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[bookmark: _Toc351716269][bookmark: _Toc351718881][bookmark: _Toc355338616][bookmark: _Toc356306144][bookmark: _Toc34825356]Common abbreviations
	Abbreviation
	Meaning

	ACM
	Advisory Committee on Medicines

	AE
	Adverse event

	AESI
	Adverse event(s) of special interest

	ALK
	Anaplastic lymphoma kinase

	ALT
	Alanine aminotransferase

	ARTG
	Australian Register of Therapeutic Goods

	ASA
	Australian specific Annex

	AST
	Aspartate aminotransferase

	AUC0-24h
	Area under the plasma concentration-time curve from time 0 (dosing) to 24 hours

	AUC0-inf
	Area under the plasma concentration-time curve from time 0 (dosing) extrapolated to infinity

	BIRC
	Blinded independent review committee

	BOR
	Best overall response

	CHMP
	Committee for Medicinal Products for Human Use (EU)

	CI
	Confidence interval

	Cmax
	Maximum (peak) concentration of drug in plasma

	CMI
	Consumer Medicines Information

	CNS
	Central nervous system

	CR
	Complete response

	CSR
	Clinical study report

	CT
	Chemotherapy

	Ctrough
	Trough concentration

	CV
	Coefficient of variation

	CYP
	Cytochrome P450

	DCR
	Disease control rate

	DOR
	Duration of response

	ECG
	Electrocardiogram

	ECOG PS
	Eastern Cooperative Oncology Group Performance Status (scale)

	EGFR
	Epidermal growth factor receptor

	EML4-ALK
	Echinoderm microtubule-associated protein 4-anaplastic lymphoma kinase

	EMA
	European Medicines Agency (EU)

	EOT
	End of treatment

	EU
	European Union

	EU-RMP
	European Union-risk management plan

	FAS
	Full analysis set

	FDA
	Food and Drug Administration (USA)

	GCP
	Good Clinical Practice

	GGT
	Gamma glutamyl transferase

	GI
	Gastrointestinal

	HR
	Hazard ratio

	IHC
	Immunohistochemistry

	ILD
	Interstitial lung disease

	LDK378
	Ceritinib drug development name

	MedDRA
	Medical Dictionary for Regulatory Activities

	MTD
	Maximum tolerated dose

	NSCLC
	Non-small cell lung cancer

	ORR
	Overall response rate

	OS
	Overall survival

	PAS
	Pharmacokinetic analysis set

	PFS
	Progression-free survival

	PI
	Product Information

	PK
	Pharmacokinetic(s)

	PopPK
	Population pharmacokinetic(s)

	PPI
	Proton pump inhibitor

	PR
	Partial response

	PT
	Preferred Term

	QoL
	Quality of life

	QTc
	QT interval corrected for heart rate

	QTcF
	QT interval corrected for heart rate according to Fridericia’s formula

	QTcP
	QT interval corrected according to population-optimised heart rate correction model

	RCT
	Randomised controlled trial

	RECIST
	Response evaluation criteria in solid tumours

	SAE
	Serious adverse event

	SCS
	Summary of clinical safety

	SmPC
	Summary of Medicinal Product Characteristics (EU)

	Tlast
	Time to last quantifiable concentration

	Tmax
	Time to reach maximum plasma concentration

	TTR
	Time to response

	ULN
	Upper limit of normal

	US(A)
	United States (of America)

	WHO
	World Health Organization





[bookmark: _Toc34825357]I. Introduction to product submission
[bookmark: _Toc247691502][bookmark: _Toc314842483][bookmark: _Toc34825358]Submission details
	Type of submission:
	Extension of indications

	Decision:
	Approved

	Date of decision:
	23 May 2018

	Date of entry onto ARTG:
	25 May 2018

	ARTG number:
	235737

	Black Triangle Scheme
	No

	Active ingredient:
	Ceritinib

	Product name:
	Zykadia

	Sponsor’s name and address:
	Novartis Pharmaceuticals Australia Pty Ltd
PO Box 101
North Ryde NSW 1670

	Dose form:
	Hard capsule

	Strength:
	150 mg

	Container:
	Blister Pack

	Pack sizes:
	50, 150

	Approved therapeutic use:
	Zykadia is indicated for the treatment of patients with locally advanced or metastatic non-small cell lung cancer (NSCLC) that is anaplastic lymphoma kinase (ALK)-positive.

	Route of administration:
	Oral

	Dosage:
	The recommended dose of Zykadia is 450 mg taken orally once daily with food. For further details of dosage please see the Product Information (PI).


[bookmark: _Toc247691503][bookmark: _Toc314842484][bookmark: _Toc34825359]Product background
This AusPAR describes the application by Novartis Pharmaceuticals Australia Pty Ltd (the sponsor) to register Zykadia ceritinib 150 mg hard capsule for the following indication:
Zykadia is indicated for the treatment of patients with locally advanced or metastatic non-small cell lung cancer (NSCLC) that is anaplastic lymphoma kinase (ALK)-positive.
This is to replace the currently approved indication:
Zykadia is indicated as monotherapy for the treatment of adult patients with anaplastic lymphoma kinase (ALK) positive locally advanced or metastatic non-small cell lung cancer (NSCLC) whose disease has progressed on or who are intolerant of crizotinib.
Note to Indication: This indication is approved based on tumour response rates and duration of response. An improvement in survival or disease –related symptoms has not been established.
This application also includes two post-approval commitment studies (Studies A2303 and A2112) from initial registration for Zykadia. Changes to the PI resulting from the availability of these studies have been made.
Ceritinib is an orally active, small molecule, adenosine triphosphate (ATP)-competitive inhibitor of anaplastic lymphoma kinase (ALK) kinase inhibitor. It inhibits autophosphorylation of ALK, ALK mediated phosphorylation of downstream signalling proteins and proliferation of ALK dependent cancer cells.
[bookmark: _Toc314842485][bookmark: _Toc247691504][bookmark: _Toc34825360]Regulatory status
[bookmark: _Toc247691505][bookmark: _Toc314842486]The product received initial registration on the Australian Register of Therapeutic Goods (ARTG) on 31 March 2016 for the indication:
Zykadia is indicated as monotherapy for the treatment of adult patients with ALK-positive locally advanced or metastatic non-small cell lung cancer (NSCLC) whose disease has progressed on or who are intolerant of crizotinib.
Note to the Indication: This indication is approved based on tumour response rate and duration of response. An improvement in survival or disease-related symptoms has not been established.
At the time the TGA considered this application a similar application had not been rejected, withdrawn or repeatedly deferred in the United States of America (USA), European Union (EU), Canada or any other market (as of 4 August 2017).
[bookmark: _Toc34825361]Product Information
[bookmark: _Toc247691506][bookmark: _Toc314842487]The Product Information (PI) approved with the submission which is described in this AusPAR can be found as Attachment 1. For the most recent PI, please refer to the TGA website at < https://www.tga.gov.au/product-information-pi> .
[bookmark: _Toc504480011][bookmark: _Toc34825362]II. Registration time line
The following table captures the key steps and dates for this application and which are detailed and discussed in this AusPAR.
Table 1: Timeline for Submission PM-2017-00696-1-4
	Description
	Date

	Submission dossier accepted and first round evaluation commenced
	31 May 2017

	First round evaluation completed
	2 November 2017

	Sponsor provides responses on questions raised in first round evaluation
	22 December 2017

	Second round evaluation completed
	31 January 2018

	Delegate request for further information (RFI)
	27 February 2018

	Sponsor’s response to Delegate RFI
	16 March 2018

	Delegate’s Overall benefit-risk assessment and request for Advisory Committee advice
	14 April 2018

	Sponsor’s response to Delegate’s Overall benefit-risk assessment.
	30 April2018

	Advisory Committee meeting
	This submission was not taken to an advisory committee.

	Registration decision (Outcome)
	23 May 2018

	Completion of administrative activities and registration on the ARTG
	25 May 2018

	Number of working days from submission dossier acceptance to registration decision*
	209


*Statutory timeframe for standard applications is 255 working days
[bookmark: _Toc34825363]III. Quality findings
[bookmark: _Toc247691507][bookmark: _Toc314842488]There was no requirement for a quality evaluation in a submission of this type.
[bookmark: _Toc196046439][bookmark: _Toc247691510][bookmark: _Toc314842494][bookmark: _Toc34825364]IV. Nonclinical findings
[bookmark: _Toc247691511][bookmark: _Toc314842495]There was no requirement for a nonclinical evaluation in a submission of this type.
[bookmark: _Toc196046462][bookmark: _Toc247691516][bookmark: _Toc314842500][bookmark: _Toc163441353][bookmark: _Toc163441348][bookmark: _Toc34825365]V. Clinical findings
[bookmark: _Toc196046463]A summary of the clinical findings is presented in this section.
[bookmark: _Toc247691517][bookmark: _Toc314842501][bookmark: _Toc34825366]Introduction
The sponsor has proposed changes to the PI based on the three studies submitted in this application:
Study A2112 (food effects study and limited efficacy, safety study for proposed modified starting dose level and change to fed conditions); and
two Phase III studies in a pre-treated and naïve population:
Study A2303 (also known as the ASCEND-5 clinical trial), a confirmatory study for initial registered indication); and
Study A2301 (also known as the ASCEND-4 clinical trial), in a treatment-naïve population.
Study LDK378A2112 (Study A2112) has two parts. Part 1 of Study A2112 was submitted initially and intends to evaluate the single-dose and steady-state pharmacokinetics (PK), the safety profile (including gastrointestinal (GI) adverse events (AE)), and the efficacy of 450 mg or 600 mg ceritinib taken daily with a low-fat meal as compared with that of 750 mg daily in the fasted state in both treatment-naive and pre-treated patients with ALK+ NSCLC. Part 2 of the study intends to evaluate the efficacy of ceritinib in treatment-naïve patients with ALK+ by immunohistochemistry (IHC). A pre-planned interim efficacy analysis (data only) in naïve patients was submitted in s31 responses however the clinical study report (CSR) was provided soon after.
A pooled safety analysis includes the new Phase III Ascend 4 and 5 trial safety data and previously evaluated Studies X2101, A2203, A2201 and X1101. The safety data outputs from a seventh Study A2109 (a Chinese study) is also included in this application. The pooled analysis is part of the ASCEND 4 trial dossier.
Changes are proposed to the current Boxed warning (removal of: GI toxicities, taking dose fasted and interstitial lung disease (ILD)/pneumonitis), Pharmacokinetics (largely pertaining to the food effect from population pharmacokinetic (popPK) model). Changes to the following sections are consistent with new information arising from the two Phase III trials: Cardiac Electrophysiology, Clinical Trials, Indications, Precautions, Adverse reactions (including a new section of Gastrointestinal adverse reactions), Dosage and Administration, and Dose Adjustment sections.
An application for post approval commitment Study A2110, a Phase I, open label, multi-center, single dose study to evaluate the PK of LDK378;[footnoteRef:1] in subjects with hepatic impairment compared to subjects with normal hepatic function was on ongoing. [1:  LDK378 is the drug development name used for ceritinib in clinical studies/trials] 

[bookmark: _Toc196046464][bookmark: _Toc247691518][bookmark: _Toc314842502]Background
[bookmark: _Ref20927502]Anaplastic lymphoma kinase, a receptor tyrosine kinase, was first identified as a fusion protein resulting from chromosomal translocation in the majority of anaplastic large cell lymphoma (ALCL). When fused to other proteins, ALK becomes constitutively active, leading to increased catalytic kinase function, signal transduction activity, and oncogenic function. ALK gene rearrangement is found in about 5% of patients with non-small cell lung cancer (NSCLC);[footnoteRef:2] and is thought to be mutually exclusive with epidermal growth factor receptor (EGFR) and KRAS mutations.[footnoteRef:3],[footnoteRef:4] It has been associated with a younger age, non-smoking status, and adenocarcinoma histology and a more advanced state at presentation.[footnoteRef:5] Thus ALK gene rearrangements define a unique molecular subset of NSCLC.2 [2:  Shaw AT et al, 2013 Crizotinib versus chemotherapy in advanced ALK positive lung cancer. N Engl J Med; 2013; 368: 2385-2394]  [3:  KRAS (Kirsten rat sarcoma viral oncogene homolog), a frequently activated proto-oncogene.]  [4:  Gainor JF et al 2013 ALK Rearrangements Are Mutually Exclusive with Mutations in EGFR or KRAS: An Analysis of 1,683 Patients with Non–Small Cell Lung Cancer. Clin Cancer Res 2013; 19: 4273-4289]  [5:  Shaw AT et al 2009 Clinical features and outcome of patients with non-small-cell lung cancer who harbor EML4-ALK. J Clin Oncol; 2009; 27: 4247-4253] 

The prevalence of ALK-positive lung cancer in Australia was estimated by the TGA to be approximately 1200 in 2015 at the time of the orphan drug designation.
ALK gene rearrangements were identified as an oncogenic driver in this subset of NSCLC and this potential target has been confirmed by the improvement in response rates and progression free survival with crizotinib. This non-specific small molecule ALK, cMET;[footnoteRef:6] and ROS-1 inhibitor;[footnoteRef:7] is the only targeted agent currently approved for the treatment of locally advanced or metastatic ALK-positive NSCLC. Phase III trials in patients who had received one prior line of chemotherapy demonstrated a response rate of 65% (95% confidence interval (CI): 58, 72) for crizotinib compared with 20% (95% CI: 14, 26) with chemotherapy (p < 0.001). The median progression-free survival (PFS) was 7.7 months compared with 3.0 months in patients who received single-agent chemotherapy (hazard ratio 0.49; 95% confidence interval (CI): 0.37, 0.64; p < 0.001). Improvement in overall survival (OS) was not demonstrated and crossover to crizotinib on progression in the chemotherapy arm is likely to account for this. This study also includes one of the first reports of chemotherapy response rates in ALK-positive NSCLC (compared with NSCLC not otherwise specified). This trial followed single-arm trials of crizotinib in patients with ALK-positive NSCLC where response rates of 50 to 61% and duration of response of 6 to 10 months were reported.[footnoteRef:8] In a Phase III open label trial in the first line setting, crizotinib resulted in a significantly increased median PFS compared with pemetrexed and platinum doublet chemotherapy; 10 months versus 7.0 months, hazard ratio (HR) 0.45; 95% CI:0.35, 0.6, p < 0.001). Quality of life and symptom control were also reported to be improved with crizotinib.[footnoteRef:9] This confirmed the standard of care (SOC) to be crizotinib in patients newly diagnosed with locally advanced or metastatic ALK positive NSCLC. Note is made that the first-line study submitted in this application is ceritinib versus chemotherapy and it is questionable whether there is equipoise in such a trial design, unless conducted where there is no access to crizotinib. [6:  cMET, a protein also known as tyrosine-protein kinase Met or hepatocyte growth factor receptor (HGFR), encoded for by the MET gene.]  [7:  ROS-1, proto-oncogene tyrosine-protein kinase ROS, an enzyme encoded for by the ROS-1 gene.]  [8:  Ou SH 2011 Crizotinib: a novel and first-in-class multitargeted tyrosine kinase inhibitor for the treatment of anaplastic lymphoma kinase rearranged non-small cell lung cancer and beyond. Drug Design, Development and Therapy2011; 5: 471-485]  [9:  Solomon BJ, 2015 Intracranial Efficacy of Crizotinib Versus Chemotherapy in Patients with Advanced ALK-Positive Non–Small-Cell Lung Cancer: Results from PROFILE 1014. J Clin Oncol 2015; 34: 2858-2865] 

Crizotinib (Xalkori) is registered by the TGA for the treatment of patients with ALK‑positive advanced NSCLC for the treatment of adults with stage IIIB or IV non-squamous type of NSCLC harbouring an ALK gene rearrangement in tumour material, defined as 15% (or greater) positive cells by fluorescence in situ hybridisation (FISH) testing.
Acquired resistance and brain metastases
Acquired drug resistance to crizotinib remains a problem, and may result from the development of resistant ALK mutations, ALK amplification, and/or activation of alternate aberrant signalling pathways.[footnoteRef:10],[footnoteRef:11] Brain metastases are common in NSCLC and the first site of progression on crizotinib.[footnoteRef:12],[footnoteRef:13],[footnoteRef:14] Furthermore, not all patients respond to or tolerate crizotinib treatment. [10:  Katayama R et al 2012 Mechanisms of acquired crizotinib resistance in ALK-rearranged lung cancers. Sci Transl Med; 2012; 1-15]  [11:  Doebele RC et al 2012 Mechanisms of resistance to crizotinib in patients with ALK gene rearranged non-small cell lung cancer. Clin Cancer Res; 2012; 18: 1472-1482.]  [12:  Yang P et al 2012 Worse disease-free survival in never-smokers with ALK+_lung adenocarcinoma. J Thorac Oncol 2012; 7: 90–97]  [13:  Camidge DR and Doebele RC 2012 Treating ALK-positive lung cancer –early successes and future challenges. Nat Rev Clin Oncol 2012; 9: 268-277]  [14:  Camidge DR et al 2012 Activity and safety of crizotinib in patients with ALK-positive non-small-cell lung cancer: updated results from a phase 1 study. Lancet Oncol; 2012; 13: 1011-1019] 

[bookmark: _Ref33705552]Crizotinib has the following significant toxicities: hepatotoxicity (including fatal cases), pneumonitis (including fatal cases), QT prolongation;[footnoteRef:15] bradycardia (usually asymptomatic), and vision disorders. [15:  The QT interval is the time taken from the start of the QRS wave complex to the end of the corresponding T wave on an electrocardiograph and approximates from the start of cardiac ventricular contraction to the end of cardiac ventricular relaxation.] 

