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[bookmark: _Toc351716269][bookmark: _Toc351718881][bookmark: _Toc355338616][bookmark: _Toc420395696]List of abbreviations
	Abbreviation
	Meaning

	AE
	Adverse Event

	ALL
	Acute Lymphoblastic Leukaemia

	ALT
	Alanine Transaminase

	AP-CML
	Chronic myeloid leukaemia in accelerated phase

	ASCT
	Allogeneic Stem Cell Transplantation

	AST
	Aspartate Transaminase

	ARTG
	Australian Register of Therapeutic Goods

	AUC
	Area under the curve

	BP-CML
	Chronic myeloid leukaemia in blast phase

	CBC
	Complete Blood Count

	CCyR
	Complete Cytogenetic Response

	CHR
	Complete Haematological Response

	Cmax
	Maximum concentration

	CML
	Chronic myeloid leukaemia

	CP-CML
	Chronic myeloid leukaemia in chronic phase

	CYP
	Cytochrome P450

	DILI
	Drug Induced Liver Injury

	DLT
	Dose-limiting toxicity

	DoR
	Duration of Response

	EMA
	European Medicines Agency

	FDA
	Food and Drug Administration

	GCP
	Good Clinical Practice

	ICH
	International Conference on Harmonisation

	IV
	Intravenous

	LDH
	Lactate Dehydrogenase

	MaHR
	Major Haematological Response

	MCyR
	Major Cytogenetic Response

	MTD
	Maximum Tolerated Dose

	NEL
	No Evidence of Leukaemia

	OS
	Overall Survival

	PADER
	Periodic Adverse Drug Reaction Experience Report

	PCR
	Polymerase Chain Reaction

	pCRKL
	Phosphorylated CRKL

	PCyR
	Partial Cytogenetic Response

	PD
	Pharmacodynamics

	PFS
	Progression free survival

	Ph+
	Philadelphia chromosome positive

	PI
	Product Information

	PK
	Pharmacokinetics

	SAE
	Serious Adverse Event

	TGA
	Therapeutic Goods Administration

	TKI
	Tyrosine Kinase Inhibitor

	Tmax
	Time of maximum concentration

	TSH
	Thyroid Stimulating Hormone


[bookmark: _Toc420395697][bookmark: _Toc351718900][bookmark: _Toc355338635]Clinical rationale
The Bcr-Abl protein produced by the t(9,22) translocation has a kinase domain. The kinase function is unregulated and it causes constitutive activation of mitogenic signals, reduced apoptosis and altered adhesion properties in affected cells (1). Inhibition of the TKI activity is intended to impair the disease process. Other Bcr-Abl TKIs (imatinib, dasatinib, nilotinib) have been shown to have substantial clinical activity in CML and Ph+ve ALL.
Resistance to currently available Bcr-Abl TKIs can occur. The most common mechanism of resistance is the development of mutations in the kinase domain of the Bcr-Abl protein. A large number of such mutations have been described. One such mutation is the substitution of threonine at position 315 of the molecule with isoleucine (T315I). This particular mutation renders the Bcr-Abl molecule resistant to all currently available Bcr-Abl TKIs (2). The purported advantage of ponatinib is that it is effective in subjects who are resistant or intolerant to currently available Bcr-Abl TKIs, including subjects who have the T315I mutation.
A summary of the approved indications for registered Bcr-Abl TKIs and the proposed indications for ponatinib is given in Table 1.
[bookmark: _Ref251410795][bookmark: _Toc266542704]Table 1: Approved and proposed indications for Bcr-Abl TKIs in Australia
	
	Imatinib
	Dasatinib
	Nilotinib
	Ponatinib (1) (proposed)

	CML indications
	
	
	
	

	CML – First line treatment
	CP, AP, BP
	CP only
	CP only
	-

	CML – after failure of imatinib
	-
	CP, AP, BP
	CP, AP only
	-

	CML – after failure of dasatinib/nilotinib
	- (2)
	-
	-
	CP, AP, BP

	Ph+ve ALL indications
	
	
	
	

	Ph+ve ALL – First line 
	In combination with chemotherapy
	-
	-
	-

	Ph+ve ALL – 2nd line 
	Relapsed/ refractory disease
	After failure of ‘prior therapy’
	-
	After failure of dasatinib or nilotinib


