁ'ymetnx) was conducted for the first 3 patients treated with IV
canakiviriab. Ini the sponser’s protocel amendment narrative; 1L-1B pathway related -
genes, such:as IL.-1R1; NALP3, and MyD88 changed significantly 1 week following
canakinumab administration (direction unknewn).



A2102 comments
o The fmdmgs from this analysis Were'not presented as a. complebe report; data'were
incomplete and not available for analysis to verify the sponsor’s conclusions.

3.2.2. Study

Objective

Primary: efficacy (disease flare in Part Tf [physician’s global assessment; skin disease,
CRP/SAA])

scondaty: safety, tolerability, immunegenicity of canaknmmab overall efficacy
(response rate) of ¢anakinumab m Part I'and Part IIT, PK, PD> (IL-IB} disease progression
(deafness, kidney function, rieurslogical and ophthalmolegical symiptoms)

Exploratory: changes in gene expression pattems (blood, PAXgene; IL-1R1, IL-1R2, IL-
1RN, TLR2, TLR4, TNFa) and soluble serum protein biomarkers (MMP-1, MMP—3 IL-
6, IL-1RA and IL-1 8) following canakinumab treatment

Design-and methods
D2304 was a 3 part study with a double-blind, placebo-controlled, randomized
withdrawal smdy as shown in the following table:

D2304 Efficacy / safety in MWS

(part I: uncontrolled) 35 part | (single dose, 8 wks) complete response
150 mg s.c. q8wk (>40kg), 2 mg/kg s.¢ (15-

(part It ptacebo- 31 40kg) primary endpoint:

controfled, double-biind, part i (muitiple doses, up to 24 wks) propoition with flare

withdrawal) 150 mg s.c. qBwk (>40kg), 2 mg/kg s.c (15-

31 complete response

i phcebo(l)alt Il only)
(part lil: uncontrolled)  (cut off) part 1 (18 wk if finished part I, or longar)

150 mg s.c. q8wk (>40kg), 2 mg/kg s.c. (15-
40ka).
Source: D2304 study report

RNA samples were collected at the follewmg time points: part I — baseline, days 1,8, 29,
57, part 1l — days 85, 113, 141, 169, 157, 225; part TH — day 253, 281, 309, 337.

The following genes were analyzed using quantitative RT-PCR. on a TagMan low-density

microarray (RPS4Y1 and XIST ar¢ gendoer controls):
Table 2-1 Tagman Low Density Array Assays

Act-r1 Actin, gamma 1

GAPDH Glyceraldehyde 3 phosphate dehydrogenase .
GUSB Gictironidase beta

IL1a Intesteukin 1, alpha

ILIR1 Intereukin 1'receptor, type 1

LIR2 Interteukin 1 receptor, type 2

IL1IRN Interteukin-1 receptor antagonist

n1-g Interteukin 1 beta

RPSAY1 Ribosomal piotein S4, Y linked: 1

TINF2 TERF1 (TRF1)-interacting nuclear factor 2
TLR2 Tol-ike receplor-2

TLR4 Tol-fke receplor 4

TNFa Tumor necrosis factos, alpha

XST X(mxmywc transmpl

iy report



Statistical analysis was performed on.the average of ActG 1, GAPDH, TINF2, and GUSB
normalized Ct values of triplicate reactions-by analysis of variancs (ANOVA) followed
by a Dunnett’s post test correction. Values were congidered significantly differentif the
p-value was < 0.05. In Parts I and III a Mann-Whitney u-test was:used to compare the
mean valies between the placebo arid treated groups at the staft. of Part I, stast.of Part I1I
and end of Part 1. '

Sponsor’s.Resulls . '

Consent/RNA sariiple aScertainment was almost complete at baseline in the open-label
phase (28 of 31 patients). Data were available for 23 of the 27 adult patients at the
beginning of the randomized treatment period. 24 patients provided samples at the
beginning of the second open-label phase. RNA. samples were obtained from: at least 20
of the 27 patients.at each time point (exeept.visit 9).

Summary data/results tables from a low density array of 9 target genes were presented in
summiary form. IL-1B; IL-1R1, IL-1R2, IL-1RN, TLRZ, and TLR4 gene expression
decreased by approximately 1.5-fold by the end of part I, with changes evident as early as
the first visit on day 8; asshown in the following figure and table. IL-ta was not
detectable.

Flguie 4-2 Part 1 summary of RT-PCR rasuits

-=~|L18
—=IL1RY
—ILIR2
—|L1RN
o-TLR4
-»TNF:a

iolq change

Pre-dose
Day 8+

Day 29
Day 571

Data shown Is:the average foid change (from day- 1 pre-dose) In expression.of at of the, target genes
in the patients-in study Part . The day 1 saiple was chosen as the baséjing comparator sample for
the treatment samples due to.the Tack of screening. samples for ail patients.

Table 4-1 Summary Table of Day-1 to day 3 Expression Changes

Avg Avg .

nommalized Gt Nomalized Gt Avg.Foid Min. Foid Max Foid
Gene at Day1 Qbays Decrease Decrease Decrease

L1 22,99 - 23.60 1.59 - 0.66 465
ILIRY 2533 2577 142 064 265
ILIR2 2444 24.86 1.46 068 4.00
ILRN 2347 23.57 1.29 0.50 2.76
TER2 2207 2255 1.44 0.90. 255
R4 2268 23.15 1.49 0.46 411
INF-a 26.72 26.51 0.84 0.44 1.33
" Data shown is the avesage normalized Gt vake across at patient.samples evaiuated. The average

normalized.Ct change from pre-dose, sfudy.day 1, to study day a‘was,dbnvevtegl to a-fold decrease
value-to demonsirate the maginftude. of decrease in expression of the genes with ACZ885 treatment.

Source: D2304:siudy report



The gene expression-profiles diverged toward the end of part IT, based on the reported
dCt, with placebo patients retuming to an expression level. that approximated baseling.
Initiation of canakinumiabi in Part 11 again produced a similar changerin the:expression
profileasPast]. The fesults for IL-1B rediictions in gene expression are depictediri the
following figures; the resulls for other genes outlined above were similar, except for
TNFe, which-showed no. significant change or increased. "The.gene. expression.profiles
for IL-1B-and thie other genes appeared to retiirn to basaline aver tific 4s inferred from
the lack of significance from the beginning of Part 11 onward,

Figure 4-1 I.1-beta: Part land Il

o ' '

1l _‘;iiigi}E

IRRERR

Data shown is nofmalized CL. The higher the Ct the lower-the expression of the target-gene in the-

sampté. An increase of-1 Clrépresenis a 2 folg decrease In transcript levels, The.day 57 time point
was the last time point in part I of the study and day 85 was:the first ime point where samples wera
avallabié in Part i of the' study. o ,

~ indicates a stafistically significant difference:(p<0.05) in the average vaiue al the time point compared
tothe day 1, pre-dose value. The arvow indicates dosing with-ACZ885. Treat indicates the ACZ885
freated group. '

Figure 49 - IL1-beta: Summary Across Parts I, 1 and 1§
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Reviewer's Results o
Thie sponsor’yanialyses were confiniied. Fold-change was calculated-using the 2747
method (Livak 11846609). Mean (SD) chiinges inthe expréssioi/of each géne overithe
‘couirse of pat L'are:shown in the follewing figure. For parL I, using a paired t-test,



significant changes were noted at each time point for IL1B, IL1R1, ILIR2, ILIRN,
TLR2, TLRY, as well as TNF. These findings were confirmed using repeated-measures
ANOVA with Iast observation carried forward. Wilcoxon two-sample test for the
difference at the end of part II did not reveal any significant difference between
canakinumab and placebo, and no significant within-treatmient changes were noted for
any of the genes.
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D2304 comments

* Gene expression changes were modest (<2-fold), and while biologically plausible, the
relevanceto the overall pharmacological and clinical effect cannot be robustly
concluded.

