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[bookmark: _Toc454458981]Common abbreviations
	Abbreviation
	Meaning

	AA
	Allergic asthma

	AAO
	Allergic asthma, open-label controlled and uncontrolled study population

	AAP
	Allergic asthma double-blind, placebo controlled < 12 years population

	AE
	Adverse event

	AEE
	Asthma exacerbation episode

	ALT
	Alanine aminotransferase/glutamic pyruvic transaminase/GPT

	AST
	Aspartate aminotransferase/glutamic oxaloacetic transaminase/GOT

	BDP
	Beclomethasone diproprionate

	BMI
	Body mass index

	CI
	Confidence interval

	CL
	Clearance

	CLX
	Clearance of omalizumab (Xolair)

	CLX/F
	Clearance of omalizumab (Xolair) divided by the fraction absorbed

	CLE
	Clearance of IgE

	CLC
	Clearance of the omalizumab-IgE complex

	CV
	Coefficient of variation

	DPI
	Dry powder inhaler

	DSMB
	Data safety monitoring board

	eCRF
	Electronic case report/record form

	ECG
	Electrocardiogram

	ETA, η
	Unexplained random interpatient variability; for an individual, their ETA value

	Fcε
	Fraction crystalline portion of the IgE molecule

	FEF25-75%
	Forced expiratory flow (average rate between 25-75% level of observed FVC)

	FEV1
	Forced expiratory flow in one second

	FO
	First order, an estimation method on NONMEM

	FVC
	Forced vital capacity

	GCP
	Good clinical practice

	GEE
	Generalized estimating equation

	GINA
	Global Initiative for Asthma

	ICS
	Inhaled corticosteroid

	IgE
	Immunoglobulin E

	IgE0
	Baseline level of IgE at time zero, that is, before omalizumab is given

	ITT
	Intent to treat (population)

	IU
	International unit

	IV
	Intravenous(ly)

	IVRS
	Interactive voice response system

	ka
	Absorption rate constant

	Kd
	Equilibrium dissociation constant for reversible binding between two entities loess locally weighted regression, a routine in R & S-Plus for creating trend lines

	LABA
	Long acting beta-2 agonist

	LOCF
	Last observation carried forward

	LSM
	Least squares mean

	mAb
	Monoclonal antibody

	MDI
	Metered dose inhaler

	MITT
	Modified intent to treat (population)

	NAEPP
	National Asthma Education and Prevention Program

	NHLBI
	National Heart, Lung and Blood Institute

	NONMEM
	Nonlinear Mixed Effects Modelling software

	NSAID
	Non-steroidal anti-inflammatory drug

	PAQLQ
	Pediatric Asthma Quality of Life Questionnaire

	PD
	Pharmacodynamics

	PEF
	Peak expiratory flow

	PEFR
	Peak expiratory flow rate

	PK
	Pharmacokinetics

	PP
	Per-protocol (population)

	RAST
	Radioallergosorbent test

	RE
	Rate of production (expression) of IgE by the body

	SABA
	Short-acting beta-2 agonist

	SAE
	Serious adverse event

	SD
	Standard deviation

	SQ
	Subcutaneous

	t½
	Elimination half-life

	URTI
	Upper respiratory tract infection

	V
	Volume of distribution

	VX
	Volume of distribution for omalizumab (Xolair)

	VX/F
	Volume of distribution for omalizumab (Xolair) divided by the fraction absorbed

	VE
	Volume of distribution for IgE

	VC
	Volume of distribution for the omalizumab-IgE complex

	WBC
	White blood cell

	WHO
	World Health Organization


[bookmark: _Toc351718900][bookmark: _Toc355338635][bookmark: _Toc454458982]Introduction
Omalizumab is a monoclonal antibody that selectively binds to the human immunoglobulin E (IgE) molecule. It is produced by recombinant DNA technology in a Chinese hamster ovary cell line.
This is an abridged submission to:
Extend the patient population that is approved for use in asthma to include children aged from 6 to < 12 years. The product is currently approved for use in adult and adolescent (≥ 12 years) asthma patients.
Revise the recommended dosage regimen for some adult/adolescent patients to allow dosing at 4 weekly intervals rather than 2 weekly intervals (for example, a change from 300 mg every 2 weeks to 600 mg every 4 weeks).
The currently approved indications are:
‘Xolair is indicated for the management of adult and adolescent patients with moderate to severe allergic asthma, who are already being treated with inhaled steroids, and who have serum immunoglobulin E levels corresponding to the recommended dose range.’
‘Xolair is indicated for adults and adolescents (12 years of age and above) with chronic idiopathic urticaria who remain symptomatic despite H1 antihistamine treatment.’
The proposed additional indication for children aged 6 to < 12 years is:
‘Xolair is indicated as add-on therapy to improve asthma control in patients with severe persistent allergic asthma who have frequent daytime symptoms or night-time awakenings, have had documented asthma exacerbations despite daily high-dose inhaled corticosteroids, and who have serum immunoglobulin E levels corresponding to the recommended dose range.’
The following dosage forms and strengths are currently registered:
Lyophilised powder for injection (single use vial), together with an ampoule of water for injection to be used as a diluent – 75 mg and 150 mg vials; and
Solution for injection in a pre-filled syringe – 75 mg in 0.5 mL and 150 mg in 1.0mL.
No new dosage forms or strengths are proposed in the current submission.
For the treatment of allergic asthma, dosage is individualised based on baseline IgE level and body weight. A detailed table setting out recommended dose is included in the product information. For adults and adolescents the currently approved dosage range (per 4 week period) is 150 to 750 mg. Doses of ≤ 300 mg are given as a single dose every 4 weeks. Larger doses are given in two divided doses at 2 weekly intervals.
In the current submission it is not proposed to change the recommended dosage range for adults and adolescents. However, the sponsor is proposing to change the recommended dosage interval from 2 weekly to 4 weekly for a proportion of patients. The proposed changes to the dosing table are shown in Table 1.
[bookmark: _Ref291935520][bookmark: _Toc292121183]Table 1: Proposed changes to the dosing table
[image: ]
For use in children the proposed dosage range (per 4 week period) is 75 to 750 mg. Lower doses (75 to 300 mg) are to be given as a single dose at 4 weekly intervals and higher doses (450 to 750 mg) as two doses at 2 weekly intervals.
[bookmark: _Toc454458983]Clinical rationale
Immunoglobulin E (IgE) is involved in the sensitisation of mast cells to specific allergens in allergic disorders and elevated IgE levels are a common feature of such conditions. The rationale behind omalizumab is that an agent directed against IgE should lead to clinical improvement in patients with allergic asthma. As allergic asthma is common in children, extension of its use to this population may be appropriate.
The rationale for the revised dosing table is to improve convenience for patients to possibly aid with compliance and to reduce use of health care resources.
[bookmark: _Toc292121071][bookmark: _Toc290846230][bookmark: _Toc272414608]Related submissions
Omalizumab has been the subject of the following previous submissions to the TGA:
An initial application to register the product was lodged in 2000. This application was approved in 2002. The indication approved was for moderate allergic asthma in adults and adolescents;
An application to extend the approved indication to include severe allergic asthma in adults and adolescents was lodged in 2004 and approved in 2005;
A previous application to extend the indications to include children aged 6-11 was lodged in 2009. The clinical evaluator and the Delegate raised a number of issues and the sponsor withdrew the application in 2010;
An application to remove a precautionary statement from the PI regarding the development of malignancies with the drug was approved in 2014;
An application extend the indications to include the treatment of chronic idiopathic urticaria was approved in 2014.
Comment:	In the previous application for use of omalizumab in children, the indication sought was the same as that approved for adults and adolescents (moderate to severe asthma, currently being treated with inhaled steroids). In this application, the sponsor has sought approval for a more limited indication in children (severe asthma only, with a history of exacerbations, currently being treated with high dose inhaled steroids).
[bookmark: _Toc454458984]Contents of the clinical dossier
[bookmark: _Toc454458985]Scope of the clinical dossier
To support use in children the sponsor submitted:
Two Phase III randomised, double blind, placebo controlled trials (IA05 and 010) examining efficacy and safety. These two studies also provided limited pharmacokinetic (PK) and pharmacodynamic (PD) data in children. The studies were included in the previous TGA submission seeking approval in children.
Seven open-label studies (1 comparative and 6 single-arm studies) which each provided some data on children aged 6 to < 12, for a supportive pooled analysis of safety (Studies, Q2143g, Q2195g, Q2461g, 010E, 010E1, B1301 and B1301E). Several of these studies have previously been evaluated by the TGA.
To support the proposed changes to the dosing table, the submission included:
1 population PK/PD analysis (Report: Population PK/PD 2013).
The clinical submission also included study reports for a number of other trials that have previously been evaluated by the TGA. Some paediatric patients from some of these trials were included in other pooled safety analyses in the submission. Other studies were conducted in adults and adolescents and provided data that were used in comparative analyses contained in the submission and in the population PK/PD analysis. The full study reports for these trials have not been reviewed in this evaluation. The submission also included a report of a large post-marketing observational study (Study Q2948g or EXCELS). The study only enrolled subjects aged 12 or over and has previously been evaluated by the TGA. It has therefore not been reviewed in this report.
The clinical submission also contained literature references.
[bookmark: _Toc454458986]Paediatric data
Data were submitted to support use in children aged 6 to <12.
No data were submitted for children < 6 years. The sponsor has a waiver from the EMA for this subgroup on the grounds that the product ‘does not represent a significant therapeutic benefit over existing treatments’. The sponsor also has a waiver from the FDA for development in subjects aged < 6 years on the grounds that ‘evidence strongly suggests that the product would be unsafe in this paediatric subpopulation.’ The reasoning behind the granting of these waivers was not discussed.
[bookmark: _Toc454458987]Good clinical practice
[bookmark: _Toc241374282]The study reports for the clinical trials contained in this submission included assurances that the trials were conducted in accordance with good clinical practice guidelines.
[bookmark: _Toc355338639][bookmark: _Toc454458988]Pharmacokinetics 
[bookmark: _Ref271018934][bookmark: _Ref271018924][bookmark: _Ref271017296][bookmark: _Toc292121079][bookmark: _Toc290846238][bookmark: _Toc272414614][bookmark: _Toc454458989]Studies providing pharmacokinetic data
Table 2 shows the studies relating to each pharmacokinetic topic and the location of each study summary.
[bookmark: _Ref272426277][bookmark: _Toc292121178]Table 2: Submitted pharmacokinetic studies
	PK topic
	Subtopic
	Study ID
	*

	PK in children
	General PK	- Single and multiple dose
- Multiple dose
	Study 010
Studies IA05 and 010
	

	Population PK analyses
	Revised dosage table in asthma
	Population PK/PD 2013
	


* Indicates the primary aim of the study.
None of the pharmacokinetic studies had deficiencies that excluded their results from consideration.
[bookmark: _Toc292121080][bookmark: _Toc290846239][bookmark: _Toc272414616][bookmark: _Ref269118175][bookmark: _Toc454458990]Summary of pharmacokinetics
The information in the following summary is derived from conventional pharmacokinetic studies unless otherwise stated.
[bookmark: _Toc292121081]Pharmacokinetics in children aged 6 to < 12 years of age
PK findings from the paediatric studies included the following:
Trough concentrations in children are modestly elevated compared to those in adults, although resulting free IgE levels are comparable (Table 3);
The PK of omalizumab are approximately linear in children after single and multiple doses;
Steady state is reached after 24 weeks of dosing;
In children, mean half-life at steady state ranged from 18.1 to 37.9 days; 
At steady state, accumulation ratios ranged from 1.56 to 2.99;
In a population PK analysis, age as a covariate (<12 versus ≥ 12 years) did not have a significant effect on omalizumab PK.
The sponsor presented a table of pooled results from the paediatric studies IA05 and 010, and pooled results from three studies in adults and adolescents (008, 009 and 011). The table suggests that omalizumab concentrations may be higher in children, but that resulting levels of free IgE are comparable.
Table 3: Steady-state observed trough concentrations of omalizumab, total and free IgE in paediatric and adult patients.
[image: ]
Omalizumab PK and IgE concentrations are summarised for trough samples drawn 84 days or more after commencing treatment with active omalizumab in the moderate to severe allergic asthma Studies 10, IA05, 8, 9 and 11. Paediatric patients are those less than 12 years of age.
[bookmark: _Toc292121082]Revision of existing dosing table
Simulations conducted with a population PK/PD model indicated that the proposed changes to the existing dosage table would result in a modest increase in Cmax (8-15%) and decrease in Cmin. As the total dose administered is not changed, and omalizumab has linear pharmacokinetics, other PK parameters such as AUC and average concentration would not be altered.
[bookmark: _Toc292121083][bookmark: _Toc290846258][bookmark: _Toc272414635][bookmark: _Ref271018755][bookmark: _Ref271018704][bookmark: _Ref269982040][bookmark: _Toc241374296][bookmark: _Toc454458991]Evaluator’s overall conclusions on pharmacokinetics
The submitted PK data were acceptable.
[bookmark: _Toc454458992]Pharmacodynamics
[bookmark: _Toc292121085][bookmark: _Toc290846260][bookmark: _Toc272414637][bookmark: _Toc454458993]Studies providing pharmacodynamic data
Table 4 shows the studies relating to each pharmacodynamic topic and the location of each study summary.
[bookmark: _Ref269985397][bookmark: _Toc292121179]Table 4: Submitted pharmacodynamic studies
	PD Topic
	Subtopic
	Study ID

	Primary Pharmacology
	Effect on free IgE and total IgE
	Study 010 Studies IA05 and 010

	Population PK/PD analysis
	Effect on free IgE and total IgE
	Population PK/PD 2013


[bookmark: _Toc292121086][bookmark: _Toc290846261][bookmark: _Toc272414639][bookmark: _Ref269119989][bookmark: _Toc454458994]Summary of pharmacodynamics
The information in the following summary is derived from conventional pharmacodynamic studies in humans unless otherwise stated.
[bookmark: _Toc290846264][bookmark: _Toc272414642][bookmark: _Toc292121087]Primary pharmacodynamic effects in children
In Study 010 administration of omalizumab in children was associated with marked reduction in serum free IgE levels and a subsequent rise in total IgE levels (free IgE + IgE-drug complexes). Resulting free IgE levels in children were comparable to those seen in adults and adolescents receiving omalizumab (Table 3).
[bookmark: _Toc292121088]Revision of existing dosing table
Simulations conducted with a population PK/PD model indicated that the proposed changes to the existing dosage table would not result in free IgE levels likely to be associated with reduced efficacy.
[bookmark: _Toc292121089][bookmark: _Toc290846270][bookmark: _Toc272414648][bookmark: _Ref269983272]Evaluator’s overall conclusions on pharmacodynamics
The submitted PK data are acceptable. The effects of omalizumab on free IgE and total IgE levels in children are consistent with those observed in adults and adolescents.
[bookmark: _Toc454458995]Dosage selection for the pivotal studies
No dose-ranging studies were performed in children. The dosing schemes for children used in the clinical trials aimed to estimate the amount of drug needed for each patient in order to suppress IgE levels below 50 ng/mL and to keep within reasonable safety margins as determined by toxicology studies. To achieve IgE levels below 50 ng/mL an average reduction of 25 ng/mL was targeted.
[bookmark: _Toc454458996]Clinical efficacy
[bookmark: _Toc292121092][bookmark: _Toc290846274][bookmark: _Toc272414652][bookmark: _Ref271037274][bookmark: _Toc454458997]Pivotal efficacy studies
[bookmark: _Toc290846275][bookmark: _Toc272414653][bookmark: _Ref271040932][bookmark: _Ref271040927][bookmark: _Ref243301615][bookmark: _Toc292121093][bookmark: _Ref292006399]Study IA05
[bookmark: _Toc292121094][bookmark: _Ref292006200]Study design, objectives, locations and dates
This study was a randomised (2:1), double blind, placebo controlled trial with two parallel groups. It consisted of:
A screening phase of 1 week; 
A run-in phase of 8 weeks, in which a subject’s asthma care was optimised and baseline measures of asthma control were established;
A double-blind treatment phase of 52 weeks, with a subject’s inhaled corticosteroid (ICS) dose being fixed for the first 24 weeks and adjustable in the following 28 weeks; and
A follow-up phase of 16 weeks, in which no study drug was administered.
A summary of the study design is shown in Figure 1.
[bookmark: _Ref290811977][bookmark: _Toc292121254]Figure 1: Study IA05 Study details
[image: ]
The study had two primary objectives:
The primary safety objective was to confirm the safety of omalizumab during the 52 week double-blind treatment period and the 16-week follow-up period;
The primary efficacy objective was to demonstrate the effect of omalizumab on the rate of clinically significant asthma exacerbations during the 24 week double blind period of fixed steroid treatment.
There were also four secondary objectives and nine exploratory objectives that related to the effect of omalizumab on other efficacy endpoints, omalizumab pharmacokinetics, pharmacodynamics, immunogenicity and pharmacoeconomics.
The study was conducted at 87 centers in 7 countries: the United States (58), Argentina (8), Canada (6), Poland (6), Colombia (5), Brazil (3) and South Africa (1). It was conducted between April 2004 and January 2008. The study report was dated 4 June 2008.
[bookmark: _Toc292121095]Inclusion and exclusion criteria
Inclusion criteria are listed in Table 5 and exclusion criteria in Table 6.
[bookmark: _Ref290818265][bookmark: _Toc292121184]Table 5: Study IA05 inclusion criteria
	Inclusion criteria:
Patients were included who met the following criteria:
1. Parent or legal guardian was informed of the study procedures and medications and gave written informed consent.
Demographics:
2. Outpatient males or females of any race who were aged 6 - <12 years on study entry, with body weight between 20 and 150 kg (suitable weight for dosing).
3. Total serum IgE level ≥30 to ≤1300 IU (suitable serum total IgE level for dosing).
Disease definitions/medications
4. Patients were required to:
have a diagnosis of allergic asthma ≥ 1 year duration according to American Thoracic Society (ATS) criteria (ATS committee on Diagnostic Standards for Nontuberculous Respiratory Diseases 1962) and at screening a history consistent with clinical features of moderate or severe persistent asthma according to NHLBI Guidelines.
have a positive prick skin test (diameter of wheal ≥ 3 mm) to at least one perennial allergen (dust mite, cat/dog dander, cockroaches), documented within the past 2 years or taken at Visit 1, to which the patient was exposed on a regular basis (most days) for the duration of the study. A RAST test could be performed for patients with a borderline skin prick test result, only after consultation with Novartis Clinical personnel. Mould allergies are a potential risk factor for severe exacerbations so a mould prick skin test (aspergillus, alternaria, penicillium and cladosporium) was also performed on each patient, but the results were used as an indicator and could not be used to determine positivity for study entry. Skin prick test procedures were includedin the Protocol Appendix 6.
demonstrate ≥ 12% increase in FEV1 over starting value within 30 minutes of taking up to 4 puffs (4x100 µg) salbutamol (albuterol) or nebulized salbutamol up to 5 mg (or equivalent of alternative β2-agonist) documented within the past year, at screening, during the run-in period or prior to randomization at Visit 6. Patients were not to take their long acting β2-agonist (LABA) medication within 12 hours of reversibility testing.
While receiving fluticasone DPI ≥ 200 μg/day or equivalent ex-valve dose patients were required to have at least one of the following:
two independent exacerbations in the previous 12 months requiring treatment with systemic (oral or IV) corticosteroids and/or a doubling of the maintenance inhaled corticosteroid dose for at least 3 days, or
three independent exacerbations in the previous 24 months; one of these exacerbations must have occurred in the previous 12 months (same treatment as above), or
who have been admitted to hospital (including intensive care unit) or received emergency room (including urgent care centres) treatment in the past 12 months for an asthma exacerbation, which in accordance with the GINA 2002 guidelines met all of the following criteria for a severe exacerbation:
PEF or FEV1< 60% of predicted/personal best, or patient is too breathless to provide PEF.
No improvement after initial treatment and therefore requiring repeated treatment with inhaled β2-agonist (high dose, spacer or nebulized).
Requiring treatment with systemic (oral or IV) corticosteroids
All qualifying exacerbations should have occurred while receiving NHLBI Step 3 or 4 therapy according to best clinical practice.
Patients were to demonstrate evidence of inadequate asthma symptom control consistent with clinical features of moderate or severe persistent asthma during the last 4 weeks of the run-in period prior to randomization despite ICS (equivalent dosage of fluticasone DPI ≥ 200 µg/day total daily ex-valve dose) with or without controller asthma medications. Asthma symptoms were defined as inadequately controlled when at least one of the following criteria is met:
daytime asthma symptoms reported on patient diary cards as:
a score of 1 or more on at least 20 out of the last 28 days (missing data to be treated as a day with no symptoms) and a mean symptom score over this period (last 28 days) of ≥ 1.5 (mean was calculated based only on data supplied; missing values were not considered), and/or
night-time awakening due to asthma symptoms requiring rescue medication use on each event (more than 4 times in the last 4 weeks of run-in, on average, more than once a week)
Patients were to have been receiving an ICS dose equivalent to fluticasone DPI ≥ 200μ g/day for:
the 12 weeks prior to the screening visit
the last 4 weeks of the run-in period and at randomisation
If the patient was receiving regular long-acting β2-agonist as part of the asthma treatment regimen it must have been taken for at least 3 months prior to screening.
If the patient was receiving stable doses of oral corticosteroids as asthma maintenance therapy it was to have been taken for at least 3 months prior to screening. Patients included in the trial receiving oral corticosteroids must have had at least one of their qualifying exacerbations while on oral steroid therapy (see inclusion Criteria #5).


