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Addendum #2, June 8, 2011
Indacaterol maleate, NDA 22-383

Cardiovascular safety data presented in the addendum dated April 4, 2011 were
subsequently reviewed in two team meetings on June 1 and June 8, 2011
between the clinical and the biostatistical review teams. The sponsor’s data of
both cardiovascular serious adverse events and adverse events were organized
using the MedDRA 13.0 hierarchical terms, high level group term (HLGT) and
high level term (HLT). As well, the standard MedDRA queries (SMQ) of ‘ischemic
heart disease’ and ‘other ischemic heart disease’ provided by the sponsor were
also reviewed by the team. The outcome of the meetings is that the data
presented do not demonstrate a clear safety signal for the indacaterol 150 mcg
once daily dose. This was primarily arrived upon due to: the likelihood of the data
representing noise or statistical artifact resulting from the pooling of safety data
across multiple trials; serious adverse events with small numbers heavily
influencing the rates of higher level terms; lack of credibility in the data due to a
lack of consistency in the dose response effect for the 600 mcg dose data and
where applicable, overlapping and wide confidence intervals.

The addition of this addendum to the clinical review of the data presented in NDA
22-383 continues to result in a recommendation of approval for indacaterol 75
mcg once daily dose in the maintenance treatment of COPD. An efficacy
advantage of the higher 150 mcg dose in more severe patients with COPD was
not demonstrated and my regulatory recommendation is a complete response for
the 150 mcg once daily dose. Based on the evaluation of these additional data
included in the addendum by the clinical and biostatistics review teams, | no
longer recommend a post marketing commitment to evaluate the cardiovascular
disorder adverse events in patients with = 1 risk factors.
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6.3.4 Submission Specific Primary Safety Concerns- Addendum

6.3.4.1 Cardiovascular and cerebrovascular events

4[4[ 1

As described in the primary review, the safety evaluation during the first cycle highlighted a higher
frequency of combined CCV events. During the clinical review of the second cycle trends of
possible higher rates of CCV for certain indacaterol treatment groups were recognized but due to
a lack of consistency across treatment groups and across safety datasets, interpretation was
difficult. At this time, a secondary review was initiated in this addendum due to ongoing concern
over the current data. No new data was reviewed for this addendum.

Review Cycle One [S0000, December 17, 2008]:

The percentage of patients with 21 CCV SAE for the COPD 3-, 6- and 12-month safety

populations is presented in Table 1 below. For the COPD 3-month safety group the highest rates
of patients with = 1 CCV SAE were seen in the tiotropium group, 1.45% followed by indacaterol
150 and 300 mcg treatment groups at 0.96 and 0.94, respectively. The rate of CCV SAEs for
placebo was 0.66. In the COPD 6-month safety group the highest rates were seen in the
indacaterol 150 mcg and tiotropium treatment groups, both at 2.2% versus placebo at 1.1%. In
the COPD 12-month safety dataset, the rates were highest in the 300 mcg indacaterol group,
3.4% versus placebo, 0.9%. Overall, the SAE rates for the three safety databases were primarily
influenced by the following preferred terms: acute myocardial infarction, angina pectoris, atrial
fibrillation, CAD and myocardial infarction.

Table 1 Cardiovascular and cerebrovascular SAEs (% of patients) by preferred term in the
COPD 3-, 6- and 12- month safety population

Reference ID: 2925943

Indacaterol treatment groups Control treatment groups (%)
(%) ‘

150 meg | 300 meg | 600 mcg For Tio Pbo
COPD 3-month N=827 N=853 N=547 N=556 | ‘N=415 N=1055
Pts with 21 CCV SAE 0.96 0.94 0.55 0.18 1.45 0.66
Acute myocardial 0.16 0.12 0 0 0 0
infarction
Angina pectoris 0.16 0.12 0 0 0 0.19
Atrial fibrillation 0.16 0 0 0 0.48 0.09
CAD 0.16 0.12 0.18 0 0 0
Myocardial infarction 0.16 0.12 0.18 0 0 0.28
COPD B-month N=416. | N=853 N=547 N=556 | N=415 N=850
Pts with 21 CCV SAE 2.2 1.4 1.3 0.5 22 1.1
Atrial fibrillation 0.7 0 0 0 0.72 0.24
Angina pectoris 0.5 0.1 0.2 0 0 0.2
Acute myocardial 0.24 0.12 0 0 0 0
infarction
CAD 0.24 0.23 0.37 0 0 0.12
Myocardial infarction 0.24 0.12 0.18 0.18 0 0.24
COPD 12- month — N=437 N=425 N=434 — N=432
Pts with 21 CCV SAE — 34 2.6 1.4 — 0.9
Atrial fibrillation 0.7 0 0.2 — 0.2
Cardiac failure --- 0.5 0 0 - 0.2
congestive
Myocardial ischemia - 0.5 0 0 - 0
Acute myocardial --- 0.2 0 0 - 0
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infarction

Angina pectoris - 0.2 0.2 0 - 0.2

Source: Adapted from Tables 2-82, 2-84 and 2-86 CTD 2.7.4 Summary of Clinical Safety

The percentage of patients with 21 CCV AE for the COPD 3-, 8-, and 12- month safety
populations is presented in Table 2 below. For the COPD 3- month safety population the highest
rates were observed in the Tiotropium and indacaterol 300 mcg treatment groups, 4.3% and
3.5%, respectively versus 2.5% in the placebo group. In the COPD 6-month safety group the
highest rates were seen in the indacaterol 150 mcg and Tio treatment groups, both at 5.8%
versus placebo at 3.7%. In the COPD 12-month safety population the rates were comparable
across the active treatment groups ranging from 6.1 to 6.6 but higher than the rate for placebo at
3.9%. The preferred terms that appeared to influence these higher rates across the different
safety populations included: ventricular tachycardia, ECG QT prolongation, angina pectoris and
atrial fibrillation. In the 12 month safety group, the lowest proposed dose during that submission
of 150 mcg was not evaluated for this time duration. These AE rates were not adjusted for

exposure. .

Table 2 Cardiovascular and cerebrovascular AEs (% of patients) by preferred term in the

COPD 3, 6 and 12- month safety population

Indacaterol treatment groups Control treatment groups
(%) (%)

160 meg | 300.meg | 600 meg For Tio Pbo
COPD 3-month N=627 N=853 N=547 | N=556 | 415 N=1055
Pts with 21 CCV AE 3 3.5 2 2 4.3 2.5
Ventricular tachycardia 0.8 0 0 0 0.48 0
ECG QT prolonged 0.48 0.47 0.91 0.54 0.48 0.85
Angina Pectoris 0.32 0.59 0 0.18 0.24 0.28
Atrial fibrillation 0.32 0.59 0.37 0 0.72 0.28
COPD 6-month N=416 N=853 |- N=547 | N=556| 415 N=850
Pts with 21 CCV AE 5.8 5 3.3 4 5.8 3.7
ECG QT prolonged 1.4 0.6 0.9 0.5 0.96 1.1
Atrial fibrillation 1.2 0.6 0.4 0 1.45 0.6
Ventricular tachycardia 1.2 0 0 0 0.48 0.1
COPD 12-month - N=437 N=425 | N=434 - N=850
Pts with 21 CCV AE - 8.6 6.1 6.5 - 3.9
Atrial fibrillation --- 1.4 0.5 0.5 — 0.7
Myocardial ischemia - 0.9 0 0.2 - 0
Angina pectoris o 0.7 0.5 0.2 - 0.2

Source: Adapted from Tables 2-81, 2-83 and 2-85 CTD 2.7.4 Summary of Clinical Safety

Review Cycle Two [S0027, September 28, 2010]:

Table 3 below shows the relationship between the percentage of patients with CCV AEs and the
presence (yes) or absence (no) of cardiovascular risk factors at baseline. For the COPD 3-month
.safety population, the percentage of patients without cardiovascular risk factors who experienced
a CCV AE was consistent across the active and placebo treatment groups with a range of 1.72%
to 2.7% across the indacaterol doses and 2.15% for placebo. For those with baseline
cardiovascular risk factors in the COPD 3-month safety population, the percentage of CCV AE
ranged between 2.63% in the highest indacaterol dose of 800 mcg and 5.13% in the 300 mcg
indacaterol treatment groups, with placebo at 4.45%. There was not a clear dose response
relationship. In the COPD 6-month safety and the COPD 12-month safety populations, there were
higher rates of CCV AEs observed in those with baseline cardiovascular risk factors across all
active treatment groups as well as placebo. In the COPD 12-month safety population, the largest
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percentage of CCV AEs in those without cardiovascular risk factors was seen in the 150 mcg
indacaterol treatment group, 8% and the placebo group at 4%. In those patients with baseline
cardiovascular risk factors, again, the 150 mcg indacaterol group had the largest percentage of
CCV AE at 21% followed by indacaterol 300 mcg at 14% and placebo at 11%. A consistent dose
response relationship with the CCV AEs across the indacaterol treatment groups was not
apparent. As well, greater percentages of CCV AEs emerged over the longer duration of time as
seen across the different safety populations.

Table 3 Percentage of patients with CCV AEs by baseline cardiovascular risk factors

Indacaterol treatment groups (%) Control treatment groups (%)
AE: CCV 75 150 |- 300 - | 600 For Tio Sal - Pbo
condition mcg mcg mcg mcg
3 month N=449 | N=2611 | N=1157 | N=547 | N=556 | N=1214 | N=895 | N=2012

safety No 1.72 1.87 2.70 1.85 1.36 1.95 1.96 2.15

Yes | 2.97 4.62 5.13 2.63 4.39 3.31 3.87 4.45

6 month N=127 | N=933 | N=1041 | N=547 | N=556 | N=415 | N=333 | N=1371

safety No 4.72 4.39 3.82 3.23 2.71 5.26 3.76 3.18

Yes | 4.76 11.32 9.66 3.51 8.77 7.61 8.96 8.37

12 month i N=144 | N=583 | N=425 | N=434 - —— N=556
safety No — 8.00 7.35 5.42 4.62 - g 4.03
Yes - 21.05 14.02 8.6 13.64 - — 11.01

Source: Adapted from Appendix 1 Tables 4.3-13, H-4.3-13 and L-4.3-13 Summary of Clinical Safety

Novartis examined the relationship between the occurrence of AEs specific to cardiac disorders
and baseline cardiovascular risk factors at baseline. The number of cardiac disorder AEs
adjusted based on exposure (per 1000 pt-yr) was evaluated based on the number of
cardiovascular risk factors present at baseline in the COPD Safety population and is presented in
Table 4 below. Again, no consistent dose response relationship was apparent across the doses
of indacaterol studied. The number of cardiac disorder AEs increases with the number of baseline
cardiovascular risk factors from 0 to 23. In those patients without baseline cardiovascular risk
factors, no events occurred in the indacaterol 75 mcg group and a limited number of events
occurred in the indacaterol 150 mcg and 300 mcg treatment groups, 15/1000 pt-yr for the two and
71 cardiac disorder AE/1000 pt-yr for placebo. In those patients with 23 baseline cardiovascular
risk factors, the greatest number of cardiac disorder AEs occurred in the 75 mcg treatment group
(183/1000 pt-yr) with the fewest number of patients. The lowest number of cardiac disorder AEs
were seen in the indacaterol 600 mcg treatment group (46/1000 pt-yr) which had the same
number of patients as the 75 mcg group, 217. The number of cardiac disorder AE in the placebo
group for those with 23 cardiovascular risk factors was lower at 115/1000 pt-yr.