3.3 Do NLRP3 mutations or gene expression differences predict canakinumab
treatmient response?

Response rates .

In study A2102 (n=34), 4/4 patients receiving the initial IV dose responded and 28/29
patients achicved a CR after the first 150 mg SC dose; 24 patients achieved a €R after
every subsequent 150 mg SC dose, with only 4 adult patients requiting IV rescue therapy
(5117, 5118, 5120, 5133). One adult required regular rescue doses (5 133). Inthe
pediatric 2 mg/kg SC group,:all patients responded, although patient 5108 needed regular
res¢ue treatmerit after each injection; and patient 5123 needed a rescue IV treatment three
times during the study. The median duration of rasponse following 136 mg S€ dosing
was 90.5 days (range: 22 to 215 days). At the 2 mg/kg dose, the median duration of



reSponseé was 66.5 days (range: 10-to 72'days). Themedian time to relapse was estimated
tobe. lenger in FCAS. patients (189. 2 days) and shorter in MWS/NOMID patients (95.3-
days)-as compmd to MWS patients (120:3 days):

NIRP3: mutetional stetus and rescue. therapy requirements

The'most frequenit mutations in MWS patients were R260W (33.3%), E311K (29.6%),
and T348M (22.2%). As per the sponsor; the frequency of mutations seemed to havea
coirelation with the geographical location of the site, which is possibly related to the

enrollment of members of the same: famtly
CJ\CZSBSAZlOZ
Table. 14.1-3.2 (Page 1 of 1),
‘Summary of molecular diagnosis of NALP3 murarion
Safety Analysis Sec

Adult. Padiatric

subjects subjects Total
=27 N =34,
u (%) 6 (%), a (3)
Clinical picture A . - . .
WS 22 (91.48%) 5 {71.43%) 27 (79.41%)
FCAS. Z (7.91%) 0 2 {5.88%)
NCMID. 1. (3.70%) ] 1 (2.94%)
MUS/NOMID 2 (7.41%) 2 (28.57%) 4 (11.76%)
Genotype .
WS E311X 6 (27.273%) 2 {40.00%}) 3 {29.63%)
R260K 2 (9.09%) 2 (7.41%)
R266H 9 (40, 91%) 9 (33.33%)
T348H 5 (22.73%) 1 {20.00%) 6 {22.22%)
v1i9sH 2 {40.00%) 2 (7.41%)
FCAS 439V 2 (100.0%) 2 (100.0%)
NOMID A4392 1. {100.0%) 1 (100.0%)
MAS/ANOMID  GS69R 1 (50.00%) 1 {50.00%) 2 {50.00%)
T348M4 1 {50.00%) 1 ({50.00%) 2 {50.00%)

Two of the patiesits requiring rescue’ therapy had codon 439'mutations. (5118, A439P;
5120, A439V) The genotypes. forthe other patients requiring reseue were as foltows:
5117, E311K; 5133, R260W. Both children: requiring regular TV rescue therapy (5108
and 5123) had the Vi9sM: mutation.

RNA profile and rescue. therapy requiirements
Data were not available.

Commient

. Two of the thiree patients that rcqmrcd multiple doses had the V198M mutation,
which is consistent with.a previous: case repoit. (Aksmtgevnch 12483741), although
reiapse occurred in patients with other mutations.

o Gene: expression dita were not-available for the adult: patients: experiencing flares.
RNA: was not collected for the pediatric. non-responder patients, preventing: analysns
of response predictors.



" Response rates

In study D2304 (n=33), open-label phase (Part T) 4 patients discontinued due to lack of
efficacy (0010-0002; 0010-0003, 0501-0003); only 1 of the 33 patients relapsed (0501-
0003; 97.1% CR rate). In the randomized withdrawal phase (Part IT), 15 patients
received canakinumab and none had a flare, while 13 of the 16 patients that received,
placebo experienced 4 disgase-flare. In the last open-label phase (Part IIf), only 1 of the
31 patients relapsed (0008-0006).

Mutational status and disease flare

The distribution of NLRP3 mutations was as follows: R260W, 50%; T348M, 21%;
A439V, 3%; D303N, 12%; M662T, 3%; T4361, 3%; E311K, 6%; T436N, 3%. The
mutational statuses for relapsing patients were as follows: 0010-0002, T3:48M; 0010-
0003, T348M;, 0501-0003, T4361; 0502-0003, D303N; 0008-0006; T436N. Both patients
with codon 436 mutations expeneneed aflare. No patients had the V198M mutation
which was present in two patients in study A2162.

RNA profile and disease flare
No significant differences were noted between relapsing/discontinuing patients in phase I
as compared to responders based on the reviewer’s analysis.

Comment

® No patients had the V198M mutation; patients with other mutations relapsed in
D2304. On a descriptive level, no obvious trend for lack of efficacy appears to be
associated with mutational status.

¢ The nonresponse rate was too low to-permit meaningful statistical analysis of gene
expression.

4. COMMENTS

The efficacy of canakinumab in patients without a molecular diagnosis of NLRP3
mutations, representing-approximately 25% and 50% of MWS and NOMID patients,
respectively, has not been evaluated.

The gene expression study should be regarded as descriptive and exploratory forthe
purpose of understanding the drug’s pharmacodynamies.

Canakinumab decreased expression of IL-1 pathway-related genes modestly, while
TNFa expression tended to increase: ' e

CAPS is genetically heterogencous. The available data do not suggest that NLRP3
mutation status affects treatment response. Gene expression as a response predictor was
not evaluable.

10

b(4)



s RECOMMENDATIONS

The sponsor’s proposed labeling concerning the genetic.etiology of CAPS and the
pharmacodynamics of canakinumab as related to IL-1B pathway gene expression is
acceptable provided that the sponsor and the: Agency come to an agreement regarding the
labeling language.

sample preparanon and molecular methodologles for ﬁmxre submnssmns
¢ Pharmacogenomic Data Submissions
http://www.fda.gov/Cder/guidance/6400fnl.pdf
o Pharmacogenomtic Data Submissions-€ompanion Guidance
http://www.fda.gov/cder/guidance/7735dft. pdf

s LABEL RECOMMENDATIONS.

12.1 Mechanism of Action

CAPS refer to rare genetic syndromes generally caused by mutations in the NLRP-3

[Nucleotide-binding demain, leucine rich family (NLR), pyrin domain containing 3] gene

(also known as Cold-Induced Auto-inflammatory. Syndtrome-1 [CIAS1]). CAPS: b(4)

disorders are”
4ntherited in an autesomal deminant pattern with male and female offspring

equally affected. Features common to all disorders include -

fever, urticaria-like rash, arthralgia, myalgia, fatigue, and conjunctivitis, ——

AN

— the NLRP-3.gene
which encedss the protein ¢fyopyrin, an important component of the inflammasonie.
Cryopyrin regulates the protease caspase-1 and controls the activation of interleukin-1
beta (IL-1B). Mutations in NLRP-3 result in an overactive inflammasome resulting in
excessive release of activated IL-1f that drives inflammation,

—

b(4)

Canakiriumab is a —, .auman monoclonal anti-human interleukin-1beta (IL-1B) h(4)
antibedy of the IgG1/ « isetype. Canakinumab binds —_
human IL-1B and neutralizes its activity by blocking its interaction with IL<1 receptors.;
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4.2.3 Synopsis of Study A1101

Title of StudyA1101: A randomized, double-blind, placebo-controlied, single ascending dose study to
demonstrate the safety, tolerability, pharmacokinetics and pharmacodynamics of ACZ885 administered as
intravenous infusion and subcutaneous injection in Japanese healthy volunteers

Objectives:

Primary objective:

* To evaluate the safety and tolerability of ACZ885 administered as intravenous infusion and subcutaneous
injection to Japanese healthy volunteers

Secondary objective: : ,

» To evaluate the pharmacokinetics (PK) and the pharmacodynamics {PD) of ACZ885 administered as
intravenous infusion and subcutaneous injection to Japanese healthy volunteers

Methodology .

