
I d t lI d t lIndacaterolIndacaterol
NDA 22NDA 22--383383

PulmonaryPulmonary--Allergy Drugs Allergy Drugs 
Ad i C itt M tiAd i C itt M tiAdvisory Committee MeetingAdvisory Committee Meeting

March 8, 2011March 8, 2011

Novartis Pharmaceuticals CorporationNovartis Pharmaceuticals Corporation

1



Introduction and BackgroundIntroduction and Background

Trevor Trevor MundelMundel, M.D. Ph.D., M.D. Ph.D.
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Novartis is Committed to Patients with COPDNovartis is Committed to Patients with COPD

•• Products in Phase 3 with planned COPD only Products in Phase 3 with planned COPD only 
indicationsindicationsindicationsindications

–– LAMA LAMA -- GlycopyrroniumGlycopyrronium BromideBromide
–– LABA/LAMA LABA/LAMA -- Indacaterol and Indacaterol and GlycopyrroniumGlycopyrroniumy pyy py

BromideBromide

•• Currently there are 9 studies with 9500 Currently there are 9 studies with 9500 yy
patients enrolled in COPD studiespatients enrolled in COPD studies
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Indacaterol Indacaterol –– Next Generation BetaNext Generation Beta22--AgonistAgonist

•• Rapid onset of effect sustained over 24Rapid onset of effect sustained over 24--hourshours
N l f ffi ti (t h h l i )N l f ffi ti (t h h l i )•• No loss of efficacy over time (tachyphylaxis) No loss of efficacy over time (tachyphylaxis) 
or loss of response to rescue medicationor loss of response to rescue medication
L t i ith idL t i ith id•• Low systemic exposure with a wide Low systemic exposure with a wide 
therapeutic indextherapeutic index
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Proposed IndicationProposed Indication

LongLong--term, once daily maintenance bronchodilatorterm, once daily maintenance bronchodilator
treatment of airflow obstruction in patients withtreatment of airflow obstruction in patients with

h i b t ti l di (COPD)h i b t ti l di (COPD)chronic obstructive pulmonary disease (COPD),chronic obstructive pulmonary disease (COPD),
including chronic bronchitis and/or emphysema.including chronic bronchitis and/or emphysema.

Important Important Limitations of Use:Limitations of Use:
•• Not indicated to treat acute deteriorations Not indicated to treat acute deteriorations of of 

chronic obstructive pulmonary diseasechronic obstructive pulmonary diseasechronic obstructive pulmonary diseasechronic obstructive pulmonary disease

•• Not indicated to treat asthma. Not indicated to treat asthma. The The safety safety and and 
effectiveness in asthma have not beeneffectiveness in asthma have not been establishedestablishedeffectiveness in asthma have not been effectiveness in asthma have not been established.established.
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Product DescriptionProduct Description

•• AdAdministered using a lowministered using a low--resistance resistance 
singlesingle--dose dry powder dose dry powder inhalerinhaler

•• Multiple feedback to patient Multiple feedback to patient 
that a dose has been takenthat a dose has been taken

–– See: Empty capsuleSee: Empty capsule
Hear: Whirring soundHear: Whirring sound–– Hear: Whirring soundHear: Whirring sound

–– Experience: Sweet tasteExperience: Sweet taste
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Development and Regulatory HistoryDevelopment and Regulatory History
•• In clinical development since November 2000 In clinical development since November 2000 

with more than 15,000 subjects in 61 clinical with more than 15,000 subjects in 61 clinical 
studies including over 4 700 patients treatedstudies including over 4 700 patients treatedstudies, including over 4,700 patients treated studies, including over 4,700 patients treated 
with indacaterol for at least 12 weekswith indacaterol for at least 12 weeks

•• Original NDA and European MAA filed inOriginal NDA and European MAA filed in•• Original NDA and European MAA filed in Original NDA and European MAA filed in 
December 2008December 2008

–– Doses of 150 µg and 300 µg once dailyDoses of 150 µg and 300 µg once daily

•• First worldFirst world--wide approval in November 2009 (EU)wide approval in November 2009 (EU)
–– Doses of 150 µg and 300 µg once daily approvedDoses of 150 µg and 300 µg once daily approvedDoses of 150 µg and 300 µg once daily approvedDoses of 150 µg and 300 µg once daily approved

in more than 50 countries worldwidein more than 50 countries worldwide
–– PostPost--approval marketing safety experience from approval marketing safety experience from 

16 countries where launched with no new safety16 countries where launched with no new safety
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16 countries where launched with no new safety 16 countries where launched with no new safety 
concerns based on 56,000 patientconcerns based on 56,000 patient--yearsyears



FDA Review HistoryFDA Review History
•• Following FDA review of NDA Complete Response Following FDA review of NDA Complete Response 

letter received in October 2009letter received in October 2009
Conduct clinical studies to further assess dose andConduct clinical studies to further assess dose and–– Conduct clinical studies to further assess dose and Conduct clinical studies to further assess dose and 
dosing frequency, including doses less than 150 µgdosing frequency, including doses less than 150 µg

–– Address potential higher frequencies of cardiovascular Address potential higher frequencies of cardiovascular 
and cerebrovascular (CCV) serious adverse events (SAE)and cerebrovascular (CCV) serious adverse events (SAE)and cerebrovascular (CCV) serious adverse events (SAE)and cerebrovascular (CCV) serious adverse events (SAE)

–– Address possible risk of asthmaAddress possible risk of asthma--related deathsrelated deaths

•• Resubmission to FDA in September 2010Resubmission to FDA in September 2010•• Resubmission to FDA in September 2010 Resubmission to FDA in September 2010 
proposing 75 µg and 150 µg once daily dosesproposing 75 µg and 150 µg once daily doses

–– Includes:Includes:
•• Integrated dose response analyses across 8000 patientsIntegrated dose response analyses across 8000 patients
•• New clinical studies in ~2700 patientsNew clinical studies in ~2700 patients
•• Pooled safety and efficacy analyses, including a Pooled safety and efficacy analyses, including a 
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AgendaAgenda

Perspectives on COPDPerspectives on COPD James Donohue, M.D.James Donohue, M.D.
Professor and ChiefProfessor and Chief
Div. of Pulmonary and Critical Care Medicine Div. of Pulmonary and Critical Care Medicine 
University of North Carolina at Chapel HillUniversity of North Carolina at Chapel Hill

Dose Selection EfficacyDose Selection Efficacy David Morris M DDavid Morris M DDose Selection, EfficacyDose Selection, Efficacy David Morris, M.D.David Morris, M.D.
Head of Respiratory DevelopmentHead of Respiratory Development
Novartis Novartis PharmaPharma AGAG

Safety, Risk MitigationSafety, Risk Mitigation Linda Armstrong, M.D.Linda Armstrong, M.D.
Drug Safety and EpidemiologyDrug Safety and Epidemiology
Novartis Pharmaceuticals CorporationNovartis Pharmaceuticals Corporation

BenefitBenefit--Risk,Risk,
Clinical PerspectiveClinical Perspective

James Donohue, M.D.James Donohue, M.D.
Professor and ChiefProfessor and Chief
Div  of Pulmonary and Critical Care MedicineDiv  of Pulmonary and Critical Care Medicine
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Additional ExpertsAdditional Experts

•• John John DiMarcoDiMarco, M.D, Ph.D., M.D, Ph.D.
Professor of Internal Medicine/CardiologyProfessor of Internal Medicine/CardiologyProfessor of Internal Medicine/CardiologyProfessor of Internal Medicine/Cardiology
University of VirginiaUniversity of Virginia

•• Gary Koch Ph DGary Koch Ph D•• Gary Koch, Ph.D.Gary Koch, Ph.D.
Professor of Biostatistics and Professor of Biostatistics and 
Director of the Biometric Consulting LaboratoryDirector of the Biometric Consulting Laboratory
University of North CarolinaUniversity of North Carolina

•• Malcolm Sears, MB, FRCPCMalcolm Sears, MB, FRCPC, ,, ,
Professor of MedicineProfessor of Medicine
McMaster UniversityMcMaster University
Hamilton  Ontario  CanadaHamilton  Ontario  Canada
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Perspectives on Chronic Perspectives on Chronic 
Ob t ti P l DiOb t ti P l DiObstructive Pulmonary Disease Obstructive Pulmonary Disease 

(COPD)(COPD)

J D h M DJ D h M DJames Donohue, M.D.James Donohue, M.D.
Professor and Chief, Division of Pulmonary Professor and Chief, Division of Pulmonary 

d C iti l C M di id C iti l C M di iand Critical Care Medicineand Critical Care Medicine
University of North Carolina at Chapel HillUniversity of North Carolina at Chapel Hill
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Definition Definition 

•• COPD is a treatable lung disease in which airflow COPD is a treatable lung disease in which airflow 
is limited and not fully reversibleis limited and not fully reversible

•• Due to exposure to noxious agentsDue to exposure to noxious agents
(i.e., cigarette smoking)(i.e., cigarette smoking)

•• Airflow limitation is usually progressiveAirflow limitation is usually progressive

•• Caused by a mixture of airway disease (including Caused by a mixture of airway disease (including y y ( gy y ( g
bronchoconstriction) and bronchoconstriction) and parenchymalparenchymal
destruction (emphysema)destruction (emphysema)

•• Variable history and not all patients follow the Variable history and not all patients follow the 
same coursesame course
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Prevalence and Impact of COPD in the Prevalence and Impact of COPD in the USUS

PrevalencePrevalence1 1 (2006)(2006) ~12~12--24 million24 million( )( )

Emergency Department visitsEmergency Department visits1 1 (2006)(2006) ~2 million~2 million

HospitalizationsHospitalizations11 (2006)(2006) 661,000661,000

DeathsDeaths22 (2005)(2005) 124 583124 583DeathsDeaths (2005)(2005) 124,583124,583

Direct and indirect CostsDirect and indirect Costs33 (2010)(2010) $49.9 BB$49.9 BB
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11 Healthy Healthy People 2010. Progress Review: Respiratory Diseases. May 22, 2008.People 2010. Progress Review: Respiratory Diseases. May 22, 2008.
22 Trends Trends in COPD (Chronic Bronchitis and Emphysema): Morbidity and Mortality. April 2009.in COPD (Chronic Bronchitis and Emphysema): Morbidity and Mortality. April 2009.
33 nhlbi.nih.gov/about/factbooknhlbi.nih.gov/about/factbook--0909



COPD Impacts Patients’ Ability to WorkCOPD Impacts Patients’ Ability to Work11

•• 50% of COPD patients are estimated be under 50% of COPD patients are estimated be under 
65 years of age65 years of age2265 years of age65 years of age

•• Loss of productivity associated with diseaseLoss of productivity associated with disease22

–– In one survey, 79% of the employed COPD In one survey, 79% of the employed COPD 
patients reported that COPD negatively affected patients reported that COPD negatively affected 
their worktheir work22

–– In a different survey, 40% of those still working In a different survey, 40% of those still working 
agreed COPD limited the types or amount of work agreed COPD limited the types or amount of work 
they could dothey could do33they could dothey could do
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11 Fletcher et al. ATS New Orleans 2010Fletcher et al. ATS New Orleans 2010
22 Education for health.org. COPD 7 presentationEducation for health.org. COPD 7 presentation
33 Hernandez et al. Respir Med 2009Hernandez et al. Respir Med 2009



COPD Patients Experience Multiple Symptoms COPD Patients Experience Multiple Symptoms 
That Have a Real Impact on Their WellThat Have a Real Impact on Their Well beingbeingThat Have a Real Impact on Their WellThat Have a Real Impact on Their Well--beingbeing
SymptomsSymptoms Impact on WellImpact on Well--beingbeing

•• BreathlessnessBreathlessness
(dyspnea)(dyspnea)

•• CoughCough

•• Activity limitationActivity limitation

•• Anxiety and depressionAnxiety and depression
•• CoughCough

•• WheezingWheezing

Ch t ti htCh t ti ht

•• Apprehension about Apprehension about 
future eventsfuture events

L k f fid b tL k f fid b t•• Chest tightnessChest tightness

•• Sputum productionSputum production

•• Lack of confidence about Lack of confidence about 
steps to take actionsteps to take action

•• Risk of increasingRisk of increasing
•• FatigueFatigue

•• Risk of increasingRisk of increasing
social isolationsocial isolation

•• Loss of independenceLoss of independence
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Assessment of Clinical BenefitAssessment of Clinical Benefit

•• Lung FunctionLung Function
–– SpirometrySpirometry, i.e., FEV, i.e., FEV11, FVC, AUC FEV, FVC, AUC FEV11

•• Transition Dyspnea IndexTransition Dyspnea Index
–– Measures breathlessnessMeasures breathlessness
–– Breathlessness most disabling symptom of COPDBreathlessness most disabling symptom of COPD

•• Health StatusHealth Status•• Health StatusHealth Status
–– St. George’s Respiratory Questionnaire (SGRQ) St. George’s Respiratory Questionnaire (SGRQ) 

measures health statusmeasures health status
–– Health status worse with disease progressionHealth status worse with disease progression

•• Rescue Medication UseRescue Medication Use
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COPD TreatmentCOPD Treatment
GOLDGOLD 20102010 guidelinesguidelinesGOLD GOLD 2010 2010 guidelinesguidelines

I: MildI: Mild II: ModerateII: Moderate III: SevereIII: Severe IV: Very SevereIV: Very Severe

•• FEVFEV /FVC/FVC •• FEVFEV /FVC <0 70/FVC <0 70 •• FEVFEV /FVC <0 70/FVC <0 70•• FEVFEV /FVC <0 70/FVC <0 70•• FEVFEV11/FVC /FVC 
<0.70<0.70

•• FEVFEV1 1 80% 80% 
predictedpredicted

•• FEVFEV11/FVC <0.70/FVC <0.70
•• 30% 30% ≥≥ FEVFEV1 1 <50% <50% 

predictedpredicted

•• FEVFEV11/FVC <0.70/FVC <0.70
•• FEVFEV1 1 <30% predicted <30% predicted oror

FEVFEV1 1 <50% predicted plus <50% predicted plus 
chronic respiratory failurechronic respiratory failure

•• FEVFEV11/FVC <0.70/FVC <0.70
•• 50% 50% ≥≥ FEVFEV1 1 <80% <80% 

predictedpredicted

Active reduction of risk factors: influenza vaccinationActive reduction of risk factors: influenza vaccination
AddAdd shortshort--acting bronchodilator (when needed)acting bronchodilator (when needed)

AddAdd regular treatment with one or moreregular treatment with one or more longlong--actingacting bronchodilatorsbronchodilators

AddAdd inhaled inhaled glucocorticosteroidsglucocorticosteroids if repeated if repeated 
e acerbationse acerbations

AddAdd regular treatment with one or more regular treatment with one or more longlong--actingacting bronchodilatorsbronchodilators
AddAdd rehabilitationrehabilitation

exacerbationsexacerbations

AddAdd longlong--term oxygen term oxygen 
if chronic respiratory failureif chronic respiratory failure
C idC id i l t t ti l t t t

17

ConsiderConsider surgical treatmentssurgical treatments

Adapted from Global Initiative for Chronic Obstructive Lung Diseases (GOLD) 2010Adapted from Global Initiative for Chronic Obstructive Lung Diseases (GOLD) 2010



Clinical Course of COPDClinical Course of COPD

COPDCOPD

Expiratory flow limitationExpiratory flow limitation
Air trappingAir trapping

HyperinflationHyperinflation

BreathlessnessBreathlessness

ypyp

Health StatusHealth StatusDeconditioningDeconditioning InactivityInactivity

Reduced daily Reduced daily 
activity levelactivity level

18
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Challenges with Current TherapiesChallenges with Current Therapies

•• Multiple dosing over 24 hours associated with Multiple dosing over 24 hours associated with 
breakthrough symptomsbreakthrough symptoms11

•• Onset of actionOnset of action11

•• Tachyphylaxis or tolerance with longTachyphylaxis or tolerance with long--term useterm use11Tachyphylaxis or tolerance with longTachyphylaxis or tolerance with long--term useterm use

•• Side effectsSide effects

•• Not all patients benefit equallyNot all patients benefit equally

•• Consequences of Consequences of undertreatmentundertreatment

•• Low persistence/compliance with longLow persistence/compliance with long--term term 
maintenance therapymaintenance therapy22
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1 1 TashkinTashkin and and FabbriFabbri Respiratory Research 2010, Respiratory Research 2010, 11:14911:149
2 2 NeugaardNeugaard Population Health Population Health Management Volume Management Volume 14, Number X, 201114, Number X, 2011



OnceOnce--Daily Dosing Significantly Improves Daily Dosing Significantly Improves 
Adherence to COPD TherapyAdherence to COPD Therapy11Adherence to COPD TherapyAdherence to COPD Therapy11
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** p<0.001 p<0.001 for QD vs. BID, QD vs. TID, and QD vs. QIDfor QD vs. BID, QD vs. TID, and QD vs. QID
‡‡ PDC PDC = ratio of the number of days a patient was covered by a given drug during the observation period = ratio of the number of days a patient was covered by a given drug during the observation period 

to the total number of days in the observation period. to the total number of days in the observation period. 
11.. Toy Toy EL, et al., EL, et al., Respiratory Medicine Respiratory Medicine (2010), doi:10.1016/j.med.2010.09.006(2010), doi:10.1016/j.med.2010.09.006



As As New Bronchodilators are Introduced There New Bronchodilators are Introduced There 
Have Been More Consistent Improvements inHave Been More Consistent Improvements inHave Been More Consistent Improvements in Have Been More Consistent Improvements in 
Outcomes for Patients with Outcomes for Patients with COPDCOPD

Improvement in outcomeImprovement in outcome
Duration of Duration of 

IpratropiumIpratropium

NANANANA44––66AlbuterolAlbuterol§§

ExacerbationsExacerbations11––3,5,73,5,7––1414
Health Health 

StatusStatus11––1414
Exercise Exercise 

endurance*endurance*1,21,2BreathlessnessBreathlessness22––88
Lung Lung 

functionfunction22––88
action action 

(hours)(hours)11

††≥≥1212FormoterolFormoterol

((‡‡))≥≥1212SalmeterolSalmeterol

66––88
Ipratropium Ipratropium 
bromidebromide

≥≥1212FormoterolFormoterol

((‡‡))((‡‡))2424TiotropiumTiotropium

evidence of effectiveness; evidence of effectiveness; evidence of effectiveness over SABA or SAMA; evidence of effectiveness over SABA or SAMA; 
evidence of effectiveness over LABAevidence of effectiveness over LABA

*Outcome demonstrated by all bronchodilators, lack of evidence of significant differences between them *Outcome demonstrated by all bronchodilators, lack of evidence of significant differences between them 
††Equivocal evidence depending on formulationEquivocal evidence depending on formulation5,10,115,10,11 ‡‡Evidence of numerical improvements over shorter acting Evidence of numerical improvements over shorter acting 
comparatorcomparator4,84,8

§§Dependent on Dependent on dose.  dose.  NA = evidence not availableNA = evidence not available

evidence of effectiveness over LABA evidence of effectiveness over LABA 
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1. GOLD 2008; 2. Celli B et al. ERJ 2004; 3. Mahler D et al. Chest 1999; 4. 1. GOLD 2008; 2. Celli B et al. ERJ 2004; 3. Mahler D et al. Chest 1999; 4. RennardRennard S et al. AJRCCM 2001; 5. Dahl R et al. AJRCCM 2001S et al. AJRCCM 2001; 5. Dahl R et al. AJRCCM 2001
6. 6. WadboWadbo M et al. ERJ 2002; 7. M et al. ERJ 2002; 7. VinckenVincken W et al. ERJ 2002; 8. W et al. ERJ 2002; 8. BrusascoBrusasco V et al. Thorax 2003; 9. V et al. Thorax 2003; 9. RuttenRutten vanvan--MolkenMolken MPMH et al. MPMH et al. EurEur J J 
Health Econ 2007; 10. Health Econ 2007; 10. SzafranskiSzafranski W et al. ERJ 2003; 11. W et al. ERJ 2003; 11. CalverleyCalverley PM et al. ERJ 2003; 12. PM et al. ERJ 2003; 12. CalverleyCalverley PM et al. NEJM 2007PM et al. NEJM 2007
13. 13. NiewoehnerNiewoehner D et al. Ann Intern Med 2005; 14. D et al. Ann Intern Med 2005; 14. TashkinTashkin D et al. NEJM 2008D et al. NEJM 2008



How Can We Improve on Current Therapy How Can We Improve on Current Therapy 
in COPD?in COPD?in COPD?in COPD?