Second-generation ALK inhibitors registered by the TGA include ceritinib and alectinib, which are discussed below. Both were given approval on single arm Phase II studies on the basis of response rates in those previously treated with crizotinib (either with disease progression or intolerance) and the notes to the indication identify the preliminary nature of the data supporting the findings in these submissions in this uncommon cancer. This application meets the registration condition of submission of the confirmatory Phase III study in those previously treated with crizotinib, as well as presenting the Phase III study in first line use.
Current treatment options
Alectinib
Alectinib (Alecensa) is currently approved in Australia for the following indication:
‘Alecensa is indicated for the treatment of patients with anaplastic lymphoma kinase (ALK)- positive, locally advanced or metastatic non-small cell lung cancer (NSCLC) who have progressed on or are intolerant to crizotinib. 
Note to Indication: This indication is approved based on tumour response rates and duration of response. An improvement in survival or disease-related symptoms has not been established.’
[bookmark: _Ref22819149][bookmark: _Ref22819121]In a small first-line head-to-head study of 207 Japanese patients with ALK-positive NSCLC, randomly assigned to crizotinib or alectinib, a planned interim analysis, results demonstrated improved PFS with alectinib (median PFS was not reached in the alectinib arm and was 10.2 months in the crizotinib arm (hazard ratio (HR) 0.34, 99.7% CI 0.17 to 0.70)).[footnoteRef:16] In a larger global study of 303 patients randomly assigned to first-line alectinib versus crizotinib (the ALEX trial), those receiving alectinib had a reduction in risk of progression or death of 53 percent (HR 0.47, 95% CI 0.34 to 0.65), with median PFS not reached versus 11.1 months for those receiving crizotinib at a median follow-up of approximately 18 months. The median PFS on independent review was 25.7 months with alectinib and 10.4 months with crizotinib (HR 0.50) and overall survival results are not yet published. Peters et al.;[footnoteRef:17] report the time to central nervous system (CNS) progression in the overall population was improved with alectinib (HR 0.16, 95% CI 0.10 to 0.28). Severe toxicities appear less frequent with alectinib (41 versus 50 %). [16:  Hida T et al, 2017 Alectinib versus crizotinib in patients with ALK-positive non-small-cell lung cancer (J-ALEX): an open-label, randomised phase 3 trial. LANCET 2017; 390: 29-39]  [17:  Peters S et al 2017 Alectinib versus Crizotinib in Untreated ALK-Positive Non–Small-Cell Lung Cancer N Engl J Med 2017; 377: 829-838] 

In Phase II studies, alectinib demonstrated significant disease activity in patients previously treated with crizotinib with brain metastases (some patients had also received prior CNS radiation).[footnoteRef:18] [18:  Gadgeel et al, 2016 Pooled Analysis of CNS Response to Alectinib in Two Studies of Pretreated Patients with ALK-Positive Non-Small-Cell Lung Cancer. J Clin Oncol. 2016; 34: 4079-4085
] 

Ceritinib
Ceritinib is an oral medicine is stated to be a potent inhibitor of ALK kinase, with activity against ALK-positive NSCLC that has developed resistance to crizotinib. It was approved by the TGA on 24 March 2016 for the following indication:
‘Zykadia is indicated as monotherapy for the treatment of adult patients with anaplastic lymphoma kinase (ALK) positive locally advanced or metastatic non-small cell lung cancer (NSCLC) whose disease has progressed on or who are intolerant of crizotinib.
Note to Indication: This indication is approved based on tumour response rates and duration of response. An improvement in survival or disease –related symptoms has not been established.’ 
Brigatinib and lorlatinib are other ALK inhibitors, but neither is currently approved for use in Australia. Brigatinib was approved in the US (28 April 2017) and lorlatinib had not been approved in the US or EU at the time of writing this report.
Clinical rationale
Currently, the only approved first line therapy is either crizotinib or chemotherapy. The current submission in crizotinib-naïve ALK positive NSCLC versus chemotherapy seeks registration in the first-line but provides no direct comparison with crizotinib, the current standard of care. If approved, this may provide an alternative to crizotinib. This study also assesses the effect of ceritinib in those with brain metastases.
Contents of the clinical dossier
The dossier submitted includes the three studies:
One PK, safety and efficacy primarily assessing food effect: Study A2112, with a clinical study report (CSR) and Clinical Overview. Also includes a new companion diagnostic for detection of ALK-EML4 protein.
Phase III Study A2303 with:
CSR, Clinical Overview, Summary of Clinical Efficacy, Summary of Clinical Safety and a European Medicines Agency (EMA) report provided by the sponsor.
Phase III Study A2301 with:
CSR, Population PK report, Clinical Overview, Summary of Clinical Efficacy, Summary of Clinical Safety and an EMA report provided by the sponsor.
Paediatric data
No paediatric data are submitted, consistent with this being a rare disease, mostly occurring in adults.
Good clinical practice
The sponsor has indicated that the studies submitted were carried out in compliance with Good Clinical Practice (GCP), including the archiving of essential documents.
Evaluators commentary on the clinical dossier
The sponsor included essentially three separate clinical dossiers within this one application, together with an Annex from the risk management plan (RMP) presenting integrated safety data based on the important identified and potential risks with ceritinib in the RMP.
The CSRs were well-presented, resulting in few clinical questions seeking clarification.
The sponsor has made multiple proposals for changes to the PI to reduce duplication of text and tables, and to remove data regarding immature endpoints, and to update the adverse event rates and their management.
[bookmark: _Toc34825367]Pharmacokinetics
Study A2112 (Part I)
Study rationale
Based on the population PK analysis of the food effect study (Study A2101), a high-fat meal (approximately 1000 calories and 58 grams of fat) was found to delay the rate of ceritinib absorption to a significant degree and increase ceritinib bioavailability (increased Cmax and AUC0-inf by 41% and 73%);[footnoteRef:19] this was compared with an increase of 43% and 58%, for Cmax and AUC0-inf respectively, after a low fat snack in Study A2108, presented in the Clinical Overview (data not included in this dossier as it pertains to a tablet formulation not the registered gel capsule, but see EMA report below). This change in shape of the PK profile leads to uncertainty in safety profile prediction. [19:  Cmax : Maximum (peak) concentration of drug in plasma; AUC0-inf : area under the drug-plasma concentration curve from time 0 (dosing) extrapolated to infinity.] 

The evalator comments that the maximum tolerated dose (MTD) from the development program was also the starting dose (750 mg) and therefore risks associated with increased exposure were not known but the risk of some severe adverse events such as QT prolongation appeared to be dose proportional at least as far as was known up to 750 mg. This potent food effect of increased exposure led to a boxed warning in the PI and Consumer Medicines Information (CMI) regarding taking ceritinib on an empty stomach to advise patients of the risks of taking it with food. Submission of Study A2112 was a condition of registration and the sponsor is seeking to remove the boxed warning and update the Dosage and Administration section, based on these results.
The EMA report ‘Joint rapporteur’s extension of indication variation assessment report –List of questions (updated)’ provided by the sponsor in the dossier states, ‘Data from a relative bioavailability study which evaluated the effect of a light snack on the PK of ceritinib in healthy subjects (Study A2108)’ on a new tablet formulation – the following is the summary taken from this EMA report:
‘Food-drug interactions (A2108): Study LDK378A2108 was a randomized, open-label cross-over study to evaluate the relative bioavailability of a new tablet formulation of ceritinib in comparison to the reference ceritinib (Cohort 1) and to evaluate the effect of a light snack on the PK of ceritinib capsules (Cohort 3) in healthy subjects.
The primary objective of Cohort 3 was to evaluate the relative bioavailability of a single 750 mg oral dose of ceritinib capsules administered with a light snack (containing approximately 100 to 300 calories and 1.5 grams of fat) in comparison to a single 750 mg oral dose of ceritinib capsules administered under fasted condition in healthy subjects.
Compared to the fasted state, a light snack (containing approximately 100 to 300 calories and 1.5 grams of fat) increased Cmax and AUC0-inf following a single 750 mg oral dose of ceritinib in healthy subjects by 45% and 54%, respectively, in Study A2108.
This magnitude of increase is similar to that caused by a low-fat meal as described in the previously submitted Study A2101, suggesting that even a meal or snack with a very low-fat content could lead to a non-negligible clinically meaningful increase in ceritinib exposure. Based on the observations in Studies A2108 and A2101, an increase in exposure would be expected when ceritinib is taken with food.’
The evaluator comments that an increase in exposure from the food effect on ceritinib 750 mg dosing is clearly demonstrated in this study and consistent with that previously reported. The EMA report makes limited mention of the Study A2112 submitted in this application and the sponsor is requested to provide the latest available EMA report relating to this study.
Studies providing pharmacokinetic data
PK data were presented in Study A2112.
Limited data were collected in the randomised Phase III Study A2301 examining ceritinib in patients not previously treated in the metastatic setting, and these are presented at the end of the evaluation of Study A2112, with comments and comparisons between the two where appropriate.
Evaluator’s conclusions on pharmacokinetics population pharmacokinetics and proposed PI changes
Overall, based on the evaluation of the population PK model, the evaluator does not consider that the model provides adequate evidence in support of the proposed changes to the PI.
Currently, the PI proposes the following statement in ‘Patients with hepatic impairment’, ‘Patients with renal impairment’ and ‘Effects of age, gender and race’:
Patients with hepatic impairment
‘Based on a population pharmacokinetic analysis of 140 patients with mild hepatic impairment (total bilirubin ≤ upper limit of normal (ULN) and aspartate aminotransferase (AST) > ULN or total bilirubin > 1.0 to 1.5 times ULN and any AST) and 832 patients with normal hepatic function (total bilirubin ≤ ULN and AST ≤ ULN), ceritinib exposures were similar in patients with mild hepatic impairment and normal hepatic function. Dose adjustment is not recommended for patients with mild hepatic impairment based on the results of a population pharmacokinetic analysis.’
The evaluator comments that the basis for the hepatic impairment is relevant as those with metastatic disease may overall experience an improvement with treatment if there is a response, and if the toxicities are closely managed, whereas those with some other underlying cause may experience a worsening of their liver function. Without studies or close subgroup analyses, the safety in these patients remains unclear.
These ceritinib results are not ‘similar’ and the difference is likely to be clinically significant and the risk to patients with existing limitations in functional hepatic reserve is unknown. The ‘dose adjustment’ should explicitly refer to ‘starting dose adjustment’ as it is highly likely that any patient receiving this drug will require an adjustment.
The following amendments are proposed:
‘Based on a population pharmacokinetic analysis of 140 patients with mild hepatic impairment (total bilirubin ≤ ULN and AST > ULN or total bilirubin > 1.0 to 1.5 times ULN and any AST) and 832 patients with normal hepatic function (total bilirubin ≤ ULN and AST ≤ ULN), ceritinib exposures were increased in patients with mild hepatic impairment (recommend inclusion of Figure 1 Fold change of ceritinib geometric mean of steady state exposure (AUCss) relative to reference group) compared with normal hepatic function. A dose-dependent relationship between ceritinib exposure and toxicity has been demonstrated. While there is no evidence to support a starting dose adjustment for patients with mild hepatic impairment, they may be at increased risk of toxicities including hepatotoxicity, and should be monitored closely and doses modified according to tolerability (See Precautions - Hepatotoxicity, Dosage and Administration).’
Patients with renal impairment
‘Based on a population pharmacokinetic analysis of 345 patients with mild renal impairment (CLcr 60 to < 90 mL/min), 82 patients with moderate renal impairment (CLcr 30 to < 60 mL/min) and 546 patients with normal renal function (≥ 90 mL/min), ceritinib exposures were similar in patients with mild and moderate renal impairment and normal renal function, suggesting that no dose adjustment is necessary in patients with mild to moderate renal impairment. Patients with severe renal impairment (CLcr < 30 mL/min) were not included in the clinical studies with Zykadia (see Dosage and Administration).’
The following changes are recommended:
Based on a population pharmacokinetic analysis of 345 patients with mild renal impairment (CLcr 60 to < 90 mL/min), 82 patients with moderate renal impairment (CLcr 30 to < 60 mL/min) and 546 patients with normal renal function (≥ 90 mL/min), ceritinib exposures were higher in patients with mild and moderate renal impairment compared with normal renal function. Patients in clinical studies experienced renal toxicity (see Precautions Renal toxicity) and a dose-dependent relationship between ceritinib exposure and toxicity has been demonstrated. While there is no evidence to support a starting dose adjustment for patients with mild or moderate renal impairment, there may be an increased risk of toxicity, and these patients should be monitored closely and doses modified according to tolerability (See Precautions - Dosage and Administration).’ Patients with severe renal impairment (CLcr < 30 mL/min) were not included in the clinical studies with Zykadia (see Dosage and Administration).
Effects of age, gender, and race
‘Population pharmacokinetic analyses showed that age, gender, and race had no clinically meaningful influence on ceritinib exposure.’
The evaluator comments that the PK from the population PK study and Study A2301 do not support the continued inclusion of this statement that race and gender had no clinically meaningful influence on ceritinib exposure. This needs to be amended, and a warning included these patients should be monitored closely for toxicities. Figure 1 should be included in the PI for a clear reference for prescribers. The following amendment is recommended:
‘The population PK and clinical studies indicate an increase in exposure was experienced by female patients and Asian patients and those with low body weight. A dose-dependent relationship between ceritinib exposure and toxicity has been demonstrated. While there is no evidence to support a starting dose adjustment is required, these patients should be monitored closely for toxicities, and doses adjustments made as required (see Precautions, Dosage and Administration). Age had no clinically meaningful difference on ceritinib exposure.’
Overall conclusions on pharmacokinetics
In conclusion, the population PK findings should be presented as a means of identifying groups at increased risk when using ceritinib, as dedicated studies in many of these groups have not been done.
Figure 1: Fold change of ceritinib geometric mean of steady-state exposure (AUCss) relative to reference group
[image: ]
Source: Population PK report Figure 5-5. Abbreviations: WT = (body)weight; Yrs = years; Chn = Chinese subjects; Jpn = Japanese subjects; ARA = acid reducing agents; PPI = proton pump inhibitor; H2RA = Histamine (H2) receptor antagonist
The 750 mg dose is too high for most patients, and the evaluator recommends that future efforts should be aimed at:
establishing whether a lower starting dose results in the same efficacy with improved safety, thereby determining if the exposure resulting from the 750 mg dose is necessary for efficacy (noting most patients are not on this dose for long so this would seem unlikely);and
characterising the effects of food on GI tolerability aiming for a dose that results in exposure that is lower than that resulting from 750 mg fasted, but is still as efficacious.
[bookmark: _Toc196046481][bookmark: _Toc247691520][bookmark: _Toc314842503][bookmark: _Toc34825368]Pharmacodynamics
Studies providing pharmacodynamic data
No data provided.
[bookmark: _Toc163441372][bookmark: _Toc196046485][bookmark: _Toc247691521][bookmark: _Toc314842504][bookmark: _Toc34825369]Efficacy
[bookmark: _Toc184439992][bookmark: _Toc184440279][bookmark: _Toc184444657][bookmark: _Toc196046487]Studies providing efficacy data
[bookmark: _Ref33704193]Study CLDK378A2301 (hereafter referred to as Study A2301) A Phase III multicentre, randomised study of oral LDK378;[footnoteRef:20] versus standard chemotherapy in previously untreated adult patients with ALK rearranged (ALK-positive), stage IIIB or IV, non-squamous non-small cell lung cancer. [20:  LDK378 is the drug development name for ceritinib, used in clinical studies/trials.] 

Study CLDK378A2303 (hereafter referred to as Study A2303) A Phase III, multicentre, randomised, open-label study of oral LDK378;20 versus standard chemotherapy in adult patients with ALK rearranged (ALK-positive) advanced non-small cell lung cancer who have been treated previously with chemotherapy (platinum doublet) and crizotinib. This was the confirmatory study for the initial approval in previously treated patients.
Evaluator’s conclusions on efficacy
Study A2301
Ceritinib demonstrated consistent benefit over chemotherapy irrespective of being assessed in the different randomization strata except for patients with prior adjuvant chemotherapy (although both the patient and event numbers in this arm were small) and PFS gains were smaller for patients with brain metastases in the ceritinib arm 10.7 months (95% CI: 6.8,16.4) compared with 7 months (95% CI: 4.2, 11.1) in the chemotherapy arm.
Study A2303
This is a generally well-conducted, randomised international study, although the strict exclusion criteria and performance status, together with the rigor of monitoring (for example, electrocardiograms (ECGs)) may introduce some issues with external validity, when applied to the likely Australian patient population being treated outside of a clinical trial setting. The primary endpoint of progression free survival is appropriate in this study population. The study is clearly positive for the primary endpoint. Ceritinib demonstrated statistically significant and clinically meaningful superiority over chemotherapy with PFS of 5.4 versus 1.6 months. Several secondary endpoints support the greater efficacy of ceritinib (overall response rate (ORR) 39.7 versus 6.9%; disease control rate 76.5% versus 36.2%, intracranial response 26% versus 4.3%). There was no OS advantage (either from the planned analysis or a sensitivity analysis to account for treatment switching) but OS data were immature and the structure of the study, with a high rate of switching from chemotherapy to ceritinib, made it very unlikely that an OS difference would be found.
[bookmark: _Toc163441378][bookmark: _Toc196046495][bookmark: _Toc247691522][bookmark: _Toc314842505][bookmark: _Toc34825370]Safety
[bookmark: _Toc247691524][bookmark: _Toc314842508][bookmark: _Toc196046504][bookmark: _Toc163441390]Studies providing safety data
Study A2301
Study A2303
[bookmark: _Toc369514209]Integrated safety analysis
Table 2: Integrated safety analysis, studies used for pooling
[image: ]
Source: Annex 12, EU RMP Table 12-1
In addition, listings of deaths and serious adverse events (SAEs) from the Novartis global safety database (ARGUS) after the cut-offs above through 11 August 2016 will also be provided ongoing studies of ceritinib in cancer patients.
[bookmark: _Toc369514033]Table 3: Integrated safety analyses: datasets, analysis sets, treatment groups
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Full analysis set: for all studies other than Studies A2301 and A2303, consists of all NSCLC patients who received at least one dose of study drug; for Study A2301 and A2303, consists of all randomised patients.
Safety set: consists of all NSCLC patients who received at least one dose of study drug.
The approach taken was to compare the rates of adverse events listed in the RMP as important identified and potential risks for ceritinib, in the ceritinib and the chemotherapy arms from Study A2301 in previously untreated patients, with the rates for all patients treated to date with ceritinib in clinical trials (925 patients). These risk categories currently are:
Important identified risks for ceritinib:
hepatoxicity;
QTc prolongation;
interstitial lung disease (ILD)/pneumonitis;
hyperglycaemia;
GI toxicity (nausea, diarrhea, vomiting);
pancreatitis; and
bradycardia.
Potential risks for ceritinib:
neuropathy;
visual disorder;
photosensitivity;
leukopaenia;
oedema; and
renal cyst.
The evaluator comments that after evaluating Study A2301, the following should also be included as important identified risks:
renal impairment; and
Asian ethnicity.
Leukopaenia should be elevated to an important identified risk.
Patient exposure
Summary tables of exposure by age, gender, race were presented for the entire clinical trial patient group and compared with the chemotherapy and ceritinib arm of the first line Study A2301.
[bookmark: _Toc369514034]Table 4: Integrated summary, clinical trial exposure by duration
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Source: Table 4-01p, Annex 12 EU-RMP
[bookmark: _Toc369514035]Table 5: Integrated summary, clinical trial exposure by age group and gender
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Source: Table 4-03p, Annex 12 EU-RMP
[bookmark: _Toc369514036]Table 6: Integrated summary, clinical trial exposure by race by treatment group
[image: ]
Source: Table 4-04p, Annex 12 EU-RMP
[bookmark: _Toc369514037]Table 7: Integrated summary, clinical trial exposure by special populations by treatment group
[image: ]
Source: Table 4-05p, Annex 12 EU-RMP)
[bookmark: _Toc369514212]Adverse events
Hepatotoxicity
The figures in Table 8 of this report indicates that 68.8% of patients in Study A2301 experienced events of hepatotoxicity captured by a range of terms, and 60.5% in the 925 patients in the pooled analysis. 
The proposed PI text in the Hepatotoxicity Precautions section of the PI, is thus (with evaluator’s emphasis in italics to highlight the figures of concern:
‘Cases of hepatotoxicity occurred in 1.1% of patients treated with Zykadia in clinical studies. Cases of abnormal liver function tests occurred in 2.2% of patients treated with Zykadia in clinical studies. Cases of drug induced liver injury have been observed in 2 out of 925 (0.2%) of patients treated with Zykadia in clinical studies. Increases to grade 3 or 4 alanine aminotransferase (ALT) elevations were observed in 25% of patients receiving Zykadia. Concurrent elevations in ALT greater than three times the upper limit of normal and total bilirubin greater than two times the upper limit of normal, with normal alkaline phosphatase, occurred in less than 1% of patients in clinical studies. Hepatotoxicity events were managed with dose interruptions or reductions in 40.6% of patients. One percent of patients required permanent discontinuation of treatment in clinical studies with Zykadia. Few events required discontinuation of Zykadia.’
The evaluator has the following comments:
1. The evaluator recommends adoption of the text from the Food and Drug Administration (FDA) label, as the currently proposed text is confusing.
The figures reported in the PI for hepatotoxicity appear to have been drawn from the selective use of the Medical Dictionary for Regulatory Activities (MedDRA) Preferred Term (PT) ‘Hepatotoxicity’ within the Integrated safety table. This may lead to considerable confusion as the title of the table is ‘Hepatotoxicity’, and all events are terms that represent such an event. 
Similarly, the figures of ‘Abnormal liver function tests’ are quoted in the PI as 2.2% (based on that PT), and then two sentences later it is stated that Grade 3 or 4 ALT (a liver enzyme) elevations were observed in 25% of patients. These two statements cannot be reconciled and reflect the confusing use of specific MedDRA PT to report these events.
The sponsor is requested to re-write this section, noting the FDA label expresses this very clearly, and adoption of that would be acceptable; using more general terms to indicate that patients treated with Zykadia experienced drug-induced hepatotoxicity.
It is unclear whether the current term ‘drug-induced liver injury’ indicates these cases met Hy’s law criteria;[footnoteRef:21] to clarify the seriousness of the event being discussed. [21:  Hy’s law criteria: Evidence of hepatocellular injury with The drug causes hepatocellular injury, an elevated ALT or AST > 3 x the upper limit of normal and bilirubin of greater than 2× the upper limit of normal with no reason to explain the rise in aminotransferases and bilirubin.] 