This study employed a randomized, double-blind, placebo-controlled, 6-cohort, single ascending dose design.
A total of 48 Japanese healthy male subjects were enrolled in the study. Eight subjects participated in each of
6 cohorts. In each cohort, 8 subjects were randomly assigned to the active drug (6 subjects) or placebo (2
subjects). .

Each subject participated in a screening period (Days =28 to -2), a baseline period to evaluate tha criteria
(Day -1), @ 16-week treatment period and a study completion period (Day 113). Forty-eight subjects were
randomized into six cohorts. ACZ885 or placebo was administered as an intravenous (i.v.) infusion over
approximately 120 minutes at the dosage of 1, 3 mg/kg and 600 mg/body in Cohorts 1, 2, and 3, respectively.
in Cohart 4 and 5, the study drug was administered as a subcutaneous (s.c.) injection at the dosage of 150
and 300 mg, respectively. In Cohort 6, the study drug was administered as a 600 mg i.v. loading dose plus a
300 mg s.c. injection as the total dose of 900 mg. Each subject was domiciled on Days -1 to 8 during which
the blood samples were collected for PK (serum ACZ885 concentrations), PD assessments (serum total and
free IL-1B, I-1 Receptor antagonist (IL-1Ra), IL-6 and TNF-a) and the safety assessments. Follewing the
discharge from study center (Day 8), each subject came to the study site for the follow-up evaluations every 1
- 2 weeks. The term from screening to last visit was approximately 20 weeks.

¥': dosing

safety evaluation for cohort-up
SCR : screening

BL : baseline

Number of subjects (planned and analyzed):

A total of 48 subjects were planned to be randomized as 6 subjects for ACZ885 administration and 2 subjects
for placebo administration in each of 6 cohorts. A total of 170 subjects were screened in this study. Forty-eight
eligible subjects were randomized and took the study drug. All 48 subjects completed the study.

Bioanalytics: o

For PK evaluation, serum ACZ885 concentrations were measured by an ELISA method.

For PD evaluation, serum cytokines (total IL-18, ffea It-18, IL-1Ra, IL-6 and TNF-a) concentrations wers
measured by an ELISA method.

For immunogenicity evaluation, serum anti-ACZ885 antibody titers were measured bya ~—— method.
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Statistical methods:

Pharmacokinetic evaluation:

All subjects with evaluable PK measurements were to be included in the pharmacokinetic data analysis.
Pharmacokinetic parameters (AUCO-tlast, AUCO-inf, Az, Cmax, tmax, t1/2 (HL), CL, CL/F, Vss, V2/F)
were to be determined using non-compartmental methods. ACZ885 concentrations and PK parameters were
summarized using plots and descriptive statistics. Dose proportionality of AUCO-tlast, AUCO-inf and Crmax
were assessed graphically.

Pharmacodynamic evaluation:

All subjects with evaluable PD measurements were to be included in the data analysis. Cytoklnes
concentrations were summarized using plots and descriptive statistics.

PK-PD evaluation:

ACZ885 and cytokines individual concentrations were to be only presented together in plot.

Bioanalytical results:

Pharmacokinetics

» The PK characteristic properties of ACZ885 were in line with expectation and typical of human

IgG-type immunoglobulin.

 Peak serum ACZ885 concentration was achieved shortly after end of the i.v. administration, while the
concentration increased smoothly and the peak concentration was reached at 5 days after the s.c.
administration.

* When the 600 mg i.v. administration was followed by the 300 mg s.c. administration, the peak serum
concentration was achieved as shortly after end of the administration as the case with the i.v. administration.
The Cmax in both 600 mg i.v. followed by 300 mg s.c. administration was almost the same as that in only 600
mg i.v. administration, whereas the AUC was 1.3-fold larger.

» Cmax and AUC increased in a weight-normalized dose- proportlonal manner within the whoIe range of i.v.
administration.

» Serum ACZ885 concentration decreased following the peak concentratlon was achieved and the mean t1/2
was 22.6 to 27.4 days in each administration route.

» The mean apparent distribution volume at steady state following i.v. administration was 5.44 to 5.77 liter,
suggesting that the ACZ885 did not distribute beyond the serum and interstitial space.

» The absolute bioavailability in the s.c. administration was 0.7, which is comparable with the expectation from
the nonclinical findings (marmoset data).

Pharmacodynamics

» Serum concentration values for total IL-1B in almost all samples from placebo treatment groups were below
the LOD throughout the study period. Similarly, concentration values at pre-dose time point for all subjects
were below the LOD.

« Total IL-18 increased after administration of ACZ885. ‘

» The total IL-1B concentration immediately after ACZ885 i.v. treatment increased at the similar speed among
different doses and more rapidly compared with s.c. treatment. The total IL-13 concentration after ACZ885 i.v.
followed by s.c. treatment increased in a similar manner with only i.v. treatment groups.

* The duration of the increased total IL-13 after ACZ3835 treatment was longer with higher dose of ACZ885 in
L.v. treatment groups.

* After the peak, the total IL-18 ¢oncentrations dacreased gradually, and the concentrations at the last time
point (112 days after the administration) did not return to the pre-dose in ACZ885 treatment groups.

* Serum concentration values for free IL-1@ in all samiples from all ACZ885 or placebo treatment groups were
below the LOD throughout the study period.

+ No significant change from baseline in IL-1Ra, IL-6 or TNF-a was shown after ACZ885 treatment.
Conclusion:

+ ACZ885 was safe and well tolerated in Japanese healthy volunteers with ACZ885 exposure up to 900 mg
administration by 600 mg i.v. plus 300 mg s.c. treatment.

* There was no immunogenicity throughout the study period in Japanese healthy volunteers.

* The PK characteristics were typical of human IgG molecules in Japanese healthy volunteers.

» The Cmax and AUC increased in a weight-normalized dose-proportional manner within the whole range of
i.v. administration.

* The mean {1/2 was 22.6 to 27.4 days in each admlmstration route.

* The absolute bioavailability in the s.c. administration was 0.7.

* Total IL-1@ increased after ACZ885 treatment, hawever, na free IL-1p was detected aven after ACZ885
treatment in Japanese healthy volunteers. These were indicative of sufficient capture of IL-1@ by ACZ885 in
serum.

+ ACZ885 did not significantly affect IL-1Ra, IL-6 or TNF-a in Japanese haalthy veluntedrs.
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4.2.4 Synopsis of Study A2101:

Title of StudyA2101: A randomized, double-blind, placebo-controlied, cohort dose escalation study of the
safety, tolerability, pharmacokinetics and pharmacodynamics of ACZ885 (anti-interleukin-1B moneclonal
antibody) in patients with active rheumatoid arthritis (RA) despite ongoing treatment with methotrexate (MTX)
15 mg or more weekly for at least 3 months. )

Objectives:

Primary objective

* To evaluate the safety and tolerability of A02885 administered as an intravenous infusion

Secondary objectives

* To assess the preliminary biologic activity/pharmacodynamics of ACZ885 using measurements to include
ACR20, Disease Activity Score (DAS); quantification of IL-18, IL.-6, and C-reactive protein (CRP), matrix
metalloproteinases (MMPs) 1 and 3, C-telopeptide of Type | collagen (serum CTX-1, Crosslaps) and
Ctelopeptide of Type |l collagen (urinary CTX-li, CartiLaps), at Week 7, as well as

week 4, versus baseline

» To evaluate the pharmacokinetics of intravenously infused ACZ885

* To develop initial data to assist in the selection of biologically active doses for subsequent phase Il studles of
ACZ885

* To examine the potential immunogenicity of ACZ885 in RA patients recelvmg concomitant methotrexate with
or without oral corticosteroids.