Longer duration of action is associated 
with improved outcomes

Longer duration of action is associated 
with improved outcomes

Improved 
treatments

with improved outcomeswith improved outcomes

There is currently no once-daily 2
i t li iti ti f bi ti

There is currently no once-daily 2
i t li iti ti f bi tiagonist, limiting options for combinationsagonist, limiting options for combinations
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ConclusionConclusion

•• Optimizing Optimizing bronchodilationbronchodilation is essential to the is essential to the 
management of COPDmanagement of COPD

•• Extending the duration of action of Extending the duration of action of 
bronchodilators appears to lead to better, more bronchodilators appears to lead to better, more 
consistent improvements in patient outcomesconsistent improvements in patient outcomes

•• The challenge of COPD will include the need to The challenge of COPD will include the need to gg
manage a growing number of younger and manage a growing number of younger and 
more active patients who will live for decades more active patients who will live for decades 
with this disorderwith this disorderwith this disorderwith this disorder

•• Newer options are required to provide flexibility Newer options are required to provide flexibility 
d i ll t f ti td i ll t f ti t
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and improve overall outcomes for patientsand improve overall outcomes for patients



Dose Selection, EfficacyDose Selection, Efficacy

David Morris, M.D.David Morris, M.D.
Head of Respiratory DevelopmentHead of Respiratory Development

Novartis Novartis PharmaPharma AGAG

24



SummarySummary

•• Indacaterol is safe and effective for COPD Indacaterol is safe and effective for COPD 
patientspatients

•• Indacaterol has a wide therapeutic index and Indacaterol has a wide therapeutic index and 
provides consistent 24 hour bronchodilation provides consistent 24 hour bronchodilation 
from first dose out to one year from first dose out to one year 

•• Once daily is the optimal dosing regimenOnce daily is the optimal dosing regimeny p g gy p g g

•• Indacaterol has a rapid onset of actionIndacaterol has a rapid onset of action

•• 75 µg is the minimum efficacious dose75 µg is the minimum efficacious dose

•• 150 µg is the best single dose for US approval150 µg is the best single dose for US approval
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150 µg is the best single dose for US approval150 µg is the best single dose for US approval



Outline of Efficacy DataOutline of Efficacy Data

•• Dose selectionDose selection
–– Dose Ranging Dose Ranging 
–– Dose RegimenDose Regimen

•• Efficacy data from pivotal studiesEfficacy data from pivotal studiesEfficacy data from pivotal studiesEfficacy data from pivotal studies
–– Lung FunctionLung Function
–– BreathlessnessBreathlessness
–– Health StatusHealth Status
–– Symptom ReliefSymptom Relief
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Key PlaceboKey Placebo--controlled Clinical Studiescontrolled Clinical Studies
StudyStudy Indacaterol dosesIndacaterol doses ComparatorsComparators DurationDuration

B2335SB2335S
(Stage I)(Stage I) N=801N=801 75, 150 75, 150 

300, 600 300, 600 μμg q.dg q.d
PlaceboPlacebo

Formoterol 12 μg b.i.d.Formoterol 12 μg b.i.d.
Tiotropium 18 Tiotropium 18 μμg q.d. (openg q.d. (open--label)label)

2 weeks2 weeks

Dose Dose 
ranging/ ranging/ 
regimenregimen

pp μμg q ( pg q ( p ))
B2357B2357
(asthma)(asthma) N=511N=511 18.75, 37.5 18.75, 37.5 

75, 150 75, 150 μμg q.dg q.d
PlaceboPlacebo

Salmeterol 50 Salmeterol 50 µg b.i.d.µg b.i.d. 2 weeks2 weeks

B2356B2356 N=552N=552 18.75, 37.5 18.75, 37.5 
75, 150 75, 150 μμg q.dg q.d

PlaceboPlacebo
Salmeterol 50 Salmeterol 50 µg b.i.d.µg b.i.d. 2 wee2 weekkss

B2223B2223
(asthma)(asthma) N=191N=191

37.5 37.5 μμg bid g bid 
75 75 μμg g q.dq.d

150 150 μμg g q.o.dq.o.d
PlaceboPlacebo 2 weeks2 weeks

Pivotal Pivotal 
75 µg75 µg

B2354B2354 N=323N=323 75 75 μμg q.d.g q.d. PlaceboPlacebo 12 weeks12 weeks
B2355B2355 N 318N 318 7575 dd Pl bPl b 12 k12 k75 µg75 µg B2355B2355 N=318N=318 75 75 μμg q.d.g q.d. PlaceboPlacebo 12 weeks12 weeks

Pivotal Pivotal 
150 µg 150 µg 
and/or and/or 

B2346B2346 N=416N=416 150 150 μμg q.d.g q.d. PlaceboPlacebo 12 weeks12 weeks

B2336B2336 N=998N=998 150 μg 150 μg q.q.d.d. PlaceboPlacebo
Salmeterol 50 µg b.i.d.Salmeterol 50 µg b.i.d. 26 weeks26 weeks

B2335SB2335S 150150 dd Pl bPl b300 µg300 µg B2335S B2335S 
(Stage II)(Stage II) N=1,683N=1,683 150 150 μμg q.d.g q.d.

300 300 μμg q.d.g q.d.
PlaceboPlacebo

Tiotropium 18 Tiotropium 18 μμg q.d. (openg q.d. (open--label)label) 26 weeks26 weeks

LongLong--term term 
safety safety 

t dit di

B2334B2334 N=1,728N=1,728 300 300 μμg q.d.g q.d.
600 600 μμg q.d.g q.d.

PlaceboPlacebo
Formoterol 12 Formoterol 12 μμg b.i.d.g b.i.d. 52 weeks52 weeks

150150 μμg q dg q d
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studiesstudies B2335SEB2335SE N=414N=414 150 150 μμg q.d.g q.d.
300 300 μμg q.d.g q.d. PlaceboPlacebo 52 weeks52 weeks

TotalTotal N=7,935N=7,935



Outline of Efficacy DataOutline of Efficacy Data

•• Dose selectionDose selection
–– Dose Ranging Dose Ranging 

StudyStudy ComparatorsComparators DurationDuration

–– Dose RegimenDose Regimen

StudyStudy ComparatorsComparators DurationDuration

B2335SB2335S
(Stage I)(Stage I) N=801N=801 Dose rangingDose ranging

(COPD)(COPD)
PlaceboPlacebo

Formoterol 12 μg b.i.d.Formoterol 12 μg b.i.d.
Tiotropium 18 Tiotropium 18 μμg q.d. (openg q.d. (open--label)label)

2 weeks2 weeks

Dose Dose 
ranging/ ranging/ 
regimenregimen

B2357B2357 N=511N=511 Dose rangingDose ranging
(asthma)(asthma)

PlaceboPlacebo
Salmeterol 50 Salmeterol 50 µg b.i.d.µg b.i.d. 2 weeks2 weeks

B2356B2356 N 552N 552 Dose rangingDose ranging PlaceboPlacebo 22 kkB2356B2356 N=552N=552 ose a g gose a g g
(COPD)(COPD)

aceboacebo
Salmeterol 50 Salmeterol 50 µg b.i.d.µg b.i.d. 2 wee2 weekkss

B2223B2223 N=191N=191 Dose regimenDose regimen
(ast(asthhma)ma) PlaceboPlacebo 2 weeks2 weeks

28



Identifying an Optimal Dose Using an Identifying an Optimal Dose Using an 
Adaptive Seamless Design (B2335S/SE)Adaptive Seamless Design (B2335S/SE)

Stage IStage I Stage II Stage II 
Dose selectionDose selection

Stage IIIStage III

Adaptive Seamless Design (B2335S/SE)Adaptive Seamless Design (B2335S/SE)

StageStage

Indacaterol 150 µg (n=420)Indacaterol 150 µg (n=420)

StageStage
Indacaterol 75 µg q.d. (n=115)Indacaterol 75 µg q.d. (n=115)

Indacaterol 150 µg q.d. (n=111)Indacaterol 150 µg q.d. (n=111) Indacaterol 150 µg (n=144)Indacaterol 150 µg (n=144)

Stage III Stage III 

Indacaterol 300 µg (n=418) Indacaterol 300 µg (n=418) 

Placebo (n=425)Placebo (n=425)

Indacaterol 300 µg q.d. (n=114)Indacaterol 300 µg q.d. (n=114)

Indacaterol 600 µg q.d. (n=111)Indacaterol 600 µg q.d. (n=111)

Placebo (n=119)Placebo (n=119)

ScreeningScreening
periodperiod

RR
Indacaterol 300 µg (n=146) Indacaterol 300 µg (n=146) 

Placebo (n=125)Placebo (n=125)

Tiotropium* 18 Tiotropium* 18 μμg (n=420)g (n=420)

Formoterol 12 Formoterol 12 μμg g b.i.d. (n=112)b.i.d. (n=112)

Tiotropium* 18 Tiotropium* 18 μμg g q.dq.d. (n=119). (n=119)

B2335S Stage II: 26 weeks four armsB2335S Stage II: 26 weeks four arms

2 weeks B2335S Stage I: ≥2 weeks, seven armsB2335S Stage I: ≥2 weeks, seven arms
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B2335S Stage II: 26 weeks, four armsB2335S Stage II: 26 weeks, four arms

B2335SE Stage III: 52 weeks, three armsB2335SE Stage III: 52 weeks, three arms

* Open* Open--labellabel. All drugs were delivered via proprietary single. All drugs were delivered via proprietary single--dose dry powder inhalers (SDDPI)dose dry powder inhalers (SDDPI)



Identifying an Optimal Dose Using an Identifying an Optimal Dose Using an 
Adaptive Seamless Design (B2335S/SE)Adaptive Seamless Design (B2335S/SE)

Stage IStage I Stage II Stage II 
Dose selectionDose selection

Stage IIIStage III

Adaptive Seamless Design (B2335S/SE)Adaptive Seamless Design (B2335S/SE)

StageStage

Indacaterol 150 µg (n=420)Indacaterol 150 µg (n=420)

StageStage
Indacaterol 75 µg Indacaterol 75 µg q.dq.d. (n=115). (n=115)

Indacaterol 150 µg Indacaterol 150 µg q.dq.d. (n=111). (n=111) Indacaterol 150 µg (n=144)Indacaterol 150 µg (n=144)

Stage III Stage III 

Indacaterol 300 µg (n=418) Indacaterol 300 µg (n=418) 

Placebo (n=425)Placebo (n=425)

Indacaterol 300 µg q.d. (n=114)Indacaterol 300 µg q.d. (n=114)

Indacaterol 600 µg q.d. (n=111)Indacaterol 600 µg q.d. (n=111)

Placebo (n=119)Placebo (n=119)

ScreeningScreening
periodperiod

RR
Indacaterol 300 µg (n=146) Indacaterol 300 µg (n=146) 

Placebo (n=125)Placebo (n=125)

Tiotropium* 18 Tiotropium* 18 μμg (n=420)g (n=420)

Formoterol 12 Formoterol 12 μμg g b.i.d. (n=112)b.i.d. (n=112)

Tiotropium* 18 Tiotropium* 18 μμg q.d. (n=119)g q.d. (n=119)

B2335S Stage II: 26 weeks four armsB2335S Stage II: 26 weeks four arms

2 weeks B2335S Stage I: ≥2 weeks, seven armsB2335S Stage I: ≥2 weeks, seven arms
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B2335S Stage II: 26 weeks, four armsB2335S Stage II: 26 weeks, four arms

B2335SE Stage III: 52 weeks, three armsB2335SE Stage III: 52 weeks, three arms

* Open* Open--labellabel. All drugs were delivered via proprietary single. All drugs were delivered via proprietary single--dose dry powder inhalers (SDDPI)dose dry powder inhalers (SDDPI)



COPD 2 Week Dose Ranging (B2335S)COPD 2 Week Dose Ranging (B2335S)
Independent Data Monitoring Committee selected 150 µg & 300 µgIndependent Data Monitoring Committee selected 150 µg & 300 µg

350 350

Day 15 Trough FEV1

Independent Data Monitoring Committee selected 150 µg & 300 µgIndependent Data Monitoring Committee selected 150 µg & 300 µg
Day 14 FEV1 1-4h AUC
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Indacaterol doses (µg) Formoterol Tiotropium

Interim analysis dataset: basis for independent Data Monitoring Committee dose selection decision, imputed Interim analysis dataset: basis for independent Data Monitoring Committee dose selection decision, imputed 
with LOCF; Data are least squares means with LOCF; Data are least squares means ±± SE. N = sum of all arms including placebo. Average number of SE. N = sum of all arms including placebo. Average number of 
patients per treatment group N=107 (trough) and N=97 (AUC)patients per treatment group N=107 (trough) and N=97 (AUC)



Study Design for COPD and Asthma Study Design for COPD and Asthma 
Dose RangingDose RangingDose Ranging Dose Ranging 

Indacaterol 18.75, 37.5, 75, 150 µg qd
RR

Placebo, salmeterol 50 µg bid

Screening periodScreening period

2 weeks treatment (B2357, B2356)2 weeks treatment (B2357, B2356)2 weeks2 weeks BaselineBaseline TroughTrough2 weeks treatment (B2357, B2356)2 weeks treatment (B2357, B2356)2 weeks2 weeks BaselineBaseline
FEVFEV11

TroughTrough
FEVFEV11
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COPD 2 Week Dose Ranging (B2356): 
Trough FEVTrough FEV1
150 µg achieves MCID at Day 15, 18.75 µg is a 
non-effective dose

*** ***

120

140

160

bo
 (m

L) ***
100

***
100

***
120

***
100

***
a b

110

a b

130
a b

130

80
100

120

gh
 F

EV
1

–
ro

m
 p

la
ce

b **
70

*
50

**
60

20

40

60

Tr
ou

g
ffe

re
nc

e 
fr

18 75 37 5 75 150 Sme 18 75 37 5 75 150 Sme
0

Day 2 Day 15

di
f

Indacaterol doses (µg) Salmeterol

18.75 37.5 75 150 Sme 18.75 37.5 75 150 Sme

33

*p<0.05, **p<0.01, ***p<0.001 vs placebo; *p<0.05, **p<0.01, ***p<0.001 vs placebo; aapp<0.05 vs 18.75 µg; <0.05 vs 18.75 µg; bbpp<0.05 vs 37.5 µg; Data are least squares <0.05 vs 37.5 µg; Data are least squares 
means means ±± standard errors (Full analysis set). Average number of patients per treatment group N=88 (Day 2) standard errors (Full analysis set). Average number of patients per treatment group N=88 (Day 2) 
and N=86 (Day 15).and N=86 (Day 15).
Dotted line shows prespecified 120 Dotted line shows prespecified 120 mLmL level of clinically important differencelevel of clinically important difference



Asthma 2 Week Dose Ranging (B2357):
Trough FEV

300

Trough FEV1
150 µg effective from first dose, 18.75 µg is a non-effective dose

***

170
160

210

200

250

ce
 fr

om
 

***

** **

***
a b

a b ¶¶

90
80

110
90

120 130

100

150

200

–
di

ffe
re

nc
eb

o 
(m

L)

*
*

*
**
a

20
50

100

ug
h 

FE
V 1

–
pl

ac
e

18 75 37 5 75 150 S 18 75 37 5 75 150 S

-50

0
Day 2 Day 15

Tr
o

Indacaterol doses (µg) Salmeterol

18.75 37.5 75 150 Sme 18.75 37.5 75 150 Sme

34
*p<0.05, **p<0.01, ***p<0.001 vs placebo; *p<0.05, **p<0.01, ***p<0.001 vs placebo; aapp<0.05 vs 18.75 µg; <0.05 vs 18.75 µg; bbpp<0.05 vs 37.5 µg; <0.05 vs 37.5 µg; ¶¶p<0.05 vs 75 µg;p<0.05 vs 75 µg;
Data are least squares means Data are least squares means ±± standard errors (Full analysis set). Average number of patients per standard errors (Full analysis set). Average number of patients per 
treatment group N=80treatment group N=80

Indacaterol doses (µg) Salmeterol



Dose Ranging ConclusionsDose Ranging Conclusions

•• The minimum efficacious dose is 75 The minimum efficacious dose is 75 µg µg as as 
defined by the asthma dose ranging studydefined by the asthma dose ranging studydefined by the asthma dose ranging study defined by the asthma dose ranging study 
(B2357)(B2357)

I COPD th 150I COPD th 150 d t th MCID fd t th MCID f•• In COPD the 150 In COPD the 150 µg µg dose meets the MCID of dose meets the MCID of 
120 120 mLmL from first dose (B2356)from first dose (B2356)
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Is Optimal Indacaterol Dosing Once Daily?Is Optimal Indacaterol Dosing Once Daily?