The figure 40.6% is used from the Integrated safety set for those requiring dose reductions/interruptions but it was 55% in the first line population in Study A2301. This is a clinically relevant difference.
It should be clarified that 1% discontinued due to events of hepatotoxicity as there were many other reasons for discontinuing. This could be done by including this in the preceding about dose reductions and discontinuations, and deletion of the last sentence.
QT interval prolongation
The section regarding QT interval;15 prolongation from which the PI statements are cited, states:
‘QTc prolongation has been observed in clinical studies in patients treated with Zykadia, which may lead to an increased risk for ventricular tachyarrhythmias (e.g., Torsade de pointes) or sudden death. In clinical studies, 9.7% of patients treated with Zykadia had events of QT prolongation (any grade), including Grade 3 or 4 events in 2.1% of patients. These events required dose reduction or interruption in 2.1% of patients and led to discontinuation in 0.2% of patients.’
The figures in the PI reflect those with the MedDRA PT term ‘Electrocardiogram QT prolonged: rather than the reported adverse events for QTc;[footnoteRef:22] prolongation on treatment which is acceptable given this is a specific test result. The figures should be corrected to those in Table 8-02 p from Annex 12 of the EU-RMP: 10.8% of patients experienced an adverse event (AE) of QT prolongation, 2.8% were Grade 3/4 while the other figures for dose reduction, interruption and discontinuation are correct (see Table 8 for correct figures). [22:  QTc, QT interval corrected for heart rate.] 

PI comments
[bookmark: _Ref33706112][bookmark: _Ref33706132]The following statement in the PI does not elaborate that the method of QTcP;[footnoteRef:23] was used in determining QT prolongation, noting that in the evaluation of Study A2301, this resulted in a lower figure for this AE compared with QTcF.[footnoteRef:24] [23:  QTcP, QT interval corrected according to population-optimised heart rate correction model.]  [24:  QTcF, QT interval corrected for heart rated according to Fridericia’s formula.] 

Table 8: QT prolongation events (Safety set)
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The proposed PI currently states, in both the Cardiac electrophysiology and the QT Interval Prolongation Precautions section:
‘A central analysis of ECG data demonstrated new QTc >500 ms in 12 patients (1.3%) among which six had elevated QTc > 450 ms at Baseline. There were 58 patients (6.3%) with a QTc increase from Baseline > 60 ms. A pharmacokinetic/pharmacodynamic analysis suggested that ceritinib causes concentration-dependent increases in QTc.’
[bookmark: _Toc369514038]Table 9: Integrated summary of ECG changes from Baseline (Safety set)
[image: ]
Source: SCS Appendix Table 14.3-5.2
Table 10: Integrated summary of number and percentage of patients with notable ECG changes from Baseline by treatment group (Safety set)
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The evaluator comments:
1. This statement does not elaborate that QTcP;23 was used in determining QT prolongation, noting that in the evaluation of Study A2301 and in the pooled dataset, this resulted in a lower figure for this AE compared with QTcF.24
1. Dose-dependent exposure was also detected in Study A2301 and is this information is included in the SCS; it should be stated that this statement be amended as follows:
‘A pharmacokinetic/pharmacodynamic analysis suggestedindicates that ceritinib causes concentration-dependent increases in QTc.’
Bradycardia
Currently the proposed PI states:
‘In clinical studies, bradycardia and/or sinus bradycardia (heart rate less than 60 bpm) events (all grade 1) were reported in 12.3% of patients. These events required dose reduction or interruption in 0.2% of patients. None of these events led to discontinuation of Zykadia treatment. Asymptomatic cases of bradycardia (heart rate less than 60 bpm) have been observed in 11 out of 925 (1.2%) patients treated with Zykadia in clinical studies.’
The evaluator comments that Table 2-16 from the SCS (presented below as Table 11) and Table 8-08 from RMP Annex 12 include the same data state that all AEs of bradycardia were 13.1% (noting many were also events of QT prolongation), 2.7% Grade 3/4, and 0.2% dose reduction/interruption and 0.2% required discontinuation. In the pooled dataset, events of bradycardia and sinus bradycardia occurred in 1.2% and 1.1% of patients, with some requiring dose reduction. The sponsor quotes Table 8-08 in support of asymptomatic cases of bradycardia being reported in 11/925 patients but the evaluator could not find such a statement in these tables or the footnotes, and recommends this statement be removed.
The first sentence should be replaced with:
‘In clinical studies, bradycardia (heart rate less than 60 beats per minute) was reported in 1.2% and 1.1%, with some patients requiring dose reduction or delays, but none discontinuing due to manage this event.’
[bookmark: _Toc369514039]Table 11: Study A2301 and pooled dataset analyses for bradycardia (Safety sets)
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Interstitial lung disease
Currently the proposed PI states:
‘Severe, life-threatening, or fatal interstitial lung disease (ILD)/pneumonitis have been observed in patients treated with Zykadia in clinical studies. In clinical studies, any grade ILD/pneumonitis has been reported in 2.1% of patients treated with Zykadia, and grade 3 or 4 events have been reported in 1.2% of patients. Monitor patients for pulmonary symptoms indicative of pneumonitis. Exclude other potential causes of pneumonitis, and discontinue Zykadia in patients diagnosed with treatment-related pneumonitis, any grade (see Dosage and Administration and Adverse Events).’
The evaluator comments that the figures provided for evaluation in Table 8‑03p in Annex 12 to the EU-RMP and SCS Table 2-14 state the figure for the pooled analysis to be reported AEs of 2.4% with 1.3% Grade 3/4. It should be stated that 1.2% required dose reduction/interruptions and 1.1% discontinued due to pneumonitis. (PI Comments).
Hyperglycaemia
The proposed PI currently states:
‘Events of hyperglycaemia (all grades) have been reported in 9.4% of patients treated with Zykadia in clinical studies; 5.4% of patients reported a grade 3/4 event. These events required dose reduction or interruption in 1.4% of patients and led to discontinuation in 0.1% of patients. The risk of hyperglycaemia was higher in patients with diabetes mellitus and/or concurrent steroid use. Events of diabetes mellitus (all grades) have been reported in 2.3% of patients treated with Zykadia in clinical studies.’
The evaluator comments that this use of the select MedDRA PT again results in lower reporting rates that do not reflect the tables in the RMP Annex 12 or Table 2-17 SCS, copied below as Table 12. The evaluator believes the appropriate figures for inclusion in the PI to be all AEs for hyperglycaemia events of 13%, of which 6.5% were Grade 3/4, 1.9% required dose interruption/delays and 0.1% required discontinuation. The statement regarding diabetes mellitus should be removed as this is superfluous when all events describing these same outcomes are presented as they were in Table 2-17 of the SCS.
Dose-dependent exposure was also detected in Study A2301 and is this information is included in the SCS. This information should be included in the PI.
[bookmark: _Toc369514040]Table 12: Hyperglycaemia events (Safety set)
[image: ]
Source: SCS Table 2-17
Gastrointestinal toxicity events
The rates of adverse events included in the PI are consistent with those in the SCS and EU‑RMP Annex 12 tables. However, the sponsor has added in the option to take a lower dose with food to reduce these adverse events. This is predicate on acceptance of the findings of Study A2112; the evaluator considers the data are too immature to accept this PI dosing change and therefore this should be removed. In particular, should this dosing change be approved, the details of the dose reduction should be specified as the next dose level down of 600 mg when taken with food resulted in higher exposure than has been studied and a higher rate of AEs reported in the data to date.
‘Dose interruption and dose reduction with food may be employed as necessary (see Dosage and Administration and Adverse Events).’
[bookmark: _Toc369514041]Table 13: Gastrointestinal toxicity events (Safety set)
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Source: SCS A2301 Table 2-18
Pancreatic toxicity
The proposed PI currently states:
‘In clinical studies, AEs of amylase increased (all grades) occurred in 7.0% of patients receiving Zykadia; 3.1% of patients reported a grade 3-4 event. AEs of lipase increased (all grades) occurred in 4.8% of patients receiving Zykadia; 3.5% of patients reported a Grade 3 or 4 event.’
The evaluator comments that the selective reporting of MedDRA PTs for amylase or lipase increase does not capture the pancreatic adverse events - these figures should be replaced with those from the table below for PT ‘Pancreatitis’ events: 9.6% for all AEs (noting that the sponsor has not included the events of pancreatitis in this Precaution on pancreatic toxicity), 5.8% for Grade 3/4 events, 4% requiring dose reduction/interruption and 0.5% discontinuations. It is acceptable to indicate that most abnormalities of lipase and amylase were laboratory-detected events, manageable with dose reductions or delays.
Table 14: Pancreatic events (Safety set)
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The following appear to be common in patients receiving ceritinib:
leukopaenia (13.2% in the pooled dataset, 12.7% in Study A2301), this should be changed to an important identified risk in the RMP; and
photosensitivity.
All AEs were 1.6% in the pooled dataset, with 1 patients experiencing a Grade 3/4 reaction, and most events appearing to be related to radiation treatment, but some also to sunlight. This should be included in the PI to warn about potential radiation reactions which would be administered commonly in this patient group for symptom palliation. Is this severe and should the drug be interrupted for radiation treatment? Have there been any reported instances of radiation recall? (this constitutes a clinical question raised by the Delegate, further mentioned in comments on the PI).
Visual disorders: AEs of visual disorder 7.8% were reported in the pooled dataset. These were not discussed.
Post marketing data
Periodic safety update reports (PSUR) have been submitted to the TGA and are not evaluated as part of this submission.
Evaluator’s conclusions on safety
In Study A2303, ceritinib caused more recorded drug toxicity, adverse events, serious adverse events, and required more dose reductions, interruptions and discontinuations due to toxicity than pemetrexed or docetaxel. Conventional cytotoxic agents used in a third line setting are commonly associated with substantial toxicity burdens, so the greater drug toxicity in the ceritinib arm is noteworthy. It should be recalled also that the study was designed to maximise ceritinib safety by excluding patients with disorders that might predispose to known ceritinib toxicities, and by excluding concurrent use of drugs with the potential to interact with ceritinib.
Most toxicities encountered with ceritinib were not novel. However, reversible elevations of creatinine were encountered frequently, and 29% of patients on ceritinib suffered weight loss of > 10%, far more than was seen on the chemotherapy arm.
GI toxicity and hepatic toxicity were most frequent, with serious adverse events of nausea and vomiting noted, and were generally manageable. While there were no deaths or recorded irreversible serious adverse events attributable to the drug, in one instance an investigator could not rule out adverse events from ceritinib contributing to a global decline in a patient who died shortly after discontinuation (ten days) from progressive disease. The rates of increase in QT interval were substantial in this study as in Study A2301, but did not translate into any clinical events, with close monitoring and minimisation of synergistic factors such as concomitant medications increasing the QT interval. Feared serious adverse events such as pancreatitis, serious arrhythmias and irreversible interstitial lung disease were not encountered. This is in the context of a selected study population, closely monitored by investigators familiar with the study protocol.
[bookmark: _Toc34825371]First round benefit-risk assessment
First round assessment of benefits
Study A2301 First line usage of ceritinib compared with chemotherapy
Stage IIIb and metastatic ALK-positive NSCLC is an incurable condition, and the current standard of care is crizotinib, although recent reports of a significant improvement in progression-free survival with alectinib compared with crizotinib (Peters et al., 2017;12 Hida et al., 2017;11) have resulted in changes in the recommended treatment algorithms by sources such as UpToDate. At this time, the only ALK inhibitor approved for use as a first line therapy for ALK-positive NSCLC is crizotinib.
Study A2301 compared the use of ceritinib with doublet platinum-based chemotherapy followed by pemetrexed maintenance, in patients with Stage IIIb or metastatic ALK‑positive NSCLC as determined by the Ventana (D5F3) IHC assay, compared with four cycles of platinum-based doublet chemotherapy followed by maintenance pemetrexed.
Benefits
The efficacy findings support the superiority of ceritinib with an 8.5 month gain in median PFS over standard chemotherapy (16.6 months (95% CI: 12.6, 27.2) versus 8.1 months (95% CI: 5.8, 11.1)). The overall response rate was much higher (72.5% (95% CI: 65.5, 78.7) with ceritinib versus 26.7%, (95% CI: 20.5, 33.7)) and occurred much sooner with ceritinib (median time to response 6.1 weeks versus 13.4 weeks). Although complete responses were only observed in a single patient on ceritinib by blinded independent review committee (BIRC), the waterfall indicated a greater depth of response compared with chemotherapy.
Brain metastases are common in patients with ALK-positive NSCLC, and ceritinib treatment led to higher intracranial response rates and a longer duration of response than chemotherapy.
Overall survival data are immature and likely to be affected by the substantial built-in treatment switching to ceritinib, as well as to agents available outside of the trial, including other ALK inhibitors.
Risks
Balanced against these benefits are the very high risk of AEs that were also more severe for those on ceritinib: most notably gastrointestinal toxicity; nausea, vomiting and diarrhoea; as well as hepatotoxicity and renal impairment. Additional risks include QT prolongation, bradycardia, hyperglycaemia, pancreatitis (manifest largely as increases in amylase and lipase) and ILD/pneumonitis. From the pharmacokinetic study undertaken as part of this study, a clear safety-exposure relationship emerged for hepatotoxicity, GI toxicity, QT prolongation and hyperglycaemia.
The most frequently reported study drug-related AEs in the ceritinib group (> 20% of patients) were diarrhoea (80.4%), nausea (64.0%), ALT increased (59.3%), vomiting (57.1%), AST increased (50.8%), gamma glutamyl transferase (GGT) increased (34.9%), and decreased appetite (25.4%), blood alkaline phosphatase increased (24.9%), fatigue (22.2%), and abdominal pain (20.6%). Grade 3 or 4 AEs suspected to be study drug related reported in ≥ 10% patients in the ceritinib group were: ALT (29.6%), GGT (26.5%), and AST (15.9%) increased.
Dose reductions and delays early in the treatment course are frequently required, with 27% requiring one dose reduction, 18.5% requiring two dose reductions, 19.6% of patients requiring three dose reductions and 2.6% requiring 4 dose reductions. Dose reductions and interruptions peaked during from weeks 3-6 of treatment, with the median time to first dose reduction 9.1 weeks (following the visit at the start of Cycle 4) but were still required throughout the treatment period. This suggests that the starting dose is too high for the majority of patients, and together with the high inter-individual variability in PK parameters, that serial dose reductions are necessary to identify the most tolerable dose at an individual level.
Renal toxicities emerged as a new and significant cause of dose reductions, delays and the most common cause of discontinuation. There did not appear to be predisposing factors for renal impairment in some patients, suggesting a potential for primary nephrotoxicity. No information is not currently included in the Precautions section of the PI, and this is required. Of note, all patients discontinuing due to renal adverse events were Asian patients.
Another new signal emerged of an increased risk of adverse events, particularly severe events and those requiring discontinuation, for Asian patients. As a proportion of the study population, this group were overrepresented among requiring discontinuation for hepatotoxicity, renal toxicity and QT prolongation. The PK outcomes from this study showed higher trough concentration (Ctrough) levels for the following individual groups of patients, with potential for overlap: female, Asian, those with low body weight or low body mass index. These findings suggest these patients may be at increased risk of toxicities.
While more patients had an improvement in their performance status compared with chemotherapy patients, an equal proportion in the ceritinib arm experienced a deterioration of their performance status. Despite the impressive efficacy results, the quality of life data did not indicate a clear improvement especially early in the first few cycles of treatment when there would have been sufficient respondents in both arms for a meaningful comparison. Later quality is limited by a rapid decline in the proportion of the full analysis set (FAS) providing responses, particularly among patients receiving chemotherapy and potential bias given the open label nature of the study.
Uncertainties
Overall, the study was well presented and clear in its design, demonstration of outcomes.
However, the following are raised as limitations or uncertainties.
1. Study A2301 does not address the relative efficacy of ceritinib compared with crizotinib, the current standard of care for first line treatment ALK-positive NSCLC. It is noted that this study was initiated prior to results from the first line study of crizotinib indicated superior efficacy to chemotherapy. This presents ceritinib as an alternative first line option for those patients with newly diagnosed Stage IIIb or metastatic disease but will not inform regarding optimal sequencing of currently approved ALK inhibitors.
1. The exposure from the currently recommended starting dose appears too high for many patients, but strategies for optimizing this other than dose reduction and changing to taking a lower dose with food, do not appear to have been investigated. Patients receiving 750 mg on an empty stomach had a high rate of GI toxicity which appears potentially to be lowered by co-administration with a low-fat meal of a lower dose (450 mg) of ceritinib. However, this resulted in a slight increase in exposure from the food effect, and with fewer dose reductions due to GI toxicity, a maintained level of exposure that paradoxically, may lead to an increase in other toxicities. There was a clear relationship between exposure and adverse events such as hepatotoxicity, QT prolongation and hyperglycaemia, with increasing severity at higher exposure levels. Discontinuations were higher in the 450 mg fed arm, but with only 15 weeks’ median follow-up for safety, it is too early to be certain. Changes to the dosing approach in the PI are not supported, and the issue of nausea, vomiting and diarrhoea will remain, at least in the interim, until mature data from this food study are available to clarify the safety risks and confirm efficacy is satisfactory.
1. Given the 750 mg dose is too high for most patients, the evaluator recommends that future efforts should be aimed at:
Establishing whether a lower starting dose results in the same efficacy with improved safety, thereby determining if the exposure resulting from the 750 mg dose is necessary for efficacy (noting most patients are not on this dose for long so this would seem unlikely) and
Characterising the effects of food on GI tolerability aiming for a dose that results in exposure that is lower than that resulting from 750 mg fasted, but is still as efficacious.
The PK results from Study A2301, suggest that Ctrough levels are higher in women than men, in Asian patients, as well as those with lower body weight and lower body mass index. Study A2112 had substantially more women than men in the 450 mg fed arm which raises uncertainty about whether the exposure levels in that arm are generalisable to all patients.
Deaths on treatment were not frequent, with one very likely related to a drug interaction during the extension phase and possibly another which evaluator considers that the death from pneumonitis may be study drug related and the narrative has been requested.
Summary
Overall, the toxicities although sometimes severe were manageable and treatment resulted in a substantially improved progression-free survival. For patients informed of the risks of treatment and with a clear plan of how to manage adverse events, the benefit‑risk equation is considered positive.
Study A2303 ceritinib compared with chemotherapy in patients previously treated with chemotherapy and crizotinib
[bookmark: _Ref33710991]The safety concerns are substantial but do not invalidate the positive outcome of the study. Despite higher toxicity, patients gained a PFS nearly 4 months longer (or 3 times as long) on ceritinib as compared with chemotherapy. This is a clinically meaningful benefit. The safety concerns should be addressed by ensuring that practitioners and consumers are fully apprised of the risks of ceritinib by means of the PI and CMI. Patients with an Eastern Cooperative Oncology Group (ECOG) performance status (PS) = 2 were inadequately represented in Study A2303 and patients with ECOG PS =3 or 4 were excluded.[footnoteRef:25] Based on the submitted data, the PI should clearly state that efficacy has not been demonstrated nor has toxicity been evaluated in these patient populations. [25:  The Eastern Cooperative Oncology Group (ECOG) performance status scale (published by Oken et al. in 1982) is used to assess the progression of a patient’s disease and how that disease effects the daily living abilities of the patient and may be used in helping determine the treatment and prognosis of the patient. The scale runs from 0 to 5 as follows: 0 = symptomatic (fully active, able to carry on all pre-disease activities without restriction); 1 = symptomatic but completely ambulatory (restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature. For example, light housework, office work); 2 = symptomatic, < 50% in bed during the day (ambulatory and capable of all self care but unable to carry out any work activities. Up and about more than 50% of waking hours); 3 = symptomatic, > 50% in bed, but not bedbound (capable of only limited self-care, confined to bed or chair 50% or more of waking hours); 4 = bedbound (completely disabled. Cannot carry on any self-care. Totally confined to bed or chair); 5 = death.] 