Design: This was a multi-center, double-blind, randomized, placebo-controlled, cohort dose escalation study,
with an expansion phase to explore safety and efficacy of intravenously administered ACZ885 in patients with
active rheumatoid arthritis despite ongoing treatment with methotrexate 15 mg or more weekly for at least 3
months prior to randomization.

There was a 14 day screening pericd (Day —19 to Day —5), a baseline evaluation to assure active arthritis (Day
-4 to Day -1), a single treatment period consisting of two dosing days, Day 1 infusion (with 4 post-dose visits)

- and Day 15 infusion, with an observation period of 14 weeks following this second dose administration {(with 10
visits including a completion visit in Week 17).
Each dose group in the dose escalating phase consisted of 6 patients receiving active ACZ885 and 2 receiving
a.placebo infusion (comparable to vehicle). As sites recruit patients, randomization across the centers and
aliocation of patient numbers were controlled centrally. Each patient’s participation was about 17 weeks from
first dosing until last visit. ACZ885 was administered as an i.v. infusion over approximately 120 minutes, on
two separate occasions: Day 1 and Day 15. The decision to proceed to the next dose level was based on a
review of safety and tolerability data available 5 to 7 days after the administration of the second dose of
ACZ885 to 6 out of 8 patients in the dose cohort. Evaluation criteria included absence of treatment-related
SAEs and investigation of patient dropouts.
The purpose of increasing the sample size in the expansion phase was to add power to explore the range of
antirheumatic activity of ACZ885. Patients in the expansion phase of the study received 10 mg/kg on Day 1
and Day 15.
Special safety assessments included the measurement of anti-ACZ885 antibodies in serum. The
pharmacokinetics of ACZ885 in serum was also investigated.
The pharmacodynamic effects of ACZ885 was assessed using
+ the ACR components [including joint counts, patient/investigator disease activity and pain assessment, acute
phase reactants (ESR and CRP) and a Health Assessment Questionnaire (HAQ)] forming the ACR20, ACR50
and ACR70 definitions
» joint assessments were done by blinded observers at baseline, Day 43 and Day 113
* joint assessments were done by the investigator at screening, baseline, Days 8, 15, 22, 29, 43, 57, 85 and
113.
« the Disease Activity Score (DAS28) derived from joint counts, ESR and pattent’s global assessment of
disease activity).
» changes in IL-18 {free and total), lL-1ra (receptor antagonist), |L-6, TNF-a, Rheumatoid Factor, C-reactive
protein (CRP), C-telopeptide of Type 1 collagen (CTX, Crossiaps) and C-telopeptide of Type 2 collagen (CTX-
Il, CartiLaps). These PD assessments were completed at several visits throughout the study as well as at
study completion (Day 113) (see PD assessment section below).

Number of subjects:
Fifty-three (53) patients were planned, entered and completed the trial, as follows:
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X y 2 Y -

Phase Treatment group Active Placebo

_Escalating Dosel @ 03mg/Kg n=8 6 2
Dose II 10mgKg n=8 6 2
Dose lii 30mg/Kg n=8 6 2
Dose IV 10.0mg/Kg n=8 8 2
Expansion DoselV - 10.0mg/Kg n=21 14 7

in total, 15 patients received placebo and 20 racsived the active maximum dose (10
mg/kg).

Investigational drug: .

+ ACZ885 50 mg lyophilisate or powder in vial (variant name: ACZ885 LYVI 50MG 22 GLW.001), batch # Y096
0503

« placebo to match (variant name: ACZ885 LYVI OMG 22 GLW.001), batch # Y003 0103

Four i.v. doses: 0.3 mg/kg, 1.0 mg/kg, 3.0 mg/kg and 10.0 mg/kg

Duration of treatment: Two doses (Day 1 and Day 15) with fallow-up evaluations until Week 17 (study
completion).

Criteria for evaluation:

Safety and tolerability evaluations: physical examination, ECG, vital signs, blood chemistry, hematology,
urinalysis and adverse events (including the question “how have treatments affected you?") were monitored
during the entire study until the end of study evaluation.

Anti-ACZ antibody was also measured.

Pharmacokinetic evaluations:

Blood samples were collected up to Day 112 postdose for determination of ACZ885 in serum by a validated
competitive ELISA assay. Standard noncompartmental pharmacokinetic parameters were derived.

* PK parameters: AUC(0-tz), AUC(0-+), Cmax, Tmax, t%, CL and Vz determlned from serum concentration-
time data.

Pharmacodynamic evaluations:

* ACR Components: Joint Counts / Patient/Investigator Global VAS Disease Activity / Pain Assessment = VAS/
| HAQ / acute phase reactants (ESR,CRP):

* ESR (Westergren)

= C-reactive protein (CRP) (using Dade-Behring assay or comparable high sensitivity assay)

These assessments form the components of the ACR20, ACR50 and ACR70 definitions for improvement of
rheumatoid arthritis.

» Disease activity score (DAS) (this was in addition derived from swollen joint count, tender joint count, ESR
and patient's assessment of disease activity).

» Blinded observer joint assessment

*» Free and total IL-1@3 quantification, IL-1 Receptor Antagonist (IL-1Ra), IL-6, TNF-a, Rheuniatoid Factor
(performed as part of blood chemistry), C-telopeptide of Type | collagen (CTX-l) (use Serum CrossLaps™
One-Step ELISA) and Ctelopeptide of Type il collagen (CTX-ll) (using urine CartiLaps™ ELISA). =~ -

The measurement of MMP1 and 3 was also planned, but, due to technical problems not feasible.
Pharmacogenetic evaluations:

A single 18 mL blood sample was collected in EDTA tubes at baseline from each patient who agrees, in
writing, to participate in pharmacogenetic evaluations. If the baseline timepoint was missed for any reason, the
blood sample was drawn at the next scheduled blood draw.

Statistical methods:

Statistical analyses were performed on the ACR20, ACR50 & ACR70 event rates. Separate statistical
analyses were performed on the response rate based on the blinded observer assessment at Week 7 (Day 43)
and the response rate based on the investigator assessment at Week 5 (Day 29), Week 7 (Day 43) and up to
Day 43.

Fisher's exact test was performed to compare treatment groups. The primary comparison was the comparison
between the 10mg/kg treatment group and placebo.

For the analysis of the DAS scores, a mixed model was fitted with treatment group and baseline DAS score
and, where applicable, time-point and its interaction with treatment and baseline, as fixed effects. The
difference between each active dose and placebo at each time-point (where applicable) was calculated. These
differences are presented with their associated 95% confidence interval. The primary comparison of interest is
the comparison between the 10mg/kg treatment

group and placebo at Week 7 (Day 43).
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Similar analyses were performed on the serum CRP, CTX-l and urine CTX-II Concentrations.

Sample size

The inclusion of 6 patients per dose group in each escalation step provided an 80% probability that at least
one patient would report an adverse event that has an incidence of 24%.