[bookmark: _Ref290818283][bookmark: _Toc292121185]Table 6: Study IA05 Exclusion criteria
	Patients excluded from the study were those:
Other therapies/medication
who received systemic (oral or IV) corticosteroids for reasons other than asthma within 4 weeks of Visit 1 or during the double-blind treatment period.
who were taking β-adrenergic antagonist medication by any route (e.g. propranolol) or anticipated their use during the study.
who took methotrexate, gold salts, cyclosporin, troleandomycin or other immunosuppressants not approved for an asthma indication within 3 months of Visit 1 (or anticipated their use during the study).
who were receiving desensitization therapy with less than 3 months of stable maintenance doses prior to Visit 1.
who were taking oral or inhaled anticholinergics within 24 hours of Visit 1.
with a history of food or drug related severe anaphylactoid or anaphylactic reaction(s).
with a history of allergy to antibiotics. Patients could have been included if the antibiotics to which they are allergic to were avoided for the entire duration of the study.
with aspirin or other non-steroidal anti-inflammatory drug (NSAID) related asthma diagnosed from the patients history. Patients could have been included if use of NSAIDs to which they are allergic to were avoided for the entire duration of the study.
Medication washouts
who did not adhere to the following antihistamine washout prior to the skin prick tests at Visit 1 (short and medium acting antihistamines could have been used during the study, but a wash out was required prior to the skin prick testing):
short acting antihistamines (e.g. chlorpheniramine, promethazine, diphenhydramine, terfenadine) within 3 days of Visit 1.
medium acting antihistamines (e.g. loratadine, cetirizine) within 5 days of Visit 1.
who did not adhere to a washout of LABA medication of at least 12 hours prior to the scheduled visits for spirometric assessment.
who did not adhere to the washout of leukotrienes on the morning of dosing.
Concurrent diseases/conditions and history of other diseases/conditions
who were being treated for an asthma exacerbation during the 4 weeks immediately prior to randomization 
with an active lung disease other than allergic asthma (e.g. cystic fibrosis, bronchiestasis).
with elevated serum IgE levels for reasons other than allergy (e.g. parasite infections, hyperimmunoglobulin E syndrome, Wiskott-Aldrich Syndrome or clinical allergic bronchopulmonary aspergillosis).
with clinically significant uncontrolled systemic disease or a history of such disease (e.g. infection, haematological disease, renal, hepatic, coronary heart disease or other cardiovascular disease, endocrinologic or gastrointestinal disease) within the previous 3 months.
who had diagnosed cancer, were currently being investigated for possible cancer or who had any history of cancer 
with acute sinusitis or chest infection within 1 month of Visit 1 (eg: history of viral upper respiratory infection symptoms which did not resolve after 7-10 days or required treatment with antibiotics within 1 month of Visit 1).
with clinically significant abnormality on a 12-lead ECG within one month prior to or at Visit 1.
with clinically significant laboratory abnormalities (not associated with the study indication) at Visit 1.
with platelet levels ≤ 100 x 109/L at Visit 1.
Investigational drug/therapy use
who had previously been randomized into this or any other omalizumab study.
who had used omalizumab as a marketed product (Xolair).
who had been treated with investigational drugs 30 days prior to entry or during the course of the trial.
Ingredient hypersensitivity
with known hypersensitivity to any ingredients, including excipients (sucrose, histidine, polysorbate 20) of the study medication or drugs related to omalizumab (eg: monoclonal antibodies, polyclonal gamma globulin).
with hypersensitivity to the trial’s asthma rescue medication (eg: salbutamol/terbutaline) or related drugs.
Compliance, reliability and investigator judgment
patients and or parents/legal guardians who were considered potentially unreliable or where it was envisaged the patient may not consistently attend scheduled study visits 
with evidence or history of drug or alcohol abuse
who were unable either alone or with their caretaker to perform spirometry and peak flow measurements or complete the patient diary.
with any other condition or prior/current treatment, which in the opinion of the investigator rendered the patient ineligible for the study schedule.
were involved in disease related litigation.


Comment:	The study sought to test omalizumab against placebo in children aged 6 to <12, who had allergic asthma with a history of exacerbations in the preceding 1-2 years, and who had ongoing symptoms despite treatment with moderate to high doses of ICS (fluticasone ≥ 200 µg/day or equivalent). The study enrolled subjects with moderate to severe persistent asthma, whereas the indication proposed by the sponsor is limited to severe disease.
[bookmark: _Toc292121096]Study treatments
Subjects were randomised (2:1) at the beginning of the double blind treatment phase (Visit 6) to receive either omalizumab or matching placebo. The lyophilised powder presentation of omalizumab was used.
The dose regimen of study drug was dependent upon the subject’s weight and baseline IgE level. The dosing table used in the study is shown in Table 7. The minimum dose per 4 week period was 75 mg (as a single dose every 4 weeks). The maximum dose per 4 week period was 750 mg (given as 375 mg every 2 weeks).
Comment:	For subjects > 30 kg, the dosages recommended in the table are essentially the same as those currently registered in Australia for adults/adolescents. There are some minor variations at the extremes of body weight/IgE level. The doses in the table for subjects weighing 20-30 kg are not currently registered.
[bookmark: _Ref290820044][bookmark: _Toc292121186]Table 7: Study IA05 Dosing table ages 6 to < 12 years old (mg omalizumab per dose)
[image: ]
Study drug was administered subcutaneously in the deltoid region of the arm or in the thigh if the deltoid region was not appropriate. Doses exceeding 150 mg were divided among more than one injection site (see Table 8) to limit injections to not more than one 150 mg injection per site.
[bookmark: _Ref290821427][bookmark: _Toc292121187]Table 8: Study IA05 Number of injections per dose
[image: ]
Subjects could continue to use short-acting beta agonists throughout the study. No changes to the subject’s asthma maintenance therapy were permitted during the double-blind phase of the study apart from changes to the ICS dose in the latter part.
[bookmark: _Toc292121097]Efficacy variables and outcomes
The main efficacy variables were:
The frequency of asthma exacerbations;
Asthma symptom scores. The scoring system used in the study is shown in Table 9. The combined symptom score ranged from 0 to 9 and nocturnal score ranged from 0 to 4.
Usage of short-acting beta agonist recue medication;
Quality of life
[bookmark: _Ref290886274][bookmark: _Toc292121188]Table 9: Study IA05 – Clinical symptom scores
	Clinical symptom scores (nocturnal, morning, daytime)
At Visits 6, 9, 13, 16, 19 and 23 the severity of the disease will be evaluated using combined clinical symptom scores (nocturnal, morning and daytime asthma symptoms) in order to obtain a total symptom score.
A. Nocturnal asthma score
Each morning, upon awakening, the patient is asked to answer and record on the Patient Diary
Record the answer to the following question. How did you sleep last night?
0= I did not wake up because of any breathing problems.
1= I awoke once because of my breathing problems but did not use my rescue medication.
2= I awoke once because of my breathing problems, but my rescue medication controlled my symptoms.
3= I awoke more than once because of my breathing problems, but my rescue medication controlled my symptoms.
4= I had difficulty sleeping because of my breathing problems even though I used my rescue medication.
B. Morning asthma symptoms
Each morning, upon awakening, the patient records the answer to the following question: Did you have asthma symptoms upon arising in the morning?
0= No
1= Yes
C. Daytime asthma symptom score
Each evening, prior to bedtime, the patient performs an evaluation on his/her asthma symptoms over the preceding 24 hour period. This evaluation includes an overall assessment of the following symptoms: shortness of breath (breathlessness), chest discomfort (tightness), wheezing, and cough. The following scale is used to record these combined symptoms:
0= No symptoms at all; unrestricted activity.
1= Symptoms caused little or no discomfort; unrestricted activity.
2= Symptoms caused some discomfort, at times limiting strenuous activity.
3= Symptoms caused moderate discomfort and sometimes limited routine activity.
4= Symptoms occurred at rest, caused marked discomfort, and usually limited routine activity.
Total symptom score is obtained by adding the scores for nocturnal asthma, morning asthma symptoms and daytime asthma symptoms (A, B and C, respectively; maximum score = 9).