[bookmark: _Toc34825372]First round recommendation regarding authorisation
Subject to satisfactory changes to the PI, particularly those relating to the risks and their management, authorisation of the proposed use in patients previously untreated for their Stage IIIb or metastatic ALK-positive NSCLC is supported.
Study A2303 This study has been submitted as a condition of registration. It is a positive study and fulfils the required condition, so registration for this indication should stand and the ‘Note to the Indication’ may be removed, subject to the implementation of recommended modifications to PI in the interest of patient safety.
[bookmark: _Toc34825373]Clinical questions and second round evaluation
[bookmark: _Toc272414702][bookmark: _Toc290888568][bookmark: _Toc416353784][bookmark: _Toc421005324][bookmark: _Toc432079195][bookmark: _Toc432080768]Pharmacokinetics
1. [bookmark: _Toc272414703][bookmark: _Toc290888569][bookmark: _Toc416353785][bookmark: _Toc421005325][bookmark: _Toc432079196][bookmark: _Toc432080769]When will the results be available for the secondary objectives of Study A2112, which included broader efficacy and safety assessments, including in an expanded cohort of treatment-naïve patients at these different dose levels?
1. In the CSR for Study A2112, it is stated that examples of such a low-fat meal were included but these were not able to be located. Please provide copies of these examples.
1. If still seeking the amendment to the PI for the 450 mg fed dose, after receiving this report, please provide possible text describing a low-fat meal for inclusion in both the PI and the CMI; or explain why such text is not necessary. Please also explain how the EMA and FDA are dealing with this issue, noting that patients with ALK-positive NSCLC can come from a variety of cultural backgrounds.
1. Please comment on the following: More mature safety and efficacy data are required to support the PK data for the 450 mg fed dose, and the existing dose instructions and boxed warning should remain in the PI until there is sufficient clarity over the efficacy and safety of the proposed changes.
Pharmacodynamics
[bookmark: _Toc272414704][bookmark: _Toc290888570][bookmark: _Toc416353786][bookmark: _Toc421005326][bookmark: _Toc432079197][bookmark: _Toc432080770]No questions.
Efficacy
[bookmark: _Toc272414705][bookmark: _Toc290888571][bookmark: _Toc416353787][bookmark: _Toc421005327][bookmark: _Toc432079198][bookmark: _Toc432080771]No questions.
Safety
Narratives are presented for three patients experiencing Grade 3 QT prolongation in Study A2301; one discontinued but the others resumed at a lower dose after a treatment delay. No information is presented about QT intervals for the 2 patients after recommencing treatment at the lower dose levels. Please provide this information.
Renal toxicity of ceritinib has not been considered a significant issue hitherto. It is noted that 19.1% of patients on ceritinib in Study A2303 had elevated creatinine. Please comment on a possible mechanism of action for the apparently reversible creatinine increases observed in Study A2303 while on ceritinib. Also please comment on renal impairment in Study A2301.
In Study A2301, 1.6% of patients experienced photosensitivity AEs including 1 patient experienced a Grade 3 or 4 reaction of photosensitivity, and most events appearing to be related to radiation treatment, but some also to sunlight. Is this severe and should the drug be interrupted for radiation treatment? Have there been any reported instances of radiation recall? Should this be included in the PI?
The sponsor indicates in the comments box on the front page of the PI that both an ALK IHC test and FISH test are required for access to ceritinib. Note is made of the FDA decision to register the Ventana ALK IHC as a companion diagnostic in 2017. The sponsor is requested to discuss the implications, in the Australian context, of the selection of patients for the first line Study A2301 using the Ventana IHC.
The frequency of QT prolongation depends on the measure used (for example, QTcP, QTcF). Please advise on which measure(s) is (or are) used in the EMA Summary of Medicinal Product Characteristics and the FDA PI and why.
Evaluation of response
Responses provided by the sponsor
The second round clinical evaluator reviewed the following three documents provided by the sponsor:
responses (clinical, PK, safety);
responses to the Delegate; responses to the Delegate’s questions are contained in a document titled are acceptable to the second clinical evaluator; and
responses (PI, CMI).[footnoteRef:26] [26:  Presentation of the evaluation of the response to the PI and CMI are beyond the scope of this AusPAR.] 

Evaluation of responses
All responses from the sponsor are accepted by the second round clinical evaluator, with exceptions or further commentary as follows.
Question 1
Regarding the response to Question 1:
It is noted that the US FDA label has been updated to reflect dosing of 450 mg with food (label dated December 2017), whilst the European Summary of Medicinal Produc Characteristics (SmPC) has not (as of 31 January 2018).
Question 5
Regarding the response to Question 5:
QT prolongation is well-described in the PI as a warning/precaution, and in a boxed warning.
Question 6
Regarding the response to Question 6:
The first round benefit-risk balance conclusion states:
‘Renal toxicities emerged as a new and significant cause of dose reductions, delays and the most common cause of discontinuation. There did not appear to be predisposing factors for renal impairment in some patients, suggesting a potential for primary nephrotoxicity. No information is not currently included in the Precautions section of the PI, and this is required. Of note, all patients discontinuing due to renal adverse events were Asian.’
But elsewhere in the first round evaluation the evaluator states regarding Phase III Study A2303:
‘Comment: Mild and reversible increases in creatinine were common on ceritinib but severe renal toxicity was not reported. It should be recalled that patients with baseline significant abnormalities in renal function, as with liver function, were excluded from study. While not accounting for any discontinuations as was seen in Study A2301, the frequent occurrence of abnormal renal function appears to be a new safety signal that should be stated in the PI.’
Therefore, the first round evaluator’s concerns have arisen from the evaluation of Study A2301. In this study report, there is a signal analysis of ‘all adverse events and lab abnormalities associated with creatinine increase and renal function’. Case narratives for these are provided.
The sponsor’s response regarding creatinine elevation seen in Study 2301 is reproduced here for ease of reference:
‘Creatinine increase has been commonly observed in patients treated with ceritinib, and is mainly considered to be a pharmacologic effect of ceritinib (that is, inhibition of tubular creatinine secretion), and not due to direct nephrotoxicity. Elevations of creatinine are generally transient and reversible upon treatment interruption. The frequency and severity of creatinine increase is consistent among ceritinib lung cancer studies, and transient elevations in blood creatinine were also observed in healthy subjects following a single dose of ceritinib (that is, 33/96 subjects across five clinical pharmacology studies: Studies CLDK378A2101, A2105, A2106, A2104 and A2108).
In Study A2303, none of the creatinine increase events were Grade 3 or 4, or serious. In Study A2301, four patients reported a Grade 3; three patients reported serious AE of creatinine increase, all of which recovered upon treatment interruption. besides the likely effect of ceritinib on creatinine secretion, one out of these three patients had already elevated baseline creatinine levels, and two experienced concurrent GI toxicity/dehydration, which may have temporarily accentuated creatinine concentrations. There were no severe or life-threatening events of acute kidney injury, renal failure or renal impairment.
Pre-clinically, ceritinib was shown to inhibit transporter proteins that contribute to creatinine clearance in vivo (that is, MATE1). To differentiate whether the creatinine increase observed in patients treated with ceritinib could be mediated by renal transporters, serum cystatin C (eliminated via glomerular filtration) and creatinine levels before and after ceritinib administration were assessed in healthy subjects as part of Study CLDK378A2113. In this study, transient elevations in creatinine but not cystatin C levels were found, suggesting that the effect is related to reduced creatinine secretion rather than direct nephrotoxicity. Similar findings have been observed with crizotinib where inhibition of renal transporter proteins has been proposed as a possible mechanism for decreased estimated glomerular filtration rate.[footnoteRef:27] [27:  Brosnan EM et al 2014 Drug-Induced Reduction in Estimated Glomerular Filtration Rate in Patients with ALK-Positive Non-Small Cell Lung Cancer Treated with the ALK Inhibitor Crizotinib. Cancer 2014 (March): 664-674] 

Rapid, transient increases with no accumulation over time and normalisation at the end of treatment (EOT) in blood creatinine levels but not blood urea nitrogen (BUN) have been observed in clinical studies, and further support this hypothesis; an example of creatinine and BUN time-profiles is shown below for patients treated in Study A2303 (Figure 6-1); identical pattern was found in Study A2301. Given creatinine clearance was typically calculated off blood creatinine concentrations (rather than determined based on 24 hour urine samples), decreases in creatinine clearance and respective adverse event reports in ceritinib trials are expected to be a result of the same phenomenon (that is, reduced renal creatinine secretion) in the majority of cases.
Safety data from Study A2301 and A2303 were further analysed by baseline renal function (FDA PK Renal Guidance 2010);[footnoteRef:28] given patients with serum creatinine > 1.5 g/dL and/or calculated clearance < 50 mL/min were excluded from these studies as per protocol, there were no patients with severe, and only few with moderate baseline renal impairment. The review of the overall safety profile of ceritinib in patients with baseline mild and moderate renal impairment versus patients with normal renal function did not reveal any clinically relevant differences or new safety concerns, and is consistent with the established safety profile of ceritinib. [28:  US FDA Guidance Document: Pharmacokinetics in Patients with Impaired Renal Function — Study Design, Data Analysis, and Impact on Dosing and Labeling. Docket Number:FDA-2010-D-0133. Issued by: Office of Medical Products and Tobacco, Center for Drug Evaluation and Research, United States Food and Drug Administration; March 2010] 

In summary, while common, creatinine elevation/renal impairment events occurring under ceritinib treatment are considered to be mainly related to pharmacologic inhibition of renal creatinine secretion rather than direct nephrotoxic effects; these events are generally mild or moderate and reversible upon treatment interruption or discontinuation, and are adequately described in the prescribing information. Based on the currently available information, the sponsor believes changes to the Core data sheet/label or RMP are not necessary.’
In light of the sponsor’s response regarding creatinine elevation, the differences between arms are not surprising in the Phase III trials. Case narratives predominantly highlight confounding factors such as concurrent dehydration, diarrhoea or risk factors for renal impairment. A precaution is not warranted on the basis of the clinical trial data. A statement based on the final paragraph of the sponsor’s response, above, could be considered for the PI.
No such information is included in the US label, and the ASCEND 5 trial was submitted to the FDA at the same time as the ASCEND 4 trial (though no label updates were made for the ASCEND 5 trial).
Question 8
Regarding the response to Question 8:
Efficacy of ceritinib has been demonstrated in patients tested with both tests, and reasonable, though not perfect, concurrence between tests is shown. The PI doesn't currently state what test was used in trials or which should be used in clinic to determine ALK positivity. In general, tests are seldom perfect in sensitivity/specificity, and thus concurrence can seldom be expected to be 100%. TGA involvement in companion or complementary diagnostic specifications is beyond the scope of this application.
The second round clinical evaluator agrees that it could be helpful to include in the clinical trials sections the name of the test that was used to determine ALK-positivity in each trial, such as is seen in the FDA label.
Question 10
Regarding the response to additional Question 10:
The sponsor confirms that the pooled safety dataset studied in the RMP Annex 12 only includes NSCLC patients taking 750 mg (fasted)
Regarding this group, the first round clinical evaluator states:
‘The findings in the pooled dataset are similar to those in the Study A2301 population, although increase in the rate and severity of liver function abnormalities were experienced by this previously untreated population. The results from the pooled dataset do not change the overall assessment of the safety of ceritinib for the proposed usage.’
Additional question
Regarding the response to the additional Question:
In criticism of the clinical reasoning given in this response: the presence of x-ray findings suggest a cause other than asthma, the distribution of lung abnormalities was over two separate fields (upper on one side and lower on the other) making infection less likely, antibiotics/antimycotics and steroids failed to be effective, and suspicion by investigator is an unreliable predictor of causality.
Despite these criticisms, the second round evaluator agrees that regardless of causality, pneumonitis/ILD is described by the current PI text:
‘Severe, life-threatening, or fatal interstitial lung disease (ILD)/pneumonitis have been observed in patients treated with Zykadia in clinical studies. In clinical studies, any grade ILD/pneumonitis has been reported in 2.1% of patients treated with Zykadia, and grade 3 or 4 events have been reported in 1.2% of patients. Monitor patients for pulmonary symptoms indicative of pneumonitis. Exclude other potential causes of pneumonitis, and discontinue Zykadia in patients diagnosed with treatment-related pneumonitis, any grade (see Dosage and Administration and Adverse Events).’
Additional comment on draft RMP
Regarding the response to the additional comment by the clinical evaluator on the draft RMP:
The question is whether ceritinib causes leukopaenia at all, not whether it is 
worse than chemotherapy or crizotinib;
manageable with dose reduction; or
serious or fatal.
There is therefore extraneous argument included in this response around those topics.
Despite these criticisms, it is agreed by the second round evaluator that the nature, severity and confounding factors in the leukopenia adverse events seen in the clinical trials is not reflective of clear causality between ceritinib and leukopaenia but is more suggestive that these mostly subclinical effects are derived from other causes such as infections, in a population compromised by underlying disease and previous therapy.
[bookmark: _Toc34825374]Second round benefit-risk assessment
The benefits identified at the first round are unchanged by the second round assessment.
The risks identified at the first round are agreed by the second round clinical evaluator except for:
nephrotoxicity is not an identified risk; and
concerns regarding exposure in patients of low weight or Asian race are considered mediated by the size of PK change ascribed to these patients in context of inter-individual variability.
Uncertainties remain the same, namely:
translation of measured outcomes into clinical meaning/quality of life, given the open-label nature of the study;
relative efficacy/safety of ceritinib to other ALK inhibitors; and
the fatal case of pneumonitis that occurred on-study may well have been treatment related, but this can’t be unequivocally established from the available data.
With the exception of the above, which the second round round evaluator believes are now established:
the 450 mg dose in the fed state appears to be of similar efficacy and improved GI tolerability/similar safety compared to the 750 mg fasted dosing; and
Study A2112 had a similar proportion of female patients in the 450 mg fed arm (56.1%) and 750 mg fasted arm (57.5%), however, the proportion of female patients was lower in the 600 mg fed arm (40.0%).
The first round clinical evaluator’s summary was:
‘Overall, the toxicities although sometimes severe were manageable and treatment resulted in a substantially improved progression-free survival. For patients informed of the risks of treatment and with a clear plan of how to manage adverse events, the benefit-risk equation is considered positive.
The second round clinical evaluator agrees with this summary after evaluation of the sponsor’s response to request for information.
[bookmark: _Toc369514234][bookmark: _Toc34825375]Second round recommendation regarding authorisation
Subject to PI changes satisfactory to the Delegate, authorisation of the following are recommended:
the proposed usage of ceritinib in patients previously untreated for their Stage IIIb or metastatic ALK-positive NSCLC; and
removal of the ‘Note to Indication’ and black box warnings as per the tracked changes in the submitted PI.
[bookmark: _Toc34825376]VI. Pharmacovigilance findings
[bookmark: _Toc247691526][bookmark: _Toc314842509][bookmark: _Toc34825377]Risk management plan
[bookmark: _Toc247691527][bookmark: _Toc314842510]Summary of RMP evaluation[footnoteRef:29] [29:  Routine risk minimisation activities may be limited to ensuring that suitable warnings are included in the product information or by careful use of labelling and packaging.
Routine pharmacovigilance practices involve the following activities:
All suspected adverse reactions that are reported to the personnel of the company are collected and collated in an accessible manner;
Reporting to regulatory authorities;
Continuous monitoring of the safety profiles of approved products including signal detection and updating of labeling;
Submission of PSURs;
Meeting other local regulatory agency requirements.] 