•• Does Does indacaterolindacaterol provide 24provide 24--hour hour 
bronchodilationbronchodilation??bronchodilationbronchodilation??

•• Will twice daily dosing provide better efficacy?Will twice daily dosing provide better efficacy?
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Study Designs Study Designs 

•• Dose Ranging Study (B2357)Dose Ranging Study (B2357)
–– Doses evaluated at 18.75, 37.5, 75, 150 µg Doses evaluated at 18.75, 37.5, 75, 150 µg qdqd
–– Study population: asthmaStudy population: asthma

•• Dose Regimen Study (B2223)Dose Regimen Study (B2223)Dose Regimen Study (B2223)Dose Regimen Study (B2223)
–– Dose regimens evaluated:Dose regimens evaluated:

•• Twice daily (bid)Twice daily (bid)
•• Once daily (Once daily (qdqd))
•• Every other day (Every other day (qodqod))

75 µg per day as average dose to allow greatest75 µg per day as average dose to allow greatest–– 75 µg per day as average dose to allow greatest 75 µg per day as average dose to allow greatest 
discrimination between regimensdiscrimination between regimens

–– Study population: asthmaStudy population: asthma
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Indacaterol Efficacy Maintained over 24Indacaterol Efficacy Maintained over 24--hour Periodhour Period
Asthma Study B2357 two weeks treatmentAsthma Study B2357 two weeks treatmentAsthma Study B2357 two weeks treatmentAsthma Study B2357 two weeks treatment

2 90

75 µg 150 µgSalmeterolPlacebo 18.75 µg 37.5 µg
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38Data are least squares means (LSM)Data are least squares means (LSM)

Time post-dose (hours)

0 2 4 8 12 14 20-1 24



Divided Dosing Offers No Advantage on Divided Dosing Offers No Advantage on 
Trough FEVTrough FEVTrough FEVTrough FEV11
Asthma Study B2223 trough FEVAsthma Study B2223 trough FEV11 change from baselinechange from baseline
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Data are unadjusted means and 90% confidence intervals; Data are unadjusted means and 90% confidence intervals; Baseline = mean of DBaseline = mean of D--1 profiles matching D15+16/ 1 profiles matching D15+16/ 
D1 preD1 pre--dose; Trough = mean of 23h 10m and 23h 50m on D17 48 h after last dose; Trough = mean of 23h 10m and 23h 50m on D17 48 h after last qodqod dose, 24h after last dose, 24h after last qdqd dose dose 
and 12h after last bid dose. Average number of patients per treatment group N=47 (left hand plot) and N=44 and 12h after last bid dose. Average number of patients per treatment group N=47 (left hand plot) and N=44 
(right hand plot)(right hand plot)



Outline of Efficacy DataOutline of Efficacy Data

•• Efficacy data from pivotal studiesEfficacy data from pivotal studies
–– Lung FunctionLung Function
–– BreathlessnessBreathlessness
–– Health StatusHealth Status
–– Symptom ReliefSymptom Relief

StudyStudy
Indacaterol Indacaterol 

dosesdoses ComparatorsComparators DurationDurationStudyStudy dosesdoses ComparatorsComparators DurationDuration

Pivotal Pivotal 
75 µg75 µg

B2354B2354 N=323N=323 75 μ75 μg q.d.g q.d. PlaceboPlacebo 12 weeks12 weeks

B2355B2355 N=318N=318 75 μ75 μg q.d.g q.d. PlaceboPlacebo 12 weeks12 weeks

B2346B2346 N=416N=416 150 μ150 μg q dg q d PlaceboPlacebo 12 weeks12 weeks
Pivotal Pivotal 
150 µg 150 µg 
and/or and/or 
300 µg300 µg

B2346B2346 N=416N=416 150 μ150 μg q.d.g q.d. PlaceboPlacebo 12 weeks12 weeks

B2336B2336 N=998N=998 150 μ150 μg q.d.g q.d. PlaceboPlacebo
Salmeterol 50 µg b.i.d.Salmeterol 50 µg b.i.d. 26 weeks26 weeks

B2335SB2335S N=1,683N=1,683 150 μ150 μg q.d.g q.d.
300300 dd

PlaceboPlacebo
Ti t i 18Ti t i 18 d (d ( l b l)l b l) 26 weeks26 weeks
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B2335SB2335S N 1,683N 1,683 300 300 μμg q.d.g q.d. Tiotropium 18 Tiotropium 18 μμg q.d. (openg q.d. (open--label)label) 26 weeks26 weeks



Phase III General Study DesignPhase III General Study Design

IndacaterolIndacaterol

BaselineBaseline
FEVFEV

IndacaterolIndacaterol

FEVFEV11PlaceboFEVFEV11
FEVFEV11

2 week2 week
runrun in periodin period

Placebo

Comparatorsrunrun--in periodin period

12 weeks (B2346, B2354, B2355)12 weeks (B2346, B2354, B2355)
26 weeks (B2335S, B2336)26 weeks (B2335S, B2336)( , )( , )

52 weeks (B2334, B2335SE)52 weeks (B2334, B2335SE)
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Baseline Demographics for Pivotal Baseline Demographics for Pivotal Studies Studies (1)(1)
OverallOverall population is representative of COPD populationpopulation is representative of COPD populationOverall Overall population is representative of COPD populationpopulation is representative of COPD population

7575 µg o.d.µg o.d. 150150 µg o.d.µg o.d.

B2354B2354 B2355B2355 B2346B2346 B2336B2336 B2335SB2335S
DemographicDemographic N=323N=323

B2355B2355
N=318N=318

B2346B2346
N=416N=416

B2336B2336
N=998N=998

B2335SB2335S
N=1665N=1665

Age Age MeanMean
(years)(years) [range][range]

64.064.0
[[40 40 -- 9090]]

61.461.4
[[40 40 -- 8686]]

63.063.0
[[40 40 -- 89]89]

63.563.5
[41 [41 -- 89]89]

63.663.6
[[40 40 -- 8888]](y )(y ) [ g ][ g ]

GenderGender Male (%)Male (%)
Female (%)Female (%)

176 (54.5)176 (54.5)
147 (45.5)147 (45.5)

172 (54.1)172 (54.1)
146 (45.9)146 (45.9)

218 (52.4)218 (52.4)
198 (47.6)198 (47.6)

745 (74.6)745 (74.6)
253 (25.4)253 (25.4)

1046 (62.8)1046 (62.8)
619 (37.2)619 (37.2)

RaceRace Caucasian (%)Caucasian (%)
Black (%)Black (%)

291 (90.1)291 (90.1)
20 (6.2)20 (6.2)

298 (93.7)298 (93.7)
16 (5.0)16 (5.0)

385 (92.5)385 (92.5)
22 ( 5.3)22 ( 5.3)

759 (76.1)759 (76.1)
2 (0.2)2 (0.2)

1410 (84.7)1410 (84.7)
43 ( 2.6)43 ( 2.6)

EthnicityEthnicityt c tyt c ty
Hispanic/Latino (%)Hispanic/Latino (%)
Other (%)Other (%)

4 (1.2)4 (1.2)
319 (98.8)319 (98.8)

4 (1.3) 4 (1.3) 
314 (98.7)314 (98.7)

16( 3.8)16( 3.8)
400 (96.2)400 (96.2)

83 (8.3)83 (8.3)
915 (91.7)915 (91.7)

152 (9.1)152 (9.1)
1513 (90.9)1513 (90.9)

SmokingSmoking ExEx--smokersmoker 181 (56 0)181 (56 0) 131 (41 2)131 (41 2) 200 (48 1)200 (48 1) 542 (54 3)542 (54 3) 913 (54 8)913 (54 8)
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Smoking Smoking ExEx smokersmoker
history, n (%)history, n (%) SmokerSmoker

181 (56.0)181 (56.0)
142 (44.0)142 (44.0)

131 (41.2)131 (41.2)
187 (58.8)187 (58.8)

200 (48.1)200 (48.1)
216 (51.9)216 (51.9)

542 (54.3)542 (54.3)
456 (45.7)456 (45.7)

913 (54.8)913 (54.8)
752 (45.2)752 (45.2)



Baseline Demographics for Pivotal Studies Baseline Demographics for Pivotal Studies (2)(2)
Overall population is representative of COPD populationOverall population is representative of COPD populationOverall population is representative of COPD populationOverall population is representative of COPD population

7575 µg o.d.µg o.d. 150150 µg o.d.µg o.d.

B2354B2354 B2355B2355 B2346B2346 B2336B2336 B2335SB2335S
DemographicDemographic N=323N=323

B2355B2355
N=318N=318

B2346B2346
N=416N=416

B2336B2336
N=998N=998

B2335SB2335S
N=1665N=1665

Severity ofSeverity of
COPDCOPD

ModerateModerate
SevereSevere

185 (57.3)185 (57.3)
136 (42.1)136 (42.1)

196 (61.6)196 (61.6)
120 (37.7)120 (37.7)

236 (56.7)236 (56.7)
160 (38.5)160 (38.5)

535 (53.6)535 (53.6)
425 (42.6)425 (42.6)

928 (55.7)928 (55.7)
654 (39.3)654 (39.3)

(GOLD), n (%)(GOLD), n (%) OtherOther
( )( )

2 (0.6)2 (0.6)
( )( )

2 (0.6)2 (0.6)
( )( )

20 (4.8)20 (4.8)
( )( )

38 (3.8)38 (3.8)
( )( )

83 (5.0)83 (5.0)

ICS use, n (%)ICS use, n (%) 146 (45.2)146 (45.2) 119 (37.4)119 (37.4) 131 (31.5)131 (31.5) 436 (43.7)436 (43.7) 624 (37.5)624 (37.5)

FEVFEV11 (%)(%)
predicted*predicted* Mean (SD)Mean (SD) 53.5 53.5 (13.09(13.09)) 54.6 54.6 (13.22(13.22)) 55.1 (13.73)55.1 (13.73) 53.4 (13.94)53.4 (13.94) 55.6 (14.73)55.6 (14.73)

FEVFEV11/FVC (%)*/FVC (%)* Mean (SD)Mean (SD) 52.4 52.4 ((10.0510.05)) 52.5 (10.08)52.5 (10.08) 53.5 (10.09)53.5 (10.09) 52.8 (10.32)52.8 (10.32) 52.9 (10.07)52.9 (10.07)11/ C (%)/ C (%) ea (S )ea (S ) 55 (( 0 050 05)) 5 5 ( 0 08)5 5 ( 0 08) 53 5 ( 0 09)53 5 ( 0 09) 5 8 ( 0 3 )5 8 ( 0 3 ) 5 9 ( 0 0 )5 9 ( 0 0 )

SABASABA
reversibility (%)reversibility (%) Mean (SD)Mean (SD) 16.1 (13.28)16.1 (13.28) 16.9 (15.34)16.9 (15.34) 16.5 (18.37)16.5 (18.37) 11.8 (16.24)11.8 (16.24) 15.5 (16.66)15.5 (16.66)

43*Post*Post--bronchodilatorbronchodilator



OutcomesOutcomes
ParameterParameter CharacteristicsCharacteristics

Primary endpointPrimary endpoint
Lung functionLung function FEVFEV11 Trough atTrough at Level ofLevel of bronchodilationbronchodilationLung functionLung function FEVFEV11 Trough at Trough at 

24 hours24 hours
Level of Level of bronchodilationbronchodilation
at the end of the dosing at the end of the dosing 
intervalinterval

Secondary endpointsSecondary endpointsy py p
Lung functionLung function FEVFEV11 Assesses onset of action; Assesses onset of action; 

bronchodilationbronchodilation from first from first 
dose; dose; tachyphylaxistachyphylaxis over over 
timetime

BreathlessnessBreathlessness Transition Dyspnea Transition Dyspnea 
Index (TDI)Index (TDI)

Assesses patient Assesses patient 
well beingwell being

Health StatusHealth Status St. George’s St. George’s 
Respiratory Respiratory 
Questionnaire Questionnaire 
(SGRQ)(SGRQ)

44

(SGRQ)(SGRQ)
Symptom ReliefSymptom Relief Rescue MedicationRescue Medication



Lung Function Comparisons Lung Function Comparisons –– Trough FEVTrough FEV11
at Week 12: Primary Endpoint vs Placeboat Week 12: Primary Endpoint vs Placeboat Week 12: Primary Endpoint vs. Placeboat Week 12: Primary Endpoint vs. Placebo

IndacaterolIndacaterol
75 µg75 µg

IndacaterolIndacaterol
150 µg150 µg

Active Active 
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SmeSme TioTio

Data are least squares means with 95% confidence intervals. Data are least squares means with 95% confidence intervals. Dotted line shows prespecified 120 mL level of Dotted line shows prespecified 120 mL level of 
clinically important difference. ***p<0.001 vs placebo (within study); clinically important difference. ***p<0.001 vs placebo (within study); ††p<0.05 vs salmeterol (within study); p<0.05 vs salmeterol (within study); 
##p<0.05 vs tiotropium (within study)p<0.05 vs tiotropium (within study)



150 µg Demonstrates Fast Onset and 150 µg Demonstrates Fast Onset and 
Maximal Efficacy from the First DoseMaximal Efficacy from the First Dose

150 µg  Study B234675 µg  Study B2355

Maximal Efficacy from the First DoseMaximal Efficacy from the First Dose
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Feldman et al. BMC Feldman et al. BMC PulmonPulmon Med 2010Med 2010
Data Data are unadjusted meansare unadjusted means



Lack of Lack of TachyphylaxisTachyphylaxis over 52 Weeksover 52 Weeks
Study B2335S/SEStudy B2335S/SEStudy B2335S/SEStudy B2335S/SE
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All p<0.001 vs placeboAll p<0.001 vs placebo
Dotted line shows prespecified 120 mL level of clinically important differenceDotted line shows prespecified 120 mL level of clinically important difference
Trough FEVTrough FEV11 = mean of measurements at 23 h 10 min and 23 h 45 min post= mean of measurements at 23 h 10 min and 23 h 45 min post--dosedose

After 1 day Day 15 Week 12 Week 26 Week 52



Health Outcome Comparisons – TDI at Week 12
Differences from placeboDifferences from placebo

IndacaterolIndacaterol
75 µg75 µg

IndacaterolIndacaterol
150 µg150 µg
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Data are least squares means with 95% confidence intervals. TDI not assessed in B2346Data are least squares means with 95% confidence intervals. TDI not assessed in B2346..
Dotted Dotted line indicates MCID (≥1.0). ***p<0.001 vs placebo (within study); line indicates MCID (≥1.0). ***p<0.001 vs placebo (within study); ††p<0.05 vs salmeterol (within study)p<0.05 vs salmeterol (within study)



TDI: Responder Analysis TDI: Responder Analysis vsvs Placebo at Placebo at 
1 Unit and 2 Unit Improvement Thresholds1 Unit and 2 Unit Improvement Thresholds1 Unit and 2 Unit Improvement Thresholds1 Unit and 2 Unit Improvement Thresholds
3 month efficacy population3 month efficacy population

TDI focal score TDI focal score ≥≥11 TDI focal score TDI focal score ≥≥22
NN %% OR (95% CI)*OR (95% CI)* %% OR (95% CI)*OR (95% CI)*

I dI d 7575 411411 49 649 6 1 97 (1 51 2 56)1 97 (1 51 2 56) 41 441 4 1 80 (1 38 2 37)1 80 (1 38 2 37)IndInd 7575 411411 49.649.6 1.97 (1.51, 2.56)1.97 (1.51, 2.56) 41.441.4 1.80 (1.38, 2.37)1.80 (1.38, 2.37)
IndInd 150150 15261526 58.658.6 2.462.46 (2.03, 2.99)(2.03, 2.99) 52.852.8 2.44 (2.01, 2.97)2.44 (2.01, 2.97)
IndInd 300300 850850 62.962.9 2.79 (2.27, 3.41)2.79 (2.27, 3.41) 56.256.2 2.60 (2.12,2.60 (2.12, 3.18)3.18)dd 300300 850850 6 96 9 9 ( , 3 )9 ( , 3 ) 5656 60 ( ,60 ( , 3 8)3 8)
ForFor 480480 55.855.8 2.16 (1.69, 2.76)2.16 (1.69, 2.76) 48.848.8 1.99 (1.55, 2.55)1.99 (1.55, 2.55)
TioTio 11131113 51.651.6 1.78 (1.43, 2.23)1.78 (1.43, 2.23) 46.246.2 1.81 (1.44, 2.26)1.81 (1.44, 2.26)
SmeSme 303303 51.251.2 1.88 (1.37, 2.58)1.88 (1.37, 2.58) 46.246.2 1.97 (1.43, 2.71)1.97 (1.43, 2.71)
PboPbo 13961396 38.838.8 34.134.1