(1) Ponatinib is also proposed for use in subjects with the T315I mutation, regardless of stage of disease.
(2) The approved indication for imatinib is for ‘the treatment of patients with CML’. However, evidence to support the efficacy and safety of imatinib after failure of dasatinib has not been submitted.
AP=accelerated phase; BP=blast phase; CP=chronic phase
[bookmark: _Toc420395698]Contents of the clinical dossier
[bookmark: _Toc420395699]Scope of the clinical dossier
The clinical dosser documented a full clinical development program of pharmacology, efficacy and safety studies. The application letter included a statement that the electronic version of the submission was identical to the hard copy. This reviewer used the electronic version.
The submission contained the following clinical information:
3 Phase I pharmacokinetic studies conducted in healthy volunteers (studies 102, 103 and 104)
1 Phase I study in patients with haematological malignancies, which examined pharmacokinetics, efficacy and safety (Study 101)
1 pivotal Phase II efficacy and safety study (Study 201) in patients with CML/Ph+ve ALL
1 population pharmacokinetic analysis of PK data collected from 3 of the Phase I studies
2 post-marketing reports
Literature references
Clinical Overview, Summary of Clinical Pharmacology, Summary of Clinical Efficacy, Summary of Clinical Safety and a 120-day safety update report.
Following the concerns raised regarding vascular adverse events, the sponsor submitted an addendum to the Clinical Overview, which included additional safety data.
[bookmark: _Toc420395700]Paediatric data
The submission did not include paediatric data.
[bookmark: _Toc420395701]Good clinical practice
[bookmark: _Toc355338639]The clinical study reports for the submitted studies included assurances that the studies were conducted in accordance with the Declaration of Helsinki and International Conference on Harmonisation (ICH) Good Clinical Practices (GCP).
[bookmark: _Toc420395702]Pharmacokinetics
[bookmark: _Ref271017296][bookmark: _Ref271018924][bookmark: _Ref271018934][bookmark: _Toc272414614][bookmark: _Toc290846238][bookmark: _Toc266542544][bookmark: _Toc420395703]Studies providing pharmacokinetic data
Table 2 shows the studies relating to each pharmacokinetic topic and the location of each study summary.
[bookmark: _Ref272426277][bookmark: _Toc266542693]Table 2: Submitted pharmacokinetic studies.
	PK topic
	Subtopic
	Study ID
	*

	PK in healthy adults
	Mass balance (14C radiolabelled drug)
	Study 104
	*

	
	Food effect
	Study 102
	*

	PK in target population
	Single dose and multiple dose
	Study 101
	

	PK interactions
	Ketoconazole (CYP 3A4 inhibitor)
	Study 103
	*

	Population PK analyses
	Healthy subjects & target population (Data from studies 101, 102, 103)
	 -
	*