The sponsor has applied to extend the indications of ceritinib (Zykadia) to include first-line treatment of patients with locally advanced or metastatic NSCLC) that is ALK-positive.
The proposed indication will replace the current second-line indication:
‘use as monotherapy for the treatment of adult patients with anaplastic lymphoma kinase (ALK) positive locally advanced or metastatic non-small cell lung cancer (NSCLC) whose disease has progressed on or who are intolerant of crizotinib.’
The application also seeks to remove several black box warnings regarding severe adverse events such as gastrointestinal toxicity and ILD/pneumonitis, including fatal cases and a warning that Zykadia must be administered whilst fasting.
In addition, the sponsor proposes to discontinue the patient wallet card which is the only additional risk minimisation activity for Zykadia. The reason for removal is based on the results of two Phase III studies which have now been completed and data from Part I of Study 2112 (a food effect study).
The recommended dose of Zykadia is 750 mg taken orally once daily on an empty stomach at the same time each day.
The most recently evaluated European Union risk management plan (EU-RMP) version 2.5 (dated 29 April 2015, data lock point (DLP) 27 June 2014) and Australian specific Annex (ASA) version 3.0 (dated 11 March 2016). In support of the extended indications, the sponsor has submitted EU-RMP version 9.0 (dated 2 March 2017; DLP 29 March 2016) and ASA version 4.0 (dated 1 May 2017). In its post first round response, the sponsor submitted ASA version 6.0 (dated 13 December 2017). The EU-RMP version 10.0 (dated 17 May 2017; DLP 29 March 2016) was provided to the TGA as a post-approval update prior to the response to questions.
The proposed Summary of Safety Concerns and their associated risk monitoring and mitigation strategies are summarised below:
Table 15: Summary of safety concerns
	Summary of safety concerns
	Pharmacovigilance
	Risk Minimisation

	
	Routine
	Additional
	Routine
	Additional

	Important identified risks
	Hepatotoxicity
	
	–
	
	**

	
	QT prolongation
	
	–
	
	**

	
	Interstitial lung disease/ Pneumonitis
	
	–
	
	**

	
	Hyperglycaemia
	
	–
	
	**

	
	GI toxicity (nausea, vomiting, diarrhoea)
	
	–
	
	**

	
	Bradycardia
	
	–
	
	**

	
	Pancreatitis
	
	–
	
	**

	Important potential risks
	Neuropathy
	
	–
	–
	–

	
	Concomitant use of ceritinib and strong CYP3A inhibitors or strong CYP3A inducers
	
	–
	
	–

	
	Concomitant use of ceritinib and gastric acid reducing agents such as proton pump inhibitors (PPIs)
	
	*
	
	–

	Missing information
	Patients with hepatic impairment
	
	
	
	–

	
	Patients with severe renal impairment
	
	–
	
	–

	
	Patients with severe cardiac impairment
	
	–
	
	–

	
	Elderly patients
	
	–
	
	–

	
	Paediatric patients
	
	–
	
	–

	
	Pregnant and lactating women, and women of childbearing potential
	
	–
	
	–

	
	Long-term safety
	
	–
	–
	–

	
	Concomitant use of ceritinib and CYP3A, CYP2C9, CYP2A6, or CYP2E1 substrates; ceritinib and drugs that may prolong the QT interval
	
	
	
	–


*Study LDK378A2113 is now completed. **Not an EU requirement, ASA only. The additional risk minimisation activity is the patient wallet card, and all the Important Identified Risks (except hyperglycaemia) have a black box warning in the PI as part of routine risk minimisation.
Additional pharmacovigilance activities include two Phase I studies (Studies LDK378A2110 and LDK378A2103) to address the safety concerns indicated in the table above.
The sponsor is requesting the removal of the one additional risk minimisation activity; a patient wallet card. If the requested black box warnings are not removed from the PI, then the sponsor should continue to provide the patient wallet card.
[bookmark: _Toc477354123]New and outstanding recommendations from second round evaluation
The recommendations made in the first round evaluation, along with consideration of the sponsor response, were provided.
There is one outstanding recommendation at the second round which is dependent on the outcome of the TGA evaluation:
If the Delegate decides to remove the black box warning, then the patient wallet card is no longer required; otherwise
Recommendation 6: If the Delegate decides not to remove the requested black box warnings, then the patient wallet card should remain in use.
If this is the case, then the patient wallet card should be updated with information on the timing of dosing in relation to food and the extended indication and be submitted to the TGA prior to the marketing of the new indication.
[bookmark: _Toc477354124]Proposed wording for conditions of registration
Any changes to which the sponsor has agreed should be included in a revised RMP and ASA. However, irrespective of whether or not they are included in the currently available version of the RMP document, the agreed changes become part of the risk management system.
The suggested wording is:
The Zykadia EU-Risk Management Plan (RMP) (version 10.0, dated 17 May 2017, data lock point 29 March 2016), with Australian Specific Annex (version 6.0, dated 13 December 2017), included with submission PM-2017-00696-1-4, and any subsequent revisions, as agreed with the TGA will be implemented in Australia.
The following wording is recommended for the PSUR requirement:
An obligatory component of risk management plans is routine pharmacovigilance. Routine pharmacovigilance includes the submission of Periodic Safety Update Reports (PSURs).
Reports are to be provided in line with the current published list of EU reference dates and frequency of submission of PSURs until the period covered by such reports is not less than three years from the date of this approval letter.
The reports are to at least meet the requirements for PSURs as described in the European Medicines Agency’s Guideline on good pharmacovigilance practices (GVP) Module VII-Periodic Safety Update Report (Rev 1), Part VII.B Structures and processes. Note that submission of a PSUR does not constitute an application to vary the registration. Each report must have been prepared within ninety calendar days of the data lock point for that report.
[bookmark: _Toc34825378]VII. Overall conclusion and risk/benefit assessment
[bookmark: _Toc247691528]The submission was summarised in the following Delegate’s overview and recommendations.
[bookmark: _Toc34825379]Background
Drug classification
Ceritinib is a small molecule inhibitor of an oncogenic fusion gene product, anaplastic lymphoma kinase (ALK). It is approved in Australia for the treatment of ALK-positive non-small cell lung cancer (NSCLC), after failure of crizotinib, an earlier generation ALK‑inhibitor. A third ALK inhibitor, alectinib, is now approved for first-line treatment of ALK-positive NSCLC. Trial data directly comparing ceritinib with crizotinib or ceritinib with alectinib are not available.
Australian regulatory history
Ceritinib was originally approved as a new chemical entity for the current indication in March 2016, on the basis of overall response rate (ORR) and duration of response (DOR) data from a Phase II clinical trial (Study A2201), with supporting data from a Phase I clinical trial (Study X2101).
Study X2101 (also known as the ASCEND-1 trial) was a global, multicentre, open-label, single-arm Phase I study with a dose-escalation phase and an expansion phase at 750 mg dose (n = 246) in patients who had locally advanced or metastatic ALK-positive malignancy that had progressed despite standard therapy (163 had received prior treatment with an ALK inhibitor).
Study A2201 (also known as the ASCEND-2 trial) was a global, multicentre, open-label, single-arm Phase II study of 750 mg ceritinib in patients with locally advanced or metastatic ALK-positive NSCLC (n = 140) who had been previously treated with 1 to 3 prior lines of cytotoxic chemotherapy followed by crizotinib, and then progressed on crizotinib.
The primary efficacy endpoint for both studies was ORR for patients who were treated with a dose of 750 mg, and secondary endpoints included DOR, progression-free survival (PFS) and overall survival (OS). Tumour evaluations were performed by the investigator according to Response Evaluation Criteria in Solid Tumours (RECIST) 1.0 in Study X2101 and RECIST 1.1 in Study A2201. Tumour evaluations were also performed separately by blinded independent review committee (BIRC). The efficacy results from these studies, as summarised in the current PI, are reproduced in Table 16.
As the approval was based on single-arm study data and surrogate markers of clinical benefit, and no formalised provisional registration pathway was available, a note to the indication was added to the Australian PI to highlight the uncertainty inherent in the registration data. The current indication is:
‘Zykadia is indicated as monotherapy for the treatment of adult patients with anaplastic lymphoma kinase (ALK) positive locally advanced or metastatic non-small cell lung cancer (NSCLC) whose disease has progressed on or who are intolerant of crizotinib
Note to the Indication: This indication is approved based on tumour response rate and duration of response. An improvement in survival or disease-related symptoms has not been established.’
Table 16: Overview of efficacy data in ALK-positive NSCLC patients from Studies X2101 and A2201
[image: ]
Extensive safety-related warnings, including black box warnings, were also implemented as a way of emphasising the uncertainty involved in the measurement of safety outcomes in the absence of a contemporaneous control arm. Conditions of registration included a requirement for the submission of results from a Phase II food study (Study A2112, also known as the ASCEND-8 trial) and a confirmatory Phase III randomised controlled trial (RCT) in crizotinib-treated patients (Study A2303, also known as the ASCEND-5 trial).
The current submission seeks to make extensive changes to the PI, on the basis of the three clinical studies listed in Table 17: the fed dosing study (ASCEND-8 trial), a confirmatory Phase III RCT in previously treated patients (ASCEND-5 trial) and an additional Phase III RCT study in previously untreated patients (Study A2301, also known as the ASCEND-4 trial).
[bookmark: _Ref506982594]Table 17: The three clinical trials that formed the basis of this extension of indications submission
	Study
	Title

	Study A2301 (ASCEND-4 trial)
	A Phase III multi-centre, randomized study of oral LDK378 versus standard chemotherapy in previously untreated adult patients with ALK rearranged (ALK-positive), stage IIIB or IV, non-squamous non-small cell lung cancer.

	Study A2303 (ASCEND-5 trial)
	A Phase III, multi-centre, randomized, open-label study of 750 mg oral LDK378 versus standard chemotherapy in adult patients with ALK rearranged (ALK-positive) advanced non-small cell lung cancer who have been treated previously with chemotherapy (platinum doublet) and crizotinib.

	Study A2112 (ASCEND-8 trial)
	A multi-centre, randomized, open-label study to assess the systemic exposure, efficacy, and safety of 450 mg ceritinib taken with a low-fat meal and 600 mg ceritinib taken with a low-fat meal as compared with that of 750 mg ceritinib taken in the fasted state in adult patients with ALK-rearranged (ALK-positive) metastatic non-small cell lung cancer (NSCLC).


LDK378: The drug development name for ceritinib in clinical studies/trials
Two key changes to the PI are:
1. the removal of the specification in the indication limiting use to post-failure of crizotinib (that is, allowing first-line use in ALK-mutation positive NSCLC); and
addition of a recommendation to adjust dosage from the starting dose of 750 mg daily on an empty stomach to 450 mg daily with food, for the management of gastrointestinal adverse events.
Other changes include updated clinical trial, efficacy, safety and population study data, and removal of related black box warnings.
International regulatory history
Overview of international regulatory status
The submission contained a tabular summary of international regulatory status at time of submission of data from the three trials ASCEND-4, ASCEND-5 and ASCEND-8. The table is reproduced below as Table 18.
[bookmark: _Ref506982919]Table 18: Summary of international regulatory status at time of submission for data from the three submitted clinical trials
[image: ]
United States Food and Drug Administration
Ceritinib received accelerated approval from the FDA on 29 April 2014, based on the data from Study X2101/the ASCEND-1 trial (called ‘Study 1’ in the label) for the indication:
‘Zykadia is a kinase inhibitor indicated for the treatment of patients with anaplastic lymphoma kinase (ALK)-positive metastatic non-small cell lung cancer (NSCLC) who have progressed on or are intolerant to crizotinib. This indication is approved under accelerated approval based on tumor response rate and duration of response. An improvement in survival or disease-related symptoms has not been established. Continued approval for this indication may be contingent upon verification and description of clinical benefit in confirmatory trials.’
As noted in Table 18, in May 2017, the accelerated approval was converted to a full approval with the acceptance of the confirmatory Phase III study, theASCEND-5 trial, by the FDA. At the same time, the indication was amended to allow first line use by removing the specification for use after failure of crizotinib, based on the data from the ASCEND-4 trial.
Since the submission was received by the TGA (that is, since the compilation of Table 16 by the sponsor), the FDA has updated the US label based on data from the ASCEND-8 trial to amend the starting dose to 450 mg with food for all patients. The current US indication and dosage is thus (cross-references are to other numbered sections of the US label):
‘Indications and usage
Zykadia is a kinase inhibitor indicated for the treatment of patients with metastatic non-small cell lung cancer (NSCLC) whose tumors are anaplastic lymphoma kinase (ALK)-positive as detected by an FDA-approved test.
Dosage and administration
450 mg orally once daily with food.’
European Medicines Agency
Ceritinib was approved by the EMA in May 2015 for treating ALK-positive advanced NSCLC previously treated with crizotinib, based on the data from Study X2101/ASCEND-1 trial (called ‘Study A’ by the EMA) and Study A2201/ASCEND-2 trial (called ‘Study B’ by the EMA).
In May 2017, the first line indication was recommended for approval by the EMA's Committee for Medicinal Products for Human Use (CHMP) based on the ASCEND-4 trial data. Section 4.1 of the SmPC (‘Therapeutic indications’) now reads:
Zykadia as monotherapy is indicated for the first-line treatment of adult patients with anaplastic lymphoma kinase (ALK)-positive advanced non-small cell lung cancer (NSCLC).
Zykadia as monotherapy is indicated for the treatment of adult patients with anaplastic lymphoma kinase (ALK)-positive advanced non-small cell lung cancer (NSCLC) previously treated with crizotinib.
A decision is expected in March 2018 from the EMA regarding dose changes related to the ASCEND-8 trial.
[bookmark: _Toc314842511][bookmark: _Toc34825380]Quality
There was no requirement for a quality evaluation in a submission of this type.
[bookmark: _Toc314842512][bookmark: _Toc34825381]Nonclinical
There was no requirement for a nonclinical evaluation in a submission of this type.
[bookmark: _Toc247691530][bookmark: _Toc314842513][bookmark: _Toc34825382]Clinical
[bookmark: _Toc314842514]Study A2112 (the ASCEND-8 trial)
Two datasets related to this study have been considered in this submission.
The first is the original CSR which was submitted with the dossier initially and was reviewed by the first round clinical evaluator. The data cut-off date for the primary analysis was 16 June 2016 and the CSR is dated 24 January 2017.
In response to a question, the sponsor provided top-line efficacy and safety results (but not a full CSR) from a pre-planned interim efficacy analysis with an updated data cut off date of 26 July 2017 in the sponsor’s post first round evaluation response. Full interpretation of these results is not possible without evaluation of the full CSR.
Study title
A multicentre, randomised, open-label study to assess the systemic exposure, efficacy, and safety of 450 mg ceritinib taken with a low-fat meal and 600 mg ceritinib taken with a low-fat meal as compared with that of 750 mg ceritinib taken in the fasted state in adult patients with ALK-rearranged (ALK-positive) metastatic non-small cell lung cancer (NSCLC).
Design
This was an open label, randomised, multi-centre, parallel design, Phase I study.
Patients were randomised 1:1:1, and stratified by:
Prior treatment:
prior crizotinib use with ALK positivity determined by FISH;
crizotinib-naïve but may or may not have been previously treated with other systemic anti-cancer therapy, with ALK positivity determined by FISH; or
treatment-naïve with ALK positivity determined by IHC.
Brain metastases at screening (presence versus absence).
Tumour assessments were investigator and BIRC assessed, according to RECIST version 1.1.
Follow up was 30 days post last dose for AEs and every 12 weeks for survival.
Patients were treated until progression by BIRC or unacceptable toxicity (or other discontinuation criteria were met).
Treatment beyond progression was allowed if continued clinical benefit per Investigator (despite progression per BIRC).
Sample size was based on inter-patient PK variability (coefficient of variation (CV) for Cmax 0.448) seen in previous Study X2101, and the strict PK evaluability criteria, up to 150 patients were planned for randomization so at least 90 (30 per arm) would have evaluable full PK profiles at steady-state. Based on a t-distribution with one-sided alpha-level of 0.05 and 2n-2 degrees of freedom, and a CV of 0.448, adequate precision for the estimated geometric mean ratio (half-width of the 90% CI for treatment difference comparison on a log scale = 0.185) could be obtained with n = 30.
Locations (study centres)
Study centres were in the following countries (number of centres in brackets): Austria (1), Belgium (1), Bulgaria (3), Canada (3), Czech Republic (1), Germany (3), Italy (9), Netherlands (1), New Zealand (1), Korea (4), Spain (3), United Kingdom (3), Greece (1), Lebanon (1), United States (10), Poland (2), Russia (1), Taiwan (1).
Dates
First patient visit: 9 April 2015.
Primary analysis data cut-off date: 16 June 2016.
Study completion date: study ongoing.
CSR date (first round evaluation): 24 January 2017.
Topline summary (provided in response for second round evaluation) of interim efficacy analysis with data cut-off date: 26 July 2017.
Inclusion criteria (abbreviated)
The abbreviated inclusion criteria were:
metastatic NSCLC;
ALK-positive tumour:
if treatment naïve and enrolled prior to protocol amendment 1 (23 April 2015), then FISH test was accepted for ALK-positive identification;
after protocol Amendment 1, treatment-naïve subjects had to have ALK‑positivity confirmed by IHC;
previously treated patients could be ALK-positive on FISH or on IHC test.
World Health Organization (WHO) performance status 0 to 2;25,[footnoteRef:30] [30:  The World Health Organization performance status is based on the Eastern Cooperative Oncology Group performance status scale. ] 

adequate organ function per laboratory values;
at least one lesion measurable per RECIST if treatment-naïve; and
non-reproductive, consenting adults.
Exclusion (abbreviated)
The abbreviated exclusion criteria were:
prior treatment with ALK inhibitor other than crizotinib;
prior systemic adjuvant or neoadjuvant therapy if relapse occurred within 12 months;
major GI impairment or malabsorptive disease;
history of ILD/interstitial pneumonitis or pancreatitis;
unstable or symptomatic CNS disease, history of carcinomatous meningitis;
clinically significant, uncontrolled heart disease, QT prolongation on triplicate ECG or concurrent medications that prolong QT;
concurrent other anti-neoplastic therapy other than strong CYP3A4/5 (or CYP2C if narrow therapeutic index) inducers/inhibitors, warfarin, herbal preparations, unstable or increasing doses of corticosteroids, grapefruits, pomegranates, star fruit or Seville orange intake;
alcohol intake, enzyme inducing anticonvulsants; and
major surgery, radiotherapy (other than palliative to bone lesions), significant non‑NSCLC malignancy.
Intervention
Three doses of ceritinib were compared in the three (open-label) study arms, as described in Table 19.
Table 19: Treatment dosage
	
	Efficacy analysis set: treatment naïve patients only
	Safety analysis set: all patients (both treatment naïve and pre-treated) who received one dose of study drug

	450 mg Ceritinib daily with food
	41
	89

	600 mg ceritinib daily with food
	40
	86

	750 mg ceritinib daily on an empty stomach (current registered dose)
	40
	90

	Total
	121
	265


In this study, a low-fat meal is considered to be a meal that contains approximately 1.5 to 15 grams of fat and approximately 100 to 500 total calories.
Ceritinib in the fed arms was to be taken within 30 minutes of this meal.
The two fed dose options were chosen using PK modelling, estimated to result in steady state exposure within 20% of that seen with the current recommended dose.
1 cycle = 21 days.
Dose reductions for toxicity followed the schedule described in Table 20.
[bookmark: _Ref507355187]Table 20: Dose reduction steps
[image: ]
Endpoints
Primary
Steady-state PK (AUC0-24h, Cmax, Tmax, Tlast;[footnoteRef:31]) [31:  AUC0-24h: area under the plasma concentration-time curve from 0 to 24 hours; Cmax: maximum plasma concentration; Tmax: time to reach maximum plasma concentration; Tlast : time to last quantifiable concentration.] 