Table 4 Number of Cardiac Disorder AEs adjusted for exposure per 1000 py (n/1000 py)
based on number of cardiovascular (CV) risk factors in the COPD safety population

Indacaterol treatment groups Control treatment groups
(n/1000 py) : (n/1000 py)
AE: Cardiac 75 150 300 600 For Tio Sal Pbo
Disorders mcg mcg mcg mcg
COPD Safety :
Total Population N=15 | N=185 | N=104 [ N=37 | N=44 | N=81 | N=60 | N=145
0 CV risk factor 0 15 15 0 62 39 55 71
Total Population N=78 | N=605 | N=317 | N=140 | N=129 | N=262 | N=241 | N=536
1 CV risk factor 53 74 74 74 21 37 40 44
-3
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Total Population N=139 | N=737 | N=329 [ N=153 | N=158 | N=357 | N=226 | N=531
2 CV risk factor 60 113 96 98 51 111 57 52
Total Population N=217 | N=1084 | N=407 | N=217 | N=225 | N=514 | N=368 | N=800
23 CV risk factor 183 118 157 46 145 118 142 115

Source: Adapted from Appendix 1 Tables 4.3-13, H-4.3-13 and L-4.3-13 Summary of Clinical Safety

Examination of the percent of patients with 21 CCV SAE for the COPD 3-, 6- and 12- month
safety populations is presented in Table 5 below. For the COPD 3-month safety population the
rates were comparable across the indacaterol treatment groups as well as placebo ranging from
0.5% to 0.9%. In the COPD 6-month safety population the highest rates were seen in the
indacaterol 75 mcg, 150 mcg and tiotropium treatment groups, at 2.4%, 1.7% and 2.2%
respectively. The rate of CCV SAE in the placebo group was 1.2%. In the COPD 12-month safety
population, the rates were highest in the 300 meg and 600 mcg indacaterol groups, 3.1% and

2.6%, respectively versus placebo, 1.4%. Overall, the SAE rates for the three safety databases
were primarily influenced by the following preferred terms: angina pectoris, atrial fibrillation, CAD
and acute myocardial infarction.

Table 5 Cardiovascular and cerebrovascular SAEs by preferred term in COPD 3-, 6- and
12- month safety population

‘Indacaterol treatment groups (%)

Control treatment groups (%)

COPD 3-month safety 75 150 - 300 600 For - Tio Sal Pbo
N=449 | N=2611 | N=1157 | N=547 | N=556 | N=1214.| N=895 | N=2012
n (%) n (%) n (%) n (%) | n(%) n (%) n (%) n (%)
Patients with 2 1 CCV SAE 0.5 0.9 0.7 0.6 0.2 0.9 0.7 0.7
Angina pectoris 0 0.2 0.1 0 0 0 0 0.1
Acute myocardial infarction 0 0.1 0.1 0 0 0 0.1 0
CAD 0 0.1 0.1 0.2 0 0.1 0.1 0
Myocardial infarction 0 0.1 0.1 0.2 0 0 0.1 0.2
Atrial fibrillation 0 0.1 0 0 0 0.3 0.1 0.1
CVA 0.2 0.1 0 0 0 0.2 0 0
COPD 6-month safety 75 150 300 600 For Tio Sal Pbo
: ‘ 1 'N=127 | N=933 | N=1041 | N=547 | N=556 | N=415 | N=333 | N=1371
Patients with 2 1 CCV SAE 24 1.7 1.2 1.3 0.5 2.2 1.5 1.2
Angina pectoris 0.8 0.3 0.1 0.2 0 0 0.3 0.2
Atrial fibrillation 0.8 0.3 0 0 0 0.7 0.3 0.2
Acute Myocardial Infarction 0 0.2 0.1 0 0 0 0.3 0
CVA ' 0 0.1 0 0 0 0 0 0
COPD 12-month safety 75 150 300 600 For Tio Sal Pbo
- N=144 | N=583 | N=425 | N=434 o — N=556
Patients with 2 1 CCV SAE — 0.7 3.1 2.6 1.4 — -— 1.4
Atrial fibrillation - 0.7 0.5 0 0.2 -—- 0.2
| Angina pectoris - 0 0.3 0.2 0 — - 0.2
Myocardial infarction - 0 0.3 0.5 0.2 --- - 0.4
CVA - 0 0 0.2 0.2 --- --- 0
Cerebral infarction — 0 0.2 0 0 - 0

Source: Adapted from Tables 2.82, 2.84 and 2.86 CTD 2.7.4 Summary of Clinical Safety

Examination of the percent of patients with 21 CCV AE for the COPD 3-, 6- and 12- month safety
populations is presented in Table 6 below. For the COPD 3-month safety population the highest
rates of patients with 21 CCV AE were seen in the indacaterol 300 mcg group, 3.11% versus
placebo at 2.58%. In the COPD 8-month safety population the highest rates were seen in the

Reference 1D: 2925943
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tiotropium and indacaterol 150 mcg treatment groups, at 5.8% and 5.6% respectively. The rate of
CCV AEs in the placebo group was 4.1%. In the COPD 12-month safety population, the rates
were highest in both the 150 mcg and 300 mcg indacaterol groups, 9.7% and 8.6%, respectively
versus placebo, 5.4%. Overall, the CCV AE rates for the three safety populations were primarily
influenced by the following preferred terms: ECG QT prolonged, angina pectoris, atrial fibrillation
and CAD.

Table 6 Cardiovascular and cerebrovascular AEs by preferred term in COPD 3-, 6- and 12-
month safety population

Indacaterol treatment groups (%) Control treatment groups (%)
COPD 3-month safety 75 150 300 600 For Tio ~ Sal Pbo
mcg mcg mcg mcg N=556 | N=1214 | N=895 | N=2012
N=449 | N=2611 | N=1157 | N=547
Patients with = 1 CCV 2 2.37 3.11 2.01 1.98 22 2.35 2.58
AE .
ECG QT prolonged 0 0.3 0.4 0.9 0.5 0.3 0.3 0.6
Angina pectoris 0 0.3 0.5 0 0.2 0.2 0.3 0.2
Atrial fibrillation 0 0.2 04 0.4 0 0.4 0.5 0.3
CAD 0 0.2 0.1 0.2 04 0.2 0.1 0.4
Ventricular 0.22 0.23 0.52 0.18 0.36 0.16 0.1 0.35
extrasystoles
COPD 6-month safety N=127 | N=933 | N=1041 | N=547 | N=556 | N=415 | N=333 | N=1371
Patients with 2 1 CCV 47 5.6 4.8 3.3 4 5.8 4.8 4.1
AE
ECG QT prolonged 0 1.1 0.5 0.9 0.5 1 0.6 0.7
Angina pectoris 0.8 0.8 0.7 0.2 0.2 0.2 0.3 0.2
Atrial fibrillation 0.8 0.8 0.5 04 0 1.5 0.6 0.5
Ventricular tachycardia 1.6 0.5 0 0 0 0.5 0 0.1
CAD 0 0.3 0.3 0.4 0.4 0 0.6 0.2
Acute Myocardial 0 0.2 0.1 0 0 0 0.3 0
Infarction
COPD 12-month safety -— N=144 | N=583 | N=425 | N=434 — - N=556
Patients with 21 CCV 9.7 8.6 6.1 6.5 -— -— 5.4
AE
Atrial fibrillation — 0.7 1.4 0.5 0.5 — — 0.9
ECG QT prolonged — 4.2 1.4 0.9 0.7 - — 0.9
Angina pectoris - 0.7 1.0 0.5 0.2 -—- - 0.2
Myocardial ischemia - 0 0.7 0 0.2 - - 0.2
Ventricular - 0 0.7 0.5 0.5 --- - 0.2
extrasystoles
Cardiac failure -~ 0 0.5 0.9 1.38 — - 0.2

Source: Adapted from Tables 2-81, 2-83 and 2-85 CTD 2.7.4 Clinicai Summary of Safety

Novartis also examined the CCV SAEs and AEs for a fourth safety population, the COPD safety
population. This data was presented only adjusted for exposure with the preferred terms of the
most frequently occurring CCV SAEs displayed in Table 7 and Table 8 below. There was no
apparent dose response relationship between the cardiovascular and cerebrovascular SAEs and
indacaterol. The most notable events occurring more frequently in the indacaterol treatment
groups than the placebo groups were angina pectoris, acute myocardial infarction, coronary
artery disease and cerebral vascular accident.

Reference ID: 2925943
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Table 7 Cardiovascular and cerebrovascular SAE episodes adjusted for exposure by
primary system organ class and preferred term !

Indacaterol treatment groups Control treatment groups
(n/1000 pt-yr) (n/1000 pt-yr)
COPD Safety 75 150 300 600 For Tio Sal Pbo
Population mcg mcg mcg mcg N=556 | N=1214 | N=895 | N=2012
N=449 | N=2611 | N=1157 | N=547
Patients with 2 1 4 30 23 11 6 14 8 24
CCV SAE
Total patient 105 860 737 394 396 358 275 924
years
# CCV AE per 57 43 39 35 23 56 36 28
1000 py
Angina Pectoris 10 7 3 3 0 0 4 2
AMI 0 5 1 0 0 0 4 1
Atrial fibrillation 10 . 5 5 0 3 11 4 5
CAD 0 3 3 8 0 3 11 1
MI 0 3 3 5 5 0 4 5
Cerebral 0 2 1 0 0 0 0 0
infarction
CVA 10 2 0 3 3 6 0 0
TIA 10 2 0 0 0 0 0 2

Source: Adapted from Appendix 1 Table 0-4.3-12a

The CCV AEs occurring most frequently and adjusted for exposure are presented in Table 8.
There was no apparent dose response relationship. The most notable events occurring more
frequently in the indacaterol treatment groups than the placebo groups were angina pectoris,
coronary artery disease, ventricular tachycardia, atrial flutter and cardiac failure congestive.