* Indicates the primary aim of the study.
None of the pharmacokinetic studies had deficiencies that excluded their results from consideration.
[bookmark: _Ref269118175][bookmark: _Toc272414616][bookmark: _Toc290846239][bookmark: _Toc266542545][bookmark: _Toc420395704]Summary of pharmacokinetics
The information in the following summary is derived from conventional pharmacokinetic studies unless otherwise stated.
[bookmark: _Ref271189106][bookmark: _Ref271189143][bookmark: _Toc272414618][bookmark: _Toc290846241][bookmark: _Toc266542547]Pharmacokinetics in the target population and healthy volunteers
[bookmark: _Toc272414619][bookmark: _Toc290846242][bookmark: _Toc266542548]Absorption
Sites and mechanisms of absorption
No clinical data were included in the submission to define the sites and mechanisms of absorption. The time of maximum concentration (Tmax) for ponatinib at steady state, when administered to patients at the recommended dose of 45 mg daily, was approximately 5 hours.
[bookmark: _Toc241374287][bookmark: _Toc272414620][bookmark: _Toc290846243][bookmark: _Toc266542549]Bioavailability
Absolute bioavailability
The absolute bioavailability of ponatinib has not been studied.
Comment: This is a significant deficiency in the submission. In Module 1.11.2, the sponsor provided a justification for not providing an absolute bioavailability study in humans. Such a study has been performed in monkeys suggesting that formulation of an IV preparation is feasible. On the basis of the submitted mass balance study, the justification estimates that at least 65% of an administered dose is biotransformed. While this finding may be relevant in estimating the amount of drug absorbed, it does not provide any information on absolute bioavailability. The justification rests mainly on the assertion that the proposed formulation produces reproducible systemic exposures, and that the efficacy and safety of the drug has been established, and therefore there is no need to conduct an absolute bioavailability study.
The justification is not considered adequate. The TGA’s regulatory guidelines for prescription medicines require data on absolute bioavailability for new chemical entities. In addition, the absence of PK data following IV administration means that important PK parameters such as clearance and volume of distribution have not been defined.
Bioequivalence of clinical trial and market formulations
As indicated above a capsule formulation was used initially in the first-in-man study (Study 101). This was subsequently replaced for later studies by the tablet formulation intended for marketing. The Cmax and AUC values obtained with the two formulations at steady state were compared and no statistically significant differences were found. However, formal bioequivalence between the two formulations has not been established.
Comment: In the pivotal efficacy and safety study (Study 201), only the tablet formulation proposed for marketing was used. Therefore the absence of bioequivalence data for the two formulations is not considered a significant deficiency in the submission.
Influence of food
A study in healthy volunteers (Study 102; see Table 3) demonstrated that food did not have a clinically significant effect on the PK of ponatinib.
[bookmark: _Ref243985860][bookmark: _Ref243979582][bookmark: _Ref243985815][bookmark: _Toc266542698]Table 3: Study 102: Summary
[image: ]
Dose proportionality
In a study in patients with advanced haematological malignancies, the steady state values for ponatinib Cmax and AUC increased in a dose-proportional manner over the proposed dose range of 15 to 45 mg per day (Study 101; see Table 4).
[bookmark: _Ref269833002][bookmark: _Ref243979600][bookmark: _Toc266542695]Table 4: Study 101. Summary of PK data.
A: Ponatinib PK parameters in Cycle 1
[image: ]
AUCall calculated using all subjects data; AUC0-t excludes subjects without data at 24 hrs;
Tlast = time of last observation;
Table 4B: Ponatinib PK parameters in Cycle 2
[image: ]
Bioavailability during multiple-dosing
In a study in patients with advanced haematological malignancies, repeated dosing resulted in increased values for ponatinib Cmax and AUC. The accumulation ratios for dose levels between 15 and 45 mg per day were between 1.74 and 2.17 (Study 101; see Table 4).
Effect of administration timing
There were no data submitted on the effect of time of dosing. In the pivotal efficacy and safety study (201) subjects were instructed to take the drug at the same time each day.
[bookmark: _Toc241374288][bookmark: _Toc272414621][bookmark: _Toc290846244][bookmark: _Toc266542550]Distribution
Volume of distribution
A study using intravenous administration of ponatinib has not been conducted and hence the true volume of distribution for the drug has not been established. At steady state in patients with haematological malignancies receiving 15-45 mg per day, the geometric mean values for apparent volume of distribution (Vz/F) were between 926.6 and 1410 L, suggesting extensive distribution to tissues (Study 101; see Table 4).
Plasma protein binding
According to a report of an in-vitro study (ARP 053), protein binding of ponatinib in human plasma was > 99.9% at all concentrations tested (100 – 3,000 ng/mL). The specific proteins were not identified.
Erythrocyte distribution
According to a report of an in-vitro study (ARP 053), the blood/plasma concentration ratio in human blood was 0.94 – 0.97 over the concentration range tested (120 – 3,000 ng/mL). This indicates that ponatinib was not preferentially distributed to either plasma or erythrocytes.
Tissue distribution
There were no clinical data relating to tissue distribution.
[bookmark: _Toc272414622][bookmark: _Toc290846245][bookmark: _Toc266542551]Metabolism