49*All comparaisons p=<0.001*All comparaisons p=<0.001



Use of Rescue Therapy over Study Duration 
Differences from placeboDifferences from placebo
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Data are least squares means with 95% confidence intervals. Data are least squares means with 95% confidence intervals. 
**p<0.01, ***p<0.001 vs placebo (within study); **p<0.01, ***p<0.001 vs placebo (within study); ##p<0.05 vs tiotropium (within p<0.05 vs tiotropium (within study)study)



Health Outcome Comparisons – SGRQ at Wk 12 
Differences from placeboDifferences from placeboDifferences from placeboDifferences from placebo
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Data are least squares means with 95% confidence intervals. Dotted line indicates MCID (≤Data are least squares means with 95% confidence intervals. Dotted line indicates MCID (≤--4.0).4.0).
*p<0.05, **p<0.01, ***p<0.001 vs placebo (within study); *p<0.05, **p<0.01, ***p<0.001 vs placebo (within study); 
††p<0.05 vs salmeterol (within study);  p<0.05 vs salmeterol (within study);  ##p<0.05 vs tiotropium (within study)p<0.05 vs tiotropium (within study)



Health Status Health Status –– SGRQ at Week 12SGRQ at Week 12
Differences from placeboDifferences from placebo –– symptoms componentsymptoms componentDifferences from placebo Differences from placebo symptoms componentsymptoms component
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Data are least squares means with 95% confidence intervals. Data are least squares means with 95% confidence intervals. 
*p<0.05, **p<0.01, ****p<0.05, **p<0.01, ***p<0.001 vs placebo (within studyp<0.001 vs placebo (within study); ); ‡p<0.05 vs tiotropium (within study)‡p<0.05 vs tiotropium (within study)



Health Status Health Status –– SGRQ at Week 12SGRQ at Week 12
Differences from placeboDifferences from placebo –– activity componentactivity componentDifferences from placebo Differences from placebo activity componentactivity component
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Data are least squares means with 95% confidence intervals. Data are least squares means with 95% confidence intervals. 
**p<0.01, *****p<0.01, ***p<0.001 vs placebo (within studyp<0.001 vs placebo (within study); ); ††p<0.05 vs salmeterol (within study)p<0.05 vs salmeterol (within study)



Health Status Health Status –– SGRQ at Week 12SGRQ at Week 12
Differences from placeboDifferences from placebo –– impacts componentimpacts componentDifferences from placebo Differences from placebo impacts componentimpacts component
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Data are least squares means with 95% confidence intervals. Data are least squares means with 95% confidence intervals. 
*p<0.05, **p<0.01, ****p<0.05, **p<0.01, ***p<0.001 vs placebo (within studyp<0.001 vs placebo (within study))



Health Status Health Status –– SGRQ at Week 12SGRQ at Week 12
Responder analysisResponder analysis –– ≥4 unit decrease from baseline≥4 unit decrease from baselineResponder analysis Responder analysis ≥4 unit decrease from baseline≥4 unit decrease from baseline
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B2354B2354 B2355B2355 B2346B2346 B2336B2336 B2335SB2335S

*p<0.05, ***p<0.001 vs placebo; *p<0.05, ***p<0.001 vs placebo; ††p<0.05 vs salmeterolp<0.05 vs salmeterol



Health Status Health Status –– SGRQ at Week 12SGRQ at Week 12
Responder analysisResponder analysis –– ≥12 unit decrease from baseline≥12 unit decrease from baselineResponder analysis Responder analysis ≥12 unit decrease from baseline≥12 unit decrease from baseline
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B2354B2354 B2355B2355 B2346B2346 B2336B2336 B2335SB2335S

*p<0.05, **p<0.01, ***p<0.001 vs placebo; *p<0.05, **p<0.01, ***p<0.001 vs placebo; ‡p<0.05 vs tiotropium (within study)‡p<0.05 vs tiotropium (within study)



Integrated Analysis of COPD EfficacyIntegrated Analysis of COPD Efficacy

•• Integrates relevant FEVIntegrates relevant FEV11 data across studies data across studies 
while accounting for withinwhile accounting for within-- and betweenand between--
study differencesstudy differences

•• Integrated studyIntegrated study--level analysislevel analysisIntegrated studyIntegrated study level analysislevel analysis
–– 12 studies of very similar design, 8,111 patients, 12 studies of very similar design, 8,111 patients, 

doses between 18.75 and 600 µgdoses between 18.75 and 600 µg
Data: Trough FEVData: Trough FEV mean differences frommean differences from–– Data: Trough FEVData: Trough FEV11 mean differences from mean differences from 
placebo and their standard errors for each placebo and their standard errors for each 
steadysteady--state visitstate visit
EE d l t d ib dd l t d ib d–– EEmaxmax model to describe dose response model to describe dose response 

–– InterInter--study and interstudy and inter--arm variability on maximum arm variability on maximum 
effect (effect (EEmaxmax))

57

(( maxmax))
–– Responses of active comparators includedResponses of active comparators included



Dose Response: Indacaterol and Comparators

58F12=Formoterol 12 µg BID     S50=Salmeterol 50 µg BID     T18=Tiotropium 18 µgF12=Formoterol 12 µg BID     S50=Salmeterol 50 µg BID     T18=Tiotropium 18 µg



Predicted Impact of Disease Severity on Predicted Impact of Disease Severity on 
Dose ResponseDose ResponseDose ResponseDose Response
Severe Patients Benefit More from Higher DoseSevere Patients Benefit More from Higher Dose
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COPD Pooled Study-level Analysis: 
Predicted Response at Each Dose LevelPredicted Response at Each Dose Level

Treatment comparisonTreatment comparison

Indacaterol 600 µg QDIndacaterol 600 µg QD

Indacaterol 300 µg QDIndacaterol 300 µg QD

QQIndacaterol 150 µg QDIndacaterol 150 µg QD

Indacaterol 75 µg QDIndacaterol 75 µg QD

Tiotropium 18 µg QDTiotropium 18 µg QD

Salmeterol 50 µg BIDSalmeterol 50 µg BID

Indacaterol 37.5 µg QDIndacaterol 37.5 µg QD

Formoterol 12 µg BIDFormoterol 12 µg BID

40 60 80 100 120 140 160 180 200

Formoterol 12 µg BIDFormoterol 12 µg BID

Indacaterol 18.75 µg QDIndacaterol 18.75 µg QD

60
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Trough FEV1 – difference from placebo (mL)



Efficacy SummaryEfficacy Summary

•• Indacaterol demonstrates significant clinical Indacaterol demonstrates significant clinical 
benefit in replicate COPD pivotal trials for benefit in replicate COPD pivotal trials for 
75 µg and 150 µg75 µg and 150 µg

•• IndacaterolIndacaterol provides consistent 24provides consistent 24--hour hour pp
bronchodilationbronchodilation

•• IndacaterolIndacaterol dosed once daily is the optimaldosed once daily is the optimal•• IndacaterolIndacaterol dosed once daily is the optimal dosed once daily is the optimal 
dose regimendose regimen

I d t lI d t l h id t f tih id t f ti•• IndacaterolIndacaterol has a rapid onset of actionhas a rapid onset of action

•• IndacaterolIndacaterol 150 µg dose is superior to current 150 µg dose is superior to current 

61
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SafetySafety

Linda Armstrong, M.D.Linda Armstrong, M.D.
Drug Safety & EpidemiologyDrug Safety & Epidemiology

Novartis Pharmaceuticals CorporationNovartis Pharmaceuticals Corporation
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Safety AgendaSafety Agenda

•• Indacaterol Development Program: Indacaterol Development Program: 
size, duration and patient characteristicssize, duration and patient characteristics

•• Adverse EventsAdverse Events
•• Areas of special interestAreas of special interest•• Areas of special interestAreas of special interest

–– Cardiovascular + cerebrovascular eventsCardiovascular + cerebrovascular events
–– Cough after inhalationCough after inhalation
–– Asthma safetyAsthma safety
–– Acute respiratory eventsAcute respiratory events

•• PostPost--marketing experiencemarketing experience
•• Risk Evaluation and Management for Risk Evaluation and Management for 

63
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Indacaterol Development ProgramIndacaterol Development Program

Total Program Total Program 
(N)(N)

IndacaterolIndacaterol
(N)(N)

All treatedAll treated 1519215192 92439243

COPD S f t P l tiCOPD S f t P l ti 94419441 47644764COPD Safety PopulationCOPD Safety Population 94419441 47644764

COPD 3COPD 3--month population month population 
includes 75 µg, 150 µg, includes 75 µg, 150 µg, 
300 µg, and 600 µg doses300 µg, and 600 µg doses

94419441 47644764

COPD 12COPD 12--month population month population 
includes 150 µg, 300 µg, includes 150 µg, 300 µg, 
and 600 µg dosesand 600 µg doses

21422142 11521152

64

µgµg



Patient Exposure by Treatment: Patient Exposure by Treatment: 
>4000 Patient>4000 Patient yearsyears>4000 Patient>4000 Patient--yearsyears
COPD safety population (N=9441)COPD safety population (N=9441)

Indacaterol Treatment GroupsIndacaterol Treatment Groups Control Treatment GroupsControl Treatment Groups

75 µg75 µg
N=449N=449

150 µg150 µg
N=2611N=2611

300 µg300 µg
N=1157N=1157

600 µg600 µg
N=547N=547

PboPbo
N=2012N=2012

ForFor
N=556N=556

TioTio
N=1214N=1214

SmeSme
N=895N=895

Exposure (days)Exposure (days)

MeanMean 85.585.5 120.3120.3 232.7232.7 263.4263.4 167.7167.7 260.3260.3 107.7107.7 112.2112.2

PatientPatient--yearsyears 105.06105.06 859.72859.72 736.97736.97 394.49394.49 923.60923.60 396.21396.21 357.97357.97 274.93274.93

6 6 -- <12 months<12 months 00 583 583 
(22.3)(22.3)

539 539 
(46.59)(46.59)

191 191 
(34.92)(34.92)

687 687 
(34.15)(34.15)

190 190 
(34.17)(34.17)

240 240 
(19.77)(19.77)

230 230 
(25.70)(25.70)( )( ) ( )( ) ( )( ) ( )( ) ( )( ) ( )( ) ( )( )

≥12 months≥12 months 00 77 77 
(2.95)(2.95)

256 256 
(22.13)(22.13)

167 167 
(30.53)(30.53)

240 240 
(11.93)(11.93)

168 168 
(30.22)(30.22) 00 00
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Baseline Co-existing Conditions 
COPD safety populationCOPD safety populationCOPD safety populationCOPD safety population

Indacaterol Treatment GroupsIndacaterol Treatment Groups Control Treatment GroupsControl Treatment Groups

Baseline Baseline 
coco--existing existing 
conditionsconditions

75 µg75 µg
N=449N=449
n (%)n (%)

150 µg150 µg
N=2611N=2611
n (%)n (%)

300 µg300 µg
N=1157N=1157
n (%)n (%)

600 µg600 µg
N=547N=547
n (%)n (%)

ForFor
N=556N=556
n (%)n (%)

TioTio
N=1214N=1214
n (%)n (%)

SmeSme
N=895N=895
n (%)n (%)

PboPbo
N=2012N=2012
n (%)n (%)

CardioCardio--CardioCardio--
vascular vascular 
diseasedisease

101101
(22.5)(22.5)

476476
(18.2)(18.2)

195195
(16.9)(16.9)

114114
(20.8)(20.8)

114114
(20.5)(20.5)

242 242 
(19.9)(19.9)

181181
(20.2)(20.2)

382382
(19.0)(19.0)

DiabetesDiabetes 4141 280280 103103 5252 5252 129129 9595 224224Diabetes Diabetes 
mellitusmellitus

4141
(9.1)(9.1)

280280
(10.7)(10.7)

103103
(8.9)(8.9)

5252
(9.5)(9.5)

5252
(9.4)(9.4)

129129
(10.6)(10.6)

9595
(10.6)(10.6)

224224
(11.1)(11.1)

HyperHyper--
tensiontension

262262
(58.4)(58.4)

1334 1334 
(51.1)(51.1)

550 550 
(47.5)(47.5)

270270
(49.4)(49.4)

278 278 
(50.0)(50.0)

634634
(52.2)(52.2)

464 464 
(51.8)(51.8)

986986
(49.0)(49.0)( )( ) ( )( ) ( )( ) ( )( ) ( )( ) ( )( ) ( )( ) ( )( )

>3 CV >3 CV 
risk factorsrisk factors

217217
(48.3)(48.3)

10841084
(41.5)(41.5)

407407
(35.2)(35.2)

217217
(39.7)(39.7)

225225
(40.5)(40.5)

514514
(42.3)(42.3)

368368
(41.1)(41.1)

800800
(35.8)(35.8)
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Overview of Adverse EventsOverview of Adverse Events
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Common Adverse EventsCommon Adverse Events
COPD 3 month population ≥4% in 75 or 150 µg groupsCOPD 3 month population ≥4% in 75 or 150 µg groupsCOPD 3 month population ≥4% in 75 or 150 µg groupsCOPD 3 month population ≥4% in 75 or 150 µg groups

Indacaterol Treatment GroupsIndacaterol Treatment Groups ControlControl
75 µg75 µg
N=449N=449

150 µg150 µg
N=2611N=2611

300 µg300 µg
N=1157N=1157

600 µg600 µg
N=547N=547

PboPbo
N=2012N=2012N=449N=449 N=2611N=2611 N=1157N=1157 N=547N=547 N=2012N=2012

Total AEs n (%)Total AEs n (%) 231 (51.5)231 (51.5) 1067 (40.9)1067 (40.9) 556 (48.1)556 (48.1) 252 (46.1)252 (46.1) 867 (43.1)867 (43.1)
Severe AEs n (% of all events)Severe AEs n (% of all events) 17 (3.8)17 (3.8) 100 (3.8)100 (3.8) 37 (3.2)37 (3.2) 22 (4.0)22 (4.0) 101 (6.0)101 (6.0)

38 (8 )38 (8 ) 239 (9 2)239 (9 2) 136 (11 8)136 (11 8) 6 (10 2)6 (10 2) 269 (13 4)269 (13 4)
COPDCOPD†† 38 (8.5)38 (8.5) 239 (9.2)239 (9.2) 136 (11.8)136 (11.8) 56 (10.2)56 (10.2) 269 (13.4)269 (13.4)

5 (1.1)5 (1.1) 25 (1.0)25 (1.0) 7 (0.6)7 (0.6) 5 (0.9)5 (0.9) 27 (1.3)27 (1.3)

NasopharyngitisNasopharyngitis
24 (5.4)24 (5.4) 114 (4.4)114 (4.4) 67 (5.8)67 (5.8) 43 (7.9)43 (7.9) 89 (4.4)89 (4.4)

NasopharyngitisNasopharyngitis
1 (0.2)1 (0.2) 3 (0.1)3 (0.1) 00 00 00

CoughCough
29 (6.5)29 (6.5) 104 (4.0)104 (4.0) 60 (5.2)60 (5.2) 27 (4.9)27 (4.9) 72 (3.6)72 (3.6)
1 (0.2)1 (0.2) 1 (<0.1)1 (<0.1) 1 (0.1)1 (0.1) 1 (0.2)1 (0.2) 7 (0.4)7 (0.4)

HeadacheHeadache
23 (5.1)23 (5.1) 80 (3.1)80 (3.1) 26 (2.3)26 (2.3) 16 (2.9)16 (2.9) 44 (2.2)44 (2.2)
1 (0.2)1 (0.2) 4 (0.2)4 (0.2) 2 (0.2)2 (0.2) 00 1 (0.1)1 (0.1)

M l SM l S
6 (1.3)6 (1.3) 38 (1.5)38 (1.5) 25 (2.2)25 (2.2) 22 (4.0)22 (4.0) 15 (0.8)15 (0.8)
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Muscle SpasmsMuscle Spasms
( )( ) ( )( ) ( )( ) ( )( ) ( )( )
00 7 (0.3)7 (0.3) 00 2 (0.4)2 (0.4) 1 (0.1)1 (0.1)

†† Progressive disease/exacerbationsProgressive disease/exacerbations



Common Adverse EventsCommon Adverse Events
COPD 12 month population ≥10%COPD 12 month population ≥10%COPD 12 month population ≥10%COPD 12 month population ≥10%

Indacaterol Treatment GroupsIndacaterol Treatment Groups ControlControl
150 µg150 µg
N=144N=144

300 µg300 µg
N=583N=583

600 µg600 µg
N=425N=425

PboPbo
N=556N=556N=144N=144 N=583N=583 N=425N=425 N=556N=556

Total AEs n (%)Total AEs n (%) 110 (76.4)110 (76.4) 422 (72.4)422 (72.4) 276 (64.9)276 (64.9) 351 (63.1)351 (63.1)
Severe AEs n (% of all events)Severe AEs n (% of all events) 19 (13.2)19 (13.2) 60 (10.3)60 (10.3) 43 (10.1)43 (10.1) 64 (11.5)64 (11.5)

3 (24 3)3 (24 3) 1 9 (30 )1 9 (30 ) 11 (2 )11 (2 ) 184 (33 1)184 (33 1)
COPDCOPD†† 35 (24.3)35 (24.3) 179 (30.7)179 (30.7) 117 (27.5)117 (27.5) 184 (33.1)184 (33.1)

3 (2.1)3 (2.1) 17 (2.9)17 (2.9) 11 (2.6)11 (2.6) 22 (4.0)22 (4.0)

NasopharyngitisNasopharyngitis
24 (16.7)24 (16.7) 99(17.0)99(17.0) 80 (18.8)80 (18.8) 75 (13.5)75 (13.5)

NasopharyngitisNasopharyngitis
1 (0.7)1 (0.7) 19 (3.3)19 (3.3) 00 2 (0.4)2 (0.4)