Table 8 Cardiovascular and cerebrovascular AE episodes adjusted for exposure by
rimary system organ class and preferred term

Indacaterol treatment groups

Control treatment groups

(n/1000 pt-yr) (n/1000 -pt-yr)
COPD Safety Population 75 150 300 600 For Tio Sal Pbo
. mcg mcg mcg mcg | N=556 | N=1214 | N=895 | N=2012
N=449 [ N=2611 [ N=1157 | N=547

Patients with 2 1 CCV AE 11 89 73 28 28 33 27 77
Total patient years 105 860 737 394 396 358 275 924
# CCV AE per 1000 py 133 131 137 99 101 131 113 112
Angina pectoris 10 16 12 5 3 6 15 4
Atrial fibrillation 10 13 18 8 5 22 15 12
CAD 0 10 4 8 5 3 11 2
Ventricular extrasystoles 10 7 12 5 8 6 7 10
Ventricular tachycardia 19 6 0 0 0 6 0 1
AMI 0 5 1 0 0 0 4 1
BBB left 0 5 3 0 3 0 4 0
Atrial flutter 19 3 3 3 5 3 0 1
Cardiac failure congestive 10 3 5 0 0 6 0 2

Source: Appendix 1 Table O-4.3-11a Summary of Clinical Safety

Due to the granular nature of MedDRA there were many different preferred terms (PTs)
representing verbatim descriptors that described the same overall AE (i.e. acute myocardial

Reference |D: 2925943
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infarction and myocardial infarction or cerebrovascular accident and cerebral infarction). To
further evaluate the cardiovascular data, the MedDRA 13.0 preferred terms were organized into
the high level general term (HLGT) of Coronary Artery Disorder which includes the particular high
level terms (HLT) of Ischemic Coronary Artery Disorders and Coronary Artery Disorders, NEC.
See Table 9 below for details.

Reference ID: 2925943
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A similar organization of the cardiovascular SAEs at the higher level MedDRA terms is presented
in Table 10 below. At the HLGT level of coronary artery disorders there is a dose response
relationship from 75 mcg to 300 mcg indacaterol. The smallest rate was seen in the indacaterol
75 mcg group at 0.22%. The largest rate was seen in the indacaterol 300 mcg group at 0.95%
versus placebo at 0.5%.

Table 10 Cardiovascular SAEs by HLGT, HLT and PT in the COPD Safety Population

Indacaterol treatment Control treatment
groups groups
75 meg | 150 meg | 300 meg | For | Placebo

HLGT N 449 2611 1157 556 2012
Event Coronary artery disorders 47 2 18 15
Subject Coronary artery disorders 38 1 15 11
Proportion (%) | Coronary arterw disorders .. ...of= 22022 | 057+ }..095 |

HLT
Event Ischaemic coronary artery disorders | 41 2 15 13 2 9
Subject Ischaemic coronary artery disorders | 35 1 13 1 1 9
Proportion (%) | Ischaemic coronary artery disorders || 022 | 050 | 095 ]o.1s| 045
Event Coronary artery disorders NEC 6 0 3 2 0 1
Subject Coronary artery disorders NEC 6 0 3 2 0 1
Proportion (%) | Coronary artery disorders NEG - . :|. |7 0000- | 067 | 045 Jooo |7 022

PT
Event Acute coronary syndrome 1 0 1 0 0 0
Subject Acute coronary syndrome 0
Proportion (%) | ‘Acute coronary syndrome | |0:00- £0.00.7
Event Acute myocardial infarction 6 0 4 1 0 1
Subject Acute myocardial infarction 6 0 4 1 0 1
Proportion (%) | Acute myocardial infarction ™~ |* [ 0:00 | 0389 02271 0,00 | 022
Event Angina pectoris ' 12 1 6 3 0 2
Subject Angina pectoris 12 1 6 3
Proportion (%) | Angina pectoris o002 134 067 0 10.000
Event Angina unstable 5 1 0 3 0 1
Subject Angina unstable 4 1 0 2 0 1
Proportion (%) | Angina unstable Cimgeiny 0227 ] 7000 ) 045 0.00 |- 022
Event Coronary artery disease 6 0 3 2 0 1
Subject Coronary artery disease 6 0 3 2 0
Proportion (%) | Coronary artery disease = - | | 000 }: 067 | 045|000 0.22
Event Myocardial infarction 12 0 3 2 2
Subject Myocardial infarction 11 0 3 2 1 5
Proportion (%) | Myocardial infarction .~ " |-} 0.00. ]: 067 ] 045 022} 111
Event Myocardial ischaemia 4 0 1 3 0 0
Subject Myocardial ischaemia 4 0 1 3
Proportion (%) | Myocardial ischaemia .~ |- 10,00 {022 |- 0.67 ] 0.00]
Event Stress cardiomyopathy 1 0 0 1 0 0
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Subject Stress cardiomyopathy 1 0 0 1 0 0

Proportion (%) | Stress cardiomyopathy - [ 00000007 022 000 ] 0:00

Evaluation of the data at the HLGT and HLT level of MedDRA for the COPD safety population
reveal a dose response relationship. The rate of events in the HLGT Coronary Artery Disorder as
well as the corresponding HLTs Ischaemic Coronary Artery Disorders and Coronary Artery
Disorders, NEC increase in patients treated with increasing doses of indacaterol from 75 mcg to
300 mcg once daily. [n the HLGT Coronary Artery Disorders the proportion of events increases
from 0.22% in the 75 mcg indacaterol group and 1.26% in the 150 mcg group to 1.99% in the 300
mcg group. The proportion of events in the placebo group was 0.7%. These events were primarily
influenced by ischaemic coronary artery disorders with rates of 0.22%, 1.03% and 1.73% in the
75 mcg, 150 mcg and 300 mcg indacaterol groups, respectively. The proportion of events in the
placebo group was 0.6%.

Reviewer Comment:

The 5 levels of the hierarchy of MedDRA include the lower level term (LLT), a granular level used
to code verbatim terms; the preferred term (PT) represents “single medical concepts”; the high
level term (HLT); the high level group term (HLGT) and the system organ class (SOC). Multiple
PTs have the limitation of allowing important safety signals to go undetected when AEs are coded
inonly PT and SOCs. It is recommended to summarize AE rates at the HLT and HLGT level or to
take advantage of the SMQs provided by MedDRA.

A similar organization of the cardiovascular SAEs at the higher level MedDRA terms is presented

in Table 10 below. At the HLGT leve! of coronary artery disorders there is a dose response
relationship from 75 mcg to 300 mcg indacaterol. The smallest rate was seen in the indacaterol
75 meg group at 0.22%. The largest rate was seen in the indacaterol 300 mcg group at 0.95%
versus placebo at 0.5%.

Table 10 Cardiovascular SAEs by HLGT, HLT and PT in the COPD Safety Population

Indacaterol treatment Control treatment
groups groups
75meg | 150 meg | 300 meg | For: [ Placebo
HLGT N 449 2611 1157 556 2012
Event Coronary artery disorders 47 2 18 15 2 10
Subject Coronary artery disorders 38 1 15 11 1 10
“Proportion (%) | Coronary artery disorders =) o022 ). 0572 ] 095 foas |l 6:50
HLT
Event Ischaemic coronary artery disorders | 41 2 15 13 2 9
Subject Ischaemic coronary artery disorders { 35 1 13 11 1 9
‘Proportion (%) | Ischaemic coronary artery-disorders | =} 0.22°} -0:50 | 095 Jois| - 045
Event Coronary artery disorders NEC 6 0 3 2 0 1
Subject. Coronary artery disorders NEC 6 0 3 2 0 1
Proportion (%) | Coronary artery disordersNEG ~ |» | 0.00 -] 067 | 2045 [o00 ] 022
PT
Event Acute coronary syndrome 1 0 1 0 0 0
Subject Acute coronary syndrome 1 0 1 0 0 0
Proportion (%) | Acute coronary syndrome . - "] | 0.00 ] 022 | 0.00 f0.00] 0.00
Event Acute myocardial infarction 6 0 4 1 0 1
Subject Acute myocardial infarction 6 0 4 1 0 1

Reference 1D: 2925943
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Proportion (%) | Acute myocardial infarction =

Event Angina pectoris

Subject Angina pectoris

“Proportion (%)'| Angind pectoris- i 1

Event Angina unstable

Subject Angina unstable

‘Proportion (%) ) ‘Angina unistable: > &

Event Coronary artery disease

Subject Coronary artery disease

Proportion (%) |: Coronary artery disease ... | " 0.00

Event Myocardial infarction

Subject Myocardial infarction

Proportion (%) | Myocardial infaretion | , S
Event Myocardial ischaemia 4 0 1 3 0 0
Subject Myocardial ischaemia 4 0 1 3 0 0
Proportion (%) | Myocardial ischaemia =~~~ |l 0000 | 022 7 067 Jooo ] 000
Event Stress cardiomyopathy 1 0 0 1 0 0
Subject Stress cardiomyopathy 1 0 0 1 0 0
“Proportion (%) | Stress cardiomyopathy = [ L0000 | 000 022 0,00 00007

Standardized MedDRA queries (SMQs), or groupings of MedDRA PTs that relate to a defined
medical condition or area of interest were also performed on the COPD safety population. In this
case, the SMQ was “Other Ischemic Heart Disease” narrow scope. This SMQ revealed a similar
pattern as seen when the data was evaluated at the HLGT and HLT levels. The rates of ‘other
ischemic heart disease’ in the 75 mcg, 150 mcg and 300 mcg treatment groups were 0.22%,
1.26% and 2.16%, respectively versus placebo at 0.7%. As well, a dose response relationship
was apparent.

6.3.4.2 Summary

1. Cardiovascular AEs evaluated at the higher level group term of coronary artery disorders
reveal higher rates in the higher indacaterol treatment groups of 150 mcg and 300 mcg
over placebo in the COPD safety population.

2. These rates were not elevated at the 75 mcg indacaterol treatment group, however the
duration of exposure to this dose was only for 3 months.