In a mass balance study in healthy volunteers (Study 104), approximately 5% of an orally administered dose of ponatinib was excreted in the urine. Unchanged ponatinib in the urine accounted for < 1% of the administered dose. These data indicated that the drug is predominantly metabolically cleared.
Sites of metabolism and mechanisms / enzyme systems involved
No specific clinical data were provided on sites of metabolism. It is assumed that the liver is likely to be the predominant site.
According to the Summary of Clinical Pharmacology, ponatinib is metabolised by numerous pathways, as shown in Table 5. The predominant metabolite in plasma (AP24600 or M14) is produced by amide hydrolysis.
[bookmark: _Toc266542706]Table 5: Ponatinib human biotransformation pathways
[image: ]
In an early in vitro study conducted with human liver microsomes and human hepatocytes (ARP258), it was reported that ponatinib was metabolized by CYP3A4. A subsequent interaction study (Study 103 – see below) with the CYP3A4 inhibitor ketoconazole confirmed a clinically significant role for metabolism by CYP3A4.
The clearance (CL) of ponatinib has not been defined, as there are no PK data following IV administration. The apparent clearance (CL/F) for ponatinib at steady state, when administered to patients at the recommended dose of 45 mg daily, was 34.71 L/hr (geometric mean). Geometric mean half-life was 22 hours (Study 101; see Table 4).
Metabolites identified in humans
Active metabolites
It appears from the documentation provided that none of the identified metabolites have significant activity.
Other metabolites
The main metabolite is AP24600 or M14, which accounts for 14.9% of drug-related material circulating in plasma. Other metabolites include AP24600 glucuronide or M15 (3.4%), AP24534 despiperazinyl acid or M23 (7.0%) and ponatinib glucuronide or M29 (6.0%).
Unchanged ponatinib accounted for 25.5% of drug-related material circulating in plasma.
Pharmacokinetics of metabolites
There was no data in module 5 of the submission concerning the PK of the main metabolite AP24600, apart from an in vitro study that showed that it is 93.5% protein bound in plasma. Some of the PK studies measured another metabolite (AP24567 or M42), which was initially thought to be a major metabolite on the basis of in vitro data. However, subsequent studies demonstrated that it is only a minor metabolite in vivo.
[bookmark: _Toc241374289][bookmark: _Toc272414623][bookmark: _Toc290846246][bookmark: _Toc266542552]Excretion
Routes of excretion
A mass balance study in healthy volunteers demonstrated that the ponatinib and its metabolites are predominantly excreted in faeces (Study 104).
Renal clearance
In a mass balance study in healthy volunteers (Study 104), approximately 5% of an orally administered dose of ponatinib was excreted in the urine. Unchanged ponatinib in the urine accounted for < 1% of the administered dose. These data indicated that renal clearance of ponatinib is not significant.
[bookmark: _Toc241374291][bookmark: _Toc272414624][bookmark: _Toc290846247][bookmark: _Toc266542553]Intra- and inter-individual variability of pharmacokinetics
[bookmark: _Toc241374293]Between-subject variability in PK parameters was high, with coefficients of variation (CV%) of approximately 50% for steady state Cmax and AUC when ponatinib was administered at 45 mg per day.
[bookmark: _Toc272414626][bookmark: _Toc290846249][bookmark: _Toc266542554]Pharmacokinetics in other special populations
[bookmark: _Toc272414627][bookmark: _Toc290846250][bookmark: _Toc266542555]Pharmacokinetics in subjects with impaired hepatic function
No studies examining the effect of hepatic impairment on the PK of ponatinib. In the population PK analysis, markers of hepatic function (AST, ALT, bilirubin) were not found to be covariates with a significant effect on ponatinib PK. However, the studies that provided the data for the population PK analysis excluded subjects with significant hepatic dysfunction.
Comment: As ponatinib is drug that is metabolically cleared, the absence of data in subjects with hepatic impairment is considered a significant deficiency in the application. According to the Summary of Clinical Pharmacology, ‘a single dose safety and pharmacokinetic study of ponatinib in subjects with chronic hepatic impairment and in matched healthy adults is planned’.
[bookmark: _Toc272414628][bookmark: _Toc290846251][bookmark: _Toc266542556]Pharmacokinetics in subjects with impaired renal function
No studies examining the effect of renal impairment on the PK of ponatinib. In the population PK analysis, creatinine clearance was not found to be a covariate that had a significant effect on ponatinib PK. However, the studies that provided the data for the population PK analysis excluded subjects with significant renal impairment.
Comment: As ponatinib is drug that is metabolically cleared, the absence of data in subjects with renal impairment is not considered a significant deficiency in the application.
[bookmark: _Toc272414629][bookmark: _Toc290846252][bookmark: _Toc266542557]Pharmacokinetics according to age
In the population PK analysis increased age was found to be associated with decreased ponatinib clearance.
[bookmark: _Toc272414630][bookmark: _Toc290846253][bookmark: _Toc266542558]Pharmacokinetics related to genetic factors
In the population PK analysis, race was not found to be a covariate that had a significant effect on ponatinib PK.
[bookmark: _Toc241374294][bookmark: _Toc272414632][bookmark: _Toc290846255][bookmark: _Toc266542559]Pharmacokinetic interactions
[bookmark: _Toc272414633][bookmark: _Toc290846256][bookmark: _Toc266542560]Pharmacokinetic interactions demonstrated in human studies