Twenty patients receiving the highest ACZ885 dose (6 patients in the last escalation step + 14 patients in the
expansion phase) and 15 patients receiving placebo (2 patients in each of the 4 escalation steps + 7 patients
in the expansion phase) provided at least 80% power to detect an odds ratio of 6 in ACR20 response rate
comparing ACZ885 to placebo, assuming a 5% significance level and a one-side test approach. Given a
placebo ACR20 response rate of 20%, an odds ratio of 6 would translate into an ACR20 response rate of 60%
for the ACZ885 treatment group. _

Results:

Pharmacokinetics:

Parameters are tabulated below Cmax and AUC’s rose in a dose proportional manner over the full range from
0.3 mg/kg to 10 mg/kg. The half-life tY%_is similar across dose levels and averaged 21.5 £ 4.9 days. The mean
volume of distribution Vz was dose-independent, yielding an average value of 6.27 + 1.54 L. This value
agrees with a distribution into the plasma volume plus additional distribution into the tissue interstitial fluid
space in human. The total systemic serum clearance Cl (0.21 % 0.07L/day) was also similar across dose
levels and was extremely low compared to the hepatic blood flow.

Table 1 Pharmacokinetic Parameters

Parameter i 0.3 mg/kg 1 mg/kg 3 mgRg 10 mg/kg

N 6 6 6 20
trax (daYS) 1408 13.63 14.12 14.16

(0.17-14.30) (0.09-14.18) (14.08-14.19) (13.17-21.12)
Crmax (ug/mt)*  88x1.5 322185 8192162 328.91x62.1

AUC(0-t;) 181 £ 32 751 £ 338 2014 2368 7594 % 1810
(day*ug/mL)

AUCq.» 179 £ 31 807 £ 417 2082 £400 7918 £ 2003
(day*pg/mt.)

Vz{L) 78942152 635%£087 6.16£130 587x1.57
Cl (L/day) 0.283 £ 0.064 0.203 £ 0.068 0.199 £ 0.043 0.200 £ 0.066
tin (day) 19.6£23 23.7x88 21.7x%30 212451
Pharmacodynamics:

* ACR criteria

Using the ACR definitions based on blinded observer joint assessments at baseline and Day 43, eleven (11)
out of 37 (one subject was excluded from the analysis) subjects treated with ACZ885 achieved an ACR20
response at Day 43. Ten (10) of these responders were in the 3 mg/kg and 10 mg/kg groups. One (1) out of 15
subjects on placebo was classified as an ACR20 responder in the placebo group.

The p-value for the comparison of the 10mg/kg and placebo was 0.085 indicating that there is some evidence
that the difference in response rates between these groups was unlikely to be due to chance. When patients
from the 3 mg/kg and 10 mg/kg cohorts were pooled, there was a significant difference (p=0.023) to placebo
for the outcome parameter ACR20. .

In total, four (4) subjects on ACZ885 showed an ACR50 and two (2) subjects showed an ACR70 response at
Day 43, while placebo did not induce these response rates. '

+DAS28 .

DAS scores decreased initially in all treatment groups except the 1mg/kg group. From Week 2 (Day 8) to
Week 7 (Day 43), the DAS scores remained fairly stable with a slight decrease in the 10mg/kg group. At Week
7 (Day 43), there was a reduction of 0.82 in the 10mg/kg compared with placebo. .
+CRP :

CRP levels decreased rapidly at Day 8 in the 0.3, 3 and 10 mg/kg cohorts. At Day 43, the reductions were
55%, 41%, 46% and 54% for the 0.3, 1, 3 and 10 mg/kg treatment groups compared with placebo. Due to the
small sample sizes in the 0.3, 1 and 3 mg/kg groups, only the reduction in the 10mg/kg group was statistically
significant.

* Serum cytokine levels

TNFalpha, IL-6 and IL1RA serum levels were in the range of healthy subjects and no obvious changes during
the study were observed. Therefore, no conclusions on the effect of ACZ885 on these cytokine levels in serum
could be drawn.

* Serum CTX-l levels
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CTX-l levels in subjects treated with ACZ885 or placebo were not different and were in the normal range of
1000 to 5500 pM. There were no changes up to Day 43.

* Urinary CTX-H levels ) . i

Urinary CTX-Il levels (measured only in the placebo and 10mg/kg groups) were in the normal range of 102 to
443 n/mmol (Creatinine corrected) during the entire study. There was a reduction in urine CTX-ll levels over ‘
placebo of 21% in the 10 mg/kg cohort at Day 43 but this reduction was not statistically significant (95% ClI : a
32% increase to a 56% reduction).

* IL-16 levels in serum, PKIPD madeling

Serum total IL-1B levals at baseline were below 1.2 pg/mi, in many subjects below the leval of detection (0.1
pg/mi). Free IL-18 was net detectable. Upon treatment with ACZ885, there was a dose-dependent increase of
total IL-1@ reaching maximal lavels of 100 pg/ml. Highest levels wera seen between Day 29 and 57 of the
study. A mathematical model was created encapsulating an understanding of the mode of action of ACZ885 in
binding and thereby reducing levels of free IL-18.

Pharmacogenetics:

An optional exploratory retrospective pharmacogenetic analysis was conducted to evaluate potential
association between genetic variation and clinical outcome. In total, one baseline sample from 28/38 ACZ885-
treated patients and 13/15 placebo-treated patients were analyzed for five known polymorphisms in the IL-1 B
and IL-1 receptor antagonist (IL-1RA) genes. Subjects carrying the CT genotype (approximately 1/3 of all -
patients) at the +3953 polymorphism of IL-1B shawed a trend to graater response to ACZ835 treatment,
relative to patients with the CC genotype, as assessed by ACR20 criteria.

Conclusions: .

ACZ885 was found to be safe and well tolerated at alf tested dose levels. No unexpected and clearly drug-
related adverse events were discovered. Infections were the most prominent adverse events, consistent with a
role of IL-1B as a cytokine involved in immune defenses. The saverity or duration of the infeclious episades
including the susceptibility to antibiotic treatment was found to be not altered as compared to what can be
expected in this patient population. There was no evidence of immunogenicity.

CRP levels were decreased even at lower doses of ACZ885. Serum cytokine ievels, serum CTX levels and
urinary CTX-!l levels were in the normal range. There was only a small reduction of urinary CTX-ll in the 10

mg/kg treatment group, while all other parameters did not show a treatment-related change up fo Day 43.
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4.2.5 Synopsis of Study A2102

Title of Study A2102: An open-label, phase 1 dose titration study of ACZ885 (human anti-IL-1B monoclonal
antibody) to assess the clinical efficacy, safety, pharmacokinetics and pharmacodynamics in patients with
NALP3 mutations.

Objectives: The primary objective was to determine the efficacy of canakinumab administered as

intravenous (i.v.) infusion and subcutaneous (s.c.) injection to improve the clinical status of patients

with NALP3 (CIAS1, PYPAF 1) mutations. Secondary objectives were to assess the safety, tolerability,
immunogenicity, pharmacokinetics (PK) and pharmacodynamics (PD) of canakinumab administered as i.v.
infusion and s.c. injection, to assess PK/ PD relationships in order to derive a dose and dosing regimen for
Phase lll, to assess the efficacy of canakinumab to modify disease progression with regards to deafness,
kidney function, neurological and ophthalmological symptoms, and to modify health-related quality of life.
Exploratory objectives were to conduct genomic studies to identify gene expression patterns of blood that are
‘associated with treatment response to canakinumab, or that possibly correlate with the severity or progression
of autoinflammatory diseases.

Methodology: This was a non-randomized, open-label, uncontrolled, single group Phase Il study, with a first
single centre stage and a second multinational, multicentre stage.

Number of patients (planned and analyzed): In the first stage of the study it was planned to enrol a total of 4 -

to 6 adult patients. Additional patients were to be enrolled in the second stage, for a total number of up to 50
patients enrolled in the study. Four patients completed the first stage of the study and continued in Stage 2.
Additional 30 patients were newly enrolled in Stage 2 of the study, for a total of 34 patients enrolled in the
study and analyzed. 31 patients completed the study, 3 discontinued.