Secondary
Efficacy (overall response rate (ORR) and duration of response (DOR) as assessed by BIRC per RECIST 1.1)
Safety (AEs (seriousness, severity and relatedness), pregnancies, laboratory parameters, vital signs, WHO performance status, ECG)
Single-dose PK.
Exploratory:
Exposure-safety/efficacy analyses
Baseline characteristics
Based on the dataset submitted, the first round clinical evaluator stated:
Confounding towards better efficacy could have occurred in the 600 mg arm due to lower incidences of liver metastases, poorly differentiated tumours and rates of prior crizotinib use. In the same arm, however, the higher rate of brain metastases (a poor prognostic feature) could have had the opposite effect.
Confounding towards poorer efficacy could have occurred in the 450 mg arm due to lower performance status and higher rates of pretreatment with chemotherapy/crizotinib.
The sponsor’s summary of interim efficacy analysis states that baseline demographics were balanced with the exception of those outlined tin Table 21.
Table 21: Study A2112. Baseline demographics
	
	750 mg arm
	600 mg arm
	450 mg arm

	Female (%)
	57.5
	40
	56.1

	Caucasian (%)
	60.0
	57.5
	48.8

	Never smoked (%)
	67.5
	55.0
	58.5


The sponsor did not provide data regarding disease characteristics and prior antineoplastic therapies for the updated analysis set in their summary. Therefore, interpretation of the study findings with regard to efficacy and safety is limited.
The sponsor does state: ‘92.6% of patients entered the study with a World Health Organization (WHO) Performance Status (PS) score of 0 or 1.’
This reinforces the first round evaluator’s concerns that evidence for efficacy/safety in patients with poorer performance status is sparse: both Phase III trials also contained small numbers of patients with WHO PS of 2 (24 (6.4%) patients in the ASCEND-4 and 14 (6.1%) in the ASCEND-5 trials).
Disposition
The sponsor’s summary of interim efficacy analysis states:
‘The most common reasons (≥ 5% in all the patients in efficacy analysis set) for treatment discontinuation were progressive disease (reported in 18 patients, 14.9%) and death (reported in 6 patients, 5.0%). Among the 6 deaths, four were due to study indication and two other deaths were due to AEs not considered to be related to study treatment.’
Updated disposition data has not been provided or evaluated, limiting interpretation of the reported efficacy/safety outcomes.
Findings
Pharmacokinetics
After single dose administration, 450 mg fed dosing and 600 mg fed dosing resulted in 19% and 17% increases in Cmax compared to the 750 mg fasted dose.
PK outcomes at Cycle 2 Day 1 that is, at steady state were reported as follows in Table 22 in the submitted CSR.
Table 22: Summary of ceritinib primary PK parameters by treatment arm (Pharmacokinetic analysis set (PAS)) at Cycle 2 Day 1
[image: ]
The geometric mean ratio (90% CI) at steady-state (Cycle 2,Day 1) of PK results for the 450 mg fed group versus the 750 mg fasted dose was:
1.04 (0.869, 1.24) for AUC0-24h
1.03 (0.865, 1.22) for Cmax
There was no detectable effect of food on Tmax. Steady state intra-individual and inter‑individual variability is summarised in Table 23.
[bookmark: _Ref507362573]Table 23: Summary of intra- and inter-patient variability for ceritinib steady-state trough concentration
[image: ]
Efficacy
The sponsor provided with their response a summary from an interim efficacy analysis of this study (data cut-off date 26 July 2017). The following efficacy and safety analyses are from that top-line summary, that is, a full evaluation of the CSR has not been undertaken.
In the treatment-naïve group (n = 121):
Overall response rate (ORR) in the 450 mg fed arm compared to the 750 mg fasted arm was:
78.0% (95% CI: 62.4, 89.4) versus 70.0% (53.5, 83.4)
Disease control rate (DCR) in the 450 mg fed arm compared to the 750 mg fasted arm was:
92.7% (95% CI: 80.1, 98.5) versus 90.0% (95% CI: 76.3, 97.2).
Best overall response (BOR) is summarised in Table 24. DOR is summarised in Table 25 and PFS is summarised in Table 26.
[bookmark: _Ref507352068]Table 24: Best overall response per BIRC at interim analysis (data cut-off 26 July 2017)
[image: ]
[bookmark: _Ref507352574]Table 25: Duration of response per BIRC at interim analysis (data cut-off: 26 July 2017) (patients with confirmed complete response or partial response)
[image: ]
[bookmark: _Ref507352575]Table 26: PFS per BIRC at interim analysis (data cut-off: 26 July 2017)
[image: ]
Safety
Exposure
Table 27: Exposure to ceritinib
[image: ]
The safety set in the ASCEND-8 trial consisted of all 265 subjects (not just the group of 121 treatment-naïve subjects who formed the efficacy analysis set). AEs overall are summarised in Table 28. Specific breakdowns for adverse events of special interest (AESI) were not all included in the summary data provided by the sponsor, but comparative statistics for gastrointestinal and hepatotoxicity adverse events (the two most common events of special interest) are described in Table 29.
[bookmark: _Ref507357096]Table 28: Overall summary of adverse events at interim efficacy analysis (data cut-off 26 July 2017; Safety set, n = 265)
[image: ]
[bookmark: _Ref507357787]Table 29: Statistics for adverse events of special interest for gastrointestinal and hepatic toxicity selected by the sponsor included in the topline results reported to the TGA from the interim efficacy analysis (data cut-off date 26 July 2017)
[image: ]
Nature of meal is not expected to affect steady-state exposure significantly, on the basis of the moderate variability seen in AUC0-inf with different meal types in previous ceritinib food effect studies (see Table 30) and the bioequivalence (within standard limits of 0.8 to 1.25) of the 450 mg fed and 750 fasted doses, despite the meal definition in this study allowing a wide range of fat (1.5 to 15 g of fat) and calorie content (100 to 500 calories).
The rationale given by the sponsor is that:
‘On the basis of observations from both studies, the improved absorption of ceritinib in the fed state is most likely due to the enhanced bile salt secretion in the postprandial intestine even with minimal fat intake, which leads to increased micellar solubilisation and wetting of the drug, both of which can enhance the dissolution rate and absorption of ceritinib. This suggests that the presence of dietary fat of any amount is sufficient to trigger the increased solubility and absorption of ceritinib and lead to maximum food effect, thus, close to 100% bioavailability.’
The long half life (41 hours) and nonlinear PK of ceritinib over time, with three weeks to reaching steady-state, also suggests that changes in meals through the week or even accidentally not taking doses with food once or twice a week would not be expected to significantly change steady-state exposure.
[bookmark: _Ref507361340]Table 30: Increase in exposure with food intake compared to fasted state in ceritinib food effect studies (from sponsor’s response)
[image: ]
Population pharmacokinetic analysis
A popPK analysis was submitted in the dossier. Effects of covariates are summarised in Table 31 and between-covariate comparisons are represented graphically in Figure 2.
Issues arising from the popPK analysis included:
Decreased estimates of clearance and higher AUCss were seen in Asian, and particularly Japanese, patients, even after correction for body weight, but were statistically insignificant and so eliminated from the final model.
The final model estimated Japanese patients would also reach steady state faster.
The model included relatively few Japanese subjects, raising uncertainty in these estimates.
Similarly, to clearance, AUCss was slightly higher in Asian and 29% higher in Japanese patients compared to Caucasians. This was not entirely accounted for by adjusting for weight, suggesting a small ethnicity effect on PK. Safety and efficacy in Japanese patients was investigated in Study A2201 and not found to be different. No ethnicity based adjustments to the recommended starting dose are therefore warranted.
Mild and moderate renal impairment groups showed AUCss 6.9% and 13.2% higher (respectively) than patients with normal renal function, in keeping with estimates from the popPK model at time of registration (7.4% and 15.6%). Starting dose adjustment on the basis of mild or moderate renal impairment is not warranted.
Albumin and ALT are important covariates affecting ceritinib PK, in keeping with its hepatic elimination. The AUCss in a pre-existing mild hepatic impairment group was 4% higher than in normal hepatic function group, suggesting a minor effect and no dose adjustment warranted. Insufficient data for moderate or severe impairment was included to allow guidance in these groups. A recently submitted dossier concerns dose adjustment in moderate and severe hepatic impairment and should elucidate this issue.
Small changes in PK, unlikely to be clinically significant, may be attributable to gender, weight and race (particularly Japanese race). Based on standard bioequivalence parameters of 0.8 to 1.25, the observed variability is small.
[bookmark: _Ref507361068]Table 31: Effect of covariates on the geometric mean of steady-state exposure to ceritinib 750 mg once daily (90% PI)
[image: ]
Source: PopPK report Table 5-4
[bookmark: _Ref507361101]Figure 2: Covariate-covariate comparisons showing relativity of exposure distributions (with 90% CI)
[image: ]
Source: Population PK report Figure 5-5. Abbreviations: WT = (body)weight; Yrs = years; Chn = Chinese subjects; Jpn = Japanese subjects; ARA = acid reducing agents; PPI = proton pump inhibitor; H2RA = Histamine (H2) receptor antagonist
Study A2301 (the ASCEND-4 trial)
Title
A Phase III multicentre, randomised study of oral LDK378;20 versus standard chemotherapy in previously untreated adult patients with ALK rearranged (ALK-positive), stage IIIB or IV, non-squamous non-small cell lung cancer.
Design
The Ascend-4 trial was an open label, randomised, global RCT.
Patients were randomised 1:1, and stratified by:
WHO performance status (0 versus 1 or2);
prior adjuvant chemotherapy (yes versus no); and
brain metastases at screening (presence versus absence).
Patients were treated until progression by BIRC or unacceptable toxicity (or other discontinuation criteria were met).
Crossover was allowed (‘extension treatment’ (ET) = crossover to ceritinib group).
Treatment beyond progression was allowed if continued clinical benefit per investigator (despite progression per BIRC).
Dose adjustments were per usual for each treatment.
Tumour assessments were investigator and BIRC assessed, according to RECIST version 1.1. Intracranial tumour response was assessed by an independent neuro‑radiologist using modified RECIST version 1.1
Follow up was 30 days post last dose for AEs and every 3 months for survival
Sample size, assuming 38% reduction in HR, and median control PFS 8 months, 205 PFS events (approximately 348 patients according to assumed recruitment and drop out rates) was required to have 90% power and 1-sided alpha 2.5% to reject the null hypothesis using log-rank test and 2-look group sequential design.
Locations/centres
Locations/centres were in the following countries (number of locations/centres in brackets): Australia/New Zealand (3), Austria (2), Brazil (6), China (16), Columbia (1), Denmark (2), France (10), Germany (5), Greece (1), India (8), Ireland (1), Italy (18), Japan (7), Republic of Korea (4), Lebanon (2), Mexico (1), Netherlands (6), Norway (1), Poland (2), Russian Federation (2), Singapore (2), Spain (14), Sweden (4), Taiwan (6), Thailand (4), Turkey (2), United Kingdom (4).
Dates
First patient visit: 9 July 2013
Last patient enrolled: 1 April 2015
Primary analysis data cut-off date: 24 June 2016 (at 202 PFS events)
Study completion date: ongoing
CSR date: 10 November 2016
Final OS analysis/CSR conducted at approximately 253 deaths
Inclusion criteria (abbreviated)
Abbreviated inclusion criteria were:
histologically or cytologically confirmed diagnosis of Stage IIIB or IV (or relapsed locally advanced or metastatic) non-squamous NSCLC;
ALK-positive tumour (tested by Ventana ALK (D5F3) IHC assay);
life expectancy at least 12 weeks;
adequate organ function per laboratory values;
measurable disease per RECIST;
WHO Performance Status 0 to 2; and
non-reproductive, consenting adults
Exclusion criteria (abbreviated)
Abbreviated exclusion criteria were:
previous systemic treatment, including adjuvant or neoadjuvant if relapse occurred within 12 months;
major GI impairment or malabsorptive disease;
history of ILD/interstitial pneumonitis or pancreatitis;
unstable or symptomatic CNS disease, history of carcinomatous meningitis;
clinically significant, uncontrolled heart disease, QT prolongation on triplicate ECG or concurrent medications that prolong QT;
concurrent strong CYP3A4/5 (or CYP2C if narrow therapeutic index) inducers/inhibitors; and
major surgery, radiotherapy (other than palliative to bone lesions), significant non-NSCLC malignancy.
Treatments
Intervention: ceritinib 750 mg daily (fasted); n = 189.
Comparator: Chemotherapy (platinum plus pemetrexed doublet 4 cycles, then pemetrexed maintenance if no progression); n = 187.
Endpoints
Primary
Progression-free survival (PFS) per RECIST version 1.1 by BIRC.
Secondary
Overall survival (OS)
Overall response rate (ORR) per BIRC and investigators
Duration of response (DOR) per BIRC and investigators
Disease control rate (DCR) per BIRC and investigators
Time to response (TTR) per BIRC and investigators
Intracranial ORR, DCR and DOR per BIRC
PFS by Investigator
Patient-reported outcomes
Safety and PK.
Baseline characteristics
Baseline characteristics were reasonably balanced for demographics except as shown in Table 32.
Table 32: Baseline characteristics that were not considered balanced
[image: ]
Arms were well balanced with regard to prior antineoplastic therapy and baseline disease characteristics.
Disposition
Table 33: Study A2301 Patient disposition by treatment arm (Full analysis set)
[image: ]
Findings
An 8.5 month benefit was seen on PFS in the ceritinib compared to the chemotherapy arm: a hazard reduction of 45%. Efficacy outcomes are summarized in Table 34, and were consistent across subgroups.
OS was immature at time of analysis. A third interim analysis for OS is planned when approximately 215 deaths are observed and a final analysis for OS will be conducted when approximately 253 deaths would be observed.
Interpretation of patient-reported outcomes remains limited due to the open-label nature of the study. Both more frequent increases and more frequent decreases in performance status were seen in the ceritinib arm than with chemotherapy, which may explain the lack of compelling improvement in quality of life (QoL) data despite clear benefit on PFS: that is, that in those who are not benefiting, the adverse effects are making QoL worse.
PK and safety were in keeping with the known profile for the 750 mg fasted dose.
The proportion of ceritinib arm requiring:
One dose reduction was 27%
Two dose reductions was 18.5%
Three dose reductions was 19.6%
> 3 dose reductions 2.6%.
An overview of rates of AEs is given in Table 35, below. Most (94.5% of) dose reductions were required due to an AE, primarily hepatotoxicity. The predominant AEs were GI and hepatic. Any grade AEs occurring in at least 10% of ceritinib arm are summarised in Table 36.
[bookmark: _Ref507424873][bookmark: _Ref507425054]Table 34: Efficacy outcomes in the ASCEND-4 trial
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[bookmark: _Ref507425219]Table 35: Overview of adverse events in the ASCEND-4 trial
[image: ]
[bookmark: _Ref507363837][bookmark: _Ref507425212]Table 36: Any grade adverse events occurring in at least 10% of ceritinib arm
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Study A2303 (the ASCEND-5 trial)
Title
A Phase III, multicentre, randomised, open-label study of 750 mg oral LDK378;20 versus standard chemotherapy in adult patients with ALK rearranged (ALK-positive) advanced non-small cell lung cancer who have been treated previously with chemotherapy (platinum doublet) and crizotinib.
Design
The ASCEND-5 trial was an open label, randomised, global RCT.
Patients were randomised 1:1, and stratified by:
WHO Performance Status (0 versus 1 or2); and
brain metastases at screening (presence versus absence)
Patients were treated until progression by BIRC or unacceptable toxicity (or other discontinuation criteria were met).
Crossover was allowed.
Treatment beyond progression allowed if continued clinical benefit per Investigator (despite progression per BIRC).
Dose adjustments per usual for each treatment.
Tumour assessments were investigator and BIRC assessed, according to RECIST version 1.1. Intracranial tumour response was assessed by an independent neuro‑radiologist using modified RECIST 1.1
Follow up was30 days post last dose for AEs and every 3 months for survival.
Sample size, assuming 40% reduction in HR, and median control PFS 3 months, 161 PFS events (approximately 236 patients according to assumed recruitment and drop out rates) was required to have 90% power and 1-sided alpha 2.5% to reject the null hypothesis using log-rank test.
Locations
ASCEND-5 was conducted in the countries as follows (with numbers of patients in each country in brackets): Belgium (7), Canada (6), France (16), Germany (13), Hong Kong (5), Ireland (6), Israel (5), Italy (42), Japan (29), Republic of Korea (21), Lebanon (2), Netherlands (5), Portugal (1), Russia Federation (9), Singapore (5), Spain (21) Switzerland (7), Turkey (9), United Kingdom (8), United States (14).
Dates
First patient visit: 28 June 2013
Primary analysis data cut-off date: 26 January 2016 (at 172 PFS events)
Study completion date: ongoing
CSR date: 1 September 2016
Final OS analysis/CSR conducted at approximately 196 deaths.
Inclusion criteria (abbreviated)
The abbreviated inclusion criteria were:
histologically/cytologically confirmed Stage IIIB or IV, or relapsed locally advanced or metastatic non-squamous NSCLC;
ALK-positive tumour (tested by Vysis ALK Break Apart FISH Probe Kit, Abbott Molecular Inc);
previous systemic treatment for their advanced NSCLC with a) platinum-based doublet chemotherapy and b) crizotinib (in any order);
life expectancy at least 12 weeks;
adequate organ function per laboratory values;
WHO Performance Status 0 to 2;
measurable disease per RECIST; and
non-reproductive, consenting adults.
Exclusion (abbreviated)
Abbreviated exclusion criteria were:
other previous systemic treatment, including adjuvant or neoadjuvant if relapse occurred within 12 months;
major GI impairment or malabsorptive disease;
history of ILD/interstitial pneumonitis or pancreatitis;
unstable or symptomatic CNS disease, history of carcinomatous meningitis;
clinically significant, uncontrolled heart disease, QT prolongation on triplicate ECG or concurrent medications that prolong QT;
concurrent strong CYP3A4/5 (or CYP2C if narrow therapeutic index) inducers/inhibitors; and
major surgery, radiotherapy (other than palliative to bone lesions), significant non-NSCLC malignancy.
Treatments
Intervention (n = 115): ceritinib 750 mg daily (fasted)
Comparator (n = 116): single-agent chemotherapy (pemetrexed or docetaxel of Investigator’s choice, and if progressed on one, should have received the other):
pemetrexed: n = 40;
docetaxel: n = 73;
withdrew after randomisation: n = 3.
Endpoints
Primary
Progression-free survival (PFS) per RECIST 1.1 by BIRC.
Secondary
Overall survival (OS)
Overall response rate (ORR) per BIRC and investigators
Duration of response (DOR) per BIRC and investigators
Disease control rate (DCR) per BIRC and investigators
Time to response (TTR) per BIRC and investigators
Intracranial ORR, DCR and DOR per BIRC
PFS by investigator
Patient-reported outcomes
Safety and PK.
Baseline characteristics
Balanced for demographic, baseline disease characteristics and prior antineoplastic therapy except
Table 37: Demographic, baseline disease characteristics and prior antineoplastic therapy that were not balanced
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The clinical evaluator commented:
‘It is not clear what effect if any these imbalances might have on the primary efficacy endpoint. Of more concern is the low percentage of patients with PS = 2 in this study (6.1%: 7.2% in ceritinib arm, 4.3% in chemotherapy arm). It is difficult to accept either efficacy or safety data from this study in respect of patients with PS =2.’
Disposition
Table 38: Study A2303 Patient disposition by treatment arm (Full analysis set)
[bookmark: _GoBack][image: ]
Findings
Efficacy outcomes are summarised in Table 39. Efficacy findings were consistent across randomisation strata.
OS was immature at time of analysis (50% information fraction), but analysis was performed per pre specified due to PFS result reached significance. A sensitivity analysis on the OS result undertaken to account for treatment switching to correct for crossover, showed similar results (HR 0.97, 95% CI 0.65, 1.45).
Very few patients had evaluable disease allowing for assessment of intracranial response rates.
[bookmark: _Ref507425365]Table 39: Efficacy outcomes in the ASCEND-5 trial
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Patient reported outcomes
Questionnaires identified the GI toxicity of ceritinib as a significant QoL issue for patients. However, scores of overall functioning were better on ceritinib. Interpretation remains limited due to the open-label nature of the study.
PK and safety findings were in keeping with the known profile for the 750 mg fasted dose. Rates of dose reduction are summarised in Table 40, and rates of AEs leading to dose interventions or other therapy are summarised in Table 41. The most common AEs are summarised in Table 42; these again were predominantly GI and hepatic. The vast majority (96.6%) of reductions in the ceritinib arm were required due to an AE.
Mild, reversible increases in creatinine were common on ceritinib and have been attributed to a pharmacologic effect of ceritinib (inhibition of tubular creatinine secretion) rather than direct nephrotoxicity. Severe renal toxicity was not reported.
[bookmark: _Ref507425524]Table 40: Rates of dose reduction in the ASCEND-5 trial
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[bookmark: _Ref507425526]Table 41: Rates of AEs leading to intervention in the ASCEND-5 trial
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[bookmark: _Ref507425527]Table 42: Any grade AEs occurring in at least 10% of the ceritinib arm in the ASCEND-5 trial
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[bookmark: _Toc34825383]RMP evaluation
The known safety profile of ceritinib, per the summary of safety concerns in the RMP is outlined in Table 43. The data in the submitted studies does not significantly alter this profile, except that the rates of GI toxicity appear to be lower (but not eliminated) with fed dosing, based on data from the ASCEND-8 trial. No changes to the RMP have been recommended.
[bookmark: _Ref507363840]Table 43: Summary of safety concerns from the risk management plan
	Summary of safety concerns