A study in human volunteers demonstrated that co-administration of ponatinib with the CYP3A4 inhibitor ketoconazole had a significant effect on systemic exposure to ponatinib, with AUC∞ increasing by 78% and Cmax increasing by 47% (Study 103 – see Table 6AB).
[bookmark: _Ref243996516][bookmark: _Ref243979567][bookmark: _Ref243979740][bookmark: _Toc266542697]Table 6A: Study 103. Summary of PK results
[image: ]
Table 6B: AP 24567 PK results are summarised below.
[image: ]
[bookmark: _Toc272414634][bookmark: _Toc290846257][bookmark: _Toc266542561]Clinical implications of in vitro findings
The following in vitro studies were included in Module 5 of the submission:
ARP 267 examined the ability of ponatinib and its metabolite AP24600 to inhibit the activity of CYP450 enzymes (1A2, 2B6, 2C8, 2C9, 2C19, 2D6, and 3A4/5) in human liver microsomes. Both agents only inhibited these enzymes at concentrations well above their respective in vivo steady state Cmax values. It was concluded that drug-drug interactions due to inhibition of CYP450 enzymes by ponatinib or AP24600 were highly unlikely.
XT103117 examined the ability of ponatinib to induce CYP450 enzymes (1A2, 2B6 and 3A4/5) and the expression of MDR1 (PgP) mRNA levels in cultured human hepatocytes. At concentrations close to the in vivo steady state Cmax (0.2 μM or 106 ng/mL), ponatinib did not induce either CYP450 enzymes of MDR1 mRNA expression. At higher concentrations (0.6 μM and above) ponatinib caused ‘slight’ induction of CYP enzymes.
11ARIAP5R1 investigated whether ponatinib is a substrate for, or inhibitor of, various membrane transporters. The drug was found to be an inhibitor of both P-glycoprotein and BRCP. It was also found to be an inhibitor of BSEP, but only at concentrations well in excess of the steady state Cmax in humans. Ponatinib did not inhibit the transporter proteins OATP1B1, OATP1B3, OCT1, OCT2, OATP1 AND OATP3. The drug was not a substrate for OATP1B1, OATP1B3 or OCT1. Based on these data, ponatinib may have the potential to increase plasma concentrations of co-administered substrates of P-glycoprotein (for example, digoxin) or BCRP (for example, methotrexate).
In addition, the solubility of ponatinib is reduced at high pH. Drugs that increase gastric pH may therefore interfere with ponatinib absorption.
[bookmark: _Toc241374296][bookmark: _Ref269982040][bookmark: _Ref271018704][bookmark: _Ref271018755][bookmark: _Toc272414635][bookmark: _Toc290846258][bookmark: _Toc266542562]Evaluator’s overall conclusions on pharmacokinetics
In general, the pharmacokinetics of ponatinib have been adequately investigated. There are two significant deficiencies in the submitted PK data:
The absolute bioavailability of ponatinib has not been defined; and
There are no adequate data on the PK of ponatinib in subjects with hepatic impairment.
[bookmark: _Toc420395705]Pharmacodynamics
Only one of the submitted studies (Study 101) provided pharmacodynamic data. It examined the effect of ponatinib on levels of phosphorylated CRKL (pCRKL) in peripheral blood mononuclear cells of patients with CML or Ph+ALL. pCRKL is an adapter protein for BCR-ABL, and measurement of pCRKL levels can be used as a surrogate for measuring BCR-ABL activity in vivo.
A summary of the PD data from Study 101 is provided in (Table 7). The study demonstrated that ponatinib reduced pCRKL levels, consistent with inhibition of BCR-ABL activity.
[bookmark: _Ref271033719][bookmark: _Toc266542700]Table 7: Study 101. Summary of PD data
[image: ]
[bookmark: _Toc420395706]Dosage selection for the pivotal studies
The starting dose of 45 mg per day was selected because it was the maximum tolerated dose in the first in man study.
[bookmark: _Toc420395707]Clinical efficacy
[bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274][bookmark: _Toc266542567][bookmark: _Toc420395708]Pivotal efficacy study – Study 201
[bookmark: _Toc266542568]Study design, objectives, locations and dates
Study 201 is a Phase II, single arm, open-label trial conducted in patients with CML or Ph+ ALL. Patients were enrolled into one of six cohorts depending on the nature of their disease and the presence or absence of the T315I mutation of BCR-ABL, as shown in the following table.
Table 8: Study design. Patient enrolment into one of six cohorts based on the nature of their disease and the presence or absence of the T315I mutation of BCR-ABL.
[image: ]
The primary objective of this study was to determine the efficacy of ponatinib in patients with CML in CP, AP, or BP or with Ph+ ALL who were either a) resistant or intolerant to either dasatinib or nilotinib, or b) had the T315I mutation. The secondary objectives of this study were to: 1) further characterize the anti-leukemic activity of ponatinib in these patients as evidenced by clinical responses, molecular responses, and clinical outcomes; 2) characterize the molecular genetic status of patients; and 3) examine the safety of ponatinib in these patients.
The study is being conducted in 68 centres in Australia, Belgium, Canada, France, Germany, Italy, South Korea, the United Kingdom, the United States, the Netherlands, Spain, and Sweden.
The first patient was enrolled on 21 September 2010. The study is ongoing, and the data cut-off date for inclusion in the submitted study report was 27 April 2012. The study report itself was dated 13 July 2012.
[bookmark: _Toc266542569]Inclusion and exclusion criteria
The definitions used for the different phases of CML are shown in Table 9.The inclusion criteria for the study are listed in Table 10, and the exclusion criteria are shown in Table 11.