3. Cardiovascular AEs evaluated by the standard MedDRA query of ischaemic heart
disease also reveal higher rates at the higher indacaterol treatment groups of 150 mcg
and 300 mcg over placebo in the COPD safety population. These rates were not elevated
for the 75 mcg indacaterol treatment group, again only treated for the 3 month duration of
time.

4. There was a dose response relationship between the specific cardiovascular toxicities
and the indacaterol doses studied.

5. The number of cardiac disorder AEs increased with increasing number of predisposing
cardiovascular risk factors.

6.3.4.3 Addendum to Recommendation on Regulatory Action

-11 -
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The addition of this addendum to the clinical review of the data presented in NDA 22-383 resuits
in a recommendation of approval for indacaterol 75 mcg once daily in the maintenance treatment
of COPD. There is substantial evidence from 6 adequate and well controlled clinical trials
submitted to the complete response in support of efficacy for two proposed doses of indacaterol
75 meg and 150 mcg once daily. However, there is not sufficient data demonstrating an efficacy
advantage of the higher dose in more severe patients with COPD.

The primary bronchodilator assessment was trough FEV1 (tFEV1) at various time points. This

was further supported by other measures of bronchodilation i.e. peak FEV1, FEV1 AUC (0-4

hr), FEV1 AUC (0-12 hr) as well as patient or evaluator reported outcome measures for rescue
medication use and the heaith related quality of life, SGRQ.

The safety profile of indacaterol 75 mcg is acceptable. Patients with increasing number of
cardiovascular risk factors appear to have higher rates of cardiovascular disorder AEs. Therefore,
a large simple trial of 12 months duration in patients with COPD to evaluate the cardiovascular
AEs in patients with 21 cardiovascular risk factors is recommended by this reviewer as a post
marketing commitment.

-12 -
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1 Recommendations//Risk Benefit Analysis

11 Recommendation on Regulatory Action

Clinical review of the data presented in NDA 22-383 results in a recommendation of approval for
indacaterol 75 mcg q.d in the maintenance treatment of COPD. There is substantial evidence from 6
adequate and well controlled clinical trials submitted to the complete response in support of efficacy for
two proposed doses of indacaterol 75 mcg and 150 mcg once daily. However, there is not sufficient data
demonstrating an efficacy advantage of the higher dose in more severe patients with COPD. Therefore, in
advance of input from an upcoming Pulmonary Allergy Drugs Advisory Committee meeting, the 150 mcg
indacaterol dose will not be approved.

The primary bronchodilator assessment was trough FEV1 (tFEV1) at various time points. This was further
supported by other measures of bronchodilation i.e. peak FEV1, FEV1 AUC (o_4ny, FEV1 AUC (.12 1y @s
well as patient or evaluator reported outcome measures for rescue medication use and the health related
quality of life, SGRQ.

The safety profile of indacaterol 75 mcg is acceptable. The safety database includes adverse events
(AEs) typical for long acting beta2 adrenergic agents with the exception of a short lasting post inhalation
cough. Additional information was requested by FDA for an analysis of externally adjudicated serious
adverse events (SAEs) primarily, respiratory related death, intubation and hospitalization. A review of this
analysis is pending.

1.2 Risk Benefit Analysis

The new safety data presented in the complete response for the lower proposed dose of indacaterol
support the risk benefit assessment. No new safety concerns were apparent for patients with COPD,
however there were 2 asthma related deaths in the asthma population from the original cycle. These two
deaths brought up the overriding concern of LABA safety in asthmatics. While the target population for
marketing will not be patients with asthma but instead, COPD the concern is carried over to this
population for many reasons. 1). Many COPD patients as noted in this safety database have a significant
degree of reversible bronchospasm and may therefore be at greater risk for LABA associated respiratory
SAEs 2). The respiratory related events appear to be dose related and therefore it was critical to explore
the complete dose response profile in conjunction to dose related toxicities for indacaterol and identify the
most appropriate dose. 3). Unique to indacaterol is the long half life of ~49 hours and therefore evaluation
of dosing frequencies was important to minimize the potential for SAEs due to systemic accumulation
over chronic administration. Still, as many of these concerns are not apparent for the 75 mcg indacaterol
dose in patients with COPD, the major safety concern for asthma related death will be reflected as a
boxed warning. Finally, the increased frequencies of combined cardio- and cerebrovascular events
observed with the higher doses in the original cycle were not as apparent in the 75 mcg indacaterol
treatment groups. A final risk-benefit determination is pending the results of a respiratory-related event
meta-analysis and discussion at the Pulmonary Allergy Drug Advisory Committee meeting.

1.3 Recommendations for Postmarket Risk Management Activities

The risk management activity for indacaterol will include the REMS elements: medication guide,
communication plan; timetable for submission of assessments as well as an enhanced adverse event
surveillance program. This will include evaluation of designated medical events of concern such as
respiratory and cardiac deaths, the collection of additional safety data in non-caucasian populations,
monitoring the off-label use of indacaterol in patients with asthma, and the conduct of post-marketing
studies in order to further assess the safety of indacaterol in COPD and asthma populations.
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1.4 Recommendations for Postmarket Studies/Clinical Trials

The mean exposure of 75 mcg indacaterol was 85.5 days and for 150 mcg indacaterol it was 120 days.
As mentioned in more detail in the Safety Summary, the 'E1A-Guideline for Industry, The Extent of
Population Exposure to Assess Clinical Safety: For Drugs Intended for Long-term Treatment of Non-Life
Threatening Conditions, recommends that the number of patients in the safety data base treated for 6
months at dosage levels intended for clinical use should be 300 to 600 and 100 patients exposed for a
minimum of one-year. An adequate number of patient exposures is available for higher doses (150 and
300 mcg). These numbers were not achieved in the indacaterol 75 mcg data base and while no new
safety signals were apparent for the duration of exposure evaluated, a postmarketing clinical trial of
adequate size and duration may be necessary to determine the risk of fatal and life-threatening
respiratory events associated with the long term use of Arcapta Neohaler. If the results of the meta-
analysis are supportive of safety, additional trials may not be necessary.

2 Introduction and Regulatory Background

2.1 Product Information

The proposed product is indacaterol maleate inhalation powder (QAB149), and the proposed trade name
is Arcapta™ Neohaler™. The established name, indacaterol (Ind) without specification of the salt will be
used throughout the review to refer to the product. Indacaterol is a new molecular entity in the beta-2
adrenergic agonist class of drugs. It is a dry powder for inhalation that is pre-metered with the formulation
of approximately 25 mg of lactose monohydrate contained in hard gelatin capsules. A capsule is inserted
into the Neohaler device, also called the Concept 1. The device pierces both ends of the capsule, then
inhalation causes the capsule to spin and the formulation powder to be entrained into the airstream.

The proposed indication for indacaterol is for once daily maintenance bronchodilator treatment of airflow
obstruction in patients with chronic obstructive pulmonary disease (COPD), including chronic bronchitis
and emphysema. The proposed dose is one inhalation of a 75 mcg capsule once daily, with a qualifier
that administration of a 150 mcg capsule once daily has been shown to provide additional clinical benefit
in some patients.

2.2 Currently Available Treatments for Proposed Indications

Currently available drugs for the treatment of COPD are listed in Table 1. The list includes many
pharmcotherapeutics that are used for the treatment of acute bronchospasm.

' E1A- The Extent of Population Exposure to Assess Clinical Safety: for Drugs Intended for Long-term
Treatment of Non-Life Threatening Conditions March, 1995. Available at the website
http://www.fda.gov/cder/guidance/index.htm
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Table 1 Currently available pharmacologic treatment for COPD

Class Generic name Brand name
Beta2-adrenergic Short-acting’ Albuterol Accuneb, ProAir HFA, Proventil
agonists (SABA) Albuterol sulfate HFA, Ventolin HFA
Levalbuterol Xopenex HFA
Levalbuterol tartrate
Pirbuterol Maxair Autohaler
Terbutaline sulfate
Long-acting Salmeterol Serevent Diskus
(LABA) Formoterol Foradil Aerolizer
Arformoterol Brovana
Formoterol solution Perforomist
Anti-cholinergics Short-acting Ipratropium bromide Atrovent HFA
Long-acting Tiotropium bromide Spiriva Handihaler
Combination SABA/anti- Albuterol/ipratropium Combivent, Duoneb
cholinergic
Corticosteroid/LABA | Fluticasone/salmeterol Advair Diskus, Advair HFA
Budesonide/formoterol Symbicort
Xanthines Theophylline multiple

t1Products with a general bronchodilator claim, not COPD specific.

2.3 Availability of Proposed Active Ingredient in the United States

Indacaterol is currently not marketed in the US. According to the sponsor, it is approved in 30 countries
worldwide, including the EU at a dose of 150mcg or 300 mcg once daily.

24 Important Safety Issues With Consideration to Related Drugs

Indacaterol belongs to a subclass of beta-2 agonists termed long-acting beta agonists or LABAs that
include the marketed drugs Foradil and Perforomist (formoterol), Brovana (R,R formoterol), and Serevent
(salmeterol). The use of LABAs has come under scrutiny as a result of a safety signal of increased risk of
severe exacerbations including death in patients with asthma. The increased risk was demonstrated in
the Salmeterol Multicenter Asthma Research Trial (SMART) in 1996. SMART was a randomized, double-
blind study that enrolled patients with asthma not currently using LABAs to assess the safety of
salmeterol (42 mcg twice daily for 28 weeks) compared to placebo when added to usual asthma therapy.
The primary endpoint was the combined number of respiratory-related deaths or respiratory-related life-
threatening experiences (intubation and mechanical ventilation). The study was prematurely terminated in
January 2003 after a total of approximately 30,000 patients had been enrolled because a planned interim
analysis suggested that salmeterol may be associated with an increased risk of severe asthma
exacerbations including death.

As a result of the findings described above as well findings in smaller safety studies conducted with
another LABA, formoterol, the safety of LABAs was the topic of discussion at a July 13, 2005, Pulmonary
Allergy Drugs Advisory Committee Meeting (PADAC). Subsequent to the meeting, in November, 2005,
the FDA released a Public Health Advisory to alert healthcare professionals and patients that LABAs may
increase the chance of severe asthma episodes and death. Based on this meeting and a follow up
PADAC meeting on December 10, 2008, the existing product labels have been revised and now include a
Boxed Warning and a Medication Guide for all marketed LABA products. In addition, the paradigm for
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asthma treatment has now changed, contraindicating the use of a LABA without a concomitant asthma
controller medication, such as an inhaled corticosteroid (ICS)>.