CoughCough
17 (11.8)17 (11.8) 47(8.1)47(8.1) 27 (6.4)27 (6.4) 27 (4.9)27 (4.9)
1 (0.7)1 (0.7) 1 (0.2)1 (0.2) 1 (0.2)1 (0.2) 1 (0.2)1 (0.2)

Upper RTIUpper RTI
17 (11.8)17 (11.8) 41(7.0)41(7.0) 20 (4.7)20 (4.7) 21 (3.8)21 (3.8)
2 (1.4)2 (1.4) 00 00 00

H d hH d h
15 (10.4)15 (10.4) 25(4.3)25(4.3) 21 (4.9)21 (4.9) 24 (4.3)24 (4.3)
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HeadacheHeadache
( )( ) ( )( ) ( )( ) ( )( )

2 (1.4)2 (1.4) 00 00 1 (0.2)1 (0.2)

†† Progressive disease/exacerbationsProgressive disease/exacerbations



Indacaterol Adverse Event Experience (COPD)Indacaterol Adverse Event Experience (COPD)
COPD safety populationCOPD safety populationCOPD safety population COPD safety population 

IndacaterolIndacaterol
Treatment GroupsTreatment Groups

ControlControl
Treatment GroupsTreatment Groups

75 µg75 µg 150 µg150 µg 300 µg300 µg 600 µg600 µg PboPbo ForFor TioTio SmeSme

TotalTotal
ExposureExposure

NN 449449 26112611 11571157 547547 20122012 556556 12141214 895895

ExposureExposure
patientpatient--yearyear 105.1105.1 859.7859.7 737.0737.0 394.5394.5 923.6923.6 396.2396.2 358.0358.0 275.0275.0

Adverse Adverse 
EventsEvents

nn 237237 12261226 767767 351351 10931093 352352 576576 340340

EventsEvents
n/patientn/patient--yearyear 5.45.4 4.14.1 3.93.9 3.63.6 3.93.9 2.92.9 4.54.5 3.03.0

Serious Serious 
Adverse Adverse 
E tE t

nn 1717 135135 117117 5656 155155 7373 6464 3535

EventsEvents n/patientn/patient--yearyear 0.250.25 0.240.24 0.240.24 0.210.21 0.270.27 0.320.32 0.330.33 0.180.18

DeathsDeaths
nn 00 44 22 11 1414 44 44 11

//
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n/patientn/patient--yearyear 00 0.010.01 <0.01<0.01 <0.01<0.01 0.020.02 0.010.01 0.010.01 <0.01<0.01



Most Commonly Reported SAEs by SOC Most Commonly Reported SAEs by SOC 
Adjusted for ExposureAdjusted for Exposure (>1 0 Events Per 100 Patient Years)(>1 0 Events Per 100 Patient Years)Adjusted for Exposure Adjusted for Exposure (>1.0 Events Per 100 Patient Years) (>1.0 Events Per 100 Patient Years) 
COPD safety populationCOPD safety population

Indacaterol Treatment GroupsIndacaterol Treatment Groups Control Treatment GroupsControl Treatment Groups
75 µg75 µg
N=449N=449

150 µg150 µg
N=2611N=2611

300 µg300 µg
N=1157N=1157

600 µg600 µg
N=547N=547

PboPbo
N=2012N=2012

ForFor
N=556N=556

TioTio
N=1214N=1214

SmeSme
N=895N=895

Total SAEs/100 patientTotal SAEs/100 patient--year year 
e pos ree pos re 24.724.7 23.523.5 24.424.4 20.520.5 31.831.8 33.233.2 18.218.2 27.027.0exposureexposure 3 53 5 0 50 5 3 83 8 3333 88 00

Respiratory, thoracic & Respiratory, thoracic & 
mediastinal disordersmediastinal disorders 6.76.7 5.25.2 8.78.7 3.53.5 8.68.6 12.112.1 6.16.1 5.55.5

Infections & InfestationsInfections & Infestations 4.84.8 4.04.0 3.53.5 2.32.3 4.84.8 7.67.6 5.35.3 3.63.6

Cardiac DisordersCardiac Disorders 3.83.8 3.43.4 3.43.4 3.03.0 2.82.8 1.81.8 4.74.7 3.33.3

Nervous System DisordersNervous System Disorders 1.91.9 1.91.9 1.41.4 0.80.8 1.11.1 1.01.0 2.82.8 1.51.5

General disorders & General disorders & 
administration site conditionsadministration site conditions 1.91.9 0.60.6 0.30.3 0.30.3 1.11.1 0.30.3 0.80.8 0.40.4

Blood and Lymphatic system Blood and Lymphatic system 
disordersdisorders 1.91.9 0.20.2 0.10.1 0.30.3 0.20.2 00 00 00

Neoplasms benign, malignant & Neoplasms benign, malignant & 
unspecified (incl cysts & polyps)unspecified (incl cysts & polyps) 1.01.0 1.41.4 2.02.0 2.32.3 1.51.5 1.81.8 1.71.7 0.40.4
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Gastrointestinal disordersGastrointestinal disorders 1.01.0 1.41.4 0.50.5 2.52.5 1.81.8 0.80.8 1.71.7 1.11.1

Injury, poisoning & procedural Injury, poisoning & procedural 
complicationscomplications 00 2.02.0 1.61.6 1.81.8 1.01.0 1.31.3 3.63.6 0.40.4



Fatal SAEs
COPD safety population (N=9441)COPD safety population (N=9441)COPD safety population (N=9441)COPD safety population (N=9441)

•• Control Groups (23/4677 patients)Control Groups (23/4677 patients)
GroupGroup Fatal Events (n)Fatal Events (n) Reported Cause of DeathReported Cause of DeathGroupGroup Fatal Events (n)Fatal Events (n) Reported Cause of DeathReported Cause of Death
PlaceboPlacebo 1414 2 Aortic Aneurysm Ruptures, 1 Cardiac Arrest, 3 Sudden Death, 2 Aortic Aneurysm Ruptures, 1 Cardiac Arrest, 3 Sudden Death, 

1 Cardio1 Cardio--respiratory Arrest, 3 MIs, 1 Death cause unknown, respiratory Arrest, 3 MIs, 1 Death cause unknown, 
1 Multi1 Multi--organ Failure, 1 Accident, 1 COPDorgan Failure, 1 Accident, 1 COPD

FormoterolFormoterol 44 MultiMulti--organ Failure, Respiratory failure, Sudden Death, organ Failure, Respiratory failure, Sudden Death, 
Death cause unknownDeath cause unknown

SalmeterolSalmeterol 11 Respiratory FailureRespiratory Failure

TiotropiumTiotropium 44 Arteriosclerosis, Cardiac Arrest, Respiratory Arrest, Sepsis Arteriosclerosis, Cardiac Arrest, Respiratory Arrest, Sepsis 

•• Indacaterol Treatment Groups (7/4764 patients)Indacaterol Treatment Groups (7/4764 patients)

pp , , p y , p, , p y , p

GroupGroup Fatal Events (n)Fatal Events (n) Reported Cause of DeathReported Cause of Death
75 µg75 µg 00 ––

150 µg150 µg 44 Sudden Death, Cardiac Arrest, MI, CancerSudden Death, Cardiac Arrest, MI, Cancer

300300 22 C di A t MIC di A t MI
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300 µg300 µg 22 Cardiac Arrest, MICardiac Arrest, MI

600 µg600 µg 11 COPD ExacerbationCOPD Exacerbation



Safety over Dose Range – Mortality
Relative risks (to placebo) adjusted for time on treatmentRelative risks (to placebo) adjusted for time on treatment 
COPD safety population

Treatment comparisonTreatment comparison
ExposureExposure

(total pt(total pt--yr)yr)

PooledPooled IndacaterolIndacaterol

Indacaterol 600 µg QDIndacaterol 600 µg QD

pp ( p( p y )y )

20962096

394394

Indacaterol 300 µg QDIndacaterol 300 µg QD

Indacaterol 150 µg QDIndacaterol 150 µg QD

737737

860860

Indacaterol 75 µg QDIndacaterol 75 µg QD

Tiotropium 18 µg QDTiotropium 18 µg QD

Salmeterol 50 µg BIDSalmeterol 50 µg BID

105105

356356

275275

No deathNo death

0 0 0 5 1 0 1 5 2 0 2 5 3 0

Salmeterol 50 µg BIDSalmeterol 50 µg BID

Formoterol 12 µg BIDFormoterol 12 µg BID

275275

396396

8 5
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0.0 0.5 1.0 1.5 2.0 2.5 3.0

Relative risk of deathRelative risk of death

8.5



Areas of Special InterestAreas of Special Interest

•• CardioCardio--cerebrovascular eventscerebrovascular events

•• Cough after inhalationCough after inhalation

•• Safety in asthmaSafety in asthma•• Safety in asthma Safety in asthma 

•• Respiratory composite endpointRespiratory composite endpoint
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Mean Pulse Rate (bpm) Change from BaselineMean Pulse Rate (bpm) Change from Baseline
COPD safety population week 12COPD safety population week 12COPD safety population week 12COPD safety population week 12
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Mean Diastolic Blood Pressure (mmHg) Mean Diastolic Blood Pressure (mmHg) 
Change from BaselineChange from BaselineChange from BaselineChange from Baseline
COPD safety population week 12COPD safety population week 12
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Data are least squares means with standard errorData are least squares means with standard error



Mean Systolic Blood Pressure (mm Hg)Mean Systolic Blood Pressure (mm Hg)
Change from BaselineChange from BaselineChange from BaselineChange from Baseline
COPD safety population week 12COPD safety population week 12
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QTc F- Change from Baseline Day 14
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IndacaterolIndacaterol
150 µg 150 µg vsvs placeboplacebo

IndacaterolIndacaterol
300 µg 300 µg vsvs placeboplacebo

IndacaterolIndacaterol
600 µg 600 µg vsvs placeboplacebo

Placebo/moxifloxacinPlacebo/moxifloxacin
400 µg vs placebo400 µg vs placebo
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B2339 B2339 studystudy
Confidence intervals are based on a oneConfidence intervals are based on a one--sided tsided t--test at the 5% significance level using data from the test at the 5% significance level using data from the 
respective respective timepointtimepoint and pair of treatment groups onlyand pair of treatment groups only



Definition of CCV EventsDefinition of CCV Events

•• Standardized query (SMQ) composed of 257 Standardized query (SMQ) composed of 257 
preferred terms related events with varied preferred terms related events with varied 
pathologypathology

–– Cardiac ArrhythmiasCardiac Arrhythmias
–– Cardiac FailureCardiac FailureCardiac FailureCardiac Failure
–– Cerebrovascular DisordersCerebrovascular Disorders
–– Ischemic Heart DiseaseIschemic Heart Disease

•• Myocardial infarctionMyocardial infarction
•• Other ischemic heart diseaseOther ischemic heart disease

•• Additional analyses performed to evaluate Additional analyses performed to evaluate 
risk of specific cardiovascular and risk of specific cardiovascular and 
cerebrovascular eventscerebrovascular events
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cerebrovascular eventscerebrovascular events



Serious Cardiovascular (CCV) Events in Serious Cardiovascular (CCV) Events in 
1 Year Studies1 Year Studies1 Year Studies1 Year Studies

IndacaterolIndacaterol
Treatment GroupsTreatment Groups

ControlControl
Treatment GroupsTreatment Groups

Study B2334Study B2334 300 µg300 µg 600 µg600 µg ForFor PboPbo
Total population, NTotal population, N 437437 425425 434434 432432
Patients with ≥ 1 event, nPatients with ≥ 1 event, n 1515 1111 66 44
(%)(%) 3.433.43 2.592.59 1.381.38 0.930.93
Total ptTotal pt--yryr 372.21372.21 361.58361.58 361.38361.38 338.05338.05
# of event per pt# of event per pt--yryr 0.048360.04836 0.038720.03872 0.024900.02490 0.014790.01479

IndacaterolIndacaterol ControlControlIndacaterolIndacaterol
Treatment GroupsTreatment Groups

Control Control 
TxTx GroupGroup

Study B2335SEStudy B2335SE 150 µg150 µg 300 µg300 µg PBOPBO
Total population, NTotal population, N 144144 146146 124124Total population, NTotal population, N 144144 146146 124124
Patients with ≥ 1 event, nPatients with ≥ 1 event, n 11 33 44
(%)(%) 0.690.69 2.052.05 3.233.23
Total ptTotal pt--yryr 140.70140.70 143.54143.54 120.21120.21
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yy
# of event per pt# of event per pt--yryr 0.00710.0071 0.02090.0209 0.03330.0333



Definition of Major Cardiac and Definition of Major Cardiac and 
Cerebrovascular Events (MACE)Cerebrovascular Events (MACE)Cerebrovascular Events (MACE)Cerebrovascular Events (MACE)

•• Includes predefined search terms for stroke, Includes predefined search terms for stroke, 
di l i f ti d di d thdi l i f ti d di d thmyocardial infarction and cardiac deathmyocardial infarction and cardiac death

•• Fatal events externally adjudicated to identify Fatal events externally adjudicated to identify 
cardiovascular deathscardiovascular deaths

•• 2 MACE searches:2 MACE searches:
–– Broad MACEBroad MACE

•• SMQs for myocardial infarction, central SMQs for myocardial infarction, central 
nervous system hemorrhage, cerebrovascularnervous system hemorrhage, cerebrovascularnervous system hemorrhage, cerebrovascular nervous system hemorrhage, cerebrovascular 
accidentsaccidents

–– Custom MACECustom MACE
•• Subset of preferred terms selected by FDASubset of preferred terms selected by FDA
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•• Subset of preferred terms selected by FDASubset of preferred terms selected by FDA

Briefing materials Endocrine and Metabolic Drugs Advisory Committee Meeting (April 1 & 2, 2009)Briefing materials Endocrine and Metabolic Drugs Advisory Committee Meeting (April 1 & 2, 2009)



CCE: Major Adverse Cardiovascular EventsCCE: Major Adverse Cardiovascular Events
COPD safety population (N=9441)COPD safety population (N=9441)COPD safety population (N=9441)COPD safety population (N=9441)

Myocardial Infarction, Stroke and Vascular DeathMyocardial Infarction, Stroke and Vascular Death
(Broad MACE)(Broad MACE)(Broad MACE)(Broad MACE)

HR (95% CI)HR (95% CI)

0.64 (0.38, 1.09)0.64 (0.38, 1.09)All IndacaterolAll Indacaterol

Treatment comparisonTreatment comparison

0.56 (0.17, 1.84)0.56 (0.17, 1.84)

0.74 (0.37, 1.50)0.74 (0.37, 1.50)

0.49 (0.21, 1.13)0.49 (0.21, 1.13)

IndInd 75 µg / 75 µg / PboPbo
IndInd 150 µg / 150 µg / PboPbo
Ind 300 µg / PboInd 300 µg / Pbo 0.49 (0.21, 1.13)0.49 (0.21, 1.13)

0.62 (0.23, 1.65)0.62 (0.23, 1.65)

0.74 (0.29, 1.87)0.74 (0.29, 1.87)

Ind 300 µg / PboInd 300 µg / Pbo
Ind 600 µg / PboInd 600 µg / Pbo
Formoterol / Formoterol / PboPbo

1.43 (0.55, 3.69)1.43 (0.55, 3.69)

0.49 (0.18, 1.38)0.49 (0.18, 1.38)

Tiotropium / Tiotropium / PboPbo
Salmeterol / Salmeterol / PboPbo
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CCE: Major Adverse Cardiovascular EventsCCE: Major Adverse Cardiovascular Events
COPD safety population (N=9441)COPD safety population (N=9441)COPD safety population (N=9441)COPD safety population (N=9441)

Myocardial Infarction, Stroke and Vascular DeathMyocardial Infarction, Stroke and Vascular Death
(Custom MACE)(Custom MACE)(Custom MACE)(Custom MACE)

HR (95% CI)HR (95% CI)

0.59 (0.30, 1.14)0.59 (0.30, 1.14)All IndacaterolAll Indacaterol

Treatment comparisonTreatment comparison

0.41 (0.04, 3.99)0.41 (0.04, 3.99)

0.75 (0.31, 1.82)0.75 (0.31, 1.82)

0.44 (0.16, 1.24)0.44 (0.16, 1.24)

IndInd 75 µg / 75 µg / PboPbo
IndInd 150 µg / 150 µg / PboPbo
Ind 300 µg / PboInd 300 µg / Pbo 0.44 (0.16, 1.24)0.44 (0.16, 1.24)

0.45 (0.12, 1.68)0.45 (0.12, 1.68)

0.53 (0.16, 1.75)0.53 (0.16, 1.75)

Ind 300 µg / PboInd 300 µg / Pbo
Ind 600 µg / PboInd 600 µg / Pbo
Formoterol / Formoterol / PboPbo

1.23 (0.27, 5.64)1.23 (0.27, 5.64)

0.43 (0.11, 1.62)0.43 (0.11, 1.62)

Tiotropium / Tiotropium / PboPbo
Salmeterol / Salmeterol / PboPbo
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Summary CCV EventsSummary CCV Events

•• Imbalance in CCV SAEs in Study 2334 due to Imbalance in CCV SAEs in Study 2334 due to 
less severe and subjective eventsless severe and subjective eventsless severe and subjective events less severe and subjective events 

•• MACE analyses do not show an increase risk MACE analyses do not show an increase risk 
f di l i f ti t k dif di l i f ti t k diof myocardial infarction, stroke, or cardiac of myocardial infarction, stroke, or cardiac 

death among patients receiving any dose of death among patients receiving any dose of 
indacaterolindacaterol
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Areas of Special InterestAreas of Special Interest

•• CardioCardio--cerebrovascular events (CCV)cerebrovascular events (CCV)

•• Cough after inhalationCough after inhalation

•• Safety in asthmaSafety in asthma•• Safety in asthmaSafety in asthma

•• Respiratory composite endpointRespiratory composite endpoint
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Cough Following InhalationCough Following Inhalation
•• Investigator reportedInvestigator reported