Diagnosis and main criteria for inclusion: CAPS patients with a molecular diagnosis of NALP3

mutation and a clinical picture characteristic of Muckle-Wells Syndrome (MWS), Familial Cold
Autoinflammatory Syndrome (FCAS), or Neonatal Onset Multi-system Inflammatory Disease (NOMID)
overlapping MWS, aged 4 to 75 years, of either gender, with no active medical condition preventing
participation in the study. .

The trial included 2 adult FCAS patients, 27 MWS patients (5 of them in the pediatric age range), 2 adult and 2
pediatric patients with MWS/ NOMID overlap, and 1 aduit NOMID patient.

Test product, dose and mode of administration, batch number: Novartis supplied canakinumab in 6 mL
vials each containing 150 mg canakinumab as a lyophilized cake, to be reconstituted with water for injection to
obtain solutions for injection or for infusion. Batch nos.: Y043 0504 and Y006 0106.

Dosage Stage 1: first dose was a single administration of 10 mg/kg i.v., the 2nd dose was a single
administration of 1 mg/kg i.v. upon relapse. On second relapse, single administration of 150 mg s.c.

Dosage Stage 2: repeat single administration of 150 mg s.c. upon each relapse (in children from 4 to 16 years
an equivalent of 2 mg/kg s.c.). If needed: rescue dose of 5 or 10 mg/kg i.v.

Duration of treatment: Re-dosing upon each relapse, until roll-over to Phase Il studies

CACZ885D2304 or CACZ885D2306, or until study discontinuation.

Criteria for evaluation

Efficacy: The primary efficacy variable was the time from éach dose administration to relapse.

Response to treatment was collected through the Physician’s clinical assessment of disease activity, patient’s
assessment of symptoms, and inflammation markers (C-reactive protein [CRP], serum amyloid A [SAA)) in
serum. Secondary efficacy variables were ear nose throat examinations and audiologic assessments,
monitoring of creatinine clearance and proteinuria, magnetic resonance imaging (MR} of brain, neurological
assessments, and ophthalmological assessments. The health related quality of life was assessed using the
following Patient Reported Outcome (PRO) instruments:

Medical Outcome Short Form (36) Health Survey (SF-36©) (adults), Functional Assessment of Chronic liiness
Therapy — Fatigue (FACIT-F©) (adults), Health Assessment Questionnaire (HAQ®) (adults), and Child Health
Questionnaire — Child Self-Report Form (CHQ-CF87©) (for children aged 10 to 18 years).

Safety. Collection of adverse events (AEs) with particular focus on occurrence of infections. Regular
monitoring of clinical laboratory parameters (including screening for anti-nuclear antibodies and PPD skin test
reactivity), vital signs, body weight and height (only for children < 16 years), physical condition,
electrocardiogram. Local tolerability assessment of s.c. injections. Evaluation of immunogenicity potential of
canakinumab during the study by surface plasmon resonance spectroscopy using a validated -—— binding
assay.

Pharmacokinetics: Canakinumab concentrations in serum by competitive ELISA. PK parameters using non-
compartmental analysis and compartmental analysis using population (nonlinear mixed effect) PK-binding
model in NONMEM (Version VI Level 1.2). :
Pharmacodynamics: Total IL-18 in sarum by ELISA, soluble serum protein markers (FNF-q, IL-6,
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IL-1q, IL-1Ra, soluble IL-1R, and CTX-1) in serum by commercially available ELISA assays.
Pharmacogenomics: RNA using microarray technology and RT-PCR to examine the effect of canakinumab
on gene expression in peripheral blood cells will be reported separately. )

Statistical methods: Statistical analyses were performed to assess the time from last dose to relapse for
each of the different dose regimens and the impact of certain covariates on time-to-relapse. For each analysis,
a Weibull ‘gap-time’ frailty model was used. Demographic and baseline characteristics, PK and efficacy/ PD
variables, safety data were summarized by either age group or dose regimen using descriptive statistics.
Three interim analyses were performed during the course of the study.

Summary - Conclusions

Efficacy results: Canakinumab induced a fast and long lasting response in patients with CAPS.

Within 1 day from first s.c. dosing, the urticarial rash disappeared or dicreased to minimal in 94.1% of the
patients. Following the first s.c. administration of 150 mg canakinumab, 96.6% of the patients achieved a
complete clinical response within 2 to 9 days from dosing. In the 2 mg/kg treatment group, all pediatric patients
achieved a complete clinical response within 2 to 8 days from first dosing. However, 2 patients experienced a
rapid response loss and received rescue treatment, achieving then a complete response. Throughout the trial,
rescue treatment with i.v. canakinumab was administered in 4 adult patients and 2 pediatric patients. The
estimated median time to relapse is shown in the table below.

No. ofunique Median 95%

subjects who Number of Time-lo-Refapse Confidence
Dose regimen received dose regimen periods (days) intervat
10 mg/kg i.v. 4 4 156.2 102.5-209.8
1 mgkgi.v. 4 4 728 _ 480- 977
150 mg s.c. 29 96 115.2 94.1-1364
150 mg s.c. + rescuei.v. 4 5 1745 90.5-2585
2mg/kg s.c. 4 22 48.6 293- 679
2 mg/kg S.C. + rescue i.v. 2 1 51.7 270- 765

CRP and SAA as well as serum levels of IL-6 and IL-1Ra, returned to the normal range, while levels of IL-1R,
TNFa and s€TX did nat changa. An improvement was observed in all PROs.

Safety results: No patients died. Three serious AEs were reported: a chest infection in an adult patient,
vertigo in a child and pain due to progression of underlying fibromyalgia in a NOMID adult patient. There was
one discontinuation due to pregnancy. A total of 308 AEs were reported. For 28 AEs (in 13 patients) a
relationship with the study drug was suspected. The majority of AEs was mild to moderate in severity and was
transient in nature. The most frequent AEs were infections and infestations (upper respiratory tract infections
and nasopharyngitis), in the adult and pediatric population. In the other system organ classes the most
frequent AEs in the adult patients group were muscle spasms, headache, pharyngolaryngeal pain, dyspepsia,
nausea, and haematoma. In the pediatric patients group the most frequent AEs were rash, vomiting,
diarrhoea, sleep disorder, cough, pharyngolaryngeal pain, and acne. None of the patients showed a treatment
induced immune response to canakinumab. Canakinumab s.c. injections were well tolerated.

PKI/PD results: Non compartmental serum PK parameters of canakinumab after an initial s.c. dose of 150 mg
in adult patient are shown in the table below. A

Cmax tmax  AUClast - AUCO- F v CLIF VziF
[pg/mt] L] [Bgdmi] [ug'd/mL) (%) ]} fLd] L]
n 25 25 2 = 22 4 22 22 2
Mean 15.9 674 708 665 - 26.1 0.228 8.33
SD 3.52 189 206 222 7.31 0.0597 262
Median 16.2 6.98 634 656 69.7 256 0.229 7.97
Min 10.4 192 as7 405 373 131 0.125 438
Max 217 14.0 1124 1204 89.3 39.2 0.370 13.9
V% 22 28.0 29.1 335 28.0 262 314

Peak serum levels were reached by approximately 7 days. Maximum serum concentrations were on average
15.9-(2 3.52) yg/mL. Apparent half-life following the single s.c. dose administration was 26.1 {+7.31) days.
Moderate inter-subject variability with a coefficient of variation of approximately 22.2% and 29.1% was
observed in Cmax and AUC-= valuas. Correcting for bicavailability of ~87%, the PK of canakinumab was in
line with the expected PK characteristics of a human IgG molecule, i.e. low apparent clearance (average CL/F
was 0.228 + 0.0597 L/d) and a low apparent volume of distribution (Vz/F was 8.33 * 2.62 L). In pediatric
patients enrolled only in Stage 2, PK inference using non-compartmental analysis could not be drawn from 2
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subjects as the length of PK assessment from their first s.c. dose was very short (10 days or shorter). Peak
concentrations of canakinumab occurred between 2 to 7 days following s.c. administration of 150 mg or 2
mg/kg s.c. dose of canakinumab. . .