The primary efficacy outcome was the rate of clinically significant asthma exacerbations in the 24 week fixed steroid period of the double blind treatment phase. A clinically significant asthma exacerbation was defined as a worsening of asthma symptoms, as judged clinically by the investigator, requiring doubling of the baseline inhaled corticosteroid dose and/or treatment with rescue systemic (oral or IV) corticosteroids for at least 3 days.
There were four secondary efficacy outcomes:
Change in nocturnal clinical symptom score from baseline to the end (last four weeks) of the 24 week double blind fixed steroid treatment period;
The rate of clinically significant asthma exacerbations in the entire 52 week double blind treatment phase;
Change in beta-agonist rescue medication use from baseline to the end (last four weeks) of the 24 week double blind fixed steroid treatment period; 
Change in overall quality of life score from baseline to the end (last visit) of the 24 week double blind fixed steroid treatment period. The quality of life instrument used was the Paediatric Asthma Quality of Life Questionnaire (Standardized version) or PAQLQ (S). This is a validated instrument for measuring problems that children experience as a result of asthma. It contains 23 items across three domains (symptoms, activity limitations and emotional function. Each item requires a response on a 7-point scale with low score indicating a worse QoL (for example, for coughing, 1=extremely bothered, 7=not bothered). The total score averages the results across all 23 items and therefore ranges from 1 to 7. A minimally important difference is approximately 0.5 points on the 7-point scale.
Exploratory efficacy outcomes included:
Time to asthma exacerbations;
Total clinical symptom score; 
Lung function (FEV1, PEF); 
Concomitant asthma medication use;
Per cent reduction of inhaled corticosteroids; 
Absolute inhaled corticosteroid reduction; 
Investigator and patient global evaluations.
Exacerbations were recorded at each study visit. Patients were provided with diaries in which they recorded morning and evening PEF, daily asthma symptom scores (nocturnal, morning and daytime scores) and use of rescue medication. Diaries were to be completed twice daily for the duration of the study, with a parent or guardian ensuring accuracy. Spirometry was performed and the PAQLQ questionnaire was completed at Weeks 1, 13, 25, 29, 41 and 53 of the double blind phase. Global evaluation was performed at the end of the double-blind treatment phase only.
[bookmark: _Toc292121098]Randomisation and blinding methods
The sponsor produced a randomisation list using a validated, automated system. Randomisation was not stratified by any baseline factors. A 2:1 randomization scheme was used ‘for ethical reasons in order to provide treatment to as many patients in this younger aged population as possible’.
Patients and investigator and sponsor personnel were all blinded to treatment allocation from time of randomisation until database lock.
[bookmark: _Toc292121099]Analysis populations
The intent-to-treat (Full ITT) population included all patients who were randomized. Analysis was conducted according to the treatment subjects were randomized to. The Modified ITT (MITT) population included all patients in the Full ITT but excluded patients from two study sites. These two sites had issues with GCP compliance. Patients affected in these two sites were replaced at other sites so that the study was still adequately powered to use the Modified ITT population for the primary analysis. The per-protocol (PP) population included all Modified ITT patients who complete the study without any major deviations from protocol procedures. The Safety Population included all patients who received any study drug and had at least one post-baseline safety assessment.
The primary efficacy analysis was based on the Modified ITT population, with sensitivity analyses using the Full ITT and Per-protocol populations. Other efficacy analyses were based on the Modified ITT population.
Comment:	The submission described results in a subpopulation of patients referred to as the ‘European Union mITT population’ (EU mITT or EUP). An analysis of this subgroup for the primary endpoint was apparently pre-specified. However, further analyses using this subpopulation were apparently performed at the request of the EMA, prior to the lodgement of this submission in Europe. The EU mITT population was defined as those patients requiring high dose ICS plus LABA at baseline. A high dose of ICS was classified as ≥ 500 μg of fluticasone or equivalent per day. Results of most of the analyses on this subgroup were only presented in the Summary of the submission, and not in the study report in the clinical submission.
[bookmark: _Toc292121100]Sample size
Based on a subpopulation of patients in a previous study (Study 010) it was estimated that the reduction in the number of clinically significant exacerbations in the omalizumab group would be 41% compared to the placebo group. To achieve a power of 85%, using a 2-sided test at α=0.05, it was estimated that a total of 570 subjects would be required (380 on omalizumab and 190 on placebo).
[bookmark: _Toc292121101]Statistical methods
The number of clinically significant asthma exacerbations was analysed using generalised Poisson regression, with terms for treatment, dosing schedule (2 weekly or 4 weekly), country and exacerbation history. A Cochran Mantel-Haenszel test stratified by dosing schedule was also used to analyse the number of patients with 0 or ≥1 clinically significant exacerbations. The number of exacerbations was also compared using the van Elteren test stratified by dosing schedule.
Change from baseline in symptom scores and change from baseline in SABA use, were compared between treatments using the van Elteren test stratified by dosing schedule. The rate of clinically significant asthma exacerbations over the entire 52 week double blind treatment phase was analysed using similar methods to those in the primary analysis. The change (from baseline to the last visit of the fixed steroid treatment period) in overall PAQLQ(S) score was compared between treatments using an analysis of covariance model with country, baseline value and dosing schedule (2 weekly or 4 weekly) as factors and covariates.
A hierarchical testing procedure was implemented for the primary and secondary endpoints to maintain an overall type one error rate of 5%.
[bookmark: _Toc292121102]Participant flow
A total of 1433 patients were screened for enrolment and 627 were randomised. Analysis populations are summarised in Table 10. The EU mITT population consisted of 235 subjects; 159 in the omalizumab arm and 76 in the placebo arm. Subject disposition for the full study population is shown in Table 11 and for the EU mITT population in Table 12.
[bookmark: _Ref290899845][bookmark: _Toc292121189]Table 10: Study IA05 Analysis populations
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[bookmark: _Ref290897708][bookmark: _Toc292121190]Table 11: Study IA05 Subject disposition (Full ITT population)
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[bookmark: _Ref290904300][bookmark: _Toc292121191]Table 12: Study IA05 Subject disposition (EU mITT population)
[image: ]
[bookmark: _Toc292121103]Major protocol violations/deviations
Major protocol violations, which led to patients being excluded from the per-protocol population, are summarised in Table 13. A total of 51 subjects were from the 2 study centres excluded due to GCP issues. A further 18 patients were excluded for less serious GCP issues. Other major protocol violations generally related to failure to meet inclusion and exclusion criteria. The most common inclusion criteria violation was failure to meet the symptom score criteria. This was more common in the placebo arm - 8 versus 6 subjects (3.9% versus 1.4%).
Comment:	The major protocol deviations would be unlikely to have affected the outcome of the study.
[bookmark: _Ref290899909][bookmark: _Toc292121192]Table 13: Study IA05 Major protocol violations Patients excluded from the per protocol population (Safety population)
[image: ]
[bookmark: _Toc292121104]Baseline data
Baseline demographic and disease characteristics are shown in Table 14, history of exacerbations in Table 15 and baseline asthma symptoms in Table 16. Approximately two thirds of patients were classified as having severe persistent asthma (Table 17).
Comment: 	The two treatment groups were reasonably well balanced with respect to baseline characteristics. Data presented in the Summary of the submission also indicated that baseline demographics and disease characteristics were reasonably well balanced in the two treatment arms for the EU mITT population.
[bookmark: _Ref290901664][bookmark: _Toc292121193]Table 14: Study IA05 Baseline demographic and disease characteristics (Safety population)
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[bookmark: _Ref290902427][bookmark: _Toc292121194]Table 15: Study IA05 Exacerbation history (Safety population)
[image: ]
[bookmark: _Ref290902476][bookmark: _Toc292121195]Table 16: Study IA05 Asthma symptoms at baseline (Safety population)
[image: ]
[bookmark: _Ref291320133][bookmark: _Toc292121196]Table17: Study IA05 Asthma severity at baseline
[image: ]
Baseline asthma medication use is shown in Table 18 for the entire study population and Table 19 for the EU mITT population.
[bookmark: _Ref290905200][bookmark: _Toc292121197]Table 18: Study IA05 Baseline asthma medication (Safety population)
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[bookmark: _Ref290905233][bookmark: _Toc292121198]Table 19: Study IA05 Baseline asthma medication (EU mITT population)
[image: ]
Comment: 	The two treatment groups were again well balanced. There were more patients in the omalizumab arm on maintenance oral steroids. Approximately two thirds of subjects in the MITT population were receiving LABAs at baseline.
[bookmark: _Toc292121105]Results for the primary efficacy outcome
Results for the primary efficacy endpoint are shown in table 20. With omalizumab treatment there was a statistically significant reduction in the rate of clinically significant exacerbations (0.45 versus 0.64 per 24 week treatment period; ratio 0.693 [95% CI: 0.533 – 0.903]; p=0.007).
There was no significant difference in the proportion of patients who were free of clinically significant exacerbations (64.3% versus 58.3%; p=0.167) or on between-treatment comparison of the frequency distribution of exacerbations.
Results for exacerbation rate in the EU mITT population were similar.
[bookmark: _Ref290905776][bookmark: _Toc292121199]Table 20: Study IA05 Clinically significant exacerbations over 24 weeks (MITT population)
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[bookmark: _Ref290910839][bookmark: _Toc292121200]Table 21: Study IA05 Clinically significant exacerbations over 24 weeks (EU mITT population)
[image: ]
[bookmark: _Toc292121106]Results for secondary efficacy outcomes
Nocturnal symptoms
There was no significant difference between treatment arms in the change from baseline in mean nocturnal symptom score at the end of the 24 week fixed steroid treatment period in either the MITT population or the EU mITT population.
Clinically significant exacerbations over the 52 week period
In the omalizumab treatment group, in both the MITT and EU mITT populations, there were statistically significant reductions in the rate of clinically significant exacerbations over the whole 52 week double-blind treatment phase (Table 22 and Table 23). In the EU mITT subpopulation, exacerbations were reduced by approximately 50% (0.73 versus 1.44 exacerbations per 52 weeks).
[bookmark: _Ref290912122][bookmark: _Toc292121203]Table 22: Study IA05 Clinically significant exacerbations over 52 weeks (MITT population)
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[bookmark: _Ref290912140][bookmark: _Toc292121204]Table 23: Study IA05 Clinically significant exacerbations over 52 weeks (EU mITT population)
[image: ]
Number of puffs of asthma rescue medication
There was no significant difference between treatment arms in the change from baseline in mean number of puffs of asthma rescue medication at the end of the 24 week fixed steroid treatment period in either the MITT population or the EU mITT population.
Quality of life 
For the MITT population there were no significant differences between treatments in PAQLQ (S) overall score at any time point. Results for overall and domain scores at 24 weeks were shown. QoL was not analysed for the EU mITT population.
[bookmark: _Toc292121107]Results for exploratory efficacy outcomes
Results of a number of exploratory endpoints were presented. Notable findings in the MITT population included the following:
Time to first clinically significant asthma exacerbation was prolonged in the omalizumab arm (Figure 2);
No statistically significant differences between treatment arms were observed for asthma symptom scores (nocturnal, morning, daytime or total) at any time point;
[bookmark: _Ref290965451][bookmark: _Toc292121255]Figure 2: Study IA05 – Time to first clinically significant asthma exacerbation (MITT population) – Kaplan-Meier plot.
[image: ]
Omalizumab treatment was associated with a consistent increase in FVC compared to placebo. For example, at Week 24, LS mean values for change in FVC were +177.7 mL with omalizumab and +117.2 mL for placebo (p=0.017). The differences were not statistically significant in the EU mITT subpopulation.
There were no consistent statistically significant benefits with omalizumab treatment for change in FEV1, change in per cent predicted FEV1, or change in FEF 25-75%. Findings were similar in the EU mITT subpopulation.
There were no consistent statistically significant benefits with omalizumab treatment for change in mean morning PEF or mean evening PEF. Findings were similar in the EU mITT subpopulation.
There was no significant difference between treatment groups in the per cent change (from baseline to the end of the 52 week double-blind phase) in ICS dose. Changes in both groups were small (-3.6% with omalizumab, +1.8% with placebo; p=0.053). The difference was also not significant in the EU mITT population.
Omalizumab was superior to placebo according to the global assessment of treatment effectiveness made by both patients and investigators. Similar results were observed in the EU mITT subpopulation.
There were no significant differences between treatments in rates of hospital admission, visits to the emergency department and unscheduled visits to the doctor (Table 24). This was also the case for the EU mITT subpopulation.
Omalizumab treatment was associated with a reduction in the rate of severe asthma exacerbations (Table 24). A severe exacerbation was defined as an exacerbation where the PEF or FEV1 was < 60% of the patient’s personal best. The difference was not significant for the EU mITT subpopulation.
[bookmark: _Ref290969884][bookmark: _Toc292121209]Table 24: Study IA05 – Resource utilisation / severe exacerbations (MITT population)
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Comment:	Although some of these outcomes (in the MITT) favoured omalizumab over placebo, they were only investigated as exploratory endpoints, and no adjustment was made for multiple statistical comparisons. The results should therefore be interpreted with caution.
[bookmark: _Toc292121108]Subgroup analyses of primary efficacy outcome
A number of subgroup analyses were presented for the primary efficacy outcome of clinically significant exacerbations. According to the study report these analyses were pre-specified, however they do not appear to have been proposed in the study protocol.
Exacerbation rate over 52 weeks was reduced in the omalizumab arm for both moderate and severe asthma (defined according to NHLBI 2007 criteria). There was no significant effect for moderate asthma after 24 weeks (Table 25);
A reduction in exacerbations was also shown in the group of subjects already receiving high dose ICS (defined as either fluticasone ≥ or 400 or 500 µg daily) and LABA (Table 26). The group of subjects on fluticasone ≥ 500 µg is the same as the EU mITT subpopulation;
A reduction in exacerbations with omalizumab was demonstrated for both LABA users and LABA non-users at 52 weeks. At 24 weeks, a benefit was only demonstrated for LABA non-users (Table 27);
At 52 weeks, a reduction in exacerbations with omalizumab was demonstrated for subjects with baseline predicted > 80% or 60 to 80%. The number of subjects with predicted FEV1 of < 60% was very small. At 24 weeks, a benefit was only demonstrated for those with predicted FEV1’s of 60-80% (Table 28). Similar effects were observed in the EU mITT subpopulation.
Reductions in exacerbation rate appeared greater in subjects with higher baseline IgE levels (Table 29).
[bookmark: _Ref290980863][bookmark: _Toc292121210]Table 25: Study IA05 – Subgroup analysis by baseline asthma severity
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[bookmark: _Ref290981385][bookmark: _Toc292121211]Table 26: Study IA05 – Subgroup analysis – subjects on high dose ICS and LABA
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[bookmark: _Ref290982158][bookmark: _Toc292121212]Table 27: Study IA05 – Subgroup analysis by LABA use
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[bookmark: _Ref290984602][bookmark: _Toc292121213]Table 28: Study IA05 – Subgroup analysis by baseline percent predicted FEV1
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[bookmark: _Ref290984611][bookmark: _Toc292121214]Table 29: Study IA05 - Subgroup analysis by baseline IgE level
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1.1.1. [bookmark: _Toc290846276][bookmark: _Toc292121109][bookmark: _Ref292006416][bookmark: _Toc454458998]Study 010
1.1.1.1. [bookmark: _Toc292121110][bookmark: _Ref292006229]Study design, objectives, locations and dates
This was a randomised, double blind, placebo controlled trial with two parallel groups. The study had the following phases:
An initial screening phase;
A run-in phase of 4 to 6 weeks in which subjects were switched to and then established on the optimal lowest effective dose of inhaled beclomethasone diproprionate (BDP) in the range of 168 to 420 µg/day (using an inhaler that delivered 42 µg/puff). Subjects were maintained on this dose for the final 4 weeks of the run-in phase;
A randomised (omalizumab versus placebo) double blind phase lasting 28 weeks (7 months). In the first 16 weeks of this phase the BDP dose was not changed. In the second 12 weeks of this phase, BDP dose was reduced by approximately 25 % every 2 weeks until total elimination or the development of uncontrolled asthma. Steroid reduction was attempted over the first 6 to 8 weeks and a stable BDP dose was maintained for at least the final 4 weeks;
An open-label extension phase lasting 24 weeks (5 months). In this phase all subjects were treated with omalizumab.
A study schematic is shown in Table 30.
[bookmark: _Ref291141552][bookmark: _Toc292121256]Table 30: Study 010 Study Schematic
[image: ]
The primary objectives of the study were:
To evaluate the 7 month safety and tolerability of SC omalizumab compared to placebo for treatment of paediatric allergic asthma;
To evaluate the 12 month safety and tolerability of SC omalizumab compared to placebo for treatment of paediatric allergic asthma.
The secondary objectives of the study were to evaluate:
The effects of omalizumab treatment compared to placebo on inhaled corticosteroid dose-reduction;
The pharmacodynamic effects of omalizumab compared to placebo;
The pharmacokinetics of omalizumab;
The effects of omalizumab treatment on Quality of Life (QOL) compared to placebo;
The pharmacoeconomic resource utilization in omalizumab-treated patients compared to placebo.
Comment:	Demonstration of efficacy was only a secondary objective of this trial and the only stated efficacy objective related to use of omalizumab as a steroid-sparing agent.
The study was conducted at 27 centres in the United States. It commenced in February 1998 and the double-blind phase was completed in April 1999.
[bookmark: _Toc292121111]Inclusion and exclusion criteria
Inclusion criteria are listed in Table 31 and exclusion criteria in Table 32.
Comment:	The study enrolled subjects who were well controlled on BDP doses between 168 – 420 µg/day. This refers to the ‘ex-actuator’ dose. In Australian terminology this equates to 200 to 500 µg/day (‘ex-valve’ dose). The formulation of BDP was not stated but the study commenced in 1998 and hence it is likely that the old CFC-containing, suspension formulation was used. The only BDP inhaler product currently registered in Australia is ‘Qvar’, which is a non-CFC-containing solution formulation. The Qvar solution formulation has greater lung deposition than the old suspension formulation and hence lower doses (about half) are administered to achieve the same therapeutic effect. Therefore, in terms of modern day doses of BDP, subjects in this trial were receiving the equivalent of approximately 100 to 250 µg/day of BDP solution. Doses of 100-200 µg/day BDP solution are considered to be low doses (see Table 33). It is also noted that subjects receiving LABAs, or those who had taken systemic steroids in the previous month, were excluded. The study report described the intended population as having ‘moderate to severe’ allergic asthma. However, the inclusion and exclusion criteria suggest that patients with mild or moderate asthma could be enrolled. The proposed indication sought by the sponsor is restricted to severe disease.
[bookmark: _Ref291143823][bookmark: _Toc292121215]Table 31: Study 010 Inclusion criteria
	Patients included in the study were those:
Male or premenarche female patients aged 6-12 years, whose parent, or legal representative was willing to sign the written Informed Consent prior to initiation of any study procedures.
Patients with the diagnosis of allergic asthma > 1 year duration who, in addition to the standards of the American Thoracic Society (1), met the following criteria:
A positive prick skin test (e.g. +3 reaction) to at least one of the following allergens: Dermatophagoides farinae, Dermatophagoides pteronyssinus, cockroaches (whole body), dog or cat
Total serum IgE level ≥ 30 to ≤ 1300 IU/mL and body weight < 90 kg (suitable weight and serum total IgE level for dosing as provided in the dosing table presented earlier in this report)
Demonstration of ≥ 12% increase in FEV-1 over baseline value within 30 minutes of taking one or two puffs of albuterol (90 µg/puff) within 1 year of visit 1
Baseline FEV-1 ≥ 60% of the predicted normal value for the patient
Asthma well-controlled with minimum effective dose of inhaled corticosteroids at doses equivalent of ≥168 to 420 µg/day of beclomethasone dipropionate (BDP) for ≥ 3 months prior to randomization, and as needed, or regular use of bronchodilator therapy.
In general, asthma is considered well-controlled if the following criteria are met:
Minimal asthma symptoms during the day.
Night-time awakening due to asthma symptoms < 1 time a week.
Minimal limitations on normal activities and exercise.
Beta-agonist requirement, on average, not exceeding 4 puffs of albuterol (90 µg/puff) or its equivalent.
PEFR variability (difference between PM and AM value) 20 %.
Minimal or no side effects from medication.
Patient’s asthma must be “stable” (e.g., no significant change in the regular asthma medication, no acute asthma exacerbation requiring corticosteroid rescue) for at least 4 weeks prior to run-in period (Visit 2.1).
Patients must meet pretrial eligibility requirements for trial enrolment (acceptable medical history and physical examination results and acceptable laboratory test results).
Patients must be able to use the Mini-Wright peak flow meter for the measurement of peak flow, and a metered-dose inhaler (MDI) for administration of albuterol rescue medication. Instructions for proper use of peak flow meters and MDI are referenced in the NHLBI guidelines (copy provided by sponsor) and instructions are provided to the patients.
Also patients must have the ability to reliably complete the daily diary cards (if necessary with parent or legal guardian’s help) during the trial.


[bookmark: _Ref291143849][bookmark: _Toc292121216]Table 32: Study 010 Exclusion criteria
	Patients excluded were those:
Pregnant females, nursing mothers or females of childbearing potential, who did not use a reliable contraceptive method or any patient becoming pregnant during the course of the study. Any female with the onset of menstruation after randomization into the study was not excluded, if agreeing to abstinence or use of an acceptable contraceptive. Any patient becoming pregnant during the trial must be discontinued from the trial.
Patients previously treated with rhuMAb-E25
Patients with known hypersensitivity to any ingredient, including excipients (sucrose, histamine, polysorbate 20) of rhuMAb-E25, or related drugs (e.g. monoclonal antibody, polyclonal gamma globulin)
Patients with hypersensitivity to trial rescue medication (albuterol) or related drugs
Patients with a history of acute infectious sinusitis or respiratory tract infection within 1 month prior to Visit 1, 
Patients with active lung disease other than allergic asthma (e.g. chronic bronchitis)
Patients with elevated serum IgE levels for reasons other than atopia
Patients taking allergy vaccination therapy with less than 3 months of stable maintenance doses prior to Visit 1
Patients using the long-acting antihistamine (e.g. astemizole) within 3 months of Visit 1 
Patients using short-acting antihistamines (e.g. chlorpheniramine, promethazine, tripelennamine, diphenhydramine, terfenadine, fexofenadine, etc.) within 3 days of Visit 1
Patients using medium-acting antihistamines (e.g. loratadine and cetirizine) within 5 days of Visit 1
Patients using zafirlukast (Accolate) or other leukotriene receptor inhibitors and zileuton (Zyflo) or other 5-lipoxygenase enzyme inhibitors within 72 hours of Visit 1
Patients taking cromolyn sodium or nedocromil sodium within 1 month of Visit 1
Patients taking oral or inhaled anticholinergics within 24 hours of Visit 1
Patients taking the following theophylline regimens:
Once daily within 72 hours of Visit 1
Twice daily within 48 hours of Visit 1
Short acting within 24 hours of Visit 1
Patients taking β2-agonists as follows:
Oral within 72 hours of Visit 1
Long-acting inhaled (e.g. salmeterol) within 72 hours of Visit 1
Short-acting inhaled within 8 hours of Visit 1
Corticosteroids:
Patients whose dose of inhaled corticosteroids has undergone significant change (e.g. 50% change) in daily dose or dosing schedule within one month of Visit 1
Patients taking oral or parenteral corticosteroids within one month of Visit 1
Patients taking β-adrenergic antagonist medications (e.g., propranolol)
Patients who have smoked within 2 years of Visit 1 or who have a history of smoking ≥ 1 pack/day
Patients with clinically significant abnormalities on 12-lead ECG at Visit 1
Patients with abnormal chest X-ray (excluding changes consistent with asthma) within the last 12 months of Visit 1
Patients with significant systemic disease, or a history of such disease (e.g., cancer, infection, haematological, renal, hepatic, coronary heart disease or other cardiovascular diseases, endocrinologic, or gastrointestinal disease) within the previous 3 months of Visit 1
Patients with clinically significant laboratory abnormalities and evaluations at Visit 1
Patients previously randomized into the study
Patients treated with an experimental, non-approved drug or investigational drugs within the past 30 days or during the study
Patient/parent/or legal guardian with a history of noncompliance to medical regimens or who were considered potentially unreliable.


[bookmark: _Ref291315381][bookmark: _Toc292121228] Table 33: Australian Asthma Handbook: Definitions of ICS dose levels in children
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1.1.1.2. [bookmark: _Toc292121112]Study treatments
Subjects were randomised (2:1) to receive omalizumab or placebo during the double-blind phase. Doses were dependent upon body weight and baseline IgE levels. The dosage table used in this study is shown Table 34. The minimum dose per 4 week period was 150 mg (as a single dose every 4 weeks). The maximum dose per 4 week period was 750 mg (given as 375 mg every 2 weeks).
[bookmark: _Ref291149060][bookmark: _Toc292121217]Table 34: Study 010 Dosing table
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Comment:	The dosing table in this study was different to that used in the pivotal study and therefore different to that being proposed for registration. Overall, the differences were small. However, in general terms, the table used in this study allowed for higher doses at lower body weights (20 to 40 kg) and did not permit dosing in heavier subjects (>90 kg).
Study drug was administered subcutaneously in the deltoid region of the arm or in the thigh if the deltoid region was not appropriate. Between 1 and 3 injection sites were used.
Subjects could continue to use a short-acting beta agonist (salbutamol) throughout the study. No changes to the subject’s asthma maintenance therapy were permitted during the double-blind phase of the study, apart from decreased doses of BDP in the second part.
1.1.1.3. [bookmark: _Toc292121113]Efficacy variables and outcomes
Investigation of efficacy was a secondary objective of the study. The main efficacy variables were:
The ‘principle’ efficacy outcomes of the study were:
The percent reduction in the dose of BDP (in the dose reduction period); and
The proportion of patients with reduction in the dose of BDP (in the dose reduction period).
A number of ‘exploratory’ efficacy outcomes were also listed. These are shown in Table 35. In addition, QoL was assessed using the PAQLQ questionnaire.
[bookmark: _Ref291155471][bookmark: _Toc292121218]Table 35: Study 010 – Exploratory efficacy outcomes
	Exploratory efficacy variables during double-blind steroid reduction period
Number of asthma exacerbation episodes experienced per patient.  The initiation of treatment with oral or IV corticosteroids or doubling of patient’s baseline BDP marked the start of an exacerbation episode, and stopping the additional corticosteroid medication marked the end of an episode.
Number of patients experiencing at least one asthma exacerbation. An asthma exacerbation was defined as an exacerbation requiring treatment with oral or IV corticosteroids or doubling of patient’s baseline BDP. This information was obtained from the asthma exacerbation CRF.
Patient’s and Investigator’s global evaluation of treatment effectiveness.
Exploratory efficacy variables during double-blind stabilization period
Number of patients experiencing at least one asthma exacerbation (as defined above)
Number of asthma exacerbation episodes experienced per patient (as defined above)
Asthma-free days 
An asthma-free day was defined as the treatment day when all of the following criteria were met:
AM PEFR = > 90% of baseline (mean last 14 days prior to randomization) 
Daytime asthma score = ≤ 1
Night time asthma score = 0
Rescue medication use = ≤ 2 puffs
For the definition of asthma free day, the protocol specified an AM PEFR ≥ 80%.
However, based on conversations with the FDA, it was felt that an AM PEFR ≥ 90% would be more appropriate.
Morning PEFR
FEV-1
FVC
FEF 25-75%
Nocturnal asthma symptom score
Presence/absence of morning asthma score
Daytime asthma symptom score
Number of puffs of rescue medication taken daily