Because it is unclear if addition of an inhaled corticosteroid mitigates the risk of LABAs in asthma,
sponsors of LABA products indicated for asthma are being required to perform large safety trials to
evaluate serious asthma outcomes in patients receiving concomitant ICS and LABA. The design of these
trials was discussed at a PADAC meeting held March 10-11, 2010.

While no such safety signal has been observed in patients with COPD, dose-related class effects of beta
agonists, especially those affecting the cardiac and central nervous systems, can be deleterious to older
patients with COPD, many of whom have increased cerebral and cardiovascular risk factors.

25 Summary of Presubmission Regulatory Activity Related to Submission

Novartis initially submitted NDA 22-383 on December 15, 2008, requesting approval of two doses, 150
and 300 mcg once daily, for COPD. To support this application, Novartis submitted three pivotal COPD
studies: a 26-week adaptive design dose ranging study (with continuing doses of 150 and 300 mcg), a
one-year efficacy and safety study (300 and 600 mcg), and a 12 week study (150 mcg). FDA took a
complete response action for this application on October 16, 2009. Key issues were unacceptable higher
frequencies of cardiovascular and cerebrovascular adverse events (AEs) compared to placebo and to
formoterol in patients with COPD and possible asthma related deaths compared to salmeterol in patients
with asthma. In addition, the dose and dosing frequency were not adequately explored, with no clinically
meaningful difference between 75 mcg once daily and the proposed doses of 150 and 300 mcg.

A post action meeting was held on November 24, 2009. The highlights of the meeting included review of
FDA’s comments to questions from the November 5, 2009 package as well as a general discussion of the
path forward. FDA reviewed recommendations for the use of patients with a significant degree of
bronchoresponsiveness to define the dose response profile and for selection of the lowest dose with a
tolerable safety profile to be carried forward to patients with COPD.

In a complete response to regulatory action, Novartis now submits 6 new pivotal studies in addition to 10
Phase 3 supportive studies. The key pivotal studies include dose ranging and dose regimen studies in a
bronchodilator-responsive asthma population, a dose ranging study in COPD, two replicative 12-week
confirmatory studies in COPD with the 75 mcg dose, and one 26 week confirmatory study in COPD with
the 150 mcg dose. Important long-term safety data for the 150 mcg dose comes from a 26 week
extension to the adaptive design study, for a total duration of 1 year.

3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

The Division requested an audit by the Division of Scientific Investigations (DSI) for this NDA since
indacaterol is a new molecular entity. An efficacy by center analysis of the new dose finding and
confirmatory trials was performed by the biostatistician, Dr. Dongmei Liu. Overall, most sites had too few
patients to detect any significant deviation in efficacy. No particular outlier sites were identified. The sites
therefore offered for a DSI audit included those based on the criteria of enroliment and death. DSI
selected the following sites: Drs. Steven Weinstein #521, James Pearle #514 and James Meli #535. Only

2 Chowdhury BA, Dal Pan G. FDA and safe use of long-acting beta-agonists in the treatment of asthma.
2010 N Engl J Med 362:1169-71
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preliminary review is available at this time and there were no data integrity or scientific misconduct issues
based on an early working draft by the ORA office.

3.2 Compliance with Good Clinical Practices

The Applicant has indicated that all clinical trials were conducted in full compliance with Good
Clinical Practices [See CTD 2.5 Clinical Overview, pg 12]. The Applicant states that no debarred
investigators participated in the trials [Module 1.3.3 Debarrment Certification, pg 1].

33 Financial Disclosures

Module 1, Section 1.3.4 Financial Disclosure addresses the Applicant’s compliance with the Final Rule on
Financial Disclosure by Clinical Investigators. The Applicant certifies that it did not enter into financial
arrangements with any investigator whereby the value of compensation could be affected by the outcome
of the study (Category 1), that no investigator received significant payments (Category 2), that none of the
investigators disclosed a proprietary interest in the product (Category 3), or possessed a significant equity
interest in the Applicant (Category 4) as defined in 21 CFR 54 with the following exceptions.
Five investigators were noted to receive significant payments from the Sponsor > $25,000: ®€

As mentioned in Section 3.1 most sites
had too few patients to detect any significant deviation in efficacy, it is unlikely that financial interests
could have influenced or biased the results of these trials.

4 Sources of Clinical Data

Between the original application [NDA 22383 12/17/08, S0000] and the resubmission [9/28/10, S0027],
Novartis has conducted 21 Phase Il controlled clinical trials with indacaterol in over 13,500 patients.
There were 3 trials identified as pivotal in the original Phase Ill program: B2335S, B2334 and B2346 and
3 supportive profiling trials: B2305, B2307 and B2340. These trials were summarized in the reviews of the
original application by Drs. Lynne Wu and Anthony Durmowicz and are not mentioned further in this
review. There were 16 new Phase Il and lll trials submitted in the complete response. These new trials
are summarized in Table 2. Of the 16 new trials, 6 are considered pivotal to the resubmission as they
provide data in support of dose selection and dosing frequency as well as confirmation of safety and
efficacy of the new proposed doses. The dose finding trials B2357, B2356 and B2223 were the trials
submitted in response to concern over the dose and regimen selection described in the CR letter
[October 16, 2009]. In addition, two confirmatory trials, B2355 and B2354 were reviewed to evaluate the
safety and efficacy of the 75 mcg dose in patients with COPD over a 12 week treatment period. The trial
B2336 was ongoing at the time of the initial submission, completed and included as part of the current
resubmission. It was a pivotal efficacy and safety trial of indacaterol 150 mcg q.d. with the active
comparator, salmeterol over 26 weeks and provides data the sponsor uses to support the SGRQ claim.

Ten additional supplementary controlled trials not included in the original submission were reviewed and
briefly summarized as supportive towards efficacy and safety in patients with COPD. Trials B1302 and
B2333 were long term studies performed in Asia evaluating the two higher doses of indacaterol 150 mcg
and 300 mcg compared to placebo. Trials B2349 and B2350 recruited international patients and
evaluated the efficacy of indacaterol 150 mcg and an active comparator, either salmeterol 50 mcg b.i.d or
tiotropium 18 mcg q.d. respectively. B2335SE, also an international trial was a 26 week extension to the
26 week adaptive seamless design trial included in the original submission. Although the extension did
not include the active control, tiotropium the trial provided long term safety data of indacaterol 150 mcg
and 300 mcg compared to placebo after 52 weeks of treatment. Trials B2341 and B2351 compared the
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efficacies of indacaterol 150 mcg given concurrently with tiotropium HandiHaler (18 mcg g.d.) to
tiotropium alone and placebo. Two profiling studies were B2311 and B2331, the former evaluated
indacaterol 300 mcg and placebo on exercise endurance time, the latter evaluated the two doses 150
mcg and 300 mcg versus placebo on the 24 hour lung function. The 24 week interim analysis of the
ongoing Japanese trial B1303 was also included.

Novartis submitted a Periodic Safety Update Report (PSUR-1) for Onbrez® Breezhaler ® (indacaterol
maleate) and related products which were first registered in the EU on November 30, 2009 at doses of
150 and 300 mcg covering the time frame of November 30, 2009 to May 31, 2010 that was reviewed.
Furthermore, Medwatch reports submitted to the IND 48,649 were also reviewed.
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Tables of Studies/Clinical Trials

Table 2 Clinical trials included in evaluation

Study Objective, Planned | Treatment | Dosage Efficacy Safety endpoints
population patients | duration endpoint
Dose ﬁnding trials
B2335S | Adaptive 1945 26 weeks Indacaterol FEV; trough at | AE, SAEs, labs,
design dose- 75, 150, 24 hratwk 2 ECGs, VS, PE,
ranging in 300, 600 FEV1 AUC14 | weight, COPD
COPD mceg q.d., hr at wk 2 exacerbations, 24
Formoterol hour Holter
12 mcg bid (subset)
Tiotropium
18 meg QD | FEV; trough at
(open label) | 24 hr at wk 12
Placebo
B2357 Dose-ranging 558 2 weeks Indacaterol | tFEV1 after AE (including
in asthma 18.75, 37.5, | 14 days asthma
75, 150 meg exacerbations),
q.d. SAEs, labs, ECG,
Salmeterol VS, PE, weight
50 mcg bid
Placebo bid
B2223 Dosing 192 2 weeks Indacaterol tFEV1 after VS, ECG, labs,
regimens in 37.5 mcg 14 days AEs
asthma bid, 75 mcg
g.d., 150
mcg gq.0.d
B2356 Dose-ranging 576 2 weeks Indacaterol | tFEV1 after AE, SAEs, labs,
in COPD 18.75, 37.5, | 14 days ECG, VS, PE,
75, 150 meg rescue medication
q.d. use
Salmeterol
50 mcg bid
Placebo bid
Key controlled efficacy trials-75 mcg
B2355 Efficacy/safety | 326 12 weeks Indacaterol tFEV1 at AE, SAEs, labs,
in COPD 75mcg q.d. | Week 12 ECG, VS, PE
Placebo g.d.
B2354 Efficacy/safety | 326 12 weeks Indacaterol tFEV1 at AE, SAEs, labs,
in COPD 75mcg q.d. | Week 12 ECG, VS, PE
Placebo g.d.
Key controlled efficacy trials-= 150 mcg
B2336 Efficacy/safety | 972 26 weeks Indacaterol | tFEV1 at AE (including
in COPD 150 mcg Week 12 COPD
q.d. exacerbations),
Salmeterol SAEs, labs, ECG,
50 meg b.i.d VS, PE, medical
Placebo resource
b.i.d utilization, post
inhalation events
Reference ID: 2905445 15
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Supplementary controlled efficacy trials
B1302 Efficacy/safety | 336 12 weeks Indacaterol | tFEV1 at AE (including
in COPD 150, 300 Week 12 COPD
Hong Kong, mcg q.d. exacerbations),
India, Japan, Placebo q.d. SAEs, labs, ECG,
Korea, VS, PE, weight,
Singapore and post inhalation
Taiwan events
B2333 Efficacy/safety | 558 26 weeks Indacaterol tFEV1 at AEs, SAEs, VS,
in COPD, 150, 300 Week 12 ECGs, labs, post
China, mcg g.d. inhalation events
Australia and Placebo q.d.
India
B2349 Efficacy/safety | 1084 12 weeks Indacaterol | AUC (5 min- | ECG, labs, blood
in COPD 150 mcg 11h 45 min pressure, heart
q.d. for FEV1 at rate, AEs
Salmeterol Week 12
50 mcg b.i.d
B2350 Efficacy/safety | 1568 12 weeks Indacaterol | tFEV1 at AEs, SAE, ECG,
in COPD 150 mcg Week 12 labs, blood
q.d. pressure, heart
Tiotropium rate, AEs
18 meg g.d.
Long term controlled efficacy trials
B2335SE | Efficacy/safety | 417 26 weeks Indacaterol | tFEV1 at AE (including
in COPD (additional | 150, 300 Week 52 COPD
toinitial 26 | mcg q.d. exacerbations),
weeks) Placebo q.d. SAEs, labs, ECG,
VS, PE, weight
Trials with indacaterol given concurrently with tiotropium
B2341 Efficacy/safety | 1126 12 weeks Indacaterol | AUC (5 min- | AEs, COPD
in COPD 150 meg 8 h) for FEV1 | exacerbations,
q.d. + at Week 12 SAEs, labs, VS,
tiotropium PE, ECG
18 meg q.d.
Placebo to
indacaterol
+ tiotropium
18 meg q.d.
B2351 Efficacy/safety | 1126 12 weeks Indacaterol | AUC (5 min- | AEs, COPD
in COPD 150 mcg 8 h) for FEV1 | exacerbations,
q.d. + at Week 12 SAEs, labs, VS,
tiotropium PE, ECG
18 meg q.d.
Placebo to
indacaterol
+ tiotropium
18 mcg q.d.
Short-term profiling trials
B2311 Exercise 83 3 weeks (2 | Indacaterol Exercise AEs, SAEs, labs,
endurance in treatment 300 mcg endurance VS, ECG, PE
COPD periods q.d. time
separated Placebo g.d. | (measured
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by 2 weeks through
of wash constant-load
out) cycle
ergometry
testing) after
3 weeks of
treatment
B2331 24 h lung 148 14 days (3 | Indacaterol | tFEV1 on AEs (including
function profile treatment 150, 300 Day 15 COPD
in COPD periods mcg g.d. exacerbations),,
separated Tiotropium SAEs, labs, VS,
by 2 weeks | 18 mcg q.d. ECG, PE
of wash Placebo q.d.
out)
Interim analysis for Japanese ftrial
B1303 Efficacy/safety | 180 52 weeks Indacaterol | tFEV1 on AE (including
in COPD (interim 300 mcg Day 169 COPD
(Japan) analysis at | q.d. (Week 24) exacerbations),
Week 24) Salmeterol SAEs, labs, ECG,
50 meg VS, PE, weight,
b.i.d. post inhalation