•• Reported as AEs if identified by patientReported as AEs if identified by patient

•• 15% of patients experienced a sporadic cough after 15% of patients experienced a sporadic cough after 
inhalation of indacaterolinhalation of indacaterol

–– ShortShort--lasting, typically 5 secondslasting, typically 5 seconds
–– Higher frequency among females and Higher frequency among females and 

current smokerscurrent smokers

•• Most cough AEs were mild/moderate in severityMost cough AEs were mild/moderate in severity

•• No evidence of an association withNo evidence of an association with bronchospasmbronchospasm•• No evidence of an association with No evidence of an association with bronchospasmbronchospasm, , 
exacerbations, or loss of efficacyexacerbations, or loss of efficacy

•• 1 discontinuation due to cough after inhalation at the1 discontinuation due to cough after inhalation at the
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•• 1 discontinuation due to cough after inhalation at the 1 discontinuation due to cough after inhalation at the 
proposed dosesproposed doses



Areas of Special InterestAreas of Special Interest

•• CardioCardio--cerebrovascular eventscerebrovascular events

•• Cough after inhalationCough after inhalation

•• Safety in asthmaSafety in asthma•• Safety in asthmaSafety in asthma

•• Adjudication of SAEs and Respiratory Adjudication of SAEs and Respiratory 
it d i tit d i tcomposite endpointcomposite endpoint
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Fatal Events Do Occur in Asthma Fatal Events Do Occur in Asthma 
Clinical TrialsClinical TrialsClinical Trials Clinical Trials 

Patient Patient 
/S/S C fC fDrugDrug TTETTE Age/Sex Age/Sex Cause of DeathCause of Death

CiclesonideCiclesonide11 102 days102 days 14F14F CardiorespiratoryCardiorespiratory
arrest at schoolarrest at schoolarrest at schoolarrest at school

CiclesonideCiclesonide22 N/AN/A 75F75F Found dead at home, Found dead at home, 
likely sudden deathlikely sudden death

FormoterolFormoterol//
BudesonideBudesonide33 26 days26 days 13M13M Respiratory FailureRespiratory Failure

Salmeterol/Salmeterol/Salmeterol/Salmeterol/
FluticasoneFluticasone44 3 months3 months 25M25M Status Status AsthmaticusAsthmaticus
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1,21,2 Medical Review NDA 21Medical Review NDA 21--658www.accessdata.fda.gov/scripts/658www.accessdata.fda.gov/scripts/cdercder//drugsatfdadrugsatfda/  /  
33 Sears ERJ 2008 Sears ERJ 2008 
44 Bateman Ann Bateman Ann IntInt Med 2008; 149:33Med 2008; 149:33--4242



Safety in Asthma Indacaterol Study: B2338Safety in Asthma Indacaterol Study: B2338

•• Novartis is NOT seeking an Asthma indication Novartis is NOT seeking an Asthma indication 
of indacaterol of indacaterol monotherapymonotherapy

•• 6 month safety study 6 month safety study 

•• 750 patients randomized 1:1:1 750 patients randomized 1:1:1 
–– Indacaterol 300 µgIndacaterol 300 µg

Indacaterol 600 µgIndacaterol 600 µg–– Indacaterol 600 µgIndacaterol 600 µg
–– Salmeterol 50 µg bidSalmeterol 50 µg bid

N l bN l b•• No placebo armNo placebo arm

•• Patients instructed to continue previous ICSPatients instructed to continue previous ICS
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–– ICS was NOT randomizedICS was NOT randomized



B2338: AsthmaB2338: Asthma--Related Adverse Events Related Adverse Events ––
PreadjudicationPreadjudicationPreadjudicationPreadjudication

Type of AEs*Type of AEs*

IndInd 300 µg300 µg
N=268N=268
n (%)n (%)

IndInd 600 µg600 µg
N=268N=268
n (%)n (%)

SmeSme
N=269N=269
n (%)n (%)Type of AEsType of AEs n (%)n (%) n (%)n (%) n (%)n (%)

All AEs All AEs 147 (54.9)147 (54.9) 178 (66.4)178 (66.4) 181 (67.3)181 (67.3)

All SAEsAll SAEs 5 (1.9)5 (1.9) 11 (4.1)11 (4.1) 8 (3.0)8 (3.0)

AsthmaAsthma--related AEsrelated AEs 31 (11.6)31 (11.6) 42 (15.7)42 (15.7) 40 (14.9)40 (14.9)

Asthma AE leading to d/cAsthma AE leading to d/c 4 (1.5)4 (1.5) 6 (2.2)6 (2.2) 2 (0.7)2 (0.7)

AsthmaAsthma--related hospitalizationsrelated hospitalizations 2 (0.7)2 (0.7) 2 (0.7)2 (0.7) 1 (0.4)1 (0.4)

AsthmaAsthma--related intubationrelated intubation 00 00 00

AsthmaAsthma--related deathrelated death 1 (0.4)1 (0.4) 00 00

•• Hospitalization Hospitalization rate in Indacaterol arms consistent with rate in Indacaterol arms consistent with 

90* Not mutually exclusive  * Not mutually exclusive  11 Levinson Levinson Statistical Statistical Briefing Document for 2008 Briefing Document for 2008 PADAC table PADAC table 55

rate in FDA 2008 meta analysis (1.3%)rate in FDA 2008 meta analysis (1.3%)11



Safety in Asthma Study B2338: Safety in Asthma Study B2338: 
AllAll Cause Deaths (300Cause Deaths (300 µg)µg)AllAll--Cause Deaths (300 Cause Deaths (300 µg)µg)
•• Asthma ExacerbationAsthma Exacerbation

–– 60 year old man who visited an ER on study day 16560 year old man who visited an ER on study day 16560 year old man who visited an ER on study day 165 60 year old man who visited an ER on study day 165 
complaining of asthma symptoms after exposure complaining of asthma symptoms after exposure 
to organic solvents. He was treated with systemic to organic solvents. He was treated with systemic 
corticosteroids then discharged on no additional steroids. corticosteroids then discharged on no additional steroids. 
4 d l t h l i d f i th t4 d l t h l i d f i th t4 days later, he complained of worsening asthma symptoms 4 days later, he complained of worsening asthma symptoms 
and arrested on the way to the hospital.and arrested on the way to the hospital.

•• Cardiac ArrestCardiac ArrestCardiac ArrestCardiac Arrest
–– 75 year old woman with a history of hypertension. 75 year old woman with a history of hypertension. 

On study day 118, patient was asymptomatic. On day 119 On study day 118, patient was asymptomatic. On day 119 
she experienced sudden onset of dyspnea with cardiac she experienced sudden onset of dyspnea with cardiac p y pp y p
arrest.  CPR was performed. On intubation, airway arrest.  CPR was performed. On intubation, airway 
pressures were normal. pressures were normal. 
Treating physician believed event cardiac in nature. Treating physician believed event cardiac in nature. 
On adjudication noted that patient was likely to haveOn adjudication noted that patient was likely to have
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On adjudication, noted that patient was likely to have On adjudication, noted that patient was likely to have 
had COPD.had COPD.



Spontaneous Report of Fatal Event in Spontaneous Report of Fatal Event in 
Patient with History of AsthmaPatient with History of AsthmaPatient with History of AsthmaPatient with History of Asthma

44 year old woman with a history of asthma and current COPD  44 year old woman with a history of asthma and current COPD  

•• Past Medical History: Baseline FEVPast Medical History: Baseline FEV11 53% of predicted53% of predicted
–– Current smoker, history of noncompliance with medicationCurrent smoker, history of noncompliance with medication
–– Multiple exacerbations requiring systemic corticosteroidsMultiple exacerbations requiring systemic corticosteroids

•• Concomitant Medications: Fluticasone and Tiotropium, Concomitant Medications: Fluticasone and Tiotropium, 
changed to Indacaterol and Tiotropium +/changed to Indacaterol and Tiotropium +/-- prednisoloneprednisolone by by 
specialist subsequently put on BUD by GP who did notspecialist subsequently put on BUD by GP who did notspecialist, subsequently put on BUD by GP who did not specialist, subsequently put on BUD by GP who did not 
continue indacaterol  continue indacaterol  

Four days prior to the event, she started Four days prior to the event, she started clarithromycinclarithromycin for the for the y p ,y p , yy
treatment of a URI.  On the day of her arrest, she complained treatment of a URI.  On the day of her arrest, she complained 
of increasing dyspnea.  Her death was initially described as of increasing dyspnea.  Her death was initially described as 
“status “status asthmaticusasthmaticus after severe worsening of COPD”, cause after severe worsening of COPD”, cause 
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of death (per death certificate) listed as cardiac arrest.of death (per death certificate) listed as cardiac arrest.



Analysis of Respiratory Composite EndpointAnalysis of Respiratory Composite Endpoint

•• FDA requested analysis of a Respiratory FDA requested analysis of a Respiratory 
Composite EndpointComposite Endpoint

•• Includes all blinded, randomized, controlled Includes all blinded, randomized, controlled 
asthma and COPD studies ≥7 days in which asthma and COPD studies ≥7 days in which yy
indacaterol was administered via single dose indacaterol was administered via single dose 
dry powder inhalerdry powder inhaler

•• Blinded external adjudication of all SAEs to Blinded external adjudication of all SAEs to 
determine which events primarily represent:determine which events primarily represent:

–– AsthmaAsthma--related death, intubation, hospitalizationrelated death, intubation, hospitalization
–– COPDCOPD--related death, intubation, hospitalizationrelated death, intubation, hospitalization
–– Pneumonia related death intubationPneumonia related death intubation
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Pneumonia related death, intubation, Pneumonia related death, intubation, 
hospitalizationhospitalization



Studies Included in Meta Analysis of Acute Studies Included in Meta Analysis of Acute 
Respiratory EventsRespiratory EventsRespiratory Events Respiratory Events 

•• 7 asthma studies, B2338 and 6 placebo7 asthma studies, B2338 and 6 placebo--
t ll d h t t t di ≥7 d it ll d h t t t di ≥7 d icontrolled short term studies ≥7 days in controlled short term studies ≥7 days in 

durationduration
–– Range of doses 18.75Range of doses 18.75 -- 800 µg QD800 µg QDRange of doses 18.75 Range of doses 18.75 800 µg QD800 µg QD
–– Range of treatment Duration 1Range of treatment Duration 1--4 weeks4 weeks
–– Total enrolled = 1,914Total enrolled = 1,914

•• 23 COPD studies of ≥7 days23 COPD studies of ≥7 days
–– Range of doses from 18.75 Range of doses from 18.75 -- 800 µg QD800 µg QDgg gg
–– Range of treatment Duration 1Range of treatment Duration 1--52 weeks52 weeks
–– Total enrolled = 11,755Total enrolled = 11,755
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Asthma Related Adverse EventsAsthma Related Adverse Events
Asthma SDDPI studiesAsthma SDDPI studiesAsthma SDDPI studies Asthma SDDPI studies 

18.75 37.5 75 150 300 600 Pbo Sme
N=84 N=81 N=131 N=85 N=268 N=268 N=254 N=353

Pt yearPt year 3.453.45 3.353.35 5.545.54 3.473.47 119.56119.56 119.18119.18 9.29.2 127.5127.5

Asthma Asthma 00 00 00 00 22 22 00 11
Composite Composite 
EndpointEndpoint * * 
population Ipopulation I
nn (n/pt yr)(n/pt yr)

0.020.02 0.020.02 0.010.01

•• No dose response in active controlled studyNo dose response in active controlled study

95* Adjudicated Hospitalizations, intubations and Death  * Adjudicated Hospitalizations, intubations and Death  



Acute COPDAcute COPD--Related HospitalizationsRelated Hospitalizations
COPD SDDPI studiesCOPD SDDPI studiesCOPD SDDPI studies COPD SDDPI studies 

FDA  Addendum Table 3- without adjustment for differences in 
st d lengthstudy length

7575
N=543N=543

150150
N=2745N=2745

300300
N=1422N=1422

600600
N=584N=584

IndInd AllAll
N=6863N=6863

PboPbo
N=2484N=2484

ForFor
N=556N=556

TioTio
N=842N=842

SmeSme
N=1010N=1010

55 3636 4040 1313 108108 4747 2929 55 1010nn 55 3636 4040 1313 108108 4747 2929 55 1010

%% 0.90.9 1.31.3 2.82.8 2.22.2 1.61.6 1.01.0 5.25.2 0.60.6 1.01.0

7575
N=543N=543

150150
N=2745N=2745

300300
N=1422N=1422

600600
N=584N=584

IndInd AllAll
N=6863N=6863

PboPbo
N=2484N=2484

ForFor
N=556N=556

TioTio
N=842N=842

SmeSme
N=1010N=1010

Hospitalizations adjusted by Exposure

N 543N 543 N 2745N 2745 N 1422N 1422 N 584N 584 N 6863N 6863 N 2484N 2484 N 556N 556 N 842N 842 N 1010N 1010

nn 55 3636 4040 1313 108108 4747 2929 55 1010

n/100n/100
pt yearpt year 4.594.59 4.514.51 6.026.02 3.293.29 4.934.93 5.535.53 8.588.58 3.343.34 3.583.58
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Acute Respiratory Composite EndpointAcute Respiratory Composite Endpoint
COPD safety populationCOPD safety populationCOPD safety population COPD safety population 

Acute Respiratory Composite Endpoint for COPD  Acute Respiratory Composite Endpoint for COPD  

HR (95% CI)HR (95% CI)Treatment comparisonTreatment comparison

0.93 (0.93 (0.69, 1.230.69, 1.23))All All IndInd (Con1)(Con1)
1.37 (1.37 (0.49, 3.780.49, 3.78))

0.84 (0.84 (0.51, 1.400.51, 1.40))

1.05 (1.05 (0.70, 1.590.70, 1.59))

IndInd 75 µg / 75 µg / PboPbo
IndInd 150 µg / 150 µg / PboPbo
IndInd 300 µg /300 µg / PboPbo 1.05 (1.05 (0.70, 1.590.70, 1.59))

0.61 (0.61 (0.33, 1.130.33, 1.13))

1.28 (1.28 (0.78, 2.090.78, 2.09))

IndInd 300 µg / 300 µg / PboPbo
IndInd 600 µg / 600 µg / PboPbo
Formoterol / Formoterol / PboPbo

0.64 (0.64 (0.20, 2.070.20, 2.07))

0.94 (0.94 (0.41, 2.120.41, 2.12))

Tiotropium / Tiotropium / PboPbo
Salmeterol / Salmeterol / PboPbo
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Summary Clinical Trial DataSummary Clinical Trial Data

•• Extensive program with studies up to a year Extensive program with studies up to a year 
in durationin durationin durationin duration

•• No dose response at doses up to 600 µgNo dose response at doses up to 600 µg

•• Small number of serious events in asthma Small number of serious events in asthma 
studiesstudies

•• No increase in acute respiratory events in No increase in acute respiratory events in 
COPD studiesCOPD studiesCOPD studiesCOPD studies

•• The safety profile does not limit dose selectionThe safety profile does not limit dose selection
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P tP t M k tiM k tiPostPost--Marketing Marketing 
ExperienceExperience
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Spontaneous Event ReportingSpontaneous Event Reporting

•• Voluntary reporting by patients, family Voluntary reporting by patients, family 
members or Healthcare providers to Novartismembers or Healthcare providers to Novartis

•• Reports from health authoritiesReports from health authorities

•• Media or literature reportsMedia or literature reports

•• Reports Solicited by calls to patients forReports Solicited by calls to patients forReports Solicited by calls to patients for Reports Solicited by calls to patients for 
Novartis sponsored patient support programsNovartis sponsored patient support programs

•• Increase in spontaneous reporting in theIncrease in spontaneous reporting in the•• Increase in spontaneous reporting in the Increase in spontaneous reporting in the 
first 2 years after launch is known as the first 2 years after launch is known as the 
Weber effectWeber effect

100Weber JCP In Weber JCP In RainsfordRainsford KD ed. Advances in Inflammation Research, KD ed. Advances in Inflammation Research, volvol 6. New 6. New York:RavenYork:Raven Press, 1984:1Press, 1984:1--66



COPD PostCOPD Post--Marketing Experience: Marketing Experience: 
~56 000 Patient~56 000 Patient yearsyears~56,000 Patient~56,000 Patient--yearsyears

•• December 1, 2009 to November 30, 2010December 1, 2009 to November 30, 2010

•• 275 cases275 cases

•• 562 events562 events

•• Most reports describe non serious eventsMost reports describe non serious eventsMost reports describe non serious eventsMost reports describe non serious events

•• Indication for useIndication for use
258 COPD b hiti h t il bl258 COPD b hiti h t il bl–– 258 COPD, bronchitis, emphysema or not available258 COPD, bronchitis, emphysema or not available

–– 11 asthma11 asthma
6 other6 other
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COPD PostCOPD Post--Marketing Experience: Marketing Experience: 
Most Common Adverse EventsMost Common Adverse EventsMost Common Adverse Events Most Common Adverse Events 
(Spontaneous Reports) ~56,000 Patient(Spontaneous Reports) ~56,000 Patient--yearsyears

MostMost Common Events Common Events 
(Non serious)(Non serious) NN

Most Common Most Common 
Serious Events Serious Events NN

CoughCough 6767 AnginaAngina 77CoughCough 6767 AnginaAngina 77

DyspneaDyspnea 2121 DyspneaDyspnea 77

HeadacheHeadache 2020 COPDCOPD 66

Peripheral edemaPeripheral edema 1717 CirculatoryCirculatory collapse*collapse* 55

DizzinessDizziness 1212 ArrhythmiaArrhythmia 44
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* * Syncope Syncope (2), presyncope (2), hyperglycemia, DM (1)(2), presyncope (2), hyperglycemia, DM (1)
November  30, 2009 November  30, 2009 -- November 30, 2010November 30, 2010



COPD PostCOPD Post--Marketing Experience: Marketing Experience: 
~56 000 Patient~56 000 Patient yearsyears~56,000 Patient~56,000 Patient--yearsyears
•• Fatal outcomes: 34 Cases Fatal outcomes: 34 Cases 