Apparent half-lives ranged from 22.9 to 25.7 days, in line with the PK properties seen in adults. CL/F

and Vz/F values were 0.131 and 0.0621 L/d, and 4.48 and 2.30 L, respectively, for the 2 subjects given 2
mg/kg dose. These parameter estimates are consistent with the relatively smaller body weight of pediatric
patients. The oider child, subject 5131, had CL/F and Vz/F values of 0.232 {/day and 7.67 L respectively,
more in line with the PK characteristics observed in adults. PK/ PD compartmental parameters of
canakinumab in patients receiving at least one dose of canakinumab are shown in the table below.

CLD vD VP PSD KA F CLL RLI PSL KD
. 0 I T~ O 7 N 1" I U ngg) (g M
Mean 0.154 2.83 2.26 0.376 0.371 0.633 186 12.6 0.335 1.14
SD 0.0577 0.74 0.75 0.15 0.21 129 14.57 0.12 0.53
Median 0.1540 2.87 2.34 0.36 0.35 0.633 15.3 9.75 0.34 1.10
Min 0.0522 1.12 0.44 0.12 0.09 0.633 6.10 3.76 0.08 0.37
Max 0.319 4.75 4.02 0.90 1.14 0.633 70.0 83.38 0.65 231
CV% 37.4 26.2 329 41.0 574 69.5 . 1158 358 46.7

There was significant increase in canakinumab bound IL-1( after dosing which was indicative of

capture of IL-1f by the antibody. The P parameter estimates from the population PK-binding model

are in agreement with the estimates from the non-compartmental PK parameters. For example, the

s.C. bioavailability of canakinumab (F) was estimated from the model to be 63.3%, in close agreement

with the non-compartmental estimate of 66.5%. Similarly, the CL and total volume of distribution from

the model were 0.154 L/d and 5.09 L, compared to CL and Vss values of 0.182 L/d and 7.08 L,

respectively, from non-compartmental analysis from the i.v. data. The equilibrium dissociation constant

for binding of canakinumab to IL-18 was estimated to be 1.14 nM based on the population PK/PD

binding model. The production or release rate and the clearance of the uncomplexed ligand, IL-

1B were estimated to be 12.6 ng/d and 18.6 L/d, respectively.

A nonlinear mixed effect PK-flare probability model was created to identify a dosing regimen for the

phase lil study which keeps free IL-1B production below the threshold associatad with cliriical

evidence of CAPS,

Conclusion; :

* Treatment with canakinumab was highly effective achieving fast, complete and sustained response in adult
and pediatric CAPS patients. Acute phase serum inflammatory protein markers, white blood cells counts,
neutrophils, and platelets counts supported the clinical observations, rapidly reaching normal levels following
canakinumab injection.

» Canakinumab was safe and well tolerated. AEs were as expected for this disease and drug class, namely
infections and infestations in both the adult and pediatric groups. None of the patients in this study showed a
treatment induced immune response to canakinumab. Canakinumab s.c. injections were well tolerated.

* The PK properties of canakinumab are typical of a human IgG1-type antibody. The concentration time
profiles indicated that peak concentration of canakinumab occurred around 1 day following i.v. infusion
administration and approximately 7 days following s.c. administration in adult patients. The apparent volume
of distribution (Vz/F 8.33 £ 2.62 L) is indicative of the distribution of the drug mainly to the vascular
compartment and interstitial space. Low apparent systemic clearance (CUF averaged 0.228 + 0.0597 L/day)
contributed to long half-lives averaging 26.1 + 7.31 days following s.c. administration of canakinumab.
Similarly, the peak concentrations of canakinumab in pediatric patients occurred approximately 2 to 7 days
following s.c. administration of 2 mg/kg or 150 mg of canakinumab. Apparent half-life following a single s.c.
dose administration was comparable

between adult and pediatric subjects, averaging 26.1 + 7.31 days in adults, and ranging from from

22.9 to 25.7 days in pediatric patients.

The equilibrium dissociation constant for binding of canakinumab to IL-13 was estimated ta be

1.14 nM based on the binding model, signifying potent in vivo binding of canakinumab to IL-18.

* Based on PK/ PD modeling and simulation, a regimen of 150 mg canakinumab administered s.c. every 8
weeks for patients with a body weight 240 kg should keep patients flare free. _

* Data on audiograms, MRI examinations, neurological and ophthalmological examinations and kidney function
are sparse at the time of this report to formulate any conclusions on the efficacy of canakinumab to modify
long-term disease progression. '

* The PROs used in the study reflected an improvement in quality of life following canakinumab.
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4.2.8 Synopsis of Study D2304

Title of StudyD2304: A three-part muiti-center study, with a randomized, double-blind, placebo controlled,
withdrawal design in Part Il to assess efficacy, safety and tolerability of ACZ885 (anti-interleukin-18
monoclonal antibody) in patients with Muckle-Wells Syndrome

Objectives: The primary objective was to assess the efficacy of canakinumab (percentage of patients who
experienced disease flare) compared with placebo in Part Il as determined by the Physician’s global
assessment of autoinflammatory disease activity; assessment of skin disease and inflammation markers (CRP
and/or SAA). i

The secondary objectives were to assess the safety, tolerability and immunogenicity of canakinumab, to
assess overall efficacy (response rate) of canakinumab in Part | and Part Ill as determined by the Physician’s
global assessment of autoinflammatory disease activity, assessment of skin disease and inflammation
markers, to evaluate the pharmacokinetics (PK) and pharmacodynamics (PD) of canakinumab and to assess
the effect on disease progression with regards to deafness, kidney function, neurological and ophthalmological
symptoms. :

Methodology: This was a three part trial, starting with open-label treatment in Part 1, with Part Il being double-
blind, placebo controlled, withdrawal design, returning to an open-label design in Part Ill. All patients initially
received canakinumab in Part |, with only responders randomized into Part Il. Patients then entered Part Il|
upon completion of Part 1l or disease flare. ‘

Number of patients (planned and analyzed): This was a multinational study and it was expected that a
minimum of 20 Muckle-Wells Syndrome (MWS) patients would be randomized in Part Il of this study. In Part |,
35 patients were enrolled, four patients discontinued due to unsatisfactory therapeutic effect, with 31 entering
into Part li. In total 19 patients completed Part Il.

Diagnosis and main criteria for inclusion

The investigator was to ensure that all patients who met the inclusion and none of the exclusion criteria were
offered enroliment in the study. No additional exclusions could be applied by the investigator, in order to
ensure that the study population be representative of all eligible patients.

Inclusion criteria were:

* Male and female patients aged 4 to 75 years. ’ o

* Molecular diagnosis of NALP3 mutations and clinical picture resembling MWS (patients who N
participated in the CACZ885A2102 study, had the option to participate in this study upon disease relapse).

» Body weight = 15 and < 100 kg

Test product, dose and mode of administration, batch number: Novartis supplied individual vials each
containing 150 mg canakinumab or placebo matching powder as a lyophilized cake.

Dosing was to occur in the morning. Patients were to remain at the study site for observation for at least 1 hour
following study drug administration. ' :

All patients with a body weight > 40 kg received one injection of canakinumab 150 mg s.c. every 8 weeks.
Patients with a body weight = 15 kg and < 40 kg recaived an equivalent of 2 mg/kg s.c.

In Part I, all patients received canakinumab.