Asthma exacerbations were recorded at 4 weekly intervals during the stable BDP dose part of the double blind phase and 2 weekly intervals during the steroid reduction part. Patients were required to complete a diary twice daily to record asthma symptoms, PEFR (morning and evening) and use of rescue medication. The method of scoring asthma symptoms was the same as that used in the pivotal study (see Table 9). Diary cards were reviewed at each study visit. Spirometry was also performed at each study visit. Global evaluations were performed at the end of the double-blind phase. QoL questionnaires (the PAQLQ) were administered at randomisation and at Weeks 16 and 28 of the double blind phase.
[bookmark: _Toc292121114]Randomisation and blinding methods
Subjects were to be randomised 2:1 to omalizumab or placebo. A computer-generated randomisation scheme was used. Randomisation was stratified by dosing schedule (2 weekly or 4 weekly).
Patients and investigator and sponsor personnel were all blinded to treatment allocation through the use of a matching placebo injection. Procedures were implemented to ensure that staff preparing the injections did not reveal the identity of the product to other study personnel.
[bookmark: _Toc292121115]Analysis populations
The safety population consisted of all patients who were randomised and received at least one dose of double-blind medication. The intent-to-treat population consisted of subjects who were randomised.
Subjects aged 12 years were eligible for randomisation in this study. In the Summary of the submission, the sponsor has presented analyses that exclude these subjects (that is, analyses that are limited to subjects aged 6-11 years at randomisation). The sponsor refers to this subpopulation as the ‘Paediatric ITT population’. The analysis methods applied to the Study 010 Paediatric ITT population were the same as those used in study IA05, to allow for direct comparison of data between the two studies. However, it should be noted that this subpopulation was not defined in the protocol, and these analyses are retrospective in nature.
[bookmark: _Toc292121116]Sample size
The sample size was not based on statistical considerations. The sponsor aimed to have a total of 120 subjects treated with omalizumab for 1 year. Based on anticipated dropout rates of 30% for the first 7 months and 20% for the last 5 months of the open label extension arm, approximately 216 were planned to be randomised to omalizumab. Given the 2:1 randomisation, a total of 324 were to be randomised.
[bookmark: _Toc292121117]Statistical methods
Between-group differences in BDP dose reductions were analysed using the generalised Cochran-Mantel-Haenszel (van Elteren) test stratified by treatment schedule. Similar methods were used to analyse the exploratory outcomes of number of asthma exacerbations and global assessments. The other exploratory outcomes were not subject to statistical analysis.
[bookmark: _Toc292121118]Participant flow
A total of 501 subjects were screened for the study. Of these, 334 were randomised (225 to omalizumab and 109 to placebo). For the 167 who were not randomised, the most common reasons were the baseline IgE being out of range (n=61), failure to demonstrate reversibility (25) and negative skin test (23).
All subjects who were randomised received at least one dose of study medication. The ITT and safety populations were therefore identical.
In the Paediatric ITT population there were 298 subjects (203 in the omalizumab arm and 95 in the placebo arm).
The disposition of all randomised subjects is shown in Table 36. 306/334 subjects (91.6%) completed the double blind phase.
Table 36: Study 010 – Subject disposition (ITT population)
[image: ]
[bookmark: _Toc292121119]Major protocol violations/deviations
There were a total of 113 protocol violations in the omalizumab arm and 47 in the placebo arm. The most commonly occurring violations are shown in Table 37.
Comment:	Individual violations occurred with similar frequency in the two arms. The violations that occurred would not have resulted in a bias in favour of one treatment. None of the violations resulted in exclusion of a subject from the efficacy analyses.
[bookmark: _Ref291161485][bookmark: _Toc292121220]Table 37: Study 010 – Common protocol violations (ITT population)
[image: ]
[bookmark: _Toc292121120]Baseline data
Baseline demographic and disease characteristics are summarised in Table 38.
Comment:	Only a minority of subjects (8.1%) were considered to have severe asthma. Mean BDP dose at baseline was 278 µg/day (ex-actuator dose, BDP suspension formulation), which is approximately equivalent to 165 µg/day (ex-valve) of the Qvar formulation marketed in Australia. Hence the enrolled subjects were on average receiving a fairly low dose of inhaled corticosteroids.
The two treatment groups were reasonably well balanced with respect to baseline factors. Data presented in the Summary of the submission also indicated that treatment groups were well balanced with respect to baseline factors in the Paediatric ITT population.
[bookmark: _Ref291162068][bookmark: _Toc292121221]Table 38: Study 010 – Baseline demographic and disease characteristics (ITT population)
[bookmark: _Toc292121121][image: ]
Results for the principle efficacy outcomes
With respect to percent reduction in BDP dose, omalizumab was associated with a greater reduction. Mean reduction was 73.38% in the omalizumab arm and 60.15% in the placebo arm. Median reductions were 100% versus 66.67% respectively. The difference in dose reduction was statistically significant (p = 0.001).
The proportion of patients achieving dose reduction was also significant (p=0.002). In the omalizumab arm, 65.3% of subjects achieved a dose reduction of between 75 and 100%, compared to 49.5% in the placebo arm.
For both endpoints, the difference between treatments was also statistically significant in the Paediatric ITT population.
[bookmark: _Toc292121122]Results for exploratory efficacy outcomes
Exacerbations
In the stabilisation period of the double blind phase, there was no significant difference between treatments in the number of exacerbations per patient.
In the omalizumab arm, 15.6% of subjects experienced at least 1 exacerbation in the steroid reduction period, compared to 22.9% in the placebo arm. The difference was not significant.
In the steroid reduction period of the double blind phase, there were fewer asthma exacerbations per patient in the omalizumab arm (Table 39). The difference was statistically significant (p<0.001).
In the omalizumab arm, 18.2% of subjects experienced at least 1 exacerbation in the steroid reduction period, compared to 38.5% in the placebo arm (p<0.001).
[bookmark: _Ref291168062][bookmark: _Toc292121223]Table 39: Study 010 – Asthma exacerbations in steroid reduction period (ITT population)
[image: ]
Global assessments
Global assessments of treatment effectiveness favoured the omalizumab arm (p<0.001 for both patients and investigators).
Other exploratory outcomes
There were no notable differences between treatment arms for the other exploratory endpoints (asthma-free days, PEFR, spirometry parameters, symptom scores).
Quality of life
There were no significant differences between treatments in PAQLQ scores at week 16 (that is, at the end of the stable ICS dose period). At the end of the ICS dose reduction period (Week 28), PAQLQ scores for the symptoms domain and overall score indicated better QoL in the omalizumab arm.
[bookmark: _Toc292121123]Results for the paediatric ITT population
The Summary of Clinical Efficacy presented various analyses of the Paediatric ITT subpopulation. Results included the following:
The rate of clinically significant asthma exacerbations, over the entire 28 week double blind phase, was decreased in the omalizumab arm (Table 40).
[bookmark: _Ref291171039][bookmark: _Toc292121224]Table 40: Study 010 Clinically significant exacerbations over 28 weeks (Paediatric ITT population)
[image: ]
There were no significant differences between treatments for the change from baseline in number of puffs of rescue medication; 
In the omalizumab arm there was a greater percent reduction in BDP dose from baseline to week 28 (Table 41). The difference in the proportion of patients who achieved a reduction was also statistically significant in favour of omalizumab (p=0.017);
[bookmark: _Ref291233673][bookmark: _Toc292121225]Table 41: Study 010 Percent change from baseline to week 28 in BDP dose (Paediatric ITT population)
[image: ]
Global assessments of treatment effectiveness favoured the omalizumab arm (p<0.001 for both patients and investigators).
There were no significant differences in PAQLQ scores at Week 16. However, at Week 28, omalizumab treatment was associated with greater mean improvement in QoL compared to placebo, on total score and on the emotions and symptoms domains. However, the difference in mean improvement was small and there was no significant difference in the proportion of patients who achieved a clinically significant improvement in total score.
[bookmark: _Toc292121124][bookmark: _Toc290846277][bookmark: _Toc272414655][bookmark: _Ref271037210][bookmark: _Ref271037188][bookmark: _Ref243294291][bookmark: _Toc241374311][bookmark: _Toc454458999]Other efficacy studies
[bookmark: _Toc290846278][bookmark: _Toc292121125]Study B1301
This study was a single arm, open trial of omalizumab in Japanese children. It was conducted at 17 centres in Japan between 2010 and 2012. Investigation of efficacy was only a secondary objective.
Subjects enrolled were aged between 6 and 15 years. They were required to have inadequately controlled symptoms despite being on high dose ICS (> 200 µg per day of fluticasone or equivalent) and two or more other controller medications. A history of exacerbations was also required. The dose of omalizumab used was the same as that used in Study IA05. Treatment duration was 24 weeks. ICS dose was fixed for the first 16 weeks and could be adjusted downwards in the next 4 weeks. ICS dose was to be kept stable for the final 4 weeks.
A total of 38 Japanese children were treated in the study. 17/38 (45%) were aged 12 or over. Efficacy variables generally showed an improvement from baseline (PEFR, asthma symptom scores, etc.). There was a reduction in the rate of exacerbations per patient per year (Table 42).
[bookmark: _Ref291242761][bookmark: _Toc292121226]Table 42: Study B1301 Asthma exacerbations
[image: ]
Comment:	In the absence of a control arm, it is not possible to assess whether any of the observed improvements were attributable to omalizumab. In the two placebo controlled studies, improvements in efficacy outcomes were noted with placebo treatment. In addition 45% of subjects in this study were aged 12 to 15. Overall it is considered that this study contributes no useful additional efficacy data.
[bookmark: _Toc292121126][bookmark: _Toc454459000]ICATA study
[bookmark: _Ref450735744][bookmark: _Ref450735763]The Inner-City Anti-IgE Therapy for Asthma (ICATA) study was a randomised, double blind, placebo controlled trial with two parallel groups (omalizumab versus placebo). It was conducted at eight centres in the United States, with recruitment occurring between November 2006 and April 2008. The sponsor did not conduct the study and results of the trial have been included in the submission in the form of published papers.[footnoteRef:1],[footnoteRef:2] [1:  Busse WW, Morgan WJ, Gergen PJ, et al. Randomized trial of omalizumab (anti-IgE) for asthma in inner-city children. N Engl J Med 2011; 364:1005-15.]  [2:  Sorkness CA, Wildfire JJ, Calatroni A et al. Reassessment of omalizumab-dosing strategies and pharmacodynamics in inner-city children and adolescents. J Allergy Clin Immunol: In Practice 2013; 163-71] 

The study recruited inner-city children, adolescents and young adults (aged 6 to 20 years). Subjects were required to have a history of asthma for at least 12 months, a positive skin test for a perennial allergen, and uncontrolled disease as indicated by hospitalisation or urgent unscheduled treatment in the 12 months prior to enrolment.
Subjects initially underwent a 4 week run-in phase during which asthma treatment was optimised to obtain disease control, using a standardised stepwise treatment algorithm. Subjects were then randomised to receive omalizumab or placebo. The dosage regimen for omalizumab was the same as that used in the pivotal study of this submission (IA05). Treatment was continued for 60 weeks. Ongoing treatment adjustments (of ICS/LABA/montelukast) were made to achieve good asthma control, using a standardised set of six treatment steps.
A total of 419 subjects were randomised (208 to omalizumab and 211 to placebo). 60% of subjects were in the age range of 6 to 11 years and 73% of subjects had moderate or severe disease. The treatment groups were well balanced at baseline. The primary endpoint of the study was the number of days in the preceding 2 weeks that the patient had asthma symptoms. A number of secondary endpoints were also studied.
Results are summarised in Table 43, taken from the main published paper.1 Omalizumab treatment was associated with significantly fewer days with asthma symptoms in the preceding 2 weeks (mean: 1.48 versus1.96; p<0.001). It was also associated with a lower proportion of patients experiencing an exacerbation (30.3% versus 48.8%; p<0.001) and with significantly lower doses of ICS (663 versus 771 µg budesonide or equivalent/day; p<0.001).
[bookmark: _Ref291253340][bookmark: _Toc292121227]Table 43: ICATA study – Efficacy results
[image: ]
A follow-up publication2 presented the results of various post hoc subgroup analyses of the trial. These indicated that the beneficial effects of omalizumab over placebo were significant in the subgroup of subjects aged 6 to 11, for symptom days, ICS dose and exacerbations. The effects were also significant in a subgroup of patients with severe disease (that is, those on high dose fluticasone and salmeterol and montelukast).
Comment:	The published papers provided limited information on the subgroup of subjects aged 6 to 11 years, and the subgroup analysis of this population was conducted retrospectively. The study therefore only provides limited supportive evidence for the sponsor’s application.
[bookmark: _Toc292121127][bookmark: _Toc290846281][bookmark: _Toc272414656][bookmark: _Toc241374312][bookmark: _Toc454459001]Analyses performed across trials (pooled analyses and meta-analyses)
There were no pooled analyses or meta-analyses of the submitted efficacy data.
[bookmark: _Toc292121128][bookmark: _Toc290846282][bookmark: _Toc272414657][bookmark: _Ref271126605][bookmark: _Toc454459002]Evaluator’s conclusions on clinical efficacy 
The indication sought by the sponsor for subjects aged 6 to <12 years with allergic asthma is limited to patients with all of the following:
Severe persistent disease (with frequent daytime symptoms or night time awakenings);
A history of exacerbations;
Current treatment with high dose inhaled corticosteroids (ICS).
A high dose of ICS is defined in the current Australian Asthma Handbook (Table 33 above).
For children without good control of symptoms who are currently already receiving high dose ICS, the current Handbook recommends referral for specialist management (Figure 3). Possible treatments for this population would include the addition of long-acting beta agonists (LABAs) or montelukast. The submission did not contain any studies that compared omalizumab with these treatment options in the proposed population. Omalizumab was only compared with placebo.
[bookmark: _Ref291317778][bookmark: _Toc292121257]Figure 3: Australian Asthma Handbook. Treatment steps in children. Stepped approach to adjusting asthma medication in children
[image: ]
Two randomised, placebo controlled trials were submitted. These studies were well designed and well executed and generally complied with relevant EMA guidelines adopted by the TGA.[footnoteRef:3],[footnoteRef:4] [3:  European Medicines Agency. Note for Guidance on the Clinical Investigation of Medicinal Products in the Treatment of Asthma (CPMP/EWP/2922/01). 2002. Available from: https://www.tga.gov.au/clinical-efficacy-and-safety-guidelines#respiratory]  [4:  European Medicines Agency. Note for Guidance on Clinical Investigation of Medicinal Products in the Paediatric Population (CPMP/ICH/2711/99). 2001. Available from: https://www.tga.gov.au/clinical-efficacy-and-safety-guidelines] 