–– 14 spontaneously reported14 spontaneously reported14 spontaneously reported 14 spontaneously reported 
–– 20 collected by a call center as part of Patient Support Program 20 collected by a call center as part of Patient Support Program 

in Mexicoin Mexico

P ti t h d i ifi t d l iP ti t h d i ifi t d l i biditibiditi•• Patients had significant underlying coPatients had significant underlying co--morbidities morbidities 
contributing to fatal outcomescontributing to fatal outcomes

–– 13 COPD disease progression/pneumonia13 COPD disease progression/pneumonia
•• 1 respiratory arrest in patient w/ concomitant asthma1 respiratory arrest in patient w/ concomitant asthma

–– 10 Cardiac (CHF, Cardiac arrest, MI)10 Cardiac (CHF, Cardiac arrest, MI)
–– 3 malignancy3 malignancy

2 unknown2 unknown–– 2 unknown2 unknown
–– 2 pulmonary emboli2 pulmonary emboli
–– 2 complications of DM (sepsis, circulatory collapse)2 complications of DM (sepsis, circulatory collapse)
–– 1 GI hemorrhage1 GI hemorrhage
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1 GI hemorrhage1 GI hemorrhage
–– 1 Wegener’s 1 Wegener’s GranulomatosisGranulomatosis

November  30, 2009 November  30, 2009 –– February 7, 2011February 7, 2011



Ri k E l ti dRi k E l ti dRisk Evaluation and Risk Evaluation and 
Management for IndacaterolManagement for Indacaterol
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Objectives of Risk Evaluation and Objectives of Risk Evaluation and 
Management for IndacaterolManagement for IndacaterolManagement for IndacaterolManagement for Indacaterol

•• In labeling, describe appropriate use of In labeling, describe appropriate use of 
i d t li d t lindacaterolindacaterol

•• Accurately communicate risks to prescribers Accurately communicate risks to prescribers y py p
and patientsand patients

•• Evaluate occurrence of events of specialEvaluate occurrence of events of specialEvaluate occurrence of events of special Evaluate occurrence of events of special 
interestinterest

Minimize offMinimize off label uselabel use•• Minimize offMinimize off--label uselabel use
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Proposed US Risk Evaluation and Mitigation Proposed US Risk Evaluation and Mitigation 
Strategy (REMS)Strategy (REMS)Strategy (REMS) Strategy (REMS) 
•• Goals of Proposed REMS:Goals of Proposed REMS:

T i f h lth id b tT i f h lth id b t–– To inform healthcare providers about:To inform healthcare providers about:
•• The increased risk of asthmaThe increased risk of asthma--related death in patients related death in patients 

taking LABAs and the appropriate use of indacaterol in taking LABAs and the appropriate use of indacaterol in 
patients with COPDpatients with COPDpatients with COPDpatients with COPD

–– To inform patients about:To inform patients about:
•• Other serious risks associated with the use of Other serious risks associated with the use of 

indacaterolindacaterol

•• Medication Guide for PatientsMedication Guide for Patients
–– Included in packaging so each patient will receive one Included in packaging so each patient will receive one 

with every prescription and refillwith every prescription and refill

•• Communication Plan for PrescribersCommunication Plan for Prescribers
DHCP Letter; information on a website; letter toDHCP Letter; information on a website; letter to
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–– DHCP Letter; information on a website; letter to DHCP Letter; information on a website; letter to 
professional societiesprofessional societies



Safety Risk Management Plan to Optimize Safety Risk Management Plan to Optimize 
Active and Passive SurveillanceActive and Passive SurveillanceActive and Passive SurveillanceActive and Passive Surveillance
•• Enhanced Enhanced PharmacovigilancePharmacovigilance to improve quality to improve quality 

f d t ll t d f t tf d t ll t d f t tof data collected for spontaneous eventsof data collected for spontaneous events

•• Further evaluation of indacaterol safety in clinical Further evaluation of indacaterol safety in clinical 
ti th h ti illti th h ti illpractice through active surveillance:practice through active surveillance:

–– Two 3Two 3--year, Postyear, Post--authorization safety studies (PASS)authorization safety studies (PASS)
•• General Practitioner Research Database (UK)General Practitioner Research Database (UK) –– ongoingongoingGeneral Practitioner Research Database (UK) General Practitioner Research Database (UK) ongoingongoing
•• US claims database US claims database –– proposedproposed

–– Events to be monitored include:Events to be monitored include:
•• OffOff label use in asthmalabel use in asthma•• OffOff--label use in asthmalabel use in asthma
•• Cardiovascular eventsCardiovascular events
•• LABA class effectsLABA class effects
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Ongoing Evaluation of Safety of Indacaterol Ongoing Evaluation of Safety of Indacaterol 
(and its Combinations)(and its Combinations)(and its Combinations)(and its Combinations)

•• Randomized Control TrialsRandomized Control Trials
–– COPD:  3500 patient 1COPD:  3500 patient 1--year study of COPD year study of COPD 

exacerbationsexacerbations
Asthma: 1500 QMF patient study comparing theAsthma: 1500 QMF patient study comparing the–– Asthma:  1500 QMF patient study comparing the Asthma:  1500 QMF patient study comparing the 
fixed dose combination of indacaterol and fixed dose combination of indacaterol and 
mometasone furoate (an ICS)  to mometasone mometasone furoate (an ICS)  to mometasone 
furoate alone for 12furoate alone for 12 18 months18 monthsfuroate alone for 12furoate alone for 12--18 months18 months

•• Observational StudiesObservational Studies
–– COPD:  15,000 patients to be enrolled in various COPD:  15,000 patients to be enrolled in various 

national observational studiesnational observational studies
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Safety ConclusionsSafety Conclusions

•• Wide therapeutic indexWide therapeutic index

•• Similar SAE profile to comparatorsSimilar SAE profile to comparators•• Similar SAE profile to comparators Similar SAE profile to comparators 

•• No increased risk of major cardiovascular or No increased risk of major cardiovascular or 
cerebrovascular eventscerebrovascular eventscerebrovascular eventscerebrovascular events

•• No increased risk of acute respiratory eventsNo increased risk of acute respiratory events

•• No new signals identified in post marketing No new signals identified in post marketing 
experienceexperience

•• Comprehensive risk management strategyComprehensive risk management strategy

•• The safety profile does not limit the selection of The safety profile does not limit the selection of 
ti l dti l d
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an optimal dosean optimal dose



I d t l B fit Ri kIndacaterol Benefit Risk
Clinical Perspective

James Donohue, M.D.James Donohue, M.D.
Professor and Chief, Division of Pulmonary Professor and Chief, Division of Pulmonary 

and Critical Care Medicineand Critical Care Medicine
University of North Carolina at Chapel HillUniversity of North Carolina at Chapel Hill
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COPD TreatmentCOPD Treatment
GOLDGOLD 20102010 guidelinesguidelinesGOLD GOLD 2010 2010 guidelinesguidelines

I: MildI: Mild II: ModerateII: Moderate III: SevereIII: Severe IV: Very SevereIV: Very Severe

•• FEVFEV /FVC/FVC •• FEVFEV /FVC <0 70/FVC <0 70 •• FEVFEV /FVC <0 70/FVC <0 70•• FEVFEV /FVC <0 70/FVC <0 70•• FEVFEV11/FVC /FVC 
<0.70<0.70

•• FEVFEV1 1 80% 80% 
predictedpredicted

•• FEVFEV11/FVC <0.70/FVC <0.70
•• 30% 30% ≥≥ FEVFEV1 1 <50% <50% 

predictedpredicted

•• FEVFEV11/FVC <0.70/FVC <0.70
•• FEVFEV1 1 <30% predicted <30% predicted oror

FEVFEV1 1 <50% predicted plus <50% predicted plus 
chronic respiratory failurechronic respiratory failure

•• FEVFEV11/FVC <0.70/FVC <0.70
•• 50% 50% ≥≥ FEVFEV1 1 <80% <80% 

predictedpredicted

Active reduction of risk factors: influenza vaccinationActive reduction of risk factors: influenza vaccination
AddAdd shortshort--acting bronchodilator (when needed)acting bronchodilator (when needed)

AddAdd regular treatment with one or moreregular treatment with one or more longlong--actingacting bronchodilatorsbronchodilators

AddAdd inhaled inhaled glucocorticosteroidsglucocorticosteroids if repeated if repeated 
e acerbationse acerbations

AddAdd regular treatment with one or more regular treatment with one or more longlong actingacting bronchodilators bronchodilators 
to optimize to optimize bronchodilationbronchodilation
AddAdd rehabilitationrehabilitation

exacerbationsexacerbations

AddAdd longlong--term oxygen term oxygen 
if chronic respiratory failureif chronic respiratory failure
C idC id i l t t ti l t t t
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ConsiderConsider surgical treatmentssurgical treatments

Adapted from Global Initiative for Chronic Obstructive Lung Diseases (GOLD) 2010Adapted from Global Initiative for Chronic Obstructive Lung Diseases (GOLD) 2010



150150 µg Studies: vs. Comparatorsµg Studies: vs. Comparators

StudyStudy
B2336B2336
N=998N=998

B2335SB2335S
N=1665N=1665

IndacaterolIndacaterol vsvs
SalmeterolSalmeterol

Indacaterol vsIndacaterol vs
TiotropiumTiotropium

FEVFEV11 TroughTrough 60 60 mLmL
(20, 100)(20, 100)

50 50 mLmL
(10, 90)*(10, 90)*

TDITDI 0.550.55
(0.11, 1.00)(0.11, 1.00)

0.180.18
((--0.24, 0.61)0.24, 0.61)

2 12 1 11SGRQSGRQ --2.12.1
((--4.0, 4.0, --0.2)0.2)

--1.71.7
((--3.4, 3.4, --0.1)0.1)

112
** Results are from the nonResults are from the non--inferiority analysis for trough FEVinferiority analysis for trough FEV11, other endpoints are from the , other endpoints are from the 

superiority analysessuperiority analyses



SafetySafety
•• LABA class effects in COPD not typically seen with LABA class effects in COPD not typically seen with 

indacaterolindacaterol
–– Heart rate increaseHeart rate increaseHeart rate increaseHeart rate increase
–– QTc prolongationQTc prolongation

•• CardioCardio--cerebrovascular profile of indacaterol in COPD cerebrovascular profile of indacaterol in COPD pp
similar to other LABAssimilar to other LABAs

•• Indacaterol has a wide therapeutic index with safety Indacaterol has a wide therapeutic index with safety 
demonstrated up to 1 year at 4demonstrated up to 1 year at 4--8 times the proposed 8 times the proposed 
dosesdoses

LABA f t i th ( t d i di ti )LABA f t i th ( t d i di ti )•• LABA safety in asthma (not proposed indication)LABA safety in asthma (not proposed indication)
–– Addressed with appropriate labeling for COPD only, REMS Addressed with appropriate labeling for COPD only, REMS 

communication plan, and postcommunication plan, and post--marketing surveillance studiesmarketing surveillance studies
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Use of Indacaterol 75 and 150 Use of Indacaterol 75 and 150 µgµg in Patients in Patients 
with COPDwith COPDwith COPDwith COPD

•• Both doses are safe and effectiveBoth doses are safe and effective

•• The optimal dose is the 150 µg dose based on The optimal dose is the 150 µg dose based on 
the totality of the efficacy and safety datathe totality of the efficacy and safety datay y yy y y

•• The 150 µg dose would be preferable as the The 150 µg dose would be preferable as the 
starting dosestarting dosestarting dosestarting dose
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Q&A Slides PresentedQ&A Slides Presented

FDA CDERFDA CDER
PulmonaryPulmonary--Allergy Drugs Allergy Drugs 

Advisory Committee MeetingAdvisory Committee Meetingy gy g
March 8, 2011March 8, 2011



B2311: Exercise Endurance Time after 3 WeeksB2311: Exercise Endurance Time after 3 Weeks
mITTmITT populationpopulationmITTmITT populationpopulation

Indacaterol 300 µgIndacaterol 300 µg PlaceboPlacebo
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Steady State Serum Levels for Different Steady State Serum Levels for Different 
Dosage RegimensDosage RegimensDosage RegimensDosage Regimens
•• B2223 data confirm, that different dosing regimens have impact B2223 data confirm, that different dosing regimens have impact 

on Con Cmax,ssmax,ss but they result in similar Cbut they result in similar Cmin,ssmin,ss and Cand Cav,ssav,ss

Day 15, Steady StateDay 15, Steady State
DoseDose RegimenRegimen CCmaxmax CCminmin CCav,ssav,ss

3737 55 µgµg bidbid 76 276 2 34 434 4 50 350 3
Study data from Study data from 
B2223 B2223 

3737..55 µgµg bidbid 76.276.2 34.434.4 50.350.3
7575 µgµg odod 143143 39.839.8 60.460.4
150150 µgµg qodqod 220220 34.334.3 61.961.9

37.5 µg bid 75 µg od 150 µg qod

PK-9Line represents PK model fit to the observed data (circles)Line represents PK model fit to the observed data (circles)



Impact of Demographic VariablesImpact of Demographic Variables
on the PK of Indacaterolon the PK of Indacaterolon the PK of Indacaterolon the PK of Indacaterol
•• Pooled dataset  was used for population PK analysis Pooled dataset  was used for population PK analysis 

including impact of demographic covariates including impact of demographic covariates g p g pg p g p

•• Age, body weight, gender and Asian ethnicities were Age, body weight, gender and Asian ethnicities were 
identified as major demographic covariates; systemic identified as major demographic covariates; systemic j g p yj g p y
exposure increases with age, but decreases with BWexposure increases with age, but decreases with BW

AgeAge CCmaxmax is 15% higher at 95 percentile age (77 y) than at is 15% higher at 95 percentile age (77 y) than at 
median age (62 y)median age (62 y)median age (62 y) median age (62 y) 

BWBW CCmaxmax is 18% higher at 5 percentile BW (49.2 kg) than at is 18% higher at 5 percentile BW (49.2 kg) than at 
median BW (73.2 kg).median BW (73.2 kg).

GenderGender CC is 8% higher in femalesis 8% higher in femalesGenderGender CCmaxmax is 8% higher in femalesis 8% higher in females

JapaneseJapanese Japanese subjects have a 25% higher CJapanese subjects have a 25% higher Cmaxmax
than averagethan average

PK-8

KoreanKorean Korean subjects have a 17% higher CKorean subjects have a 17% higher Cmaxmax than averagethan average



Drug Interactions SummaryDrug Interactions Summary
•• Comprehensive drug interaction program performed that Comprehensive drug interaction program performed that 

addressed the key elimination pathways, addressed the key elimination pathways, 
i.e., CYP3A4 and Pi.e., CYP3A4 and P--gpgp

•• Maximum increase by a combined strong inhibitor of Maximum increase by a combined strong inhibitor of 
CYP3A4 and PCYP3A4 and P--gp (i.e., ketoconazole) doubles AUCgp (i.e., ketoconazole) doubles AUClastlast. . 
Biggest changes in CBiggest changes in C observed withobserved withBiggest changes in CBiggest changes in Cmaxmax observed withobserved with
verapamil (1.53verapamil (1.53--fold)fold)

Inhibitor Drug Inhibitor Drug CCmaxmax AUCAUClastlast

Ketoconazole Ketoconazole 1.31  (1.16, 1.48)1.31  (1.16, 1.48) 1.95  (1.78. 2.13)1.95  (1.78. 2.13)

Erythromycin Erythromycin 1.15  (1.00, 1.32)1.15  (1.00, 1.32) 1.59  (1.41, 1.80)1.59  (1.41, 1.80)

Verapamil Verapamil 1.53  (1.34, 1.76)1.53  (1.34, 1.76) 1.47  (1.32, 1.64)1.47  (1.32, 1.64)

Ritonavir Ritonavir 1.08  (0.99, 1.18)1.08  (0.99, 1.18) 1.77  (1.60, 1.97)1.77  (1.60, 1.97)

PK-3
Ratio of geometric means (90% confidence interval) for the comparison of Ratio of geometric means (90% confidence interval) for the comparison of 
indacaterolindacaterol coco--administered with an inhibitor drug to administered with an inhibitor drug to indacaterolindacaterol administered aloneadministered alone



PatientPatient--level Dose Response Data by Baselinelevel Dose Response Data by Baseline
Studies B2335S and B2356Studies B2335S and B2356Studies B2335S and B2356Studies B2335S and B2356
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Mean PatientMean Patient--level Dose Response Data level Dose Response Data 
by Baselineby Baselineby Baselineby Baseline
Studies B2335S and B2356Studies B2335S and B2356
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Adverse Events Adjusted by RaceAdverse Events Adjusted by Race
COPD safety populationCOPD safety populationCOPD safety populationCOPD safety population

CaucasianCaucasian

IndInd 75µg75µg
N=414N=414

IndInd
150µg150µg

N=2026N=2026

IndInd
300µg300µg
N=772N=772

IndInd
600µg600µg
N=503N=503

ForFor
N=511N=511

TioTio
N=1110N=1110

SmeSme
N=736N=736

PboPbo
N=1502N=1502N=414N=414 N=2026N=2026 N=772N=772 N=503N=503 N=511N=511 N=1110N=1110 N=736N=736 N=1502N=1502

Patient yearsPatient years 96.996.9 642.3642.3 568.6568.6 363.2363.2 364.6364.6 322.1322.1 223.7223.7 713.6713.6

AEs per patient yearAEs per patient year 5.55.5 4.54.5 4.14.1 3.43.4 2.92.9 4.64.6 2.92.9 4.04.0
SAEs per patient SAEs per patient 
yearyear 0.270.27 0.260.26 0.270.27 0.210.21 0.330.33 0.360.36 0.190.19 0.270.27yearyear