Subjects could be enrolled in the study and commence treatment if they had a prior history of having the T315I mutation, without having previous exposure to dasatinib or nilotinib. All subjects were required to undergo mutation testing at baseline as part of the trial. If a subject with a prior history of a positive T315I mutation was found to have a negative mutation test after enrolment, the efficacy data generated by that subject was not included in the efficacy analyses.
[bookmark: _Ref243545205][bookmark: _Toc266542707]Table 9: Study 201 - Definition of CML phases
[image: ]
The required mutational analysis was performed at a single central laboratory in the United States, to ensure uniformity in the testing procedure, and standardized analysis and reporting of the results.
[bookmark: _Ref245189560][bookmark: _Toc266542708][bookmark: _Toc266542570]Table 10: Study 201 – Inclusion criteria
[image: ]
[bookmark: _Ref245189597][bookmark: _Toc266542709]Table 11: Study 201 – Exclusion criteria
[image: ]
Study treatments
All patients were commenced on ponatinib 45 mg once daily. They were instructed to take the drug at the same time each day, with or without food, and not to have anything to eat or drink (other than water) for 2 hours afterwards.
In the event of toxicity, the dose could be reduced to 30 mg per day and then to 15 mg per day if necessary. If a patient continued to experience unacceptable toxicity at the 15 mg daily dose, discontinuation of the drug was recommended. The study used 45 and 15 mg tablets, with the same formulation as proposed for registration.
Treatment was continued until disease progression occurred, intolerance developed, consent was withdrawn or the investigator decided to withdraw the patient.
The following treatments were prohibited during the trial: other anticancer therapy, investigational drugs or devices, medications known to be associated with Torsades de Pointes, herbal preparations and elective surgery requiring inpatient care. Although not prohibited it was recommended that the following agents be avoided: potent inhibitors, inducers or substrates for CYP3A4 and drugs that prolong the QT interval.
[bookmark: _Toc266542571]Efficacy variables and outcomes
The main efficacy variables were:
Cell counts in peripheral blood and bone marrow, and the presence or absence of extramedullary disease (for example, splenomegaly and hepatomegaly)
The presence or absence of Ph+ve cells in metaphase in bone marrow
The levels of BCR-ABL ribonucleic acid (RNA) transcripts relative to ABL RNA transcripts, in peripheral blood and bone marrow, as measured by quantitative reverse-transcriptase polymerase chain reaction (qRT-PCR).
The main efficacy outcomes were haematological, cytogenetic and molecular response rates. The definitions used for response are summarised in Table 12.
[bookmark: _Ref245194351][bookmark: _Toc266542710]Table 12: Study 201 – Definitions of response
[image: ]
The primary efficacy outcome for patients with chronic phase CML (Cohorts A and B) was major cytogenetic response (MCyR) rate (that is, the proportion of patients who achieved either a complete or partial cytogenetic response [CCyR or PCyR]).
The primary efficacy outcome for patients in the other cohorts (C to F) was major haematological response (MaHR) rate (that is, the proportion of patients who achieved either complete haematological response [CHR] or no evidence of leukaemia [NEL]).
The secondary endpoints used in the study are shown in Table 13. The definitions used for disease progression (used for some of the secondary endpoints) are shown in Table 14.
[bookmark: _Ref245196148][bookmark: _Toc266542711]Table 13: Study 201 – Secondary endpoints
[image: ]
[bookmark: _Ref245196188][bookmark: _Toc266542712]Table 14: Study 201 – Definitions for disease progression
[image: ]
Comment: The endpoints chosen are standard for trials in CML/Ph+ALL, and were used in the trials submitted to the TGA for approval of other TKIs. The relevant EMA guideline currently adopted by the TGA (4) recommends the use of cytogenetic response rate as the appropriate primary efficacy outcome measure in patients with chronic phase CML. It suggests that it may also be the appropriate primary endpoint in accelerated phase and blast crisis, but recommends that regulatory advice be obtained from the EMA.
For subjects in Cohorts A and B complete blood counts (CBCs) were performed on Days 1, 8, 15, and 22 of cycle 1, days 1 and 15 of cycles 2 and 3, on day 1 of cycles 4 to 13, at the end of every 3 cycles to cycle 39 and after every 6 cycles. For subjects in Cohorts C to F, CBCs were performed on Days 1, 8, 15, and 22 of cycle 1, days 1 and 15 of cycles 2-26, then after every 3rd cycle until cycle 39 and then after every 6th cycle.
Bone marrow (BM) aspirate was required every 3 months for CP-CML patients through the end of Cycle 27; and at the end of Cycle 1, Cycle 2, and then every 2 months until Cycle 24 and at the end of Cycle 27 for AP-CML, BP-CML and Ph+ ALL patients. After 27 cycles, CP-CML patients who were not in CCyR continued to require a BM aspirate and cytogenetic assessment every 6 cycles. After 27 cycles, AP-CML, BP-CML, and Ph+ ALL patients who were not in CCyR continued to require a BM aspirate and cytogenetic assessment every 3 cycles until Cycle 39 and subsequently every 6 cycles.
Molecular response sampling (BCR-ABL transcript quantitation by PCR) was performed, for AP-CML, BP-CML and Ph+ ALL patients, at baseline, and at the end of cycle 2, at the end of even cycles 4-24, then at the end of every 3rd cycle until cycle 39 and then after every 6th cycle. For CP-CML patients it was performed at baseline, at the end of every 3rd cycle until cycle 39, and then after every 6th cycle.
[bookmark: _Toc266542572]Randomisation and blinding methods
Patients were not randomised in the study. Patients were allocated to a specific cohort based on their disease status. There was no blinding used in the trial.