The pivotal study for the submission was IA05. In this study 64% of subjects had severe persistent asthma. Mean daily ICS dose was > 500 µg fluticasone, consistent with subjects being treated with high dose ICS. The study demonstrated a significant efficacy benefit in terms of a reduction in the frequency of clinically significant exacerbations. In the overall study population, there was a 31% reduction in the number of exacerbations after 24 weeks and a 43% reduction after 52 weeks. Very similar reductions were observed in the subpopulation of subjects classified as having severe disease.
In the overall study population there were no significant benefits in terms of asthma symptoms, reduction in rescue medication or ICS use, or quality of life. The reduced number of exacerbations did not translate into a reduction in hospitalisations, emergency department visits or unscheduled doctor visits.
Study 010 is considered less relevant to the proposed indication. Only 8% of subjects were considered to have severe asthma and the population was being treated with low doses of ICS. The study also used a different dosage regimen to that being proposed in the submission. The study showed that in the enrolled population a significantly greater reduction in ICS dose could be achieved with omalizumab than with placebo. This finding is probably not relevant to the proposed indication, as Study IA05 failed to demonstrate a reduction in ICS dose with omalizumab in subjects with more severe disease.
The published ICATA study demonstrated benefits for omalizumab in terms of reduced symptoms, reduced frequency of exacerbations and reduced ICS dose. However this study was conducted in subjects aged 6 to 20 years old and with varying disease severity. Retrospective subgroup analyses suggested that the efficacy benefits were maintained in children aged 5 to 11 and in subjects with more severe disease. However, details of subpopulation of interest were very limited.
Overall therefore assessment of efficacy must rely on the findings of IA05. This study has shown a modest efficacy benefit for omalizumab over placebo, limited to a reduction in the frequency of exacerbations. This benefit was demonstrated for the whole study population and for the subpopulation with severe disease.
The submission also presented analyses of efficacy for another subpopulation in IA05; the European Union (EU) modified Intent-to-Treat (mITT) subpopulation, defined as those patients requiring high dose ICS plus LABA at baseline. This is the patient population that has been approved in Europe but is not the indication currently being sought in Australia. The efficacy benefits observed in the EU mITT population were comparable to those observed for the whole population in IA05.
[bookmark: _Toc454459003]Clinical safety
[bookmark: _Toc292121130][bookmark: _Toc290846284][bookmark: _Toc272414659][bookmark: _Toc454459004]Studies providing evaluable safety data
[bookmark: _Ref268776745]In the Summary of Clinical Safety, the sponsor presented pooled analyses of safety for children aged 6 to < 12 years. Analyses of various pooled populations were presented. The two analysis populations that are considered the most relevant to the current evaluation were:
The allergic asthma placebo controlled (AAP) population, which included subjects aged 6 to < 12 who received treatment in one of the two double blind placebo controlled studies (IA05 or 010);
The allergic asthma open-label (AAO) population, which included subjects aged 6 to < 12 who received treatment in one of seven open-label or uncontrolled trials. These trials are listed in Table 44. One of these (Q2143g or ALTO) was a large Phase III comparison of omalizumab against current best practice asthma treatment. It enrolled over 11,000 subjects but included only 128 subjects aged 6 to < 12 years. The other studies were uncontrolled. Studies 010E, Q2143g, Q2195g and Q2461g have previously been evaluated by the TGA.
[bookmark: _Ref291337665][bookmark: _Toc292121229]Table 44: Studies included in the AAO safety population
[image: ]
Placebo-controlled studies
In the two placebo controlled efficacy studies, the following safety data were collected:
General adverse events (AEs) were assessed at each study visit. AEs could be volunteered by the patient or discovered by the investigator on general questioning, physical examination or by laboratory testing. AEs were graded as mild, moderate or severe. AEs were coded using Medical Dictionary for Regulatory Affairs (MedDRA) terminology.
AEs of special interest were:
Serum sickness syndrome;
Skin rash and urticaria;
Hypersensitivity reactions
Anaphylaxis;
Bleeding related disorders;
Malignancies;
Injection site reactions.
Vital signs were measured at regular intervals;
Physical examination was conducted at regular intervals.
Laboratory tests, including the following, were performed at regular intervals:
Full blood count (haemoglobin, haematocrit, RBC, WBC with differential, platelet count);
Biochemistry (serum sodium, serum potassium, serum glucose, creatinine, BUN, uric acid, protein, albumin, calcium, total bilirubin, AST, ALT, alkaline phosphatase);
Urinalysis.
Open-label studies
Safety monitoring in the open-label studies was generally similar to that undertaken in the placebo controlled studies.
[bookmark: _Ref269204367][bookmark: _Toc292121131][bookmark: _Toc290846285][bookmark: _Toc272414660][bookmark: _Ref271195841][bookmark: _Ref271195835][bookmark: _Toc454459005]Pivotal studies that assessed safety as a primary outcome
The primary outcome variables for Study 010 were related to safety and tolerability. The safety findings from this study are described as part of the pooled AAP population.
[bookmark: _Toc292121132][bookmark: _Toc290846300][bookmark: _Toc272414662][bookmark: _Ref271196630][bookmark: _Toc241374318][bookmark: _Toc454459006]Patient exposure
In the AAP population, 624 subjects were treated with omalizumab and 302 with placebo. In the AAO population 407 subjects received omalizumab.
Duration of exposure for the AAP population is summarised in Table 45. Duration was comparable in the omalizumab and placebo arms, with a mean of approximately 42 weeks. Duration of exposure for the AAO population is summarised in Table 46. Mean exposure to omalizumab was 104 weeks, reflecting the fact that many of the studies were long-term extension studies.
[bookmark: _Ref291341004][bookmark: _Toc292121230]Table 45: Duration of exposure – AAP population
[image: ]
[bookmark: _Ref291341169][bookmark: _Toc292121231]Table 46: Duration of exposure – AAO population
[image: ]
[bookmark: _Toc292121133][bookmark: _Toc290846301][bookmark: _Toc272414663][bookmark: _Ref271044764][bookmark: _Toc241374319][bookmark: _Toc454459007]Adverse events
An adverse event was defined as any undesirable sign, symptom or medical condition occurring after patients started study drug, even if the event was assessed as being unrelated to the study drug.
1.1.2. [bookmark: _Toc292121134][bookmark: _Toc290846302][bookmark: _Toc272414664][bookmark: _Ref272333565][bookmark: _Ref272317284][bookmark: _Toc454459008]All adverse events (irrespective of relationship to study treatment)
1.1.2.1.1. AAP population
The overall incidence of AEs was 89.7% with omalizumab and 91.7% with placebo. Common AEs (those with an incidence of at least 3%) are shown in Table 47. Generally the incidence of individual AE terms was similar in the two groups. Omalizumab was associated with a higher incidence of pyrexia (15.1% versus 11.3%), viral gastroenteritis (3.8% versus 2.3%), upper abdominal pain (6.3% versus 5.0%) and headache (20.7% versus 19.5%).
[bookmark: _Ref291841961][bookmark: _Toc292121232]Table 47: Common AEs (incidence ≥ 3%) – AAP population
[image: ]
AAO population
Common AEs in the AAO population are summarised in Table 48. In the one controlled study in the AAO population, the incidence of AEs was higher in the omalizumab arm than in the control arm (74.1% versus 60.5%). Headache was notably more common (17.6% versus 7.0%).
In the total AAO population the incidence of AEs (84.8%), and the incidence of individual AE terms, were increased compared to the AAP population, reflecting the longer duration of treatment. However, the pattern of individual AE terms was similar.
[bookmark: _Ref291845796][bookmark: _Toc292121233]Table 48: Common AEs (incidence ≥ 3%) – AAO population
[image: ]
1.1.2.1.2. Incidence of AEs over time
Analyses of the incidence of AEs over time for both the AAP population and the AAO population did not suggest that the incidence of AEs increases with increasing duration of treatment. In the AAP population, the incidence of AEs occurring on the day of injection was 6.1% with omalizumab and 7.0% with placebo.
1.1.2.1.3. Severity of AEs
In the AAP population most AEs were rated as mild or moderate (Table 49). The incidence of severe AEs was not increased with omalizumab. In the AAO population (Table 50) there was a small excess of severe AEs with omalizumab in the controlled trial; 7.1% (n=6) versus 4.7% (n=2).
[bookmark: _Ref291846080][bookmark: _Toc292121236]Table 49: Severity of AEs – AAP population
[image: ]
[bookmark: _Ref291846212][bookmark: _Toc292121237]Table 50: Severity of AEs – AAO population
[image: ]
1.1.3. [bookmark: _Toc292121135][bookmark: _Toc290846303][bookmark: _Toc272414665][bookmark: _Ref272333567][bookmark: _Toc454459009]Treatment-related adverse events (adverse drug reactions)
Common drug-related AEs (those with an incidence of at least 1%) in the AAP and AAO populations were summarised.
1.1.3.1.1. AAP population
The incidence of drug-related AEs was 6.6% with omalizumab and 5.0% with placebo. The only individual AE term that was notably more frequent with omalizumab was urticaria (1.0% versus 0.3%).
1.1.3.1.2. AAO population
The overall incidence of drug-related AEs in the AAO population was 8.8%. The pattern of individual AE terms was consistent with that observed in the AAP population.
[bookmark: _Toc292121136][bookmark: _Toc290846304][bookmark: _Toc272414666][bookmark: _Ref272333507][bookmark: _Toc241374320]Deaths and other serious adverse events
There were no deaths in any of the paediatric studies.
A serious adverse event (SAE) was defined as an event that was fatal or life threatening, required or prolonged hospitalisation, resulted in persistent or significant disability or incapacity, constituted a congenital anomaly or a birth defect, or was medically significant in that it may have jeopardized the subject and could have required medical or surgical intervention to prevent one of the listed outcomes.
AAP population
The overall incidence of SAEs was lower among omalizumab-treated children than among those treated with placebo (3.4% versus 6.6%). The only SAE event that was notably more common with omalizumab was appendicitis (0.6% versus 0.3%).
AAO population
The overall incidence of SAEs was 5.4%. The only SAEs that occurred in more than one subject were ‘asthma’ (2.7%), appendicitis (0.5%) and pneumonia (0.5%).
[bookmark: _Toc292121137][bookmark: _Toc290846305][bookmark: _Toc272414667][bookmark: _Ref272333477][bookmark: _Toc241374325]Discontinuation due to adverse events
AAP population
Discontinuation due to an AE was uncommon and occurred with comparable frequency in the omalizumab and placebo groups (0.5% versus 0.3%).
AAO population
The overall incidence of discontinuation due to AEs was 0.7%.
[bookmark: _Toc292121138]AEs of special interest
Skin rash, urticaria, hypersensitivity reactions and bleeding related disorders
In the AAP population, the incidence of these events was comparable with omalizumab and placebo treatment (Table 51). In the controlled study in the AAO population, skin rash and bleeding disorders occurred more frequently with omalizumab (Table 52). The bleeding disorders (epistaxis and haemoptysis) were all mild in severity.
[bookmark: _Ref291852156][bookmark: _Toc292121243]Table 51: AEs of special interest - AAP population
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[bookmark: _Ref291852430][bookmark: _Toc292121244]Table 52: AEs of special interest - AAO population
[image: ]
Serum sickness syndrome
Serum sickness syndrome was not reported as an AE in either the AAP or AAO populations. The sponsor also identified a cluster of adverse event terms that could potentially relate to serum sickness (for example, angioedema, arthralgia, myalgia etc.). In the AAP population these terms occurred with comparable frequency in the two treatment groups (4.0% versus 3.0%).
Anaphylaxis
In the AAP population, two subjects had an anaphylactic reaction reported as an AE:
A 10 year old male randomised to omalizumab developed a rash after an injection of pethidine. The last dose of omalizumab had been given 17 days earlier. The rash resolved with antihistamine treatment after 1 day. The patient continued omalizumab treatment without any further episodes;
An 8 year old male randomised to placebo developed swelling after ingesting nuts. The last dose of omalizumab had been given 10 days earlier. The swelling resolved with antihistamine treatment after 1 day. The patient continued placebo treatment without any further episodes.
In the AAO population, no cases of anaphylaxis were reported.
Injection site reactions
Data on injection site reactions were not reported for the AAP and AAO populations. Instead, results from 4 studies (IA05, 010, Q2143g and D01) were provided. Study D01 was a randomised, placebo controlled trial in children with seasonal allergic rhinitis. A full study report for D01 was not included in the current submission. Studies 010 and D01 had a specific page in the case report form for these AEs, whereas Studies IA05 and Study Q2143g did not. The two pairs of studies were therefore summarised separately, as shown in Table 53. The incidence of injection site reactions was comparable in omalizumab treated and placebo treated subjects.
[bookmark: _Ref291856038][bookmark: _Toc292121245]Table 53: Injection site reactions
[image: ]
Malignancy
One child (aged 7, male) who received placebo treatment in Study IA05 developed medulloblastoma. No other cases of malignancy were reported.
[bookmark: _Toc292121139][bookmark: _Toc290846306][bookmark: _Toc272414668][bookmark: _Ref272333085][bookmark: _Ref271196640][bookmark: _Ref271044780][bookmark: _Toc241374321][bookmark: _Toc454459010]Laboratory tests
The sponsor defined a ‘clinically notable’ laboratory abnormality as shown in Table 54.
[bookmark: _Ref291858002][bookmark: _Toc292121246]Table 54: Criteria for clinically notable laboratory abnormalities
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[bookmark: _Toc292121140][bookmark: _Toc290846307][bookmark: _Toc272414669]Liver function
In the AAP population, abnormalities of AST and ALT occurred with comparable frequency in the omalizumab and placebo groups. Clinically notable changes were uncommon in both groups. The frequencies of AST and ALT abnormalities in the AAO population are shown in Table 55.
[bookmark: _Ref291857911][bookmark: _Toc292121248]Table 55: Abnormalities in LFTs and creatinine - AAO population
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[bookmark: _Toc292121141][bookmark: _Toc290846308][bookmark: _Toc272414670]Kidney function
In the AAP population, abnormal elevations of serum creatinine occurred with comparable frequency in the omalizumab and placebo groups. There were no clinically notable elevations. The frequency of creatinine elevations in the AAO population is shown in Table 55.
[bookmark: _Toc292121142][bookmark: _Toc290846309][bookmark: _Toc272414671]Other clinical chemistry
Analyses of other biochemistry parameters were not reported for the AAP and AAO populations. In the study report for IA05, results for bilirubin were summarised and abnormalities occurred with comparable frequency in the omalizumab and placebo groups. Analyses of other biochemistry parameters were not reported.
[bookmark: _Toc292121143][bookmark: _Toc290846310][bookmark: _Toc272414672]Haematology
In the AAP population, abnormalities of haematology parameters occurred with comparable frequency in the omalizumab and placebo groups. Four omalizumab treated subjects developed clinically notable reductions in platelet count. In all four cases, the platelet count had returned to normal on a follow-up sample. Nadir values were 77, 135, 111 and 31 x 109/L. The frequency of haematology abnormalities in the AAO population is shown in Table 56. Two cases of clinically notable thrombocytopaenia occurred. However, no details were provided. These should be requested from the sponsor.
[bookmark: _Ref291860837][bookmark: _Toc292121250]Table 56: Abnormalities in haematology parameters - AAO population
[image: ]
[bookmark: _Toc292121144]Anti-omalizumab antibodies
Only one subject in the paediatric studies developed confirmed ant-omalizumab antibodies. This was a 10 year old boy in Study IA05. No notable adverse events were observed in this subject.
[bookmark: _Toc292121145]Urinalysis
In the AAP population there were no notable differences between omalizumab and placebo groups in the incidence of abnormalities on dipstick testing (glucose, protein, red blood cells or white blood cells).
[bookmark: _Toc292121146][bookmark: _Toc290846314][bookmark: _Toc272414676]Vital signs
In the AAP population notable abnormalities in blood pressure and pulse occurred with a similar frequency in the omalizumab and placebo groups.
[bookmark: _Toc292121147][bookmark: _Toc290846317][bookmark: _Toc272414679][bookmark: _Ref272333048][bookmark: _Toc241374326][bookmark: _Toc454459011]Post-marketing experience
The clinical part of the submission included one periodic safety update report (PSUR). This report covered the 6 month period from 1 January 2014 and to 30 June 2014. This period was after approval for use in children and approval for the revised dosage table in Europe, New Zealand and Switzerland. Overall it was concluded that no new safety signals were identified during the period.
For the 3 month period of January to March 2014, the estimated exposure in children aged 6 to 11 years was 952 subjects. The cumulative exposure in children aged 6 11 years between June 2011 and March 2014 was 9,157 subjects for asthma and 2,512 subjects for other indications. The most common events reported in children aged 6 to < 12 years during the period are summarised in Table 57.
[bookmark: _Ref292097667][bookmark: _Ref292097615][bookmark: _Toc292121252]Table 57: Periodic Safety Update – Common reported AEs
[image: ]
HCP = Health care professional; PT = preferred term;
Of all the events reported, 27 were reported as serious. Thirteen of these cases were not assessable due to insufficient information. The remaining 14 included the following:
One report of thrombocytopaenia (7 x 109/L) in a 10 year old female who had received omalizumab for 10 months. The patient had positive serology for parvovirus B19 and a normal bone marrow. Omalizumab was ceased and the patient was treated with immunoglobulins, with improvement in platelet count to 57 x 109/L. Six months later the patient had a relapse (to 5 x 109/L) despite not receiving further omalizumab. The sponsor considered an alternative aetiology, such as ITP, was the more likely explanation for this event.
Three reports suggestive of allergic reactions (for example, rash, urticaria, erythema, pruritus);
Two reports of injection site reactions;
One report of allergic bronchopulmonary aspergillosis;
Two reports of dengue fever;
Five reports of asthma exacerbations.
There were no reports of anaphylaxis or malignancies in children aged 6 to < 12 years.
[bookmark: _Toc272414680][bookmark: _Ref272333005][bookmark: _Toc292121148][bookmark: _Toc290846318][bookmark: _Toc454459012]Safety issues with the potential for major regulatory impact
[bookmark: _Toc292121149][bookmark: _Toc290846319][bookmark: _Toc272414681]Liver toxicity
Liver function testing in the placebo controlled studies did not suggest an increased risk of hepatotoxicity with omalizumab in children.
[bookmark: _Toc292121150][bookmark: _Toc290846320][bookmark: _Toc272414682]Haematological toxicity
As described in the current product information, omalizumab has been associated with the development of thrombocytopaenia non-human primate species, with the risk increased in juvenile animals. In the AAP population, there was a slightly higher incidence of clinically notable thrombocytopaenia with omalizumab (0.6% versus 0.3%). However, cases in the omalizumab group were all transient and not associated with bleeding events.
There was one case of severe pancytopaenia reported with omalizumab in Study IA05. The sponsor should be asked to provide further details of this case.
[bookmark: _Toc292121151][bookmark: _Toc290846321][bookmark: _Toc272414683]Serious skin reactions
None of the serious AEs reported in the AAP or AAO populations were dermatological in nature.
[bookmark: _Toc292121152][bookmark: _Toc290846322][bookmark: _Toc272414684]Cardiovascular safety
In the AAP population there was no notable increase in the incidence of cardiovascular AEs in the omalizumab group.
[bookmark: _Toc292121153][bookmark: _Toc290846323][bookmark: _Toc272414685][bookmark: _Toc241374323]Unwanted immunological events
Omalizumab is known to be associated with adverse immunological events (including anaphylaxis and serum sickness). In the placebo controlled studies in this submission, the incidence of such events was not increased with omalizumab.
[bookmark: _Toc292121154][bookmark: _Toc290846324][bookmark: _Ref273005527][bookmark: _Toc272414686][bookmark: _Toc454459013]Other safety issues
[bookmark: _Toc292121155][bookmark: _Toc290846325][bookmark: _Toc272414687][bookmark: _Ref272331212][bookmark: _Toc241374322]Safety in special populations
Analysis by the sponsor of AEs according to age group (6 to 9 years versus 10 to 11 years), gender or race (Caucasian versus Black versus Other) did not reveal any notable differences.
[bookmark: _Toc292121156]Safety of revised dosage regimen
To support the safety of the revised dosage table the sponsor provided two additional analyses.
Doses of ≥600 mg in clinical trials
The sponsor identified all studies in which patients had received at least one dose of ≥ 600 mg of omalizumab (SC or IV). These studies were pooled, and within this pool patients receiving at least 600mg were compared to all other treated patients. A total of 5 such studies were identified. In these, a total of 87 subjects received doses ≥ 600 mg, and 317 subjects received lower doses. The overall incidence of AEs was comparable in the two groups (86.2% at ≥ 600 mg versus 89.6%).
The incidence of individual AE terms was also generally comparable between the two groups. Events more common in the ≥ 600 mg group and for which the difference in incidence was at least 3%, are shown in Table 58. There were several individual AE terms that were less common in the ≥ 600 mg group, with a difference of at least 3% (for example, URTI, sinusitis, influenza, back pain, muscle spasms and dizziness).
[bookmark: _Ref292105504][bookmark: _Toc450740793]Table 58: Safety of doses > 600 mg – Adverse events
[image: ]
Comment:	These data are difficult to interpret due to the small sample size. However they do not raise any significant new safety concerns.
Post-marketing reports where dose ≥900 mg per month
A review was conducted of adverse event reports that identified the dose as being ≥ 900 mg per month. The pattern of reported AEs was consistent with the previously documented safety profile of omalizumab.
[bookmark: _Toc292121157][bookmark: _Toc290846329][bookmark: _Toc272414691][bookmark: _Toc241374328][bookmark: _Toc454459014]Evaluator’s overall conclusions on clinical safety
In the submitted placebo controlled studies the safety profile of omalizumab appeared comparable to that of placebo. No new safety issues were identified in children.
Other paediatric studies and post-marketing data included in the submission did not identify any new safety issues when omalizumab was administered to children aged 6 to < 12 years.
PK/PD modelling suggests that the revised dosing regimen will result in modest increases in omalizumab Cmax. Changes in overall systemic exposure would not be expected. It is therefore considered unlikely that the revised dosage regimen would be associated with any significant safety concerns. Limited clinical trial and post-marketing data on the safety of doses ≥ 600 mg do not suggest any novel safety issues.
[bookmark: _Toc454459015]First round benefit-risk assessment
[bookmark: _Toc292121159][bookmark: _Toc290846331][bookmark: _Toc272414693][bookmark: _Ref272160836][bookmark: _Toc241374331][bookmark: _Toc236802592][bookmark: _Toc454459016]First round assessment of benefits
The benefits of omalizumab in children aged 6 to < 12 years are:
A reduction in the rate of clinically significant asthma exacerbations. The rate was reduced by approximately 31% after 24 weeks and 43% after 52 weeks. Similar reductions were observed in the subgroup of patients with serve asthma, the population being proposed by the sponsor.
The benefits of the proposed changes to the dosing regimen for adolescents and adults are:
Improved convenience and possibly compliance in patients, and reduced use of health care resources. No improvements in efficacy are expected.
[bookmark: _Toc292121160][bookmark: _Toc290846332][bookmark: _Toc272414694][bookmark: _Ref272160964][bookmark: _Toc241374334][bookmark: _Toc236802596][bookmark: _Toc454459017]First round assessment of risks
The risks of omalizumab in children aged 6 to < 12 years are:
Risks similar to those associated with its use in adults and adolescents (for example, allergic reactions).
The submitted data suggest that there are no significant additional risks associated with the proposed changes to the dosing regimen for adolescents and adults
[bookmark: _Toc292121161][bookmark: _Toc290846333][bookmark: _Toc272414695][bookmark: _Toc241374335][bookmark: _Toc236802597][bookmark: _Toc454459018]First round assessment of benefit-risk balance
Use in children aged 6 to < 12 years
The demonstrated efficacy benefits associated with omalizumab are limited to its effect on exacerbations. The benefits are modest, with a reduction in the rate of asthma exacerbations from 0.64 to 0.45 episodes per 24 week treatment period. In general, the submitted safety data do not suggest any new safety issues associated with use of omalizumab in subjects aged between 6 and <12 years. However, the drug is known to be associated with several adverse effects that are likely to occur in the paediatric population such as allergic reactions. Overall, the benefit-risk balance could be considered marginal.
In contrast to the original application in 2009, the sponsor is proposing to limit the approved population to children with severe asthma, who are uncontrolled on high dose ICS. The approved population in Europe is limited even further, to those subjects with severe asthma who are uncontrolled on high dose ICS and LABA. Given the limited evidence of efficacy it would be appropriate to restrict the indication to subjects with severe disease who are uncontrolled on optimal available therapy. Subgroup analyses of the pivotal study indicate that similar efficacy is likely to be obtained in such subjects. Unlike in Europe, the sponsor’s proposed indication for Australia does not require that subjects should have been treated with LABAs prior to commencing omalizumab. LABAs have been associated with adverse outcomes in children.[footnoteRef:5],[footnoteRef:6] Neither the current Australian Asthma Handbook[footnoteRef:7] nor the international GINA guidelines[footnoteRef:8] recommend routine introduction of LABAs in children who are not controlled on high dose ICS. Given the safety concerns associated with LABAs, it may be more appropriate for some patients to be commenced on omalizumab. Therefore, if the application is to be approved, the indication proposed by the sponsor is considered acceptable. [5:  Van Asperen P. Deaths from childhood asthma, 2004–2013: what lessons can we learn? Med Journal of Australia 2015; 202 (3): 125-127 ]  [6:  Xia Y, Kelton CML, Xue L et al. Safety of long-acting beta agonists and inhaled corticosteroids in children and adolescents with asthma. Ther Adv Drug Saf 2013; 4(6): 254– 263.]  [7:  National Asthma Council of Australia. Australian Asthma Handbook. 2015. Available from: http://www.asthmahandbook.org.au/]  [8:  From the Global Strategy for Asthma Management and Prevention, Global Initiative for Asthma (GINA) 2015. Available from: http://www.ginasthma.org/] 