BlackBlack

IndInd 75µg75µg
N=19N=19

IndInd
150µg150µg
N=56N=56

IndInd
300µg300µg
N=13N=13

IndInd
600µg600µg
N=6N=6

ForFor
N=3N=3

TioTio
N=18N=18

SmeSme
N=11N=11

PboPbo
N=38N=38

Patient yearsPatient years 4 34 3 16 016 0 9 19 1 1 81 8 0 70 7 6 06 0 2 42 4 11 311 3Patient yearsPatient years 4.34.3 16.016.0 9.19.1 1.81.8 0.70.7 6.06.0 2.42.4 11.311.3

AEs per patient yearAEs per patient year 4.24.2 6.06.0 3.63.6 1.61.6 4.54.5 5.65.6 4.94.9 6.46.4
SAEs per patient SAEs per patient 
yearyear 00 0.130.13 00 00 00 00 00 0.620.62

AsianAsianAsianAsian

IndInd 75µg75µg
N=11N=11

IndInd
150µg150µg
N=462N=462

IndInd
300µg300µg
N=348N=348

IndInd
600µg600µg
N=15N=15

ForFor
N=13N=13

TioTio
N=52N=52

SmeSme
N=120N=120

PboPbo
N=415N=415

Patient yearsPatient years 2.72.7 178.6178.6 140.6140.6 9.29.2 5.35.3 20.620.6 36.936.9 167.2167.2

S-272

AEs per patient yearAEs per patient year 4.04.0 2.72.7 2.92.9 3.73.7 6.26.2 3.83.8 3.33.3 3.33.3
SAEs per patient SAEs per patient 
yearyear 00 0.180.18 0.140.14 00 0.380.38 0.200.20 0.190.19 0.260.26



IndacaterolIndacaterol--Placebo Differences in Placebo Differences in 
Trough FEVTrough FEV at Week 12 by Subgroupat Week 12 by SubgroupTrough FEVTrough FEV11 at Week 12 by Subgroupat Week 12 by Subgroup
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E-182Data are least squares means and 95% confidence intervalsData are least squares means and 95% confidence intervals
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Use of Steroids at Baseline in Indacaterol Pivotal Use of Steroids at Baseline in Indacaterol Pivotal 
StudiesStudies –– Balanced across Treatment ArmsBalanced across Treatment ArmsStudies Studies –– Balanced across Treatment ArmsBalanced across Treatment Arms

Ind 75 µg Ind 150 µg Ind 300 µg Sme Tio Pbo

B2354 - n (%) Yes 70 (42.9) --- --- --- --- 76 (47.5)( ) ( ) ( )

No 93 (57.1) --- --- --- --- 84 (52.5)

B2355 - n (%) Yes 63 (39.6) --- --- --- --- 56 (35.2)

N 96 (60 4) 103 (64 8)No 96 (60.4) --- --- --- --- 103 (64.8)

B2335S* - n (%) Yes --- 159 (38.2) 155 (37.3) --- 145 (34.9) 165 (39.5)

No --- 257 (61.8) 261 (62.7) --- 270 (65.1) 253 (60.5)

B2336 - n (%) Yes --- 149 (45.2) --- 152 (45.6) --- 135 (40.3)

No --- 181 (54.8) --- 181 (54.4) --- 200 (59.7)

B2346 - n (%) Yes --- 61 (28 9) --- --- --- 70 (34 1)B2346 - n (%) Yes --- 61 (28.9) --- --- --- 70 (34.1)

No --- 150 (71.1) --- --- --- 135 (65.9)

3 month pooled
ffi (%)

Yes 187 (41.6) 1138 (43.6) 480 (42.7) 411 (45.9) 589 (48.5) 809 (40.9)

E-287

efficacy – n (%) No 262 (58.4) 1472 (56.4) 643 (57.3) 484 (54.1) 625 (51.5) 1167 (59.1)

* Limited to treatment arms continued into Stage 2 only* Limited to treatment arms continued into Stage 2 only



IndacaterolIndacaterol--Placebo Differences in Placebo Differences in 
Trough FEVTrough FEV at Week 12 by Subgroupat Week 12 by SubgroupTrough FEVTrough FEV11 at Week 12 by Subgroupat Week 12 by Subgroup
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E-181Data are least squares means and 95% confidence intervalsData are least squares means and 95% confidence intervals

Age Age (Years(Years)) SeveritySeverity SexSex SmokingSmoking
HistoryHistory

ICS UseICS Use



Health Status Health Status –– SGRQ at Week 12SGRQ at Week 12
Differences from placeboDifferences from placebo –– severe or worsesevere or worseDifferences from placebo Differences from placebo –– severe or worsesevere or worse

IndacaterolIndacaterol
75 µg75 µg

IndacaterolIndacaterol
150 µg150 µg

Active Active 
ComparatorsComparators
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E-207
Data are least squares means with 95% confidence intervals. Data are least squares means with 95% confidence intervals. Dotted Dotted line indicates MCID line indicates MCID (≤(≤--4.04.0). ). 
*p<0.05, **p<0.01, ****p<0.05, **p<0.01, ***p<0.001 vs placebo (within studyp<0.001 vs placebo (within study))



Percentage Rates of Discontinuation Percentage Rates of Discontinuation 
from Pivotal Trialsfrom Pivotal Trialsfrom Pivotal Trialsfrom Pivotal Trials

Indacaterol Treatment GroupsIndacaterol Treatment Groups Control Treatment GroupsControl Treatment Groups

FF TiTi SS
75 µg75 µg
o.d.o.d.

150 µg 150 µg 
o.d.o.d.

300 µg 300 µg 
o.d.o.d. PlaceboPlacebo

ForFor
12 µg 12 µg 
b.i.d.b.i.d.

TioTio
18 µg18 µg
o.d.o.d.

SmeSme
50 µg 50 µg 
b.i.d.b.i.d.

B2346 (12 week)B2346 (12 week) 11.811.8 13.213.2

B2335S (26 week)B2335S (26 week) 22.622.6 18.418.4 30.830.8 21.221.2

B2336 (26 week)B2336 (26 week) 13.213.2 20.920.9 15.015.0

B2334 (52 week)B2334 (52 week) 22.722.7 31.731.7 25.725.7

B2354 (12 weeks)B2354 (12 weeks) 11.711.7 18.818.8

B2355 (12 weeks)B2355 (12 weeks) 6.96.9 10.710.7

S-11



Time to Acute Respiratory Related 
HospitalizationHospitalization
COPD safety population I

Treatment comparisonTreatment comparison

Indacaterol Con / Indacaterol Con / PboPbo

Indacaterol 75 µg / Indacaterol 75 µg / PboPbo

Treatment comparisonTreatment comparison

µgµg

Indacaterol 150 µg / Indacaterol 150 µg / PboPbo

Indacaterol 300 µg / Indacaterol 300 µg / PboPbo

Indacaterol 600 µg / Indacaterol 600 µg / PboPbo

Formoterol 12 µg / Formoterol 12 µg / PboPbo

Tiotropium 18 µg / Tiotropium 18 µg / PboPbo

Salmeterol 50 µg / Salmeterol 50 µg / PboPbo

A-4
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Hazard Ratio (95% CI)



SGRQ Total Score after 3 Months Treatment SGRQ Total Score after 3 Months Treatment 
(LOCF) by Region(LOCF) by Region(LOCF) by Region(LOCF) by Region
COPD 3 month efficacy populationCOPD 3 month efficacy population

Treatment Differences by RegionTreatment Differences by RegionTreatment Differences by RegionTreatment Differences by Region
ComparisonComparison LS MeanLS Mean SESE 95% CI95% CI pp--valuevalue

Region=USA: Region=USA: IndInd 75 75 -- PlaceboPlacebo --3.23.2 0.820.82 ((--4.84.8, , --1.6)1.6) <0.001<0.001

Region=NonRegion=Non--USA: USA: IndInd 75 75 -- PlaceboPlacebo --6.46.4 1.991.99 ((--10.3, 10.3, --2.5)2.5) 0.00120.0012

Region=USA: Region=USA: IndInd 150 150 -- PlaceboPlacebo --4.24.2 0.780.78 ((--5.8, 5.8, --2.7)2.7) <0.001<0.001

Region=NonRegion=Non--USA: USA: IndInd 150 150 -- PlaceboPlacebo --4.84.8 0.610.61 ((--6.0, 6.0, --3.6)3.6) <0.001<0.001

Region=USA: Region=USA: IndInd 300 300 -- PlaceboPlacebo --3.23.2 1.081.08 ((--5.3, 5.3, --1.1)1.1) 0.00280.0028

Region=NonRegion=Non--USA: Ind 300 USA: Ind 300 -- PlaceboPlacebo --4.24.2 0.630.63 ((--5.5, 5.5, --3.0)3.0) <0.001<0.001
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SGRQ Total Score SGRQ Total Score –– Difference from Difference from 
PlaceboPlacebo (LOCF where available)(LOCF where available)Placebo Placebo (LOCF where available)(LOCF where available)

Study Dose

Week

4 8 12 24/26 44 52y

B2354 75 µg
-2.9

(-5.0, -0.9) 
p=0.005

-3.8
(-6.2, -1.4) 
p=0.002

B2355 75 µg
-2.0

( 4 3 0 2)
-3.6

( 6 4 0 9)B2355 75 µg (-4.3, 0.2) 
p=0.081

(-6.4, -0.9) 
p=0.010

B2346 150 µg
-3.8

(-5.8, -1.8) 
p<0.001

-4.5
(-6.8, -2.2) 
p<0.001

-4.8
(-7.1, -2.4) 
p<0.001

B2336 150 µg
-3.6

(-5.3, -1.8)
p<0.001

-4.1
(-6.0, -2.2)
p<0.001

-6.3
(-8.2, -4.3)
p<0.001

-5.0
(-7.2, -2.9)
p<0.001

150 µg
-3.5

(-5.1,-2.0) 
-2.9

(-4.6,-1.2) 
-2.8

(-4.5,-1.1) 
-3.3

(-5.1,-1.5) 

B2335S

g ( )
p<0.001

( )
p<0.001

( )
p=0.001

( )
p<0.001

300 µg
-3.0

(-4.6,-1.5) 
p<0.001

-2.7
(-4.4,-1.0) 
p=0.002

-2.5
(-4.2,-0.8) 
p=0.003

-2.4
(-4.2,-0.6) 
p=0.008

3 3 4 6 3 8 4 4 4 5 4 7

E-285

B2334 300 µg
-3.3

(-4.9, -1.7) 
p<0.001

-4.6
(-6.3, -2.9) 
p<0.001

-3.8
(-5.6, -2.1) 
p<0.001

-4.4
(-6.2, -2.5) 
p<0.001

-4.5
(-6.6, -2.5) 
p<0.001

-4.7
(-6.7, -2.7) 
p<0.001

Data are LSM (95% CI) and p values



External Adjudicators Have Reviewed External Adjudicators Have Reviewed 
Fatal CasesFatal CasesFatal CasesFatal Cases

N b
Cause of 
Death

Number 
of 

Patients Age (Range)
TTE

(Range) Comments

COPD COPD 
ProgressionProgression 55 4444--9898 33--7474 44 44 yoyo had alphahad alpha--1 anti 1 anti trypsintrypsin deficiency. 5 deficiency. 5 

hadhad discontinued indacaterol  prior to eventdiscontinued indacaterol  prior to event

PneumoniaPneumonia 44 5757--8484 22--2626 All on concomitant ICS.  One had d/All on concomitant ICS.  One had d/c’dc’dPneumoniaPneumonia 44 5757--8484 22--2626 indacaterolindacaterol

CardiacCardiac
6 6 

(3 (3 unkunk but but 5656--8686 55--2828
ForFor one patient, external reviewers felt one patient, external reviewers felt 

multiple LABAs may have contributed to multiple LABAs may have contributed to 
ttpossible)possible) eventsevents

OtherOther 55 7272--9191 33--3939 GIB, sepsis, PE, liver Ca, lymphomaGIB, sepsis, PE, liver Ca, lymphoma
1 had d/1 had d/c’dc’d indacaterol prior to eventindacaterol prior to event

S-231



Causes of Death and Mortality Rate in Mexico Causes of Death and Mortality Rate in Mexico 
PSP is Consistent with Epidemiological DataPSP is Consistent with Epidemiological DataPSP is Consistent with Epidemiological DataPSP is Consistent with Epidemiological Data

Epidemiological DataEpidemiological Data Findings in Mexico PSPFindings in Mexico PSP

Expected number of Deaths in patients Expected number of Deaths in patients 
> 65 years of age over 5 months =16> 65 years of age over 5 months =16
National Mortality Data 2008National Mortality Data 2008 (Mexico)(Mexico)

17 deaths in patients 17 deaths in patients 
>65 years of age>65 years of age

ExpectedExpected number of CV deaths among number of CV deaths among 
patients with Severe COPD over 5 months= 6 patients with Severe COPD over 5 months= 6 
Sidney et al 2005Sidney et al 2005

3 confirmed cardiac3 confirmed cardiac
deaths 3 unknowndeaths 3 unknownSidney et al 2005Sidney et al 2005

In Mexico, peak of pneumonia relatedIn Mexico, peak of pneumonia related deaths deaths 
occurred from Octoberoccurred from October--FebruaryFebruary Program ran between Program ran between occurred from Octoberoccurred from October--FebruaryFebruary
KuriKuri--Morales et al 2006Morales et al 2006 SeptemberSeptember--JanuaryJanuary

S-298



B2336 B2336 –– Trough FEVTrough FEV11 over 26 Weeksover 26 Weeks
Legend is incorrect:Legend is incorrect:
Green bars = Salmeterol, Green bars = Salmeterol, 
Orange bars = IndacaterolOrange bars = Indacaterol

1.50
Placebo Indacaterol 150 µg o.d. Salmeterol 50 µg b.i.d.
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Day 2 Week 12 Week 26

***p<0.001 ***p<0.001 vsvs placebo; †††p<0.001 placebo; †††p<0.001 vsvs salmeterolsalmeterol
Data are Data are Least Squares MeansLeast Squares Means



B2336 B2336 –– Trough FEVTrough FEV11 after 12 Weeksafter 12 Weeks
of Treatmentof Treatmentof Treatmentof Treatment

LOCFLOCF NonNon--LOCFLOCF LOCFLOCF NonNon--LOCFLOCF

TreatmentTreatment
n n 

RandomizedRandomized
nn

ITTITT
nn

ITTITT
Treatment Treatment 

ComparisonComparison
LS meanLS mean
95% CI95% CI

LS meanLS mean
95% CI95% CI

LS meanLS mean
95% CI*95% CI*

Ind 150Ind 150
333333 320320 295295 Ind 150Ind 150--PboPbo 0.17 0.17 

(0.13, 0.20)(0.13, 0.20)
0.16 0.16 

(0.13, 0.20)(0.13, 0.20)
0.180.18

(0.14, 0.21)(0.14, 0.21)
Ind 150 Ind 150 

Ind 150Ind 150--SalmSalm 0.06 0.06 
(0.02, 0.10)(0.02, 0.10)

0.06 0.06 
(0.03, 0.10)(0.03, 0.10)

0.070.07
(0.03, 0.10)(0.03, 0.10)

SalmSalm 334334 317317 289289 SalmSalm--PboPbo 0.11 0.11 
(0.07, 0.14)(0.07, 0.14)

0.10 0.10 
(0.06, 0.14)(0.06, 0.14)

0.110.11
(0.07, 0.15)(0.07, 0.15)(0.07, 0.14)(0.07, 0.14) (0.06, 0.14)(0.06, 0.14) (0.07, 0.15)(0.07, 0.15)

PboPbo 335335 316316 269269

ST-61*From a repeated measures analysis*From a repeated measures analysis



Trough FEVTrough FEV11 Contrasts (Primary Endpoint) Contrasts (Primary Endpoint) 
Across StudiesAcross StudiesAcross StudiesAcross Studies

M-50Note: data points were jittered for improved readabilityNote: data points were jittered for improved readability



Trough FEVTrough FEV11 Contrasts (All Study Visits) Contrasts (All Study Visits) 
Across StudiesAcross StudiesAcross StudiesAcross Studies

M-51Note: data points were jittered for improved readabilityNote: data points were jittered for improved readability



StudyStudy--Level Dose Response RelationshipLevel Dose Response Relationship
Final analysisFinal analysis

M-59Note: data points were jittered for improved readabilityNote: data points were jittered for improved readability



Lung Function Lung Function –– Trough FEVTrough FEV11 at Week 12at Week 12
Differences from placeboDifferences from placebo –– severe or worsesevere or worseDifferences from placebo Differences from placebo –– severe or worsesevere or worse

******

IndacaterolIndacaterol
75 µg75 µg
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Data are least squares means with 95% confidence intervals. Data are least squares means with 95% confidence intervals. **p<0.01, *****p<0.01, ***p<0.001 vs placebo (within p<0.001 vs placebo (within 
study); study); ††p<0.05 vs salmeterol (within studyp<0.05 vs salmeterol (within study); ); ‡p<0.05 ‡p<0.05 nonnon--inferiorityinferiority vs tiotropium (within study)vs tiotropium (within study)



COPD Pooled Study-level Analysis: 
Predicted Response at Each Dose LevelPredicted Response at Each Dose Level

Treatment comparisonTreatment comparison

Indacaterol 600 µg QDIndacaterol 600 µg QD

Indacaterol 300 µg QDIndacaterol 300 µg QD

QQIndacaterol 150 µg QDIndacaterol 150 µg QD

Indacaterol 75 µg QDIndacaterol 75 µg QD

Tiotropium 18 µg QDTiotropium 18 µg QD

Salmeterol 50 µg BIDSalmeterol 50 µg BID

Indacaterol 37.5 µg QDIndacaterol 37.5 µg QD

Formoterol 12 µg BIDFormoterol 12 µg BID

40 60 80 100 120 140 160 180 200

Formoterol 12 µg BIDFormoterol 12 µg BID

Indacaterol 18.75 µg QDIndacaterol 18.75 µg QD

M-61

40 60 80 100 120 140 160 180 200

Trough FEV1 – difference from placebo (mL)