In Part Il, patients were assigned to one of the following two treatment arms in a ratio of 1:1 within

each strata (patients > 16 years transitioned from study CACZ885A2102, canakinumab naive patients > 16
years, and patients < 16 years): '

- canakinumab

+ placebo

In Part Ill, all patients received canakinumab.

Identity of investigational product(s)

Canakinumab and placebo were manufactured by Novartis.

Treatment Variant No. Batch No.
Canakinumab 150 mg 7004942 005 U23 1006
Ptacebo to canakinumab 150 mg 7001283.004 Y121 1004

Duration of treatment: Duration of treatment was planned in Part | to be 8 weeks, followed by 24
weeks in Part Il, and 16 weeks in Part lll. The duration of Part Il was determined by patient flare —
patients who experienced disease flare prior to the end of the 24 weeks were allowed to enter Part Iil.
Criteria for evaluation _

Efficacy: In the withdrawal period in Part Il of the study, the primary efficacy variable was the
proportion of patients with disease flare as assessed by the physician's global assessment of
autoinflammatory

disease, assessment of skin disease and levels of serum inflammatory markers, or
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discontinuation from Part |1,
Safety: Safety assessments consisted of collecting all adverse events (AEs), serious adverse events

(SAEs), with their severity and relationship to study drug, and pregnancies. They included the regular
monitoring of hematology, blood chemistry and urine performed at the central laboratory (only if the

site urine dipstick test was positive) and regular assessments of vital signs, physical condition and

body weight. Blood samples were taken to assess anti-nuclear antibodies. Additional tests included
audiograms, brain MR, neurological testing and ophthalmological assessment. Other assessments -

could be made at the discretion of the investigator.

Pharmacokinetic assessments: Canakinumab was analyzed in serum by means of a competitive
‘ELISA assay.

Pharmacodynamic assessments: Total IL-18 was analyzed in serum by means of a competitive

ELISA assay.

Immunogenicity: Anti-canakinumab antibodies concentrations were assessed in serum by e

with detection based on Surface Plasmon Resonance.

Biomarker assessments _

Soluble protein marker analysis: Soluble protein analysis was performed using single use ELISAs.
Pharmacogenomics: RNA analysis was performed by RT-PCR.

Statistical methods: In the withdrawal period in Part Il of the study, the primary efficacy variable was

the proportion of patient with disease flare. Patients who met the criteria for disease relapse or discontinued
Part I due to any reason, were considered as patients having disease flare in Part Il. The

two treatment groups were compared using an exact test {based on hypergeometric probabilities)

about the common odds ratio, adjusting for cohort (patients transitioned from CACZ885A2102,

canakinumab naive patients). The following statistical hypothesis was tested:

HO: common odds ratio = 1, i.e. the probability of having disease flare is the same for both groups,

versus

HA: common odds ratio # 1, i.e. the probability of having disease flare is diffarent for both groups

In addition to the exact two-sided p-value, the common odds ratio was estimated and an exact 95%
confidence interval for the common odds ratio was calculated, taking into account cohort.

The primary analysis was based on the ITT population of Part II.

Time to disease flare from Week-8'in Part Il was analyzed as a supportive analysis. Differences between
treatment groups in time to disease flare were analyzed using Cox’s proportional hazards regression model
with treatment and cohort as explanatory variables. The Kaplan-Meier estimates of the proportion of patients
with disease flare, along with 95% confidence intervals using Greenwood’s formula, were provided. The
Kaplan-Meier estimates were also plotted against time.

Part |

The ITT population for Part | was used. In the open label Part | of the study, the proportion of patients who did
not have a disease relapse thereafter until Week 8 was calculated. »

Part Il

The secondary efficacy endpoints were assessed from the beginning of the Part I, i.e. Week 8. The analyses
of all secondary efficacy variables were performed on the ITT population for Part ll. The method of last
observation carried forward (LOCF) was used to impute missing values. Change from Week 8 in CRP and
SAA was analyzed using a Wilcoxon rank-sum test, stratified by cohort. The frequency distribution of the
severity scores for the physician’s global assessment of autoinflammatory disease activity was compared
between treatment groups using an exact permutation test with equally spaced scores, stratified by cohort.
The same analyses were performed for patient's assessment of symptoms. in addition, changes from Week 8
in the total core were analyzed using a stratified Wilcoxon rank-sum test, stratified by cohort. The frequency
distribution of the severity scores (absent, minimal, mild, moderate, severe) for the assessment of skin disease
was summarized by treatment group. No statistical test was performed. .

Part lli

In the open label Part Ill of the study, the proportion of patients without disease relapse was calculated based
on the ITT population for Part {l1.

Other efficacy variables were presented descriptively.

Pharmacokinetic and Pharmacodynamic evaluations: A mixed effects modeling approach was taken in
order to analyze the available PK and PD (total IL-1@) data from the study.

Biomarker evaluations

Soluble protein marker analysis: Analysis of this information was data driven.

Pharmacogenomics: The statistical analyses were performed by analysis of variance (ANOVA)

followed by a Dunnett’s post tast.
Summary - Conclusions

x

Efficacy resuits: The results of this interim analysis show that in Part | of the study, 97.1% of patients had a
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complete response to canakinumab, with 71.4% of patients having complete response by the first scheduled
timepoint (Day 8).

In Part ll, treatment with canakinumab prevented all 15 patients treated from experiencing a disease flare. In
contrast, 13 of 16 patients (81.3%) treated with placebo experienced disease flare. This difference was
statistically significant (p<0.001). At the time of interim database lock one patient had experienced a disease
relapse in Part Ili.

The levels of inflammatory markers (CRP and SAA) rose by a significantly smaller amount in the
canakinumab treated group than placebo over the course of Part It from Week 8 to last assessment in Part II;
CRP 1.10 mg/L versus 19.93 mg/L and SAA 2.27 mg/L versus 71.09 mg/L for canakinumab and placebo,
respectively). When patients were re-treated with canakinumab in Part IHl, levels of serum inflammatory
markers decreased to levels seen at the start of Part Il

The physician’s global assessment of auto-inflammatory disease had statistically significant better outcomes at
the last assessment in Part Il than the placebo group.

Safety results: Adverse events in all treatment Parts were mainly mild to moderate in severity, and

showed a similar overall frequency between canakinumab and placebo treated patients in Part II.

(100% and 87.5% of patients, respectively). The most commonly affected organ class was infections and
infestations (34.3% of patients in Part |, 80.0% in Part il canakinumab treated and 56.3% in Part Il placebo
treated). In Part Il, a higher percentage of patients in the canakinumab treatment arm had infection AEs
(according to Investigator's opinion) than in the placebo group (66.7% versus 25.0%).

There was one adverse event discontinuation and two serious adverse events (all reported during Part lil).
Notably abnormal laboratory and vital sign values were uncommon.

Pharmacokinetic and Pharmacodynamic results: Serum clearance (CL) of canakinumab averaged 0.177 (&
0.085) L/d with a low total volume of distribution of 5.62 L. The s.c. bioavailability of canakinumab (F) was
estimated to be 70.5%.

The equilibrium dissociation constant for binding of canakinumab to IL.-13 was estimated to be

1.23 nM, signifying potent in vivo. binding of canakinumab to IL-1f. The production of reledse rate and the
clearance of the uncomplexed ligand, IL-1p were estimated to ba 11.8 ng/d and 17.3 L/d, respectively. .
Immunogenicity: Results showed that treatment with canakinumab did not result in the production of specific
anti-ACZ885 antibodies. : )

-Gonclusion: Complete clinical response in Part | was achieved by 97.1% of patients receiving canakinumab.
A fast onset of clinical response was observed, with 71.4% of patients having complete response by the first
scheduled timepoint (Day 8). )

Treatment with canakinumab every 8 weeks effectively prevented disease flare in patients with MWS.
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