Overall, the benefit-risk balance of omalizumab for the proposed paediatric population is considered favourable. This assessment takes into account the fact that the proposed population (severe disease, already on high dose ICS) is one with limited available treatment options.
Changes to the dosing regimen for adolescents and adults
Based on the PK/PD model developed by the sponsor, the overall benefit-risk balance for omalizumab will not be significantly altered, and therefore remains favourable.
[bookmark: _Toc454459019]First round recommendation regarding authorisation
It is recommended that the application be approved.
[bookmark: _Toc454459020]Clinical questions
[bookmark: _Toc454459021]Pharmacokinetics
Nil.
[bookmark: _Toc454459022]Pharmacodynamics
Nil.
[bookmark: _Toc454459023]Efficacy
Nil.
[bookmark: _Toc454459024]Safety
5. In the AAO safety population there were two cases of clinically notable reductions in platelet count - 1 in the re-treatment group and 1 in the new treatment group. Please provide summaries of these cases, including results of all platelet counts.
6. One case of severe pancytopaenia was reported (IA05 ARG/00002/00002). Please provide a summary of this case.
[bookmark: _Toc454459025]Second round evaluation of clinical data submitted in response to questions
[bookmark: _Toc454459026]Errors of fact and omissions
The evaluators has noted and amended this version of the evaluation report with comments noted by the sponsor. These changes have no effect on the outcome of the first round evaluation.
[bookmark: _Toc454459027]Response to clinical questions
Question 1
In the AAO safety population there were two cases of clinically notable reductions in platelet count, 1 in the re-treatment group and 1 in the new treatment group. Please provide summaries of these cases, including results of all platelet counts.
Novartis Response:
[Information redacted] was an 11 year old Caucasian male. He received placebo during the core study period from [information redacted], then received omalizumab during the extension period from [information redacted] and subsequently in a 3 year open label extension. The patient had a history of allergic asthma and allergic rhinitis. He was on treatment with beclomethasone dipropionate. The patient developed an URTI between [information redacted]. He was treated with amoxicillin [information redacted]. A low platelet count of 92 x 109/L was noted on the [information redacted]. Omalizumab was continued. Platelet counts before and after this was in the normal range. The patient was also noted to have intermittent low WBC and neutrophil counts.
[Information redacted] was a 6 year old Caucasian boy. He was on treatment with omalizumab during the core study period [information redacted], then omalizumab during extension studies from [information redacted] and [information redacted]. His medical history included allergic asthma for which he was treated with beclomethasone diproprionate. This patient also experienced intermittent allergic rhinitis and headaches for which he took ibuprofen for. A low platelet count of 22 x 109/L was noted on the [information redacted]. Omalizumab was continued. Subsequent platelet counts were normal. The patient was also noted to have a low WBC at the time.
Evaluator comment
The sponsor’s response is satisfactory. It is unlikely that these patient’s low platelet counts were related to omalizumab. Possible causes include artefactually low readings from clumping in the laboratory, viral illness, or concomitant medications.
Question 2
One case of severe pancytopenia was reported (IA05 ARG/00002/00002). Please provide a summary of this case.
Novartis response
This was a 7 year old male receiving omalizumab 225mg every 2 weeks. His first dose was on the [information redacted]. His medical history included allergic asthma and allergic rhinitis. Pancytopenia was noted on bloods performed at the central laboratory on [information redacted]. On one of these occasions, the samples were received later than 2 days after being taken. On [information redacted] his WBC was 3.5 x 109/L, neutrophil count 1.5 x 109/L, platelet count not provided due to clumps, and haemoglobin 74g/dL. The patient had his blood count repeated at a local laboratory, all parameters were normal.
Evaluator response
The sponsor’s response is satisfactory. The abnormal haematology results were unlikely to be due to the study medication.
[bookmark: _Toc454459028]Changes to the PI
Suggested in the first round evaluation report
Evaluator’s recommendations
7. For Study IA05 the results presented are from a subgroup analysis of subjects with baseline FEV1 > 80%. This is not the subgroup of patients that is the subject of this application, and the information should be deleted. The results for the entire population should be given, followed by the results obtained in the subgroup of patients with severe disease at baseline. Inclusion of the subgroup analysis by baseline LABA use is acceptable.
8. It is recommended that the text describing Study 010 should be deleted. Only 8% of subjects were considered to have severe asthma and the population was being treated with fairly low doses of ICS. The study also used a different dosage regimen to that being proposed in the submission. The finding of a reduction in ICS dose with omalizumab is probably not relevant to the proposed indication of severe asthma, as no reduction in ICS dose was achieved in Study IA05.
Novartis response
The results of the entire population of Study IA05 are described. Information from Study 010 has been deleted.
Evaluator response
The sponsor’s response is satisfactory
[bookmark: _Toc454459029]Additional safety related changes requested by the sponsor
The sponsor has proposed additional safety related changes to the PI following the results of a study (EXPAND) that characterised the risk factors for anaphylaxis following Xolair administration to asthma patients. This information became available during the review period of PSUR 20 from January 1 2014 to December 31 2014.
The following information is from the response
Background
The incidence of anaphylaxis in severe asthma patients is reported to be 65.35 cases per 100 000 patient years. Because Xolair is a protein, there is a possibility of immediate hypersensitivity reactions such as anaphylactoid reactions. Anaphylaxis and anaphylactoid reactions were rare in the clinical development program and balanced between Xolair and placebo arms. Cases of anaphylaxis and anaphylactoid reactions have been reported in the post market setting.
X-PAND (Q4458g) was a case control study using clinical data and serum repository of subjects who experienced anaphylaxis associated with omalizumab (cases) compared to subjects treated with omalizumab who did not experience anaphylaxis (controls). Potential cases of anaphylaxis or anaphylactoid reactions were adjudicated on the basis of Sampson Criteria. If a positive adjudication was made, the health care providers who reported cases were asked to enrol each anaphylaxis patient in the repository study and identify up to 4 suitable controls. Patients who had discontinued treatment for more than 16 weeks but less than 18 months were eligible to be tested for anti-therapeutic antibody assay and a skin test.
There were 30 cases identified. These were matched to 88 controls. A previous history of anaphylaxis was noted in 56.7% of anaphylaxis cases and 22.7% of control subjects. Exploratory analysis using a multivariate logistic regression model found that prior anaphylaxis was a risk factor for adjudicated anaphylaxis. Approximately 40% of patients with anaphylaxis experienced a reaction in the first 3 doses. All patients (n=31, 21 cases and 10 controls) that were tested for anti-treatment antibodies were negative for IgG and IgE isotypes to omalizumab.
Postmarketing safety data
A cumulative search of the safety database retrieved a total of 2873 evaluable cases. The majority of anaphylactoid reactions occurred after the first dose. Based on an estimated exposure of 566 923 patient years, the reporting rate of anaphylaxis was 0.16%.
Proposed changes to the PI
The sponsor proposed the following changes to the PI based on the information from the X-PAND study and post marketing data:
In post-marketing reports, the frequency of anaphylaxis in patients exposed to Xolair use was estimated to be 0.2% based on the total number of anaphylactic reactions observed from an estimated exposure of over 500,000 patient years.
A history of anaphylaxis unrelated to omalizumab may be a risk factor for anaphylaxis following Xolair administration.
Evaluator’s comments
The sponsor has noted a number of limitations of the X-PAND study and post marketing data. Despite this, the safety related changes are acceptable.
[bookmark: _Toc454459030]Sponsors response to further questions from the delegate
Question 1
In relation to the dosing: Is there any role in monitoring patients free IgE level and adjusting the dose of omalizumab to achieve a level < 50 (or 25) IU/mL?
Sponsor’s response
Two commercial free IgE assays have been compared to the Genentech assay used in the sponsor’s drug development program. Both of these assays were found to over report IgE levels. If patients are treated as per the dosing table provided by the sponsor, free IgE levels are expected to be less than 50ng/ml in > 95% of patients.
Evaluator comments
The response is acceptable and helpful.
Question 2
Based on the clinical trials, it appears that omalizumab is less efficacious in children than in adults. This may be because the clinical trials in children were smaller and underpowered to detect a significant difference, and the patients had less severe asthma than in the adult trials. Could the sponsor please provide some more background information about the heterogeneity and natural history of moderate and severe asthma in children?
Sponsor’s response
Although there have been more clinical trials in adults than in children, the clinical response in children is comparable or in some ways superior to in adults. For example, in the 5 placebo controlled RCT in adults and adolescents, Xolair reduced asthma exacerbations by 35% (95% CI 23-45%), compared with study IA05 where the relative rate reduction in asthma exacerbations was 30.7%. Patients with more severe asthma had greater benefits.
The sponsor acknowledges that benefits in secondary end points were not apparent in Study IA05 and explains this on the basis of a number of studies that have demonstrated that children and their families are unable to perceive differences in asthma control.
Epidemiological studies have shown that in around 50% of children, symptoms improve by adolescences. Those with more severe asthma are less likely to improve. Atopy is also a risk factor for persistent asthma. Poorly controlled asthma can lead to loss of lung function.
Evaluator’s comment
Although the poor ability of children and their families to accurate describe symptoms of control may contribute to bias towards no treatment difference in the reports of symptom score or quality of life, it does not explain the discrepancy between reduction in exacerbations but not difference seen in ICS, use of asthma rescue medications or ED presentations with asthma. The secondary outcomes also demonstrated an improvement in FVC but not FEV1.
There was also some inconsistency in findings between trials. For example in Study IA05 there was no reduction in ICS dose, whereas in IA010 patients were able to reduce the dose of ICS.
Question 3
For patients who respond to omalizumab, is ongoing treatment recommended, or is finite period better? What has been the experience with long term treatment in children and adults? Does the response wane over time?
Sponsor’s response
Few studies have evaluated long term efficacy of asthma therapies. The XPORT study evaluated the persistence of response in patients continuing or withdrawing from omalizumab therapy after > 5 years of therapy with omalizumab.
The XPORT study was a randomised, double blind, placebo controlled 52 week withdrawal study. Patients were enrolled in the study if they had received ≥ 5 years of omalizumab. The primary objective was to determine the persistence of response to omalizumab in patients with moderate to severe persistent allergic asthma who discontinued omalizumab after long term treatment. The study enrolled 176 adult patients, 88 who were randomised to treatment with omalizumab and 88 to placebo. A significantly greater number of patients showed persistency in the prevention of an asthma exacerbation in the omalizumab continuation group (n=59, 67%) versus placebo (n=42, 47.7%). There was a 40.1% relative difference in the proportion of patients with exacerbations. Time to fist protocol defined exacerbation was longer and symptom control was better in the omalizumab group. The incidence of adverse events was similar. However the authors also found that for some patients, cessation of therapy results in an increased likelihood of asthma exacerbations
Evaluators response
The response is acceptable. Further studies comparing omalizumab to other preventative therapies for long term control would be helpful. Information about discontinuation should be added to the PI.
Question 4
Does the use of omalizumab interfere with patch testing? For patients with allergies who are on omalizumab where clinicians may use serum IgE or patch testing to assess ongoing sensitization, how would clinicians judge whether it is safe to expose a patient to potential allergens?
Sponsors response
Omalizumab does appear to increase the likelihood of false negative to skin prick and perhaps also patch testing.
Evaluators comment
The response is acceptable. It would be helpful to add a comment in the PI in relation to the interpretation of serum IgE levels and skin prick and patch testing while patients are being treated with omalizumab.
[bookmark: _Toc454459031]Second round benefit-risk assessment
[bookmark: _Toc290663810][bookmark: _Toc290663966][bookmark: _Toc290664559][bookmark: _Toc290664868][bookmark: _Toc290665024][bookmark: _Toc290665752][bookmark: _Toc290665925][bookmark: _Toc290669473][bookmark: _Toc290669646][bookmark: _Toc290715963][bookmark: _Toc290716136][bookmark: _Toc290731463][bookmark: _Toc290731636][bookmark: _Toc290731957][bookmark: _Toc290732278][bookmark: _Toc290663811][bookmark: _Toc290663967][bookmark: _Toc290664560][bookmark: _Toc290664869][bookmark: _Toc290665025][bookmark: _Toc290665753][bookmark: _Toc290665926][bookmark: _Toc290669474][bookmark: _Toc290669647][bookmark: _Toc290715964][bookmark: _Toc290716137][bookmark: _Toc290731464][bookmark: _Toc290731637][bookmark: _Toc290731958][bookmark: _Toc290732279]The benefits and risks associated with the use of omalizumab in children aged 6 to 12 years with allergic asthma are unchanged as a result of the additional information presented.
[bookmark: _Toc454459032]Second round recommendation regarding authorisation
The clinical evaluator recommends approval.
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Omalizumab PK and IgE concentrations are summarised for trough samples drawn 84 days or more
after commencing treatment with active omalizumab in the moderate to severe allergic asthma studies
10, 1A05, 8, 9 and 11. Pediatric patients are those less than 12 years of age.
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9o 207 205 8820 6000 514 576
Morethan  Nepatients 118 B 19 B 119 B
700lUMmL 5" 9.1 847 2380 2886 761 103
Median 185 163 4060 595 140 215
Eo 318 305 7423 8087 268 309

99" 374 305 9383 8087 335 309
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Phase Pre-randomization ‘Study drug treatment No study
drug
treatment
Period Screen Rundn Double-blind treatment Follow-up
(1 week) (8 weeks) (52 weeks) (16 weeks)
Fixed Steroid |_Adjustable Steroid
Visit (5) 1 205 6012 131019 20023
Week (5) K] Bt02 1025 261053 541069
Asthma treatment
Trial None None ‘Omalizumab or placebo None
Medication 2:1 randomization ratio
ics Minimum | Monitor NHLBI best | No adjustment | Review ICS._ Adjust, | NHLBI best
NHLBIstep 3 | clinical practice. | toICSdose | ifnecessary, from | ciinical
therapy ‘Adiust f necessary startof phaseand | practice
accordingto | during first4 then no more than
bestclinical | weeks once every 8 weeks
practice
Concomitant | Usual dosage shed Maintain dosage regimen established | Monitor usual
T | e | esaptsregatieat | M oo oo
studyentry | ndomization. regimens.
No significant dose
adjustment during
the 4 weeks
immedately prior to
randomization
Rescue SABAGS | SABA (same 'SABA (same drug and device as at | SABA
Medication | required drug and device | screening) when required (same drug
as at screening) & device as
‘when required at
screening)
when
required

Note: Once the screening period begins, no additional asthma controller medications can be added to the.
patient’s standard of care uni the end of the 52 week treatment period.
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BODY WEIGHT (KG)

DOSING | BASELINE 30 [ >25. | >30- | >40- | >50- | >60- | >70- | >80- | >%0- | >125-
INTERVAL | IGE(UML) | 25 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 125 | 150
Qawks 230100 | 75 | 75 | 75 | 150 | 150 | 150 | 150 | 150 | 300 | 300
>100-200 | 150 | 150 | 150 | 300 | 300 300
>200-300 | 150 | 150 | 225 | 300 | 300 [ 225 | 225 | 225 | 300 | 375
300400 | 225 | 225 225 [ 225 | 225 | 300 [ 300
>400-500 | 225 | 300 225 | 300 | 300 | 375 [ 375

225 | 300 | 300 | 375
225 | 300 | 375

>700800 | 225 | 225 | 300 | 375

800900 | 225 | 225 | 300 | 375

~900-1000 | 225 | 300 | 375

>1000-1100_| 225 | 300 | 375

>1100-1200_| 300 | 300

>1200-1300 | 300 | 375

Do not dose in this area
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Total Volume Injected

Dose (mg) Number of Injections (mi)*
75 1 06
150 1 12
225 2 18
300 2 24
375 3 30

1.2 ml maximum delivered volume per vial.
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‘Omalizumab Placebo Total
(N=421) (N=207) (N=628)
n (%) n (%) n (%)
Full ITT popuiation 421 (1000) 206 (99.5) 627(09.8)
Modified ITT population (MITT) 384(012) 192(92.8) 576(917)
Per protocol population (PP) 364 (86.5) 180 (87.0) 544 (86.6)
Safety population 421 (100.0) 207 (100.0) 628 (100.0)
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‘Omalizumab Placebo All

Total no. of patients - n (%)

Randomized 421(100.0) 206 (99.5) 627 (99.8)
Treated 421(100.0) 207 (100.0) 628 (100.0"
Completed treatment phase 352 (83.6) 175 (84.5) 527 (83.9)
Discontinuations - n (%)

Total 69 (16.4) 32(155) 101 (16.1)
Adverse event 2(05) 1(05) 3(05)
Abnormal laboratory test(s) 0(0.0) 0(0.0) 0(0.0)
Abnormal test procedure result(s) 0(0.0) 0(0.0) 0(0.0)
Unsatisfactory therapeutic effect 102 2(1.0) 3(05)
‘Subject's condition no longer requires study 307 0(0.0) 3(05)
drug

Protocol violation 8(19) 629 1422)
‘Subject withdrew consent 21(50) 7(34) 28(45)
Lost o follow-up 12(29) 5(24) 1727)
Administrative problems 2(2) 11(53) 3(53)
Death 0(0.0) 00009 0000

* One patient received study medication without being randomized and is included in the Safety population but
excluded from the ITT population.
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‘Omalizumab Placebo Al
“Total no. of patients - n (%) 159 76 235
Completed 134(843) 64(842) 198 (843)
Discontinued 25(157) 12(158) 37(157)
Adverse event 2013 0(00) 2(09)
Unsatisfactory therapeutic effect 1(08) 0(00) 104)
Protocol violation 561 2(26) 7(30)
‘Subject withdrew consent 1205 463 16 (6.8)
Lost o follow-up 4025 4(53) 8(34)
Administrative problems 108 226) 3013)

*A patient who received at least one dose of treatment is counted in the total row for each treatment

Adverse events include asthma exacerbations.
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Total
Category for exclusion
Patients excluded for GCP issues
Inclusion criteria
Exclusion criteria
‘Study medication

‘Omalizumab
N=421
n %)

57(135)

48(114)
707
2(05)
2@5)

Placebo
N=207
n (%)

27(130)

21 (101)
913
0
1(05)

Total
N=628
n (%)

84(134)

69(110)
16 (25)
2(03)
305)
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Omalizumab  Placebo Total
N=421 N=207 N=628
Age (years) Mean (SD) 87(17) 84(17) 86(17)
Median 20 80 20
Range ©-11) ©-11) (6-11)
‘Age distribution -n (%) 59 254 (60.3) 143 (69.1) 397 (632)
1011 167 (39.7) 64(309) 231(368)
Gender -n (%) Male 287 (682) 138 (66.7) 425 (61.7)
Female 134 (31.8) 69(333) 203(323)
Race -n (%) Caucasian 249 (50.1) 128(61.8) 377 (60.0)
Black 69(16.4) 30 (145) 99 (158)
Oriental 0(00) 2(10) 2003)
Other 103 (24.5) 47227) 150 (23.9)
FEVs (% of predicted) Mean (SD) 86.0(178) 872 (184) 86.4(18.0)
Median 861 883 869
Range. (25-148) (28-142) (25-148)
FEV, Reversibility” (%) N 208 100 308
Mean (SD) 258(173) 238 (149) 25.1(165)
Median 203 187 194
Range ©-124) (16-77) (16 - 124)
Historical reversibility (%) N 215 109 E
Mean (SD) 252 (140) 224 (100) 243(128)
Median 207 190 200
Range (12-94) (12-59) (12-94)
‘Serum total IgE (U/mL) Mean (SD) 4760(3393)  4569(3358) 4697 (3380)
Median 4040 3880 4030
Range. (@7-1371) (29-1376) (@7-1378)

~ Percent increase in FEV1 over baseline within 30 minutes of rescue medication (taken anyime between

Visits 1-6 (Week 9 to 1)

* Historical reversibilty within the last 12 months prior o entry
Note that due to a potential overiap in timing, historical reversibity and FEV1 reversibily data are not

‘mutually exclusive.
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‘Omalizumab. Placebo Total
N=421 N=207 N=628

Qualitying exacerbations — (%)
One severe exacerbation in the past 12 months T7(183%)  40(193%)  117(186%)
Two independent exacerbations i the previous 267(634%)  128(618%)  395(629%)
12 months
‘Three independent exacerbations in previous 24 77 (18.3%) 9(188%)  116(185%)
‘months one of which occur i the past 12 months

Number of clinically significant exacerbations

(including qualfying) within past year
Mean (SD) 26(14) 25(12) 26(14)
Median 20 20 20
Range (1-12) ©7n (©12)
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‘Omalizumab Placebo Total
N=421 N=207 N=628
Day-time asthma symptom criteria met- n (%) 270(641%)  124(599%) 394 (627%)
Number of patients with day-time asthma symptom MY (758%)  157(758%) 476 (75.8%)
score >=1 on at least 20 out of the last 28 days
Number of patients with mean asthma sympom score 281 (66.7%) 127 (614%) 408 (65.0%)
>=1.5 over the last 28 days
Mean daytime symptom score for the last 28 days.
Mean (SD) 1709 17(09) 1709
Median 16 16 16
Range. ©9) ©5) ©9)
Night time asthma symptom criteria met (night ime 321 (762%) 160 (77.3%) 481 (76.6%)
‘awakenings requiring rescue medication use on
‘average >1 per week) (%)
Either daytime or night-time symptom criteria met 415(98.6%)  199(96.1%)  614(97.8%)
Symptom criteria not met or missing 6(1.4%) 8(3.9%) 14 (22%)
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Summary of NHLBI (2007) asthma severity classification at baseline by treatment
(Safety population)

Asthna omalizunab Placebo Total

severity Ne21 Ne628
Intermittent 1 0.2) 0 ( 0.0) 1 0.2)
Hild Persistent 1 1.0 2 ( 1.0 5 ( 1.0)
Moderate Persistent 150 ( 35.6) 70 ( 33.8) 220 ( 35.0)
Severe Persistent 266 ( €3.2) 135 ( 65.2) 401 ( 63.9)
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‘Omalizumab Placebo Total

N=421 N=207 N=628
Inhaled corticosteroid dose' (ug/day)
N 21 207 628
Mean (SD) 517.8 (285.9) 509.5 (285.0) 515.1 (285.4)
Median 5000 4545 4545
Range (119-1705) (200-1880) (119-1880)
Patients using at baseline n (%):
inhaled long acting beta-2 agonist 277 (65.8%) 146 (70.5%) 423 (67 4%)
‘maintenance oral steroid 8(1.9%) 0(0.0%) 8(1.3%)
anti-leukotriene therapy 163 (38.7%) 67 (32.4%) 230 (36.6%)
‘short acting beta-2 agonist 367 (87-2%) 182 (87.9%) 549 (87.4%)
Normal* number of daily puffs of short acting
beta-2 agonist at baseline
N 67 182 549
Mean (SD) 2827 26(24) 28(26)
Median 20 20 20
Range ©18) ©8) ©18)
T Fluticasone equivalent dose.