	Important identified risks
	Hepatotoxicity

	
	QT prolongation

	
	Interstitial Lung Disease/ Pneumonitis

	
	Hyperglycaemia

	
	GI toxicity (nausea, vomiting, diarrhoea)

	
	Bradycardia

	
	Pancreatitis

	Important potential risks
	Neuropathy

	
	Concomitant use of ceritinib and strong CYP3A inhibitors or strong CYP3A inducers

	
	Concomitant use of ceritinib and gastric acid reducing agents such as PPIs

	Missing information
	Patients with hepatic impairment

	
	Patients with severe renal impairment

	
	Patients with severe cardiac impairment

	
	Elderly patients

	
	Paediatric patients

	
	Pregnant and lactating women, and women of childbearing potential

	
	Long-term safety

	
	Concomitant use of ceritinib and CYP3A, CYP2C9, CYP2A6, or CYP2E1 substrates; ceritinib and drugs that may prolong the QT interval


There was one outstanding issue from the RMP evaluation which is dependent on the Delegate’s decision regarding black box warnings. The second round RMP evaluator’s conclusion was:
‘If the Delegate decides to remove the black box warning then the patient wallet card is no longer required.
If the Delegate decides not to remove the requested black box warnings, then the patient wallet card should remain in use. If this is the case then the patient wallet card should be updated with information on the timing of dosing in relation to food and the extended indication and be submitted to the TGA prior to the marketing of the new indication.’
According to the Delegate, the black box warnings regarding QT prolongation and hepatic impairment remain in place, therefore the patient wallet card should also be retained. The sponsor should update the card with the new recommended dose.
[bookmark: _Toc247691531][bookmark: _Toc314842515][bookmark: _Toc34825384]Risk-benefit analysis
Summary and conclusion
Extension of indications
To make the following changes to the current indication from:
Zykadia is indicated as monotherapy for the treatment of adult patients with anaplastic lymphoma kinase (ALK) positive locally advanced or metastatic non-small cell lung cancer (NSCLC) whose disease has progressed on or who are intolerant of crizotinib. 
Note to Indication: This indication is approved based on tumour response rates and duration of response. An improvement in survival or disease –related symptoms has not been established.
to:
Zykadia is indicated as monotherapy for the treatment of adult patients with locally advanced or metastatic non-small cell lung cancer (NSCLC) that is anaplastic lymphoma kinase (ALK)-positive.
Additional significant PI changes include:
addition of new dosage adjustment advice in case of gastrointestinal toxicity, on the basis of a food study (Study A2112 /ASCEND-8 trial, see below);
addition of efficacy and safety data from two confirmatory Phase III trials (Study 2301/ASCEND-4 trial and Study 2303/ASCEND-5 trial), in previously untreated and previously treated patients respectively;
removal of black box warnings on the basis of the Phase III data; and
updated statistics from pooled safety analyses and population popPK analyses.
Dosage
Starting dose (unchanged):
‘750 mg taken orally once daily on an empty stomach at the same time each day.’
Dosage adjustment (new advice):
‘For patients taking 750 mg daily on an empty stomach who experience GI adverse reactions, reduce the daily dose to 450 mg with food to reduce local GI irritation while maintaining Zykadia exposure (see Pharmacology). Additional dose adjustment recommendations to manage GI adverse reactions are provided in Table 8 [of the PI].
If GI adverse reactions occur together with other select non-GI adverse reactions as listed in Table 8, recommendations for the management of the select non-GI adverse reactions should be followed to reduce Zykadia exposure (Table 8).’
Summary of Issue/s
[bookmark: _Toc196046505][bookmark: _Toc196046949]ASCEND-4 trial
The choice of comparator prevents meaningful inference regarding comparative efficacy of other ALK inhibitors, but regardless, the Phase III data supports extension of the indication to use of ceritinib in patients with ALK-positive NSCLC that has not been previously treated systemically.
ASCEND-5 trial
This trial provides controlled data in the same usage/population as the earlier Phase trials on which approval of the current indication was based. The data is reassuring and confirmatory of the efficacy and safety of ceritinib in the currently approved indication.
ASCEND-8 trial
The data from this trial support that a daily ceritinib dose of 450 mg with food is equivalent to the current recommended dose (750 mg fasting) in terms of PK, efficacy and safety, with the exception that the lower dose with food shows better GI tolerability and fewer dose reductions.
The Delegate proposes that the starting dose should be changed for all patients to 450 mg daily with food, reducing per current advice by 150 mg each time, staying with fed dosing. The data suggest this will lead to better tolerability, more consistent exposure (less dose interruption) and possibly more efficacious use of the drug, whilst avoiding complicated or confusing dose reduction advice.
Delegate’s considerations
Benefit-risk summary
Condition
ALK is a fusion oncogene found in around 5% of NSCLC, which is associated with younger patient age, non-smoking status, advanced stage at presentation and adenocarcinoma histology. Australian prevalence is estimated to be less than 2000.
Current treatment options
ALK inhibitors: crizotinib (first generation), ceritinib and alectinib (second generation) are currently registered in Australia;
platinum-based doublet chemotherapy;
single-agent (pemetrexed or doxetaxel) chemotherapy; or
other targeted inhibitors if targetable mutations are identified in the tumour (but ALK appears to be mutually exclusive from EGFR and KRAS mutations).
Table 44: Summary of efficacy of other currently TGA-registered ALK inhibitors in randomised controlled trials
	Setting (trial name)
	Comparator
	Results
	HR [95% CI], p value

	Crizotinib after platinum doublet CT failure (PROFILE 1007 trial) n = 347
	Single-agent CT
	PFS: 7.7 versus 3.0 months
	0.49 [0.37, 0.64], < 0.001

	Crizotinib first-line (PROFILE 1014 trial) n = 343
	pemetrexed + platinum CT
	PFS: 10 versus 7.0 months
	0.45 [0.35, 0.6], < 0.001

	Alectinib after platinum doublet CT and crizotinib failure (ALUR trial) n = 107
	Single-agent CT
	PFS: 7.1 versus 1.6 months
CNS ORR: 54 versus 0%
	0.32 [0.17–0.59], < 0.001

	Alectinib first-line (ALEX trial) n = 303
	crizotinib
	PFS: NE versus 11.1 months
CNS ORR: 81 versus 50%
	0.47 [0.34, 0.65], < 0.0001


CI = confidence interval, HR= hazard ratio, PFS = progression-free survival, CNS ORR = central nervous system response rate in subjects with measurable disease; CT = chemotherapy
Benefits and associated uncertainties
In two Phase III open-label RCTs in patients with ALK-positive NSCLC, ceritinib was shown to have the following efficacy as shown in Table 45.
Table 45: Efficacy of ceritinib in the Phase III ASCEND 5 and ASCEND 4 trials
	Setting (trial name)
	Comparator
	Results
	HR [95% CI], p value

	Ceritinib after platinum doublet and crizotinib failure (Study 2303/ASCEND-5 trial)
	Single-agent CT 
	PFS: 5.4 versus 1.6 months CNS ORR: 26 versus 4%
	0.49 [0.36, 0.67], < 0.001

	Ceritinib first-line (Study 2301/ASCEND-4 trial)
	4 cycles pemetrexed + platinum CT, then pemetrexed maintenance
	PFS: 16.6 versus 8.1 months CNS ORR: 73 versus 27%
	0.55 [0.42,0.73],
 < 0.001


A Phase II open-label clinical trial was conducted in 265 patients with ALK-positive NSCLC (121 of whom were treatment-naïve) comparing three doses of ceritinib:
450 mg daily with food (n = 44)
600 mg daily with food (n = 46)
750 mg daily under fasted conditions (n = 45)
In this study, the rate of GI adverse reactions (all grades of AEs of diarrhoea, nausea and vomiting) were lower in the 450 mg with food arm.
Table 46: GI adverse events in a Phase II trial
	GI adverse event
	450 mg n = 89 (%)
	600 mg n = 86 (%)
	750 mg n = 90 (%)

	All gastrointestinal toxicity AESIs
Grade 3-4
serious
dose adjustment required
	74.2
1.1
0
0
	80.2
8.1
2.3
12.8
	90.0
12.2
1.1
26.7

	diarrhoea
	56.2
	61.6
	75.6

	nausea
	44.9
	55.8
	50.0

	vomiting
	34.8
	53.5
	55.6


A PK analysis was performed on 97 subjects (36, 30 and 31 in the three respective dose groups as above) with evaluable PK data (data cut-off date 16 June 2016) that demonstrated the geometric mean ratio (90% CI) at steady-state (Cycle 2, Day 1) of PK results for the 450 mg fed group versus the 750 mg fasted dose was:
1.04 (0.869, 1.24) for AUC0-24h
1.03 (0.865, 1.22) for Cmax
There was no detectable effect of food on Tmax.
A later interim efficacy analysis of this study (data cut-off date 26 July 2017) demonstrated that in the treatment-naïve group (n = 121):
Overall response rate (ORR) (95% CI) in the 450 mg fed arm compared to the 750 mg fasted arm was:
78.0% (62.4, 89.4) versus 70.0% (53.5, 83.4).
Disease control rate (DCR) in the 450 mg fed arm compared to the 750 mg fasted arm was:
92.7% (80.1, 98.5) versus 90.0% (76.3, 97.2).
One complete response has been seen in each of the 450 mg and 750 mg arms.
Harms and associated uncertainties
Known risks of treatment with ceritinib are hepatotoxicity (manifesting as transaminase elevation), ILD/pneumonitis, QT interval prolongation, bradycardia, gastrointestinal events (including nausea, vomiting and diarrhoea), hyperglycaemia and pancreatic toxicity.
GI toxicity is a very common issue with the 750 mg fasted daily dose (which was used in all clinical studies): it occurred in 94.8% of patients across trials and Grade 3 or 4 (severe; warranting hospitalisation or life-threatening) diarrhoea, nausea and vomiting occurred in 5.2%, 5.3% and 5.6% of patients, respectively.
Risk management
Ceritinib is prescribed by experts in the use of oncology medicines, and its safety profile is adequately characterised and generally manageable with dose reductions. A patient information card to alert non-specialist care-givers remains in place and will be updated to reflect PI changes.
Benefit-risk balance
Given the life-threatening nature of the disease, initial approval of ceritinib on the basis of Phase II data was appropriate, and the inherent uncertainty was balanced by extensive risk mitigation text in the product information, including black boxed warnings and a note to the indication.
The ASCEND-5 trial data confirms the efficacy seen in the pivotal trials on which registration in this indication was based. Removal of the note to the indication is appropriate.
The ASCEND-4 trial data supports the use of ceritinib as an effective therapy in treatment of patients who have not had previous systemic treatment of their ALK-positive NSCLC. It does not provide comparative data to other ALK inhibitors. This presents ceritinib as an alternative first line option for those patients with newly diagnosed Stage IIIb or metastatic disease but does not inform regarding optimal sequencing of currently approved ALK inhibitors.
The ASCEND-4 and ASCEND-5 trial data reaffirm the known safety profile of ceritinib. Removal of some of the black box warnings is appropriate.
The ASCEND-8 trial data suggest that a dose of 450 mg with food is at least equivalent to a 750 mg dosing without food in terms of PK, efficacy and safety. It also suggests that such dosing may significantly reduce GI AEs. This study has reasonable external validity with regard to trials conducted using the 750 mg fasting dose. Therefore, for simplicity of dose reduction, avoidance of dosing errors, and minimisation of gastrointestinal adverse events, the recommended dosing for all patients should begin at 450 mg daily with food, decreasing in 150 mg increments, also dosed daily with food, as necessary thereafter.
Proposed action
The benefit-risk balance of approval of this submission is positive, subject to PI changes to be discussed with the Delegate.
Request for ACM advice
The Delegate did not refer this application to the Advisory Committee on Medicines (ACM) for advice.
Response from sponsor
On 30 April 2018 the sponsor provided a response to the Delegates overview.[footnoteRef:32] [32:  Note, this section contains the sponsor’s response to clinical questions raised by the Delegate in the Delegates Overview.. Other questions that were addressed were specifically related to the PI and are beyond the scope of the AusPAR.] 

The sponsor welcomes the decision by the Delegate to approve the proposed indication and removal of ‘notes’ throughout the PI.
Boxed warning and patient wallet cart
Regarding the Delegate’s decision for retaining the patient wallet card on the basis boxed warnings for QT prolongation and hepatic impairment remain in place.
The sponsor stresses the wallet card did not come about due to boxed warnings. The boxed warnings were to manage the risks inherent when immature safety and efficacy data are submitted. The wallet card was proposed as an additional RMP measure to the boxed warnings as a way of mitigating these risks.
The sponsor considers the wallet card no longer necessary on the basis the data submitted in this application addresses the post approval commitments to submit Phase III data. Furthermore, the PI and CMI manage the safety issues adequately. The QTc prolongation boxed warning will remain until an application to remove it is carried out.
Dose changes
The Delegate has indicated that they are happy for the dose change to be a part of the current submission, rather than a new submission. Please comment.
Sponsor response
The sponsor welcomes this good news for patients. Zykadia 450 mg taken with food presented a lower incidence and severity of GI adverse reactions than observed in the Zykadia 750 mg fasted arm, no Grade 3/4 GI toxicities except for one Grade 3 AE of diarrhoea, a lower proportion of study drug reductions or interruptions, a lower proportion of patients with AEs requiring study drug adjustment or interruption, and reported a higher median relative dose intensity.
A change in the recommended dose from 750 mg under fasted conditions to 450 mg with food is supported by interim efficacy and safety results (submitted to the TGA) from an ongoing Phase I dose optimisation study, the ASCEND-8 trial (Study A2112). Zykadia 450 mg taken with food is approved in the US and received a positive CHMP recommendation on the 22 March 2018. The SmPC will be approved by the European Commission in May 2018. The sponsor can confirm the SmPC is aligned to the Australian PI Dose and Administration section.
In addition to the dose change, the revised dose adjustment recommendation for bradycardia (300 mg to 150 mg) was made in the submitted PI.
Advisory Committee Considerations[footnoteRef:33] [33:  The ACM provides independent medical and scientific advice to the Minister for Health and the Therapeutic Goods Administration (TGA) on issues relating to the safety, quality and efficacy of medicines supplied in Australia including issues relating to pre-market and post-market functions for medicines.
The Committee is established under Regulation 35 of the Therapeutic Goods Regulations 1990. Members are appointed by the Minister. The ACM was established in January 2017 replacing Advisory Committee on Prescription Medicines (ACPM) which was formed in January 2010. ACM encompass pre and post-market advice for medicines, following the consolidation of the previous functions of the Advisory Committee on Prescription Medicines (ACPM), the Advisory Committee on the Safety of Medicines (ACSOM) and the Advisory Committee on Non-Prescription Medicines (ACNM). Membership comprises of professionals with specific scientific, medical or clinical expertise, as well as appropriate consumer health issues relating to medicines.] 

The Delegate did not refer this application to the ACM for advice.
[bookmark: _Toc247691532][bookmark: _Toc314842516][bookmark: _Toc34825385]Outcome
[bookmark: _Toc247691533][bookmark: _Toc314842517]Based on a review of quality, safety and efficacy, the TGA approved the registration of Zykadia ceritinib 150 mg hard capsule, for the following extension of indications (replacing the previous indications):
Zykadia is indicated for the treatment of patients with locally advanced or metastatic non‑small cell lung cancer (NSCLC) that is anaplastic lymphoma kinase (ALK)-positive.
Specific conditions of registration applying to these goods
The Zykadia EU-Risk Management Plan (RMP) (version 10.0, dated 17 May 2017, data lock point 29 March 2016), with Australian Specific Annex (version 6.0, dated 13 December 2017), included with submission PM-2017-00696-1-4, and any subsequent revisions, as agreed with the TGA will be implemented in Australia.
[bookmark: _Toc34825386]Attachment 1. Product Information
The PI for Zykadia approved with the submission which is described in this AusPAR is at Attachment 1. For the most recent PI, please refer to the TGA website at <https://www.tga.gov.au/product-information-pi>.
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Table 14.3-5.2 (Page 1 of 2)
Integrated summary of number and percentage of patients with notable ECG changes from baseline by treatment group
(safety set)

Study 22301 211 patients
Chemotherapy Ceritinib 750 mg Ceritinib 750 mg
N=175 N=189 N=025

Total n % Total n % Total n B

QTCF (ms)
New > 450 173 15 8.7 183 62 37.7 897 305  34.0
New > 480 175 2 1.1 189 11 5.8 918 49 5.3
New > 500 175 0 0 189 s 2.6 918 13 1.4
Increase from baseline > 30 175 35 20.0 189 135  71.4 918 580 3.2
Increase from baseline > 60 175 0 0 188 24 12.7 918 92 10.0

QTcB (ms)
New > 450 162 e 36.4 168 108 €4.9 812 517 €3.7
New > 480 172 € 3.4 188 28 14.9 906 138  15.2
New > 500 175 2 1.1 189 10 5.3 917 44 4.8
Increase from baseline > 30 175 41 23.4 189 113 59.8 918 SE0  6L.0
Increase from baseline > 60 175 4 2.3 189 1s  10.1 918 93  10.1

QT (ms)

New > 450 173 o 5.2 187 55 20.4 899 227  25.3
New > 480 175 2 1.1 189 1g o5 e18 77 e
New > 500 175 0 0 189 o 4.8 919 20 2.2
Increase from baseline > 30 175 80  45.7 189 1gs  88.9 919 726  79.0
Increase from baseline > 60 175 24 13.7 189 101  S3.4 919 342  37.2

- Total is the number of patients at risk for a specific category. For new abnormality post baseline, this is the number
of patients with both baseline and post baseline, and baseline not meeting the criteria. For abnormal change from
baseline, this is the number of patients with both baseline and post baseline evaluations.