events

4.2 Review Strategy

The two new dose ranging trials (B2357 and B2356) and the dose regimen trial (B2223) were first
reviewed for validity and appropriateness of the selected dose and regimen. B2357 and B2223 were
conducted in the bronchoreactive population of asthmatics as recommended by FDA. Then the two
confirmatory 12 week trials B2355 and B2354 were reviewed for efficacy and safety of the proposed 75
mcg dose. Next, the long term 26 week trial B2336 was examined for safety of the higher proposed dose
which could be extrapolated to the lower proposed dose. Overall, safety was judged by the review of
many sources including: the Overview of Safety, the PSUR-1 and postmarketing reports. Novartis
submission of a meta-analysis of the incidence of respiratory related death is pending at the time of
finalization of this background package. It is anticipated that this information will be available at the
PADAC meeting

4.3 Discussion of Individual Studies/Clinical Trials
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Clinical Trials: B2357

4.3.1 DOSE FINDING TRIAL IN PATIENTS WITH ASTHMA B2357

A Randomized, Double-Blind, Double-Dummy, Placebo-Controlled, Parallel-Group Study to Assess the
Efficacy and Safety of Different Doses of Indacaterol in Adult Patients with Persistent Asthma, Using
Salmeterol as an Active Control.

4.3.1.1 Trial Description

43111 Design

This was a Phase lll, multicenter (73), randomized, double-blind, double-dummy, placebo-controlled,
parallel group trial conducted in patients with persistent asthma for 14 days with indacaterol once daily at
doses of 18.75, 37.5, 75 or 150 mcg, salmeterol 50 mcg twice daily, or placebo. Initially, there was an
open label period on Day 15 where all subjects would receive a single dose of indacaterol 300 mcg, this
was removed in Amendment #2 dated 2/15/10 along with the associated study objectives and
assessments.

Reviewer’s Comment:
The intention of the Sponsor was that this study would supplement the data from Study CQAB149B2335S
and support the selection of an appropriate dose of indacaterol for the treatment of COPD.

4.3.1.1.2 Duration
The treatment period was 2 weeks. A two week run-in time preceded the active treatment period.

Reviewer’s Comment:
The time taken to reach pharmacokinetic steady state is 14 days for indacaterol when administered once
daily.

4.31.1.3 Population

Males and females aged 18 years and older, diagnosed with persistent asthma (according to ’GINA
guidelines, update 2008) were enrolled. The randomization was stratified by asthma severity (GINA
guidelines) based on data recorded in the patient’s diary during the run-in period. The population was
changed in Amendment #2 dated 2/15/10 to include a 24-hour spirometry profiling subgroup. All patients
were offered the opportunity

Reviewer’'s Comment:
The targeted asthma population was at the recommendation of the Agency where the rationale was to
test in the patient population most sensitive to both the bronchodilator and AE effects of LABAs.

4.3.1.1.4 Study Sites
This study was conducted at 73 sites in the United States

4.3.1.1.5 Investigational and Reference Therapy
The following drugs were used:

e Indacaterol 18.75 mcg dry powder capsules blister batch # VMLK/2009-3018, DP Batch # X223

0909

e Indacaterol 37.5 mcg dry powder capsules blister batch # VMLK/2009-3019, DP Batch # X224
0909
Indacaterol 75 mcg dry powder capsules blister batch # VMLK/2009-2700, DP Batch # X173GF
Indacaterol 150 mcg dry powder capsules blister batch # VMLK/2009-2826, DP Batch # X172GF
Placebo to indacaterol blister batch # VMLK/2008-1409, DP Batch # X039BE
Salmeterol 50 mcg Diskus® DP batch # R438216
Placebo to salmeterol Diskus® DP batch # X2780807

® Global Initiative for Asthma (GINA) 2008, Available from the website http://www.ginasthma.org.
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e Placebo to salmeterol Diskus® DP batch # X1650608

All indacaterol dry powder capsules and placebo-to-indacaterol were inhaled through the Concept1
SDDPI. Salmeterol and the placebo-to-salmeterol were inhaled through the Diskus®.

4.3.1.1.6 Objectives

The primary objective was to evaluate the dose response relationship among four doses of indacaterol
(18.75, 37.5, 75, and 150 mcg q.d.), placebo and salmeterol 50 mcg b.i.d. as measured by the 24 hr post-
dose FEV1 (trough) after 14 days (tFEV1 Day 14) of treatment in adult patients with persistent asthma.

Reviewer’s Comment:
The doses selected were smaller than those evaluated in study B23358S in the original submission
[NDA22-383 S000], 75, 150, 300 and 600 mcg.

The second secondary objectives were as follows:
e To evaluate the bronchodilator effect for all doses of indacaterol as compared to placebo as
measured by:
o 24-hour post-dose of (trough) FEV1 after 1 day (tFEV1 Day1) of treatment
o Peak FEV1 on Day 1, this was changed from time to peak FEV1 on Day 1 in Amendment
#1, dated 1/15/10
o AUC for FEV1 5 minutes -11 hours 45 minutes on Days 1 and 14
o AUC for FEV1 5 minutes-4 hours on Days 1 and 14
e To evaluate the effect of all doses of indacaterol and placebo on morning (premedication) and
evening (pre-medication) PEF using data obtained from the eDiary over 14 days
e To evaluate day and night time rescue medication usage for all doses of indacaterol as compared
to placebo over 14 days

An exploratory objective to assess the 24-hour (FEV1 and FVC) profile of indacaterol (18.75, 37.5, 75 and
150 mcg qg.d.), salmeterol and placebo after 14 days of treatment was added in Amendment #2 dated
2/15/10.

4.3.1.1.7 Inclusion Criteria
Key inclusion criteria included:
e Male and female adults aged = 18 years
Diagnosis of persistent asthma per GINA 2008 guidelines
Stable treatment with inhaled corticosteroid (ICS) for one month
FEV1 =2 50 and < 90% of predicted normal
Reversibility with an increase FEV1 of 212% and 2200 mL within 30 minutes of albuterol via MDI

The criterion for FEV1 had to be demonstrated after a washout period of at least 6 hours during which no
use of short acting f2-agonist (SABA), and a minimum of 48 hours for a long acting 2-agonist (LABA).
Patients using LABAs (i.e. formoterol or salmeterol) were switched to the PRN use of the SABA
(albuterol) at least 48 hours prior to Visit 2, those taking fixed dose combination treatment with ICS plus a
LABA were taken off the combined medication and given the equivalent ICS monotherapy replacement of
the ICS plus the inhaled SABA (as needed) at least 48 hours prior to Visit 2. Those taking a fixed dose
combination anti-cholinergic plus a SABA (i.e., Combivent®) were taken off the combination at least 8
hours prior to Visit 2. Instead, only albuterol was used. In either case where fixed dose combination
products were discontinued, regular dosage regimens of albuterol as rescue medication were only
permitted during the screening period however, during the treatment period albuterol was taken for
rescue (“when required”) purposes only. Reversibility could be demonstrated after a washout period of at
least 6 hours prior to the evaluation for a SABA and at Visit 2 or between Visits 2 and 3.