+ *Normal number of daily puffs” as recorded on the eCRF
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‘Omalizumab Placebo Total
N=150 N N=235
Inhaled corlicosteroid dose (ug/day)
Mean (SD) 7412(2550)  7498(279.8)  7440(2627)
Median 600.0 5841 600.0
Range 5001705 5001880 500-1880
Patients using at baseline 1 (%):
inhaled long acting Bz-agonist 150.0 (100) 76 (100) 235 (100)
maintenance oral steroid 5(38) 000 6(26)
short acting B-agonist 153(962) 73961 226/(%62)
‘Normal* number of daiy puffs of short acting Bz
‘agonist at baseline
Number of patients with recorded puffs 153 7 226
Mean (SD) 287) 244 27(26)
Median 20 20 20
Range 012 08 012

* Normal number of daily puffs, as recorded on the eCRF
Note: ICS dose expressed as a fluticasone equivalent dose
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Placebo

N-192
Primary analysis
Rate of ciically significant asthma exacerbations 045 054
per treatment period
Omalizumab / Placebo 0693
95% Confidence interval (0533,0903)
pvalue® 0007
‘Supportive analyses
Number. (%) with no ciinically significant AEES 247(643) 12(58.3)
Number. (%) with = 1 clinicaly significant AEE 137(35.7) 80(417)
Between treatment comparison for proportions with 0167
or without clinicall significant AEES; p-value**
Difference in proportons of patients with cinically 0059
significant AEES"
95% Confidence interval (0.143,0025)
Freq. clinically significant AEES —n (%)
o 247 643) 12(58.3)
1 86(22.4) 41(214)
2 3809 23(120)
3 223 1263
= 400 @1
Between treaiment comparison of frequency of 0069

ciinically significant AEEs; p-value***

'AEE: Asthma exacerbation episode (mputed)

* Poisson regression including terms for treatment, country, dosing schedule and exacerbation history
* Cochran Mante-Haenszel test siratfying for dosing schedule

*** yan Elteren test stratifying for dosing schedule
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‘Omalizumab Placebo

N=159 N=76
Primary analysis
Rate of clinically significant asthma exacerbations per 042 063
treatment period
Omalizumab ! Placebo 0.662
95% Confidence interval (0.441, 0.995)
p-value® 0.047

AEE: Asthma exacerbation episode (with imputation)
* Poisson regression including terms for treatment, country, dosing schedule and exacerbation history
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Placebo

N-192
Primary analysis
Rate of ciically significant asthma exacerbations 078 136
per treatment period
‘Omalizumab | Placebo 0573
95% Confidence interval (0.453,0725)
pvalve® <0001
Supportive analyses.
Frequency of ciical significant AEEs —n (%)
0 203(29) 76 (39.6)
1 9(250) 47(245)
2 40(10.4) 2714)
3 24(63) 15(7.8)
= 21(55) 2714
Between treament comparison of frequency of <0001

ciiically significant AEEs; p-value**

'AEE: Asthma exacerbation episode (mputed)

* Poisson regression including terms for treatment, country, dosing schedule and exacerbation history. The
results significant at the level determined by the Hochberg procedure (p<0.0167).

** van Elteren test stratifying for dosing schedule
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Omalizumab _ Placebo

N=159 N=76

Primary analysis

Rate of clinically significant asthma exacerbations per treatment period 073 144
Omalizumab ! Placebo 0.504
95% Confidence interval (0.350, 0.725)
p-value® <0001

'AEE: Asthma exacerbation episode (with imputation)

* Poisson regression including terms for treatment, country, dosing schedule and exacerbation history. The result
is significant at the level determined by the Hochberg procedure (p<0.0167).

** van Elteren test stratifying for dosing schedule
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‘Suvhal Distibution function (%)

- ® - 20 0 Y Y -
Time 1o first clinically sigrificant asthma exacerbation (days)
et gop  ————— Omuame -~ Pt

0501, 0.827), Cox proportional hazards model
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24-week fixed steroid 52-week period

‘Omalizumab Placebo ‘Omalizumab Placebo
(N=384) (N=192) (N=384) (N=192)

Hospital admission

Rate per treatment period 0.04 003 007 013
‘Omalizumab / Placebo (95% C1) 1099 (0428, 2826) 0531(0.258, 1.091)
pvalue 0844 0.085

ER visits

Rate per reatment period 007 008 011 014
‘Omalizumab / Placebo (95% C1) 0.672 (0369, 2.061) 0810 (0.326, 2014)
prvalue 0754 0.665

Unscheduled doctor visits

Rate per treatment period 016 015 025 029
‘Omalizumab / Placebo (95% C1) 1029 (0681, 1554) 0865 (0.624, 1198)
pvalue 0893 0382

Total emergency visit

Rate per reatment period 024 024 043 053
‘Omalizumab / Placebo (95% C1) 1.000 (0685, 1461) 0807 (0590, 1.103)
pvalue 0999 0179

Severe asthma exacerbation

Rate per reatment period 010 018 012 024
‘Omalizumab / Placebo (95% C1) 0555 (0.325, 0.948) 0495 (0.305, 0.803)
pvalue’ 0031 0.004

T Poisson regression including terms for treatment and schedule of dosing for 24-week period, severe asthma
exacerbations without imputation
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NHLBI (2007) guideline classification Omalizumab  Placebo Ratio %
(95%Cl) __Reduction
Rate clinically significant asthma exacerbations.
during the 24-week treatment period
Moderate persistent asthma N=139 N=65
038 044 0863 14%
(0524, 1422)
Severe persistent asthma N=240 N=125
048 or 0678 2%
(0.499,0922)
Rate clinically significant asthma exacerbations
during the 52-week treatment period
Moderate persistent asthma N=139 N=65
065 1.00 0.654 8%
(0.430,0.994)
Severe persistent asthma N=240 N=125
087 152 0571 43%
(0432,0753)

Note: N is the number of patients in each treatment group with moderale persistent and severe persistent asthma

respectively, and includes patients with 0 exacerbations.




image25.png
Omalizumab  Placebo Ratio %

(©5%Cl___ Reduction
Rate clinically significant asthma exacerbations
during the 24-week treatment period
Inhaled corticosteroid >4004g Flutcasone anda  N=162 =
long-acting beta-2 agonist 040 050 067 %
(0.453,1.018)
Inhaled corticosteroid 25004 Fiuicasone anda  N=159 =3
long-acting beta-2 agonist 0i2 06 o662 e
(0.441,0.995)
Rate clinically significant asthma exacerbations
during the 52.week treatment period
Inhaled corticosteroid >4004g Flutcasone anda  N=162 =
long-acting beta-2 agonist o 136 0514 9%
(0.358, 0.738)
Inhaled corticosteroid 25004 Fiuticasone and a =3
long-acting beta-2 agonist a4 0504 0%
0350,0.725)

Note N is the number of patients in each treatment group with >400g and 2500 futicasone + LABA
respectively. and includes patients with 0 exacerbations.
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NHLBI (2007) guideline classification Omalizumab  Placebo Ratio %
(95%Cl) __Reduction
Rate clinically significant asthma exacerbations.
during the 24-week treatment period
LABA users N=247 N=134
042 056 0748 2%
(0540, 1.037)
LABA non-users N=137 N=58
047 085 0553 5%
(0.354,0863)
Rate clinically significant asthma exacerbations.
during the 52-week treatment period
LABA users N=247 N=134
o 128 0555 5%
(0.417,0.739)
LABA non-users N=137 N=58
089 152 0583 41%
(0.385,0884)

Note: N is the number of patients in each treatment group with moderate persistent and severe persistent asthma

respectively, and i

cludes patients with no exacerbations.
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Rate of clinically significant asthma Ratio %
exacerbations Omalizumab _ Placebo  (95%Cl) _Reduction
24-week fixed steroid treatment period
Percent predicted FEV; <60% N=26 N=16
075 108 0696 0%
(0319, 1.521)
Percent predicted FEV; 60-<80% N=117. N=51
046 o 0643 6%
(0.425,0.972)
Percent predicted FEV 280% N=240 N=125
041 057 0722 28%
(0.499, 1.044)
52-week double-blind treatment period
Percent predicted FEV; <60% N=26 N=16
kel 184 0.933 7%
(0.430,2.024)
Percent predicted FEV; 60-<80% N=117. N=51
074 157 0.469 53%
(0.331,0.664)
Percent predicted FEV; 280% N=240
070 124 0566 43%
(0.410,0.782)

N is the number of patients in each treaiment group with percent predicted FEV 60%, percent predicted FEV 60-
<80% and percent predicted FEV; =80%. respectively, and includes patients with 0 exacerbations.
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Clinically significant

asthma exacerbation rate

Omalizumab__Placebo Ratio (95% CI) % Reduction
24-week fixed steroid period
IGE quartle 1: 0- < 200 IUmL. Neg2 N=50
057 060 0953 (05721589 5%
IgE quartle 2: 200 - < 407 1ML N=go N=a7
036 061 0.587 (0352, 0.981)" 41%
IgE quartle 3: 407 - <726 1U/mL N=96 N=ag
047 065 0729(0.425,1250) 7%
IgE quarte 4= 726 UL Neo7 Nea7
039 074 0.530 (0308, 0.912)° 4%
52-week double-biind treatment period
IGE quartle 1: 0- < 200 IUmL. Neg2 N=50
095 120 0735(0.467,1.157) 2%
IgE quartle 2: 200 - < 407 1ML N=go N=a7
070 115 0.609 (0.402, 0.921)° 39%
IgE quartle 3: 407 - <726 1U/mL N=96 N=tg
082 143 0.572 (0354, 0.925)° 43%
I0E quartile 4 = 726 1U/mL Neo7 Nea7
067 166 0.405 (0.246, 0.666)° 59%

Nis the number of pafients in each treatment group in each subgroup, and includes paients with 0 exacerbations.

042, omalizumab vs. placebo
022, omalizumab vs. placebo
=0.019, omalizumab vs. placebo
023, omalizumab vs. placebo
<0.001, omalizumab vs. placebo
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Schematic design diagram

T W [0 v
Screening Run-in Double-blind Core. Open-fabel
lIA Stabilization Extension
WIB Steroid reduction
Visit 1 2 313 1420
Wesk 7 64100 Oto2s 2052
‘Asthma treatment /| None None MUMAD-E25 or Placebo | muMAD-E25
‘Study treatment
Inhaled BDP>168-420 | BDP 168420 g/ | IlIA:BDP 168420 g/ | BDP treatment as
Corticosteroids ug/day or day day stable dose (16 ‘approprite for
equivalent weeks) ‘maintenance (24
weeks)

IB: tapered BDP dose.
up 10 8 wks, BDP stable
dose 4 wks
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Table B. Definitions of ICS dose levels in children
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ety st

o egoaret e ks et o

Source
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il Trace Sotany f A i ew Zednd.
bt

ustoon Asthnaandbook et D:21




image31.png
Miligrams (mg) Per Dose

Body weight (kg)
Frequency
Baseline | 20-30 | >3040 | >40-50 | 5060 | >60-70 | >70-90 | ©f Dosing
IgE

(1U/mL)

>30-100 | 150 150 150 150 150 150 Qawk
>100200 | 150 150 300 300 300 300

>200-300 150 300

>300-400 300 225 300 Q2wk

>400-500 300 225 300 300 375

>500-600 225 300 300

>600-700 225 225 300

>700-800 225 300 375

>800-900 225 300 Not Dosed
>900-1000 300 375
>1000-1100 300
>1100-1200 300

>1200-1300
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Total no. of Treatment Group (Perlod Ill Double-blind Core Study)
patlents studled | uMAb-E25 Placebo  MuMAD-E25  Placebo ThuMAD-E25  Placebo

LY2) Q2wks __Q2wks _ Qdwks Qawks _ Overall __Overall
no_ randomized 76 35 149 74 225 109
no. completed
stabilization 71(934) 31(886) 145(97.3) 70(946) 216(960) 101(927)
no. completed

steroid reduction 71(934) 29(829) 138(926) 68(919) 209(929)  97(89.0)

discontinued
Total 5(66)  6(17.1) 11(74)  6@81)  16@1)  12(110)
Death 0(00) 0(00) 0(00) 0(0.0) 0(00) 0(0.0)
AE(S) 0(00) 0(0.0) 1(07) 1(1.4) 1(04) 1(09)
Unsatisfactory 0(0.0) 0(0.0) 107) 1(1.4) 1(04) 1(09)
therapeutic effect

Protocol violation 0(00) 2(57) 1(07) 0(0.0) 1(04) 2(18)
‘Subject withdrew 3(39) 3(886) 4(27) 2(27) 7@1) 5(48)
consent

Administrative

problem 2(26) 1(29) 1(07) 2(27) 3(1.3) 3(28)

Lostto follow up 0(00)  0(00) 320 0(00) 3(13) 0(00)
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Number (%)

rhuMAb-E25 Placebo
Protocol deviation overall (N=225) overall (N=109)
Total number 113 (100) 47 (100)
Baseline run-in period < 4 weeks 35 (31.0) 19 (40.4)
Change in BDP maintenance dose 16 (14.2) 4(8.5)
of 50% or more for > 28 days
Baseline BDP dose <4 or > 10 11(9.7) 5(10.6)
puffs/day
BDP dose reduction in last 4 weeks 9(8.0) 6(12.8)

of steroid-reduction
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rhuMADb-E25 Placebo Al
Overall Overall Patients
N=225 N=109 N=334
Sex, n (%)
Male 158 (70.2) 73 (67.0) 231 (69.2)
Female 67 (29.8) 36 (33.0) 103 (30.8)
Race, n (%)
Caucasian 168 (74.7) 86 (78.9) 254 (76.0)
Black 38(16.9) 14 (12.8) 52 (15.6)
Other 19( 8.4) 9(83) 28( 8.4)
Mean age, year 94 95 94
(range) (5-12) (6-12) (5-12)
Mean duration of asthma, year 6.1 6.1 6.1
(range) (1-12) (1-12) (1-12)
Mean BDP dose, mcg/day 284 267 278
(range) (168-672) (168-504) (168-672)
Mean serum total IgE, IU/mL. 348 323 340
(range) (20-1269) (29-1212) (20-1269)
Mean FEV1, % predicted 84 85 84
(range) (49-129) (43-116) (43-129)
Mean qualifying FEV1 reversibility, % 2039 19.59 2013
Severity of Asthma’ n (%)
Moderate 204 (90.7) 103 (94.5) 307 (91.9)
Severe 21(93) 6(5.5) 27 (8.1)
Hospitalization for asthma treatment 18(8.0) 9(80) 27 (8.0)
past year, n (%)
Mean ER visit for asthma past year 06 06 06
Mean doctors office visits for urgent 19 1.6 18
asthma treatment past year
History of
Atopic dermatitis, n (%) 28 (12.4) 13(11.9) 41(12.3)
Seasonal Allergic Rhinitis® 174 (77.3) 85 (78.0) 250 (77.5)
Perennial Allergic Rhinitis® 175 (77.8) 79 (72.5) 254 (76.0)
Aeroallergens sensitivity 209 (92.9) 99 (90.8) 308 (92.2)
Foods sensitivity 49 (21.8) 24 (22.0) 73 (21.9)
Animals sensitivity 179 (79.6) 86 (78.9) 265 (79.3)
Dustmite sensitivity 194 (86.2) 83 (76.1) 277 (82.9)
Cockroach sensitivity 53 (23.6) 20(18.3) 73 (21.9)

TModerate: % predicted FEV1 > 65%; severe: % predicted FEV1 < 65%
$ Based on history of aeroallergen sensitivity. ° Based on history of dust mite sensitivity.
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Number of

asthma
exacerbation || thuMAb-E25  Placebo
episodes Overall ___ Overall
0 184 67
(81.8%) (61.5%)
1 18 25
8.0%) (22.9%)
2 8 7
(36%) (6.4%)
3 1 1
(0.4%) 0.9%)
>=4 14 9
(62%) ©3%)
Total 225 109
(100.0%) __ (100.0%)
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‘Omalizumab Placebo
03 N=05

Primary analysis

Rate of clinically significant AEES per 16-week treatment period 038 076
Omalizumab / Placebo 0504

95% Confidence interval (0.355,0714)
pvaluet <0.001

AEE: Asthma exacerbation episode

* Poisson regression including terms for treatment, dosing schedule, and history of total number of ER and
doctor's office visis.

** van Elteren test stratifying for dosing schedule
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‘Omalizumab Placebo

N=203 N=95
‘Number of patients 203 o
Mean (SD) 734(37.22) 634 (40.32)
Median -1000 750
Range -100- 100 -100- 100
prvalue 0013

'End of 12-week steroid adjustable period

Visit 13 (week 28) or early discontinuation
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Omalizumab

N=38
Baseline” 016 weeks 024 weeks
‘Number of asthma exacerbations.
N 38 38 38
Mean (SD) 31(204) 03(057) 04(072)
Median 20 00 00
Range -8 ©-2 -3
Frequency of asthma exacerbations - n (%)
None 0 29(763) 26 (68.4)
1 10(26.3) 7(18.4) 9(237)
2 10(26.3) 2(53) 2(53)
3 4(105) 0 1(26)
>4 14(36.8) 0 0
Rate of asthma exacerbations per patient year 299 095 092
<0.001 <0.001

Wilcoxon signed rank test for comparison to baseline

Note: Asthma exacerbations with imputation.
* The previous 12 months plus the run-in period.
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Table 2. Adjustad Treatment Effect o Asthma Symptoms and Health Care Use during 48 Wesks of Follow-up.*

Pacbo  Omalzumab  Difference
Varible -z 208) O%at Pvae
Asthmarelsted symptoms — no.of dayzinZwk 1962010 148:010  -048(07710-020) <0001
preceding vty

Wheszing 176009 132:000 044 (0700-017) 000

Interferance ith sctivy 03007 070:007 02804710009 0003

Nighttime lep dirupton 055005 0.42:005 017 (0310003 002
Mizzed school — o, of day 025003 016003 003 (0l8t0-00] 0038
Asthma contrl

CACT scorenprovous month,sgedto Llyr  222:021  20:021 0780200135 0007

ACT scorenprevous morth,sge Lyrorlder 2302 25:022 013 (0420079) 054
Lung funcion

£V, — % of precictedvaue 9706 Re0E 0208026y 030

FEVAVCI00 715038 73036 01 (lkw0sy 08l
Medicaton

Adverence —% BENS  MELTS  3%(8Bwll)  0R

Stepleve qualto 1 or 2— 51 %7533 BE0 16366021 000

Steplevel squato 4106 — 56| 0840 31235 -196(301w-91) <000

Inbaled glucocorticoids prescribed —pgldsy™ 711235 663233 109 (V21045 <0001
Long acting, agorists prescribed — 5. 655247 SA2M 01(16S034) 0003
At rlsted heslthcae uze — ST

<1 Hospializton 6315 15209 A7(86009 0o

<1 Exscebation 537 30383 (185 (2820-88 <000

* Plus-minus valve ae eans <5, adjusted for sty i, i, season, dosing, 4nd baseline levels,unless noted
ctherise. FEV, denotes forced cpiatoyvolume inone second, and FC forced vl capacy

 Untounded values were used todeteminethe diference bebween roups.