[bookmark: _Toc266542573]Analysis populations
The Safety Population included all subjects who received at least one dose of the study drug.
The Treated Population also included all subjects who received at least one dose of the study drug. However, it excluded subjects who commenced in the trial on the basis of a prior history of a positive T315I mutation, but who were found to have a negative test at baseline.
The Per Protocol Cytogenetic Population included all patients in the treated population with a baseline cytogenetic assessment with at least 20 metaphases examined. Patients with <20 metaphases examined at baseline, CCyR at baseline, or missing baseline cytogenetic assessments were excluded.
The Per Protocol Hematologic Population included all patients in the treated population in Cohorts C to F with a baseline BM assessment for which the percentage of BM blasts was determinable. Patients with missing baseline bone marrow blasts or those with MaHR at baseline were excluded.
[bookmark: _Ref245347866][bookmark: _Ref245348025][bookmark: _Toc266542574]Sample size
For Cohort A, the null or ‘uninteresting’ MCyR rate was considered to be 20%, as some small published studies had suggested that this magnitude of response could be achieved using dasatinib in subjects who had failed nilotinib and vice-versa. A MCyR rate of 35% was considered as an alternative MCyR rate of interest. It was calculated that a sample size of 100 patients would provide at least 85% power to distinguish between a null response rate of 20% and the alternative rate of 35%, with an overall alpha level of 0.05.
For Cohort B, the null or ‘uninteresting’ MCyR rate was considered to be 10%, and a rate of 35% would be considered of interest. It was calculated that 60 patients would be needed to provide approximately 98% power to distinguish between a null response rate of 10% and an alternative response rate of 35%, with an overall alpha level of 0.05.
For Cohorts C to F, the null or uninteresting MaHR rate was set at 10% and the alternative rate of interest was set at 30%. It was calculated that 40 patients in each of these cohorts would provide 89% power to distinguish between these two rates.
Initially therefore a total of 320 subjects were planned to be enrolled.
During the conduct of the trial it became apparent that subjects were accruing more rapidly in those cohorts enrolling patients who were resistant or intolerant to dasatinib/nilotinib (Cohorts A, C and E) than in the cohorts enrolling patients with the T315I mutation (Cohorts B, D and F). Demonstration of efficacy in subjects with the T315I mutation was a primary objective of the study. In order to allow adequate recruitment to Cohorts B, D and F, the protocol was amended to allow a total sample size of 450 subjects.
[bookmark: _Toc266542575]Statistical methods
The response rate endpoints were to be analysed using a 2-sided exact 95% CI. Duration of response, time to response, progression-free survival and overall survival were to be analysed using the Kaplan-Meier method. Median duration of response with 95% CI were also to be calculated.
[bookmark: _Toc266542576]Participant flow
A total of 449 subjects were enrolled in the study and all these received at least one dose of ponatinib. All cohorts enrolled their planned sample sizes except for Cohort D (subjects with the T315I mutation in accelerated phase CML) in which only 18 of 40 planned subjects were accrued.
At the time of the data cut-off, 252 patients (56.1% of the total) remained on therapy, and median follow-up was 9.9 months (range: 0.1 month to 18.4 months).
Additional details are shown in Figure 1.
Figure 1: Participant flow
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[bookmark: _Toc266542577]Major protocol violations/deviations
Major protocol deviations were defined as those involving inclusion or exclusion criteria or primary endpoint assessments. Those occurring in the trial are summarised in Table 15.
[bookmark: _Ref251486466][bookmark: _Toc266542713]Table 15: Study 201 – Major protocol deviations
[image: ]
Comment: It is noted that 16.5% of the accelerated phase CML subjects enrolled met the criteria for major haematological response (MaHR) at baseline, and that achievement of MaHR was the primary endpoint of the study for this cohort. However, in the analysis of efficacy, these subjects were analysed as non-responders. The efficacy of the drug in accelerated phase CML may therefore have been underestimated (with respect to MaHR). The other violations are considered unlikely to have affected the outcome of the study.
[bookmark: _Toc266542578]Baseline data
Baseline demographic and disease characteristics are shown in Table 16. Prior treatment with TKIs is summarised in Table 17 and prior other anticancer treatments are summarised in Table 18.
[bookmark: _Ref245269659][bookmark: _Ref245269633][bookmark: _Toc266542714]Table 16: Study 201 – Baseline demographic data
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[bookmark: _Ref245284266][bookmark: _Toc266542715]Table 17: Study 201 – Prior tyrosine kinase inhibitor (TKI) treatment
[image: ]
[bookmark: _Ref245284315][bookmark: _Toc266542716]Table 18: Study 201 - Prior other cancer treatment
[image: ]
For the whole study population (n=449), the median number of previous TKIs was 3.0 (range 1-5). A total of 58.4% of the population had used 3 or more TKIs. Imatinib had been used by 95.8% of the population, dasatinib by 83.5% and nilotinib by 65.5%. The proportion of subjects that had used all three of the approved TKIs (imatinib and dasatinib and nilotinib) was 52.8%.
A total of 151 subjects (33.6%) had received prior treatment with interferon, and 22.7% had received cytarabine.