4.3.1.1.8 Exclusion Criteria
Notable exclusion criteria included:
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e Pregnant or lactating women

e Women of child-bearing potential unless use of one or more acceptable method of contraception

e Smoking history of >10 pack years or current smokers who smoke more than 10 cigarettes a day

e Diagnosis of COPD as defined by the *Global Initiative for Chronic Obstructive Lung Disease

(GOLD guidelines for 2008)

Patients with seasonal allergic rhinitis whose asthma was likely to deteriorate during the study

e Severe asthma exacerbation requiring hospitalization in the 6 months prior to Visit 1, previous
intubation

e Emergency room visit for an asthma attack within 6 weeks prior to Visit 1 or anytime between
Visit 1 and 3

e Use of 28 inhalations per day of SABA (90 mcg albuterol via MDI) on any 2 consecutive days
from screening to randomization

e Respiratory tract infection within 6 weeks prior to Visit 2 however, in Amendment #3, this was
changed so that these patients were permitted to reenroll at a later date of at least 6 weeks

e Respiratory tract infection between Visit 2 and Visit 3 must discontinue from the trial

e Concomitant pulmonary disease, pulmonary tuberculosis (unless confirmed by chest x-ray to be
no longer active), or clinically significant bronchiectasis

e Patients with diabetes Type | or uncontrolled diabetes Type Il including patients with a of blood
glucose levels consistently outside the normal range of glycosylated A1c > 8.0% of total
hemoglobin measured at Visit 2.

e Clinically relevant laboratory abnormality or a clinically significant condition such as unstable
ischemic heart disease, arrhythmia, or other clinically significant ECG findings, uncontrolled
hypertension and other significant cardiac disease or conduction defect, uncontrolled thyroid
disease, hypokalemia, hyperadrenergic state

e History (or family history) of long QT syndrome or QTc interval (Fridericia) measured at Visit 2
and 3 >450 ms (males) or >470 ms

e Any patient with lung cancer, any active cancer or a history of lung cancer or other cancer with
less than 5 years of disease free survival time

4.3.1.1.9 Conduct

Table 3 and Table 4 below outline the overall design of the study and the schedule of study procedures.
At the pre-screening visit (Visit 1), informed consent was obtained and current asthma medications were
reviewed. Arrangements were made to adjust prohibited asthma therapy prior to Visit 2, and all patients
were provided with a SABA (albuterol) which they were to use throughout the study as rescue medication.
During the treatment period albuterol was to be taken as rescue (when required) medication only and no
other rescue treatment was permitted. The interval between Visits 2 and 3, the 14 day run-in period was
used to assess eligibility of patients and to collect baseline patient characteristics and data on PEF
measurements and rescue medication use via patient diary entries.

Patients who met inclusion/exclusion criteria at the screening visit returned for the randomization, Visit 3.
At Visit 3, patient eligibility was confirmed and the patient was randomized (1:1:1:1:1:1) to one of the 6
blinded treatments as follows:
1. Indacaterol (18.75 mcg) delivered via SDDPI g.d. in the morning and placebo to salmeterol via
Diskus® in the morning and placebo to salmeterol via Diskus® in the evening, or
2. Indacaterol (37.5 mcg) delivered via SDDPI g.d. in the morning and placebo to salmeterol via
Diskus® in the morning and placebo to salmeterol via Diskus® in the evening, or
3. Indacaterol (75 mcg) delivered via SDDPI g.d. in the morning and placebo to salmeterol via
Diskus® in the morning and placebo to salmeterol via Diskus® in the evening, or

* Global Initiative for Chronic Obstructive Lung Disease (2001, updated 2007) Global strategy for the
diagnosis, management and prevention of chronic obstructive pulmonary disease. Available from the
GOLD website http://www.goldcopd.com.
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4. Indacaterol (150 mcg) delivered via SDDPI g.d. in the morning and placebo to salmeterol via
Diskus® in the morning and placebo to salmeterol via Diskus® in the evening, or

5. Placebo to indacaterol delivered via SDDPI g.d. in the morning and placebo to salmeterol via
Diskus® in the morning and placebo to salmeterol via Diskus® in the evening, or

6. Placebo to indacaterol delivered via SDDPI once daily in the morning and salmeterol 50 mcg via
Diskus® in the morning and salmeterol 50 mcg via Diskus® in the evening.

Patients received their first dose of study medication in the clinic on the morning of Day 1 (Visit 3) and
were assessed in the clinic on Days 2, 14 and 15.

Table 3 Protocol B2357 Study Design

Period Pre-screen Screen/ 14-Day Randomized Treatment
Run-in

Visits 1 2 3 4 5 6

Day -30 to -14 -14 1 2 14 15

Patients are randomized
(1:1:71:1:1:1) to receive one of
the following six blinded
treatments:

Indacaterol 18.75 g o.d. via
SDDPI and placebo to
salmeterol 50 pg b.i.d. via
Diskus”, or

Indacaterol 37.5 pg o.d. via
SDDPI and placebo to
salmeterol 50 Pg b.i.d. via
Diskus”, or

Indacaterol 75 Pg o.d. via
SDDPI and placebo to
salmeterol 50 pg b.i.d. via
Diskus”, or

Indacaterol 150 pg o.d. via
SDDPI and placebo to
salmeterol 50 pg b.i.d. via
Diskus”, or

Placebo to indacaterol o.d. via
SDDPI and placebo to
salmeterol 50 pg b.i.d. via
Diskus”, or

Placebo to indacaterol via
SDDPI and salmeterol 50 pg
b.i.d. via Diskus”

Daily ICS monotherapy will be mandatory for
all patients to remain stable throughout the
duration of the study.

Albuterol will be available for rescue use
throughout the study.

Source: Table 3-1 Study No. CQAB149B2357 Amendment #3

The sequence of measurements were to be done in the following order when multiple assessments were
required: ECG, vital signs, samples for hematology/blood chemistry, and then spirometry, starting in time
to ensure spirometry measurements take place as close as possible to the scheduled time point. The
screen period was changed in the Amendment #1 dated January 15, 2010 to only -14 days and an open
label period was removed in Amendment #2 dated February 15, 2010.
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Table 4 Protocol B2357 Assessment Schedule

Pre-Screen

Screening/ Run-in

Treatment Period

Treatment period

Double blind treatment

Visit

3 4

5

Day

1 2

14

Informed consent

Current medication review

Inclusion/exclusion Criteria

xS

Medical History

Demographics

Smoking History

Pregnancy Test (serum)?

Physical Examination?

Record heig;ht (Visit 2 only)
and weight

FEV, reversibility (8, agonist)
and FEV4/FVC

Comtact IVRS/IVRS?

Randomization via the IVRS®

Provide rescue medication as
needed

w

wn
wn

. . 2
Review/record B; agonist use

>
w

<
W
=<
wn

XS

=
w

ECG*?

>
w

=
wn

XS

=
w

Systolic & diastolic blood
pressure & radial pulse rate®?

>
w

<
w

XS

=
w

Urinalysis®*

=
w

<
w

XS

=
w

Hematology/blood chemistry®*

>
w

=
wn

XS

=
w

- 2,3
Spirometry

>
w

<
w
<
wn

XS

=
w

24-hour spirometry profiling
(subset of patients)

XS

=
w

AE recording’

>
w

>
w

=<
v
=<
wn

XS

=
w

. . . 2
Concomitant medication

>=
wn

>
w

<
w
<
wn

XS

=
w

. ]
Device lfall1|l1g

>
w

>
w

=<
v

PEF & Diary training

>
w

Dispense PEF/Diary

>
w

Review, collect and download
PEF/Diary* *®

Telephone patient 1 day prior
to Visit*

Administer study drug at visit

Dispense study drug:I

Collect unused study drug®

X = assessment to be recorded on clinical data base
S = assessment to be recorded on source documentation
Source: Table 6-1 Study No. CQAB149B2357 Amendment #3
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Efficacy Assessments

The scheduling of serial measurements is presented in Table 5 below. Serial spirometry was performed
on Days 1 (Visit 3) and Day 14 (Visit 5), at 50 and 15 minutes predose, then 5, 15, 30 minutes, 1, 2, 4, 8
hours and 11 hours 10 min, 11 hours 45 minutes post dose, then on Day 2 (Visit 4) and Day 15
spirometry was performed at 23 hours 10 min and 23 hours 45 minutes post dose. The serial spirometry
subgroup continued to have spirometry taken during 14, 20 and 22 hours post dose. Baseline FEV1 was
defined as the average of the FEV1 value at 50 and 15 minutes prior to dosing on Day 1. Patients were
advised to avoid caffeine, chocolate, ice-cold beverages, strenuous physical activity and alcohol intake for
at least 24 hour prior to scheduled study visits. Spirometry was read by a central laboratory.

Patients were provided with a Peak Flow meter and a diary device (Visit 2) to perform morning and
evening peak expiratory flow (PEF) measurements, and record clinical symptoms and rescue medication
usage (the number of inhalations used of albuterol via MDI) between morning and evening study
medication inhalations. Compliance with the diary during the run-in period was encouraged.

Patients were instructed to avoid rescue albuterol within 6 hours of the start of each visit unless
absolutely necessary. If rescue medication was taken within 6 hours prior to spirometry at Screening, or
prior to the spirometry at Days 1 and 15 (Visits 3 and 6), the visit was rescheduled for the next day. If
rescue medication was taken within 6 hours prior to the post-dose spirometry measurements (relative to
the previous day’s dose) at Days 2 and 14 (Visits 4 and 5 the spirometry measurements were considered
invalid). Daily use of rescue medication was recorded once in the morning and once in the evening using
their electronic diary.
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Table 5 Protocol B2357 Timed Assessments

Visit (Day) Time.-point1 Urinalysis ECG® | Vital Hematology/ Spirometry
Signs® | plood chemistry | (expiratory .
maneuver FEV,)
Visit 3 -50 min X X
(Day 1) -25 min XX X X
-15 min X
5 min X
15 min X
30 min X
Visit (Day) Timepoint1 Urinalysis ECG® | Vital Hematology/ Spirometry
Signs” | plood chemistry | (€xpiratory .
maneuver FEV,)
Th XX X X X
2h X
4 h X
8h X
11 h 10 min X
11 h 45 min X
Visit 4° 23 h 10 min X
(Day 2) 23 h 45 min X
Visit 5° -50 min X X
(Day 14) -25 min XX X X
-15 min X
5 min X
15 min X
30 min X
1h XX X X X
2h X
4h X
8h X
11 h 10 min X
11 h 45 min X
24-hour 14 h X
spirometry 20h X
?Sgg? 5 |22h X
Visit 6° 23 h 10 min X X
(Day 15) 23 h 35 min XX X X
23 h 45 min X

Source: Table 6-2 Study No. CQAB149B2357 Amendment #3

Safety Assessments

ECG, vitals and laboratory evaluations were performed 25 minutes predose and 1 hour post dose on
Visits 3 and 5 and then again on Visit 6 at 23 hours 35 minutes. Urinalysis was performed 3 times on
Visits 3 and 5 at 50 minutes predose and Visit 6 at 23 hours 10 minutes. AE and concomitant medications
were recorded during all clinic visits. Physical exam and serum pregnancy test were performed during the
screening and Day 15.