1 The mumber ofday with symptoms wes calcsted s th agest of she folloving varisles during the previous 2 wesk:
umber of days wht whesing,chest Hghines, o cough; umber of it of eep disturbance and rurbe ofday=
e aciiis were fected, s symptom scle ranges fom 010 14 days per Zoveek perod.

§ The rumber of scholday missed was avalabl for 39 of the 413 sty paricipans

3 Scores on the Childhaod Acthma Contrl Test (CACT)and th Asthma Cortrol Taat (ACT) were messured o sclesof
01027 and 5 10125, respectivly. A score of 19 rlsa o ethertestindicate that asthma s notwel contaled. The
minimally important diference for ACT equls 3 pants, tht for Chidhoad ACT i not defned.

| Si retrmnt seps wereestblished, consistent it report 3 ofth Ntional Asthma Eduction and Preventon
Program guidelines o standardize prescibing paterns accoding tolve of sthma severty, these steps are provi-
e in fll in the Supplementay Appendi and re summarized here. - Stepe 1 3nd 2 appl 0 il ssthme, ep 1o
moderatesshms, and seps 4 Hrcugh &t severe sstms. At st , the recommendatio s fo 1o st control
medicaion or slbuterol s needd: at step 1. budesonide— 1805 oncea ey t sep . budesonide— 80 twice
Sy, st tep 3, budesonide — 360 g twice 3 oy ot sep 4, Rutcasone.saimeteral (i, GlaxoSmithling]
250 g Rticazone and 50 g zametrol twce 3 oy, st sep 5, Adie — 250 g and 50 ics 3 day pl mortel
astonce  dey nd st st &, Advelr — 500 g and 50 g e doy plus montelukastance s cey. (T doses or
montelukast ar 5 mg per day for cidren <14 years of sge and 10 mg percay fo those <15 years of sge)

1 The dose o nhaed glscocoricalds s converted t the budezonide aquvalent dose
Asthma sl sted helthcare s wa adjuetad for sty site snd doving because of th scrce datsfor baseline evelz.

15 A exscebation wes defined s 5 prediisons burs ( inimum of 30 mg per day of predizone, ot equialnt,
ke for any 3 o 5 consscutve daye) or s hosptlization.
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Figure. Stepped approach to adjusting asthma medication in children

FEW CHILDREN

Stepped up regular preventer

ICS (high dose) o ICS (low dose) plus montelukast o
ICS/LABA combination (iow dose]

Consider referral

Toble:Revlewing and adustin pevente treatment or chdren o5ed 08
Tobl:Reviewing and austing pevente tratmentfor chdre aged & eats andover

SOME CHILDREN
Regular preventer
1CS (low dose) or montelukast or cromone:

Table. Deiltions o CSdoseleves n chldren
Tabl il preventr teatment o chidren 0.5 ears
Tabl Iiil preventer treatmnt o children  yearsand over

ALL CHILDREN

As-neededrellever.
SABA'

Review recent control and risk regularly®

Toble. Defiltlon ofevl f ecent asthma symptom contrl nchildren regardls f creent teatment egimen)

Before consideringteppingup,check ymploms are e o st Inhalertechniue s correct and adherence s adequate.

‘Considr stepping upif ood controlisnotacheved.

N

‘When sthmas stabe and wellcontrole ormore than 2 morths,conskderstepping down e reducing nhled ortcoterok dose ool

1 Il oncomtarkt SABK:short cing et sgonist; LABA:ong acing etz agont

*Orloe-dos bdsondsfformoteol b,y for chienage 12years fcer o re g tis combinaion s bothmlaenance an elleer.
$ina0ton manag e ups wlth et estment when they 0o, manag s rltedsthna symptoms 3 nccatsd.

Baktotee
=]
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Study  Study objectives Safety patients Treatment Treatment/dose
(6-<12years) _duration _(mg)
010E  Extension to 010 279 24 weeks  Omalizumab at least0.008  Uncontrolled
(core) mg/kg/IgE [IU/mL] Q2wk or Open-label
0.016 mg/kg/IgE [IU/mL] Qdwk
010E1  Extension to 010E 171 3years Omalizumab atleast 0008  Uncontrolled
mg/kg/IgE [IU/mL] Q2wk or  Open-label
0.016 mg/kg/IgE [IU/mL] Qdwk
Q2143g  Safety in patients. 128 24 weeks  Omalizumab at least0.008  Standard therapy
with moderate to mg/kg/IgE [IU/mL] Q2wk or  Open-label
severe allergic 0.016 mg/kg/IgE [IU/mL] Qdwk
asthma and standard therapy
Q2195g  Extension to 34 24 weeks Omalizumab at least 0.008  Uncontrolled
Q2143g mg/kg/IgE [IU/mL] Q2wk or  Open-label
0.016 mg/kg/IgE [IU/mL] Qdwk
Q2461 Extension to 37 24 weeks  Omalizumab at least0.008  Uncontrolled
Q2143g mg/kg/IgE [IU/mL] Q2wk or  Open-label
0.016 mg/kg/IgE [IU/mL] Qdwk
CIGE025 Efficacy and 21 24 weeks Omalizumab at least 0008 Uncontrolled
B1301  safety mg/kg/igE [IU/mL] Q2wk or  Open-label
0.016 mg/kg/lgE [IU/mL] Qdwk
CIGE025 Long-term safety 21 almost2 Omalizumab at least 0008  Uncontrolled
B1301E1 and tolerability years®  mg/kg/IgE [IU/mL] Q2wk or  Open-label
0.016 mg/kg/IgE [IU/mL] Qdwk

* Study CIGE025B1301E1 (study drug administration) lasted until omalizumab was approved/ launched for

pediatric indication in Japan (20-Aug-2013).
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Omalizumab

Placebo

(N=624) (N=302)
Exposure n(%) n(%)
>0 Weeks 624 (100) 302 (100)
> 1 Weeks 624 (100) 302 (100)
>4 Weeks 620 (99.4) 301(99.7)
> 12 Weeks 613(982) 291 (96.4)
> 24 Weeks 583 (93.4) 282 (93.4)
> 28 Weeks 487 (78.0) 228 (75.5)
> 52 Weeks 292 (46.8) 145 (48.0)
Exposure (Weeks)
Mean (SD) 42,0 (13.51) 42.3(13.85)
Median 520 520
Min 21 21
Max 68.4 643
Total patient-years 5029 2446
Mean patient exposure (years) 081 081

AAP studies: 1A05, 010 (core)
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Controlled

Uncontrolled

Total

Omalizumab ~ Control ~ Omalizumab ~ Omalizumab  Omalizumab
Re-treatment  New treatment
(N=85) (N=43) (N=261) (N=110) (N=407)
Exposure n(%) n(%) n(%) n(%) n(%)
>0 Weeks 85(100.0) 43 (100.0)  261(100.0) 110(1000) 407 (100.0)
> 8 Weeks 81(953)  41(953)  261(100.0) 402 (98.8)
> 12 Weeks 79(929)  40(930)  261(100.0) 400 (98.3)
> 24 Weeks 55(64.7)  30(69.8)  261(100.0) 87 (79.1) 364 (89.4)
> 28 Weeks 18(212)  11(256)  261(100.0) 55 (50.0) 316 (776)
> 52 Weeks 1(12) 000)  217(831) 51(46.4) 268 (65.8)
> 78 Weeks 0(0.0) 0(0.0) 137 (525) 47 (42.7) 184 (452)
> 104 Weeks 0(0.0) 0(0.0) 127 (487) 41(37.3) 168 (41.3)
> 130 Weeks 0(0.0) 0(0.0) 103(395) 39 (35.5) 142(349)
> 156 Weeks 0(0.0) 0(0.0) 85(326) 36 (32.7) 121(29.7)
> 182 Weeks 0(0.0) 0(0.0) 76 (29.1) 26 (23.6) 102(25.1)
Exposure (Weeks)
Mean 253 254 1215 912 1044
sD 803 8564 76.87 79.64 79.69
Median 244 250 937 282 56.1
Min 21 01 293 6.1 21
Max 543 504 255.3 2247 2553
Total patient-years 412 209 608.0 1922 8143
Mean patient 049 049 233 175 200
exposure (years)

AAO studies: Q2143g, Q2195g, Q2461g, 010E, 010E1, B1301, B1301E1; Control = standard therapy control for

Q2143g only
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‘Omalizumab Placebo.
Primary System Organ Class * (N=624) (N=302)
Preferred term n %) n (%)
Patients with >1 AE
Total 560 (89.7) 211 911
Infectons and inestations.
Nasopharyngits 147 236) 0@2)
Upper respiratory tract nfection 133213) 78@58)
Sinusitis 101(162) 57(189)
Inflienza 6199) 3099
Bronchitis 267) 3 (103)
Viral upper respiratory ract nfection 267) (113
Pharyngitis 41(66) 210
Pharyngits streptococcal 3861 16(53)
Otits media %68 16(53)
Earinfecton 3160 15(50)
Viral infecton 27643 17(56)
Rhinits 2540 2066
Gastroenterits 208 17(56)
Gastroenterits viral 2438) 7023
Preumonia 17@7) 15(50)
Acute sinusits 12(19) 2030)
Tonsiltis 8013) 14(46)
Lower respiratory ract nfection 601.0) 1063
Respiratory, horacic and mediastinal disorders.
Cough 71114 40132)
Pharyngolaryngeal pain 63(10.1) 31(103)
Rninitis alergic 41(66) 2100
Nasal congestion 261 16(53)
Epistaxis 2104 1033
‘Gastrointestinal disorders
Vomiting 487 B(109)
‘Abdominal pain upper 963 15(50)
‘Abdominal pain %662) 13643
Diarthea 2540) 15(50)
Nausea 17en 1033
Nervous system disorders.
Headache 120207) 59(195)
‘General disorders and administration ste conditons
Pyrexia 4 (151) A1y
'SKin and subcutaneous tissue disorders
Rash 2134 1343
Uticaria 1960 1063
Injury, possoning and procedural complications
Arthropod bite: 20062 207
Joint sprain 1018 1063
‘Musculoskeletal and connective tissue disorders.
Pain in extremity. 12019 93.0)
Eve disorders
Conjunctvits 10(16) 168
Ear and labyrinth disorders.
Ear pain 2062 1240

AAP studies: 1A05, 010 (core),

* Events are listed in descending order of incidence in the omalizumab group within primary system organ
classes, organ classes aiso being ranked in order of the most frequently affected.
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Controlled Uncontrolled Total

Omalizumab
Omalizumab ~ Control  Omalizumab New ‘Omalizumab
Re-treatment  treatment
MedDRA Organ class (N=85)  (N=83)  (N=261) (N=110) (N=407)
Preferred term n (%) n (%) n (%) n (%) n(%)
Patients with >=1 AE
Total 63(741) 26(605) 224(858)  90(818)  M5(348)
Infections and infestations
Upper respiratory tract 8(94)  4(93)  94(30) WEs5) 139042
infection
Nasopharyngitis 8(94)  1(23) 5615 21019.1) 83(204)
Sinusits 6(7N)  6(140)  55Q11) 18(164) 78(192)
Influenza 4an  3(70) 3T (142 12(109) 53(130)
Pharyngits streptococcal 447 0(00)  26(100) 8(73) 3803
Gastroenterits 1012 2040 27(103) 8(73) 3585
Viral upper respiratory tract 338 000 204 1(100) 3585
infection
Viral infection 20290 123 1765 9(82) 28(69)
Otits media 3(35) 123 1661 8(73) 27(66)
Bronchitis 3(35) 123 1765 4(38) 24(59)
Pharyngits 3(35) 123 1464 7(64) 24(59)
Earinfection 000 0(00) 1454 8(55) 2009
Tinea pedis 0(00)  0(00) 000 4(38) 400
Respiratory, thoracic and mediastinal disorders
Asthma 112 000 60@30) 19173 80(197)
Cough 8(94)  4(93)  40(153) 1(100) 57(140)
Pharyngolaryngeal pain 4an 204 M@0 1(100) 48(118)
Nasal congestion 3(35) 123 17(65) 4(38) 267
Epistaxis 3(35 000 831 327 1362
Rnintis allergic 1012 123 9634 2(18) 12029
Wneezing 441 4(93) 30 1(09) )
Status asthmaticus 0(00)  2(47) 104 0(00) 102
Nervous system disorders.
Headache 15076)  3(70) 700268 2064  1M1@13
‘Gastrointestinal disorders
Vomiing 4an 2041 200D 7(64) 3178
Abdominal pain upper 5(59) 2047 19073 4(38) 2869

Diarthoea 2(24)  0(00) 1(2) 327 16(3.9)
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‘Omalizumab Placebo
Severity (N=62¢) (N=302)
grade n %) n (%)

Any event 560 (89.7) 277 (91.7)
Mild 194 (31.1) 83(275)
Moderate 312(50.0) 166 (55.0)
Severe 54(87) 28(9.3)
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Controlled Uncontrolled Total
‘Omalizumab Control Omalizumab  Omalizumab  Omalizumab
Re-treatment  New treatment
Severity (N=85) (N=43) (N=261) (N=110) (N=407)
grade n (%) n (%) n (%) n (%) n (%)
Any event 63 (74.1) 26 (60.5) 224 85.8) 90 (81.8) 345 (84.8)
Mild 23@71) 10(233) 43(165) 15(136) 51(150)
Moderate 3 400) 14(326) 157 (602) 59(53.6) 230 (58.7)
Severe 8.1 247 24(02) 16(145) 45(114)

AAO studies: Q2143g, Q2195g, Q2461g, 010E, 010E1, B1301, b1301E1.
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‘Omalizumab Placebo Total
(N=624) (N=302) (N=926)

n (%) n (%) n (%)

‘Skin rash 42(67) 26(86) 68(7.3)
Rash 2134 13(43) #@En
urticaria 2035 138) 336
Urticaria 1930) 10(33) 2061
Hypersensitivity reactions 30(63) 2170 60(65)
Bleeding related disorders 2642 13(43) @A2)
Epistaxis 2134) 1033) 3133)

AAP studies: 1A05, 010 (core).
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Controlled

Uncontrolled Total
‘Omalizumab
Omalizumab  Control ~ Omalizumab New Omalizumab
Retreatment treatment
(N-85)  (N-43)  (N-261) (N=110) (N=407)
n e n %) n (%) n (%) n %)
Skin rash 4(an  0(00)  360138) 11(100) 50(123)
Dermatits contact 335 0(00)  15(57) 327 20(49)
Rash 1012 000 14(54 7(64) 2(54)
Utticaria 1012 0(00)  10(38 5(45) 16(39)
Hypersensitvity reactions 5(59)  6(140)  19(73) 7(64) 2(71)
Hypersensitvity 0(00)  0(00) 6(23) 4(36) 10(25)
Wheezing 447 4(93) 3011 1(09) 7017)
Bleeding related disorders. 440 000 12(46) 438) 19(47)
Epistaxis 335 0(00)  8(3n 321 13(32)

'AAO studies: Q2143g, Q2195g, Q2461g, 010E, 010E1, B1301, B1301E1
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‘Omalizumab. Control

MedDRA Preferred term n (%) n (%)
‘Study 010 (core) and Study D01 251 147
Any adverse event °(36) 6@
Injection site reaction 4(16) 0
Injection site pain 3012 2014
Injection site swelling 3012 2014
Injection site erythema 2008) 0
Injection site tation 2008) 0
Injection site prurtus 2008) 107)
Injection site induration 104) 0
Injection site hematoma 0 107)
‘Study 1A05 and Study Q2143g 506 250
Any adverse event 1428) 7028
Injection site swelling 408) 2008)
Injection site bruising 308) 1(04)
Injection site erythema 308) 1(04)
Injection site pain 308) 208)
Injection site prurtus 2004) 1(04)
Injection site tation 102 0
Injection site papule 102 0
Injection site reaction 102 1(04)

Injection site inflammation o 1(04)
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Laboratory test ‘Subjects < 12 years

"Hemoglobin = 20% decrease from baseline*
Hematocrit 220% decrease from baseline*

Platelet count <75 10°L or = 50% decrease from baseline®
Neutrophils. 220% decrease from baseline*

WBC count <24x10%

ALT, AST 23XULN

Creatinine > 133 pmoin.*

'ULN = upper limit of normal by local laboratory range.
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Controlled Uncontrolled

Omalizumab _Omalizumab
Omalizumab  Control ~ Re-treatment  New treatment

Parameter (N=85)  (N=43)  (N=261) N=110)
Shift description n (%) n (%) n (%) n (%)

ALT (UL

‘Normal or low at baseline by local lab range 202(95.3) 85(96.6)
~shifted to high by local lab range 33(156) 11(125)
~shifted to high by notable criteria 105) 10

AST (UIL)

‘Normal or low at baseline by local lab range 203(95.8) 85(96.6)
~shifted to high by local lab range 42(198) 13(148)
~shifted to high by notable criteria 105) 2@3)

Creatinine (umolL)

‘Normal or low at baseline by local lab range 203(95.8) 84(955)
~shifted to high by local lab range 26(123) 17(193)
shifted to high by notable criteria 104) [

AAO studies: Q2143g, 021959, Q2461g, 010E, D10E1, B1301, BI301ET
Biochemistry data are not available for studies Q2143g, Q2195 and Q2461g.
Only studies that included the parameter of interest contributed to the denominator for percentage calculations.
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Controlled Uncontrolled
Omalizumab _Omalizumab
Omalizumab  Control  Re-reatment  New treatment
Parameter (N=85) (N=43) (N=261) (N=110)
‘Shift description n (%) n (%) n (%) n (%)
Hematocrit (LL)
Normal or high at BL* by local lab range 82(965)  39(907)  235(30.0) 100 (90.9)
~shifted to low by local lab range 21@47) 123) 76 (20.1) 31282)
~shifted to low by notable criteria 102) 0 104) 0
"Hemoglobin (g/L)
‘Normal or high at BL by local lab range. 80(941)  38(884)  245(939) 104(945)
~shifted to low by local lab range 11(129) 123) 63(24.1) 22200
~shifted to low by notable criteria 0 0 0 0
Neutrophils (10E°1L)
Normal or high at BL by local lab range 202(95.3) 73(830)
~shifted to low by local lab range 60(28.3) 20@27)
~shited to low by notable criteria 55(25.9) 19.216)
Platelets (10E7L)
‘Normal or high at BL by local lab range. 83(676)  41(953)  261(100.0) 109 (99.1)
~shifted to low by local lab range 0 0 5(19) 109
~shifted to low by notable criteria 0 0 104) 109
WBC (10E7L)
‘Normal or high at BL by local lab range. 75(882)  39(907)  254(973) 106 (96.4)
~shifted to low by local lab range 8(04) 6140) 26 (100) 16.(145)
~shited to low by notable criteria 0 0 301 [

AAO studies: Q2143g, 021959, Q2461g, 010E, D10E1, B1301, BI301ET
Neutrophil data are not availabl for studies Q2143g, G2195g and Q2461g.
Only studies that included the parameter of interest contributed to the denominator for percentage calculations.
 Abbrev: BL=baseline, WBC=white blood cell (total count)
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EventPT HCP Non-HCP Total
Not serious’ | Serious” _| Not serious” _| Serious”

Asthma 7 3 1 4 15
Malaise 3 [ 3 0 9
Urticaria 7 2 [ [ 9
Cough 2 1 1 1 5
Pyrexia 1 [ 3 0 4
Drug Ineffective 3 [ 1 [ 4
Fatigue 3 [ 1 0 4
Pruritus 3 1 [ [ 4
Headache 3 0 1 0 4
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Patients with atleast Al other treated 95% Confidence
600 mg dose. patients interval for the.
difference between
proportions
‘Adverse Event N=87 N=317
n(%) n(%)
Nasopharyngitis. 19(218) 56 (17.7) 55%10138%
Oral herpes 567) 6(19) -13%109.0%
Headache 30(34.5) 95(300) 6T%10157%
Urticaria 8(92) 10(32) 03%10124%

Data taken from studies A2208. A2210 Q0694q. Q0673q Q4577
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