- n is the number of patients meeting the criteria at least once.

- N: Total number of patients in the treatment arm in this analysis set.

- Change from baseline = post baseline - baseline.

- New = Newly occurring post baseline (on treatment) value.

- Data cutoff for A2301: 24-Jun-2016, A2303: 26-Jan-2016, A2109: 30-Oct-2015, A2201: 29-Mar-2016, X2101: 03-May-2016,
X1101: 28-Jan-2016, A2203: 15-Nov-2015.
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B2 Total nusber of faciencs in the treatment arm in this smalyris set.

Change from Haseline = post baseline - baseiine.

Few * Newly occurring post baseline (on Treacment) valve.

Data cutof? for AZI01: 24-0un-201€, AZ303: 26-Jan-3UL€, AZI0: 30-0ce-2015, AZ201: 25-Mar-201€, K2101: 03-May-20ie,
X11015 23-Jan-201€, A2203: 15-Now-2015.
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‘Study A2301 All patients
Chemotherapy Ceritinib 750 mg |Ceritinib 750 mg
N=t75 N=t89 N=925
Gastrointestinal toxicity new (%) (%)
ALLAEs 13646 179(947) 877 (948)
Diarthoca 19(109) 160 (84.7) 759 (82.1)
Nausea 97 (55.4) 130 (68.8) 691(747)
Vomiing 63(36.0) 125 (66.1) 585(632)
CTC grade /4 AES 1480) 2101 116 (125)
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- Preferred terms are sorted within the AESI group in descending frequency, as reported in the All patients
column.

- A patient with multple occurrences of an AE is counted only once in the AE category. - Only AES occurring
during on-treatment period are reported.

- AESIs are graded according to the CTCAE V4.03. MedDRA version 19.0 s used. - The denominator to
calculate the percentages for AES requiring dose adiustment and AEs requiring dose inferruption in the ‘All
patients’ column does not include X2101

- Data cutofffor A2301 24-Jun-2016, A2303: 26-Jan-2016, A2109: 30-Oct-2015, A2201: 29-Mar-2016, X2101
03-May-2016, X1101- 28-Jan-2016, A2203: 15-Nov-2015.
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Study A2201

ceritinib 750 mg
n=140
Duration of follow-up
Median (months) (min — max) 102 14.1
(0.1-24.1) (0.1-355)
Overall response rate
investigator (CR + PR),
n ) 92(56.4) 57 (40.7)
(es% 1) (#85,642) (325,483)
Overall response rate BIRC (CR
+PR), 75(460) @57
)
(e5% c1) (382,540) (278,442)
Duration of response®
investigator
83 108
Median (months) (95% CI). (6.8,9.7) (74.147)
Duration of response” BIRC
58 128
Median (months) (85% C1) ©0.13.1) ©37184)
Progression-free survival
investigator
3 s8
Median (months) (95% CI) (5.6.8.7) (54,76)
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ectimable
e ‘Responses assessed by Investigator using RECIST 1.0
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ASCEND 4 is the pivotal clinical study for the extension of indication. ASCEND 5 is a post approval commitment in several markets but is an update of
the phase VIl data. ASCEND 8 is a food effect study and considered a Novartis safety label change. ASCEND 8 is also a post approval commitment in.

several markets.
Country Date Submitted Approvalwithdrawall Approved indication Other relevant information
deferred
EU ASCEND 4 oa ASCEND 4
(centralized: 07-Dec-2016 23-Jua-2017
‘Rapporteur
‘Spain and co- ASCEND 5 ASCEND 5
rapporteur. 09-Nov-2016 26-ul-17
Norway)
Zykadia as monotherapy is indicated for the
firt-line treatment of adult patieats with
‘anaplastic Iymphoma kinase (ALK)-positive
advanced non-small cell Iuag cancer (NSCLC).
Zykadia as monotherapy is indicated for the
treatment of adult patients with anaplastic
Iymphoma kinase (ALK)-positive advanced
‘non-small cell lnag cancer (NSCLC)
previously treated with crizotiaib.
ASCEND 8 ASCEND 8
20.Mar-2017 Pending
USA ASCEND 4 &5 o ASCEND 4 &5 ‘Granted priority review for
28-Nov-2016 26-May-2017 Zykadia in firstline treatment
of ALK+ NSCLC patieats
ZYKADIA is a kinase inhibitor indicated for | (ASCEND-4). Breakthrough
the treatment of patients with metastatic non- has been granted
small cell lung cancer (NSCLC) whose tumors | on 12-Jan-2017.
are anaplastic Iymphoma kinase (ALK)-
positive as detected by an FDA-approved test. | ASCEND 4 and 5 submitted
at the same time. No Update
to USPI based on ASCEND
5 data.
ASCEND 8 ASCEND
20-Feb-2017 Peading
Canada ASCEND 4 o Peading Separate applications.
20-Mar-2017
ASCEND 5
10-Feb-2017
ASCEND 8
Planned May 2017
Switzerland ASCEND 4 & 5 o Pending Separate applications.
19-Dec-2016
ASCEND 8
10-Apr-2017
Singapore ASCEND4 &5 wa Pending Separate applications.
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Ceritinib dose levels

Dose” and schedule

Investigational arm 1 (450 mg with a low-fat meal)

Starting dose level 450 mg QD with a low-fat meal
Doselevel - 1 300 mg QD with a low-fat meal
Doselevel =2 150 mg QD with a low-fat meal **
Investigational A 2 (600 mg with a low-fat meal)

Starting dose level 600 mg QD with a low-fat meal
Doselevel — 1 450 mg QD with a low-fat meal
Doselevel —2 300 mg QD with a low-fat meal
Doselevel 3 150 mg QD with a low-fat meal **
Control Amm (750 mg in the fasted state)

Starting dose level 750 mg QD in the fasted state
Doselevel — 1 600 mg QD in the fasted state
Doselevel —2 450 mg QD in the fasted state
Doselevel 3 300 mg QD in the fasted state

“Dose reduction should be based on thelworst preceding toxicity

**Dose reduction below 150 mg/day is not allowed. If a dose reduction below 150 mg/day is required,

the patient should be permanently discontinued from ceritinib.

***Dose reduction below 300 mg/day is not allowed. If a dose reduction below 300 mg/day is required,

the patient should be permanently discontinued from ceritinib
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Ceritinib Ceritinib Ce

450mg 600 mg 750mg
fed fed fasted
Parameter Statistics N-44 N=46_ N=45
AUCO-24h n 36 30 3
(nghrimL)
Mean 20400 (B040) 24400 (9750) 19900 (6880)
(Standard
deviaton)
V3% mean 304 399 6
Geo-mean 18900 22600 18300
CV% geo- 413 431 518
mean
Median 19200 22400 18800
[Min:Max]  [7200;44800]  [7950;47600] ~[2620; 31900]
Cmax (ng/mL) n % 30 31
Mean 97(BY 120061 971(340)
(Standard
deviation)
CV% mean 389 385 361
Geomean a7 1110 893
CV% geo- 410 423 499
mean
Median 905 1160 912

[330:2150]  [380;2150)  [145; 1730]
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Parameter Intra-patient Intra-patient Inter-patient Inter-patient

(unit) n___ variance V% variance %
‘Steady state trough
concentaton gmy) 12 006 22 019 46

‘Source: Table 142-35
- number of patients used in the model analysis.

Parameters estimated from a linear model of the log-transformed evaluable steady-state trough
concentration. Included in the model was treatment as a fixed effect and patient as a random effect.
V% = sart (exp (estimate)-1)*100, where ‘estimate’is the inter/intra-patient variance estimated from
model.
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Table 1-1 Best overall response (BOR) per BIRC assessment by treatment arm at
interim efficacy analysis (DCO: 26-Jul-2017) (Efficacy analysis set)

Ceritinib Ceritinib. Ceriinib
450 mg fed 600 mg fed 750 mg fasted
N=il =10 =40

9506 C1 a 959 C1
n_ (%) [al n_ (%) fal n_ (%) fal

Best overall response
Conyplete Response (CR) 104 o 105
Partil Response (PR) 3156) 30(75.0) 27675
Stable Disease (SD) 50146 7073 300
Progressive Disease (FD) 269 260 1e3)
Uslinown (UNK) 104 105 305

ORR: CRPR 28O (@4, 0050 (88 WA0) (535,

s0.4) 73 534

DCR (CR#PR+SD*NonCRNen-  38(627) (801, 37(25) (196 36(00) (163,

D) 9%55) 95.4) o713

'N: The total muamber of patieats in the efficacy analysis set It i the denominator for percentage (%)
calcalation.

o Numiber of patients who are in the corresponding category.

[s] Exact binomial 95% Confidence nerval.

‘Non-CR/Non-PD refrs fo best overall responses that are neither CR nor PD per RECIST L1
criteria for patients with non- measusable disease only at baseline.

‘Source: [Table 14.2-2.1 in Appendix 1 of Study A2112-Interim Efficacy Analysis]
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Table 1-2

Summary of duration of response (DOR) based on BIRC assessment by

treatment arm at interim efficacy analysis (DCO: 26-Jul-2017) (Efficacy
analysis set — patients with confirmed CR or PR)

Ceritinib Ceritinib Ceritinib
450 mg fed 600 mg fed 750 mg fasted
N=32 N=30 N=28
WN (%) 6/32(18.8) 6/30 (20.0) 11/28 (39.3)
Percentiles (95% CT) (months)
25th 7.1 (4.2.16.4) 6.9 (2.8, NE) 5.8(2.8.8.3)
Median 16.4(7.1.16.4) NE (6.9. NE) 10.4 (7.1, NE)
75th 16.4 (NE. NE) NE NE (104, NE)
% Event-free probability estimates (95% CI)
3 months 100 (100, 100)  92.8(742.98.2)  89.3 (70.4,96.4)
6 months 92.0(71.6.97.9)  84.1(62.7.93.8) 72.8(50.7,862)
9 months 74.6(484.88.8) 72.5(47.6.87.0) 51.0(25.7.71.6)
12 months 74.6(484.88.8)  72.5(47.6.87.0) 42.5(18.1,652)
15 months 74.6(48.4.88.8)  72.5(47.6,87.0) NE
18 months 0 NE NE

Percentiles with 95% CIs are calculated from PROC LIFETEST output using method of Brookmeyer and

Crowley (1982).

% Event-free probability estimate is the estimated probability that a patient will remain event-free up to the

specified time point.

% Event-free probability estimates are obtained from the Kaplan-Meier survival estimates.

Greenwood formula is used for CIs of KM estimates.
n: Total number of events included in the analysis.
N: Total number of patients included in the analysis.

Source table: [Table 14.2-2.6 in Appendix 1 of Study A2112-Interim Efficacy Analysis]
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Ceritinib Ceritinib
450 mg fed 600 mg fed
=41 =40
aN (%) 1241 293) 13140 323) 1740 (423)
Perceniles (95% CT) (months)
250 54Q8176)  46Q6ILD  47Q8.82)
Median 176@SNE)  NE@3NE)  109(53.NE)
75 NE(176. NE) NE NE (11.8.NE)
% Event.fee probabiliy estimates (95% CT)
3 months $17(730.947)  847(690.928) 897 (749,960
6 months T88(617.889) 9(519.822) 7T08(534.827)
9 months 664(465.50.4) 652(460.790) 562 (375.713)
12 months 664(465.50.4) S80(59.748)  410(196.615)
15 months 664(465.50.4) S80(59.748)  410(196.615)
18 months 3209.736) NE NE
21 months. NE NE NE
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Overall 450 mg 600 mg 750 mg
Median duration 3571 37.86 3529 3307
of exposure [0.1-110] [0.1-96.1] [0.4-110] [0.3-99.4]
(weeks) [range]
Median relative 97.54 100 85.75 9021
dose intensity (%) [36.6-100] | [31.9-100] | [41.2-100]
[range]
‘Atleast one dose 180 58.1 511
reduction (%)
Atleast one dose 427 64.0 611

interruption (%)
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Ceritinib 450 mg Ceritinib 750 mg.
fed Tasted Allpatients
N8 N%0 3
Al Grade Al Grade AU Grade
b mades 34 gades 34
Category 0 ) n(%) w0 ) n®) ()
“All destis [1] 0 - 5 - s -
@25 a67)
Ontestmentdestis o] 9(101) - 667 - 26008 -
Adverse Eveats s on s o 26 157
G4 (84 ©15 (22 G685 (92
Swpecedtobesmdydng 74 32 s 3 om0 106
celated @D 660 OL) 679 @) @00
Serious adverse eveats 2016 015 60 5
@3 a9 @2 asn @00
Supectedtobesmdydug 2(22) 2(22) d@H 363 168 1567
celated
AEs leading to sdy dmug  7(79)  7(79) 5(56) 3(33) 18(68) 14(53)
iscontimation
ABsrequingswdydng 3 26 - )
teatoption e @ 679 (2 (29 659
AEs requiing dose sq0n) 202 3 5@9) 67053 17664
adustment 6Ly
AEsrequiing dose R ss03 100 1,
adjustment or stdydrug  (416)  (303)  (674) (500) (6L1) (67) (366 (389
ntecroption
Absrequingsgnfict 77 % T2 32 W 30 23 %
additional therapy (65 6Ly @7 (72 (@) (33 ) G40

Categories are not mufvally exclusive. Patients with multiple events i the same category are counted only once
in that category. Patients with events in more than 1 category are counted once in each of those categories.

[a]: Al deaths including those > 30 days after the last dose of study drug.
[b]: Deaths occurring more than 30 days afier the last dose of study dme are not included.
AFs occurring more than 30 days after the last dose of sfudy drug are not summarized.
Missing grades are included nnder “All grades’ column.




image26.png
450mg | 600mg | 750mg

n=89 n=86 n=90

(%) (%) (%)
all gastrointestinal toxicity AESIs 742 802 90.0
grade 3-4 11 8.1 122

serious [} 23 11

dose adjustment required 0 12.8 26.7

diarrhoea | 56.2 61.6 756

nausea | 44.9 558 50.0

vomiting | 348 53.5 556

all hepatotoxicity AESIs 472 523 489
grade3-4 | 303 36.0 26.7

serious 11 47 11

dose adjustment required 45 174 111

dose interruption required | 20.2 256 189

ALT elevation | 36.0 419 333

AST elevation |___30.3 326 289

GGT elevation | 28.1 256 222

worst post-baseline GGT (regardless of
reporting as AESI)

grade0 | 247 221 256

grade1| 213 221 222

grade2 | 225 19.8 233

grade3 | 258 326 256

grade 4 22 23 0
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Low fat meal HighFacmeal | Light Snack ‘Low fat meal
Sway 01 01 o108 oz
Study description | Single-dose. bealthy | Single-dose, bealthy | Single-dose. bealthy | Multiple-dose,
subject subject subject ALK NSCLC pis
Mealcoment | 9 g fat: 330 calories | 58 g i 1000 15gm 100300 | 151015 gt 100—
calories calores 500 calories
Mealexample | 2 shoes of towst with | 2eggs hied <2 | 3.63 ounce pudding | 2 slices ofbam. 1 oz
1 tp low-ft lices oftowst with | cop (ll.0) OR. | Swiss chese. 1 sice
mscgarine + 15p | butter=3 stipsof | 1 sice oftoast+ 1 | of white fowst, 1 cup.
jelly~ S oz of bacon = 165pelly+ | spjelly+Sopof | ofbrewed coffee
Simned il oz of st brown + | imened i
§ oz whole il P
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cooked s, 1 cup
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ki malk
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compared to 750 mg.
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600 mg fed
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respectively,
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fasted
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AUCss (ng/mL-hr) Coaxss (ng/mL) Crinss (ng/mL)
Body weight

60-80 kg [ref] 22981 (22053, 23892) 1027 (984, 1065) 872(834,910)

<60kg 26155 (24846, 27484) 1166 (1108, 1222) 998 (943, 1049)

>80kg 20101 (18829, 21480) 902 (845, 961) 759 (708, 815)
Age

<65 years [ref] 23422 (22563, 24181) 1046 (1008, 1079) 889 (854, 922)

265 years 23623 (22266, 25140) 1055 (395, 1119) 899 (840, 961)
Gender

Male [ref] 22491 (21497, 23472) 1005 (962, 1048) 853 (812, 893)

Female 24319 (23339, 25232) 1085 (1042, 1125) 925 (885, 964)
Ethnicity

Caucasian [ref] 22427 (21493, 23290) 1003 (962, 1041) 849 (811, 885)

Chinese 23668 (22143, 25109) 1057 (991, 1121) 898 (832, 957)

Japanese 29037 (26453, 31462) 1281 (172, 1387) 1124 (1014, 1225)

Other Asian 24111 (22626, 25403) 1077 (1021, 1133) 916 (861, 967)

Other 23063 (19847, 26739) 1031 (887, 1191) 876 (746, 1029)
Proton pump inhibitors

Nofref] 23322 (22460, 24118) 1042 (1005, 1076) 885 (851, 918)

PPI 24076 (22681, 25566) 1073 (1015, 1139) 917 (858, 978)
Ha receptor antagonists

Nofref] 23448 (22592, 24193) 1047 (1009, 1079) 890 (855, 920)

HRA 23732 (21559, 25782) 1059 (969, 1148) 903 (814, 985)
Baseline liver function

Normal [ref] 23343 (22462, 24106) 1042 (1005, 1076) 886 (851, 916)

Miid 24251 (22649, 25805) 1081 (1013, 1148) 924 (856, 989)
Baseline renal function

Normal [ref] 22668 (21790, 23545) 1013 (974, 1051) 860 (823, 896)

Miid 24258 (23062, 25340) 1081 (1029, 1131) 922 (874, 967)

Moderate 25719 (23515, 27885) 1144 (1051, 1239) 981 (886, 1068)

‘Source: /vob/CLDK378X/pool/pkpd_002/pgm_04/sum simss R
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Covariate:(Comparator-Reference) i
Body weight ]
WT 50kg" W1 0-80kg —— i
i
WT>80kg : WT 60-80 kg i
Age !
AGE =65 Yrs : AGE <65.Y1s o i
Gender i
Female - Male: et i
Ethniciy i
Chinese : Caucasian —— i
i

Japanese : Caucasian ———
i
i
Asian (exd Ghn.Jpn) : Caucasian —e—
i
Other : Caucasian et i
i
e 55 No) - H
H2RA (Yes : No) H —t—y H
i
Baseline Iver function i
Wil - Norma Lo i
i
Baseine renal function i
Wid- Normal —— :
i
Maderate : Normal ——
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