4.3.1.1.10 Concomitant Treatments

Inhaled corticosteroids were required and the dose was to be stable for at least 1 month prior to
screening and throughout the study. Other allowed medications included pure SSRIs, inactivated vaccine,
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nasal corticosteroids and antihistamines. As mentioned above, only albuterol was to be used as a rescue
medication. The following medications were prohibited: non-potassium sparing diuretics (unless
administered as a fixed-dose combination with a potassium conserving drug), non-selective systemic
beta-blocking agents, cardiac anti-arrhythmics Class la and Class Ill, amiodarone, any other drug with
potential to significantly prolong the QT interval (i.e. astemizole, terfenadine, mizolastin, macrolides), all
antidepressants (except pure SSRI’s), anti-psychotics, monoamino-oxidase inhibitors, macrolides and
other investigational drugs, mast cell stabilizers, leukotriene antagonists, Varenicline, live attenuated
vaccine and intraarticular depot corticosteroids. Prohibited asthma-related medications included: long
acting anticholinergics, short acting anticholinergics, fixed combinations of beta2 agonists and ICS, fixed
combinations of SABA and short acting anticholinergics, LABAs, SABAs (other than study rescue
medication), xanthines, parenteral or oral corticosteroids and intra-muscular depot corticosteroids.

4.3.1.1.11 Ethical Aspects

The trial was designed, implemented and reported in accordance with the ICH Harmonized Tripartite
Guidelines for Good Clinical Practice, with applicable local regulations (including European Directive
2001/20/EC, US Code of Federal Regulations Title 21, and Japanese Ministry of Health, Labor, and
Welfare), and with the ethical principles laid down in the Declaration of Helsinki. Eligible patients were
included in the study after providing written, IRB/IEC-approved informed consent or, if incapable of doing
so, after such consent was provided by a legally acceptable representative of the patient.

4.3.1.1.12 Data Analysis

Efficacy Variables

Full details of the statistical analysis of this as well as the other 5 relevant trials will be reviewed by the
biostatistician, Dr. Dongmei Liu. Briefly, there were four sets defined for analyses: the randomized set, the
full analysis set (FAS), the per-protocol set (PPS) and the safety set. The primary analysis set for efficacy
was the FAS and this included all randomized patients who received at least one dose of study drug. The
safety set was used in the analysis of all safety variables. In addition, a subset of patients in the FAS with
24 hour serial spirometry was defined. The estimated treatment differences for all treatment comparisons
were summarized along with the associated 95% confidence intervals (Cls) and two-sided p-values.

Reviewer comment:
For the purposes of this review, only data from the FAS are presented in the efficacy summary.

Primary endpoint- tFEV1 Day 15
The primary efficacy endpoint was “trough FEV1” (tFEV1) at Day 15 in the full analysis set (FAS), with
trough being defined as the average of the 23 hour 10 minute and the 23 hour 45 minute values taken in
the clinic on Day 15.

Reviewer Comment:
The trough value characterizes the residual treatment effect prior to the next dose of drug.

The primary variable with missing values imputed with last observation carried forward (LOCF) was
analyzed using a mixed model for the FAS. The model included treatment as a fixed effect with the
baseline FEV1 measurement (defined as the average of the FEV1 measurements taken in the clinic at 50
minutes and 15 min prior to first dose of study drug at Visit 3), FEV1 prior to inhalation and FEV1 within
30 minutes post inhalation of albuterol (components of SABA reversibility at Visit 2) all as covariates. The
model also included asthma severity (mild persistent/moderate persistent/severe persistent) as a fixed
effect and center as a random effect.

The sample size was based on the widths of the two-sided 95% confidence interval (Cl) between any pair
of treatments. A 95% CI of expected width 200 mL was considered by the sponsor an acceptable level of
precision in this dose ranging study. Analysis from a previous indacaterol asthma dose ranging study
QAB149A2216 suggested an appropriate standard deviation of trough FEV1 to assume was 320 mL. This
led to an estimate of 79 evaluable patients per treatment group required to detect a 95% confidence
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interval (two-sided) of expected width 200 mL wide, assuming a standard deviation of 320 mL. A drop out
rate of 15% was assumed over 2 weeks of treatment; therefore, a sample size of 558 randomized
patients or 93 per treatment group was required.

For the indacaterol and placebo treatment groups, if any of the 23 hour 10 minute and 23 hour 45 minute
values contributing to the tFEV1 were collected within 6 hours of rescue medication or if actual
measurement times were outside the 22-25 hour post-morning dose time window then the individual
FEV1 value was set to missing. This was also done for the salmeterol treatment group. If one of the two
values was missing (or set to missing) then the remaining non-missing value was taken as tFEV1. If both
values were missing, or if the patient withdrew from the study, regardless of the reason for
discontinuation, then tFEV1 was regarded as missing in which case the patient would not contribute to
the primary analysis. Other secondary efficacy variables were summarized and analyzed using a similar
model to that described for the primary efficacy variable for the FAS only and the estimated treatment
difference for all treatment comparisons was displayed along with the associated 95% confidence
intervals. In addition to the above, the exploratory efficacy variables were to explore the 24 hour (FEV1
and forced vital capacity (FVC)) profile of indacaterol (18.75, 37.5, 75 and 150 mcg QD), salmeterol and
placebo after 14 days of treatment.

Several supportive analyses were conducted: A supportive analysis employing LOCF was performed for
the PPS. In addition an analysis employing LOCF was repeated for the log transformed trough FEV1.
This analysis was used to assess percentage change from baseline in tFEV1. And as well, a supportive
analysis was conducted using a model-based approach to provide a quantitative characterization of the
dose-response relationship after 14 days of treatment. This analysis was performed on the FAS and
included trough FEV1 values obtained on Day 14 and Day 15. An Emax model was employed to
characterize the dose-response relationship:

Emax x dose
Expected Trough FEV1 = E0 + Epso+ dose

Reviewer Comment:

The approach of LOCF for missing (or set to missing) trough at Day 15 but not missing at Day 14 was

applied as a change in planned analysis pre-database lock. Changes made post-database lock include:
Due to the data observed the estimate of an indacaterol dose which yielded the same estimated
increase in tFEV'1 at Day 15 as treatment with salmeterol 50 mcg b.i.d., and the indacaterol dose
which yielded an increase in tFEV1 of 0.2 L, was not possible. Therefore these values were
dropped from the analysis outputs.

2. Additional subgroup analyses by a) SABA reversibility (< 12%, 12 - < 15%, 15 - < 20% and 2
20%) and b) age group more appropriate to asthma (age < 40 years and = 40 years) for tFEV1 at
Day 15 were added to the analysis plan.

3. Responder analyses in tFEV1 at Day 15 for both FAS and PPS were added to the analysis plan.
Responders were defined as subjects who had an increase from baseline in tFEV1 ofa) =2 12 %
and20.2L,b)215%and=20.2Lc)220 % and=0.2 L.

These changes were discussed with the Biostatistics team who felt overall, they did not change the
conclusions.

Secondary endpoints- tFEV1 Day 2 and Day 14
Trough FEV1 1 day post treatment and at Day 14 (after 13 days of treatment) was analyzed in the same
manner and using the same mixed model as specified for trough at 2 weeks. Missing trough FEV1 were
not imputed. For Day 2 trough FEV1 was defined as the average of the 23 hour 10 minute and the 23
hour 45 minute values taken in the clinic and for Day 14 as the average of the 50 minute and 15 minute
pre-dose values taken at the clinic.
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Secondary endpoints- Peak FEV1 over 5mins-4hours
Peak FEV1 was defined as the maximum FEV1 during the first 4 hours post morning dosing. It was
calculated at Day 1 and Day 14 for all patients in the FAS. FEV1 measurements taken within 6 hours of
rescue medication use were set to missing before the peak FEV1 was calculated. If FEV1 measurements
were missing at 30 minutes and following time-points up to 4 hours, then the peak FEV1 was not
calculated. A similar mixed model to that specified for the primary analysis was used at each visit.

Secondary endpoints- AUC FEV1 5mins-4hours
AUC FEV1 was calculated between 5 min and 4 h post morning dose at Day 1 and Day 14 as the sum of
trapezoids divided by the length of time for all patients in the FAS. FEV1 measurements taken within 6 h
of rescue use were set to missing before the AUC was calculated.

Secondary endpoints- AUC for FEV1 5 mins — 11 hrs 45 mins
The AUC for FEV1 will be calculated between 5 minutes and 11 hours 45 minutes post morning dose at
Visit 3 (Day 1) and Visit 5 (Day 14). Calculation of AUC and statistical analyses were done in the same
way as specified for AUC(5 minutes - 4 hours).

Secondary endpoints- FEV1 and FVC at all other post-baseline time points
FEV1 and FVC at each scheduled time-point (5, 15 and 30 minutes, 1, 2, 4, 8 hours, 11 hour 10 minutes,
11 hour 45 minutes, 14, 20, 22 hours, 23 hour 10 minutes and 23 hour 45 minutes after the dose taken at
Day 14 (Visit 5)) was analyzed at each post-baseline time point at each visit using the same mixed model
as specified for the primary analysis. Least squares means for FEV1 were displayed by treatment group.
The estimated treatment difference along with the 95% confidence interval was also displayed.

Secondary endpoints- AUC for FEV1 5 mins — 23 h 45 min and FEV1 11h 45 min —

23 h 45 min for serial spirometry subgroup
The AUC for FEV1 was calculated between 5 min and 23 hour 45 min and between 11hour 45 min and
23 hour 45 min post morning dose at Visit 5 (Day 14) for the serial spirometry subgroup. Calculation of
AUC and statistical analyses was performed in the same way as specified for AUC(5 min - 4 hour).

Secondary endpoints- Daily rescue use (number of puffs) over 2 weeks
The number of puffs of rescue medication taken in the previous 12 hr was recorded in the diary in the
morning and evening. The mean change from baseline in the daily number of puffs of rescue medication
was analyzed using a similar mixed model to that specified for the primary analysis.

Secondary endpoints- Daytime and nighttime rescue medication use (humber of puffs)

over 2 weeks
The total number of puffs of rescue used over the last 12 hr was recorded in the morning (nighttime use)
and in the evening (daytime use) over the two weeks study duration was divided by the total number of
days with non-missing rescue data (after imputation was applied) to derive the mean daytime and
nighttime number of puffs of rescue medication. Diary data recorded during the 14 day run-in period were
used to calculate the baseline values. Change from baseline in mean daytime and nighttime number of
puffs of rescue medication was analyzed in the same way as change from baseline in mean daily number
of puffs of rescue medication.

Secondary endpoints- Percentage of days with no rescue use
A ‘day with no rescue use’ was defined as any day where the patient did not use 