Comment: These data illustrate the fact that the population enrolled in the study was a heavily pre-treated one, with limited options for further treatment.
Table 19 shows the best response achieved with the most recent 2nd generation TKI (that is, dasatinib or nilotinib). A major cytogenetic response was achieved in approximately 23% of subjects with chronic phase CML, and in approximately 10 – 13% of subjects with more advanced CML or Ph+ALL.
[bookmark: _Ref245286040][bookmark: _Toc266542717]Table 19: Study 201 – Best responses to most recent dasatinib or nilotinib
[image: ]
The baseline mutation status of subjects is shown in Table 20 and Table 21. For the total population (n=449), 198 subjects (44.1%) had no mutations detected. The most common mutation was T315I (28.5%) followed by F317L (8.0%), E255K (4.0%) and F359V (3.8%).
[bookmark: _Ref245287095][bookmark: _Toc266542718]Table 20: Study 201 - Baseline mutation status – number of mutations per patient
[image: ]
[bookmark: _Ref245287134][bookmark: _Toc266542719]Table 21: Study 201 - Baseline mutation status – individual mutations occurring in at least 3 subjects
[image: ]
[bookmark: _Toc266542579]Results for the primary efficacy outcome
The results for the primary endpoints are summarised in Table 22.
[bookmark: _Ref245289012][bookmark: _Toc266542720]Table 22: Study 201 – Efficacy results for primary endpoints
Chronic phase CML (Cohorts A and B)
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Accelerated phase CML (Cohorts C and D)
[image: ]
Blast phase CML / Ph+ ALL (Cohorts E and F)
[image: ]
Post-hoc analysis of BP-CML versus Ph+ALL subjects in Cohorts E and F
[image: ]
Chronic phase CML
For Cohort A the MCyR rate was 48.8% (95% CI: 41.7 – 55.9%). For Cohort B the MCyR rate was 70.3% (95% CI: 57.6 – 81.1%). In both cohorts the majority of the responses were complete (CCyR) rather than partial (PCyR). Per protocol analysis gave comparable results. A sensitivity analysis was also conducted for Cohort A, using only the first 100 patients enrolled (the original planned sample size). The results obtained were similar to those of the primary analysis.
Accelerated phase CML
For Cohort C the MaHR rate was 60.0% (95% CI: 47.1 – 72.0%). For Cohort D the MaHR rate was 50.0% (95% CI: 26.0 – 74.0%). In both cohorts the majority of the responses were complete haematological responses (CHR) rather than ‘no evidence of leukaemia’ (NEL). Per protocol analysis gave somewhat improved results (MaHR 0f 73.6% in Cohort C and 60.0% in Cohort D). A sensitivity analysis was conducted on the first 40 subjects enrolled into Cohort C, and the results were comparable to those obtained with the primary analysis.
Blast phase CML / Ph+ALL
For Cohort E the MaHR rate was 35.4% (95% CI: 22.2 – 50.5%). For Cohort F the MaHR rate was 32.6% (95% CI: 19.5 – 48.0%). In both cohorts the majority of the responses were again complete haematological responses (CHR) rather than ‘no evidence of leukaemia’ (NEL). Per protocol analysis gave similar results. Sensitivity analyses were conducted on the first 40 subjects enrolled into both Cohort E and Cohort F, and the results were comparable to those obtained with the primary analysis. A post-hoc comparison of results for the CML-BP and Ph+ALL subpopulations of Cohorts E and F suggested marginally better efficacy in the Ph+ALL subpopulation.
Comment: For each of the cohorts, the lower 95% CI for the response rate exceeded the ‘uninteresting’ rate specified in the sample size calculations. The response rates obtained were notably higher than those obtained with most recent 2nd generation agent (dasatinib or nilotinib). The duration of follow-up at the time of analysis was short - median 9.9 months (range: 0.1 month to 18.4 months) – and increased MCyR rates in the CP-CML population might be expected with longer follow-up. Overall these results provide evidence of substantial activity for the drug in a population of patients who were resistant to or intolerant of available therapies.
[bookmark: _Ref252873236][bookmark: _Toc266542580]Results for other efficacy outcomes
Response rates
The results for secondary response rate endpoints are summarised in Table 23. Findings of note include the following:
Over 90% of chronic phase CML patients achieved a complete haematological response
Major cytogenetic responses were achieved in a significant proportion of patients with advanced and blast phase CML and Ph+ ALL. In particular 15/32 (46.9%) of subjects with Ph+ ALL achieved a MCyR
The proportion of subjects who achieved a major molecular response was generally low (apart from those in Cohort B, where MMR rate was 50.0%). This may reflect the advanced nature of the disease as well as the short duration of follow-up.
[bookmark: _Ref245351564][bookmark: _Toc266542721]Table 23: Study 201 – Efficacy results for secondary endpoints (response rates)
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Duration of response
Data on duration of response (for the primary endpoints) are summarised in Table 24.
[bookmark: _Toc266542722]Table 24: Study 201 – Duration of response
	
	Cohort A
	Cohort B
	Cohort C
	Cohort D
	Cohort E
	Cohort F

	
	CML-CP (R/I)
	CML-CP (T315I)
	CML-AP (R/I)
	CML-AP (T315I)
	CML-BP/Ph+ALL R/I
	CML-BP/Ph+ALL T315I

	N
	203
	64
	65
	18
	48
	46

	Type of response (primary endpoint)
	MCyR
	MCyR
	MaHR
	MaHR
	MaHR
	MaHR

	No. of subjects with response (%)
	99 (48.8)
	45 (70.3)
	39 (60.0)
	9 (50.0)
	17 (35.4)
	15 (32.6)

	No. of subjects with loss of response (%)
	5 (5.1)
	1 (2.2)
	17 (43.6)
	5 (55.6)
	7 (41.2)
	10 (66.7)

	No. of subjects censored (%)
	94 (94.9)
	44 (97.8)
	22 (56.4)
	4 (44.4)
	10 (58.8)
	5 (33.3)

	Median –days (95% CI)
	NR
	NR
	289.0 (211.0 – 538.0)
	174.0 (42.0 – N/A)
	NR
	126.0 (70.0 – 143.0)

	Range in days
	1 - 423
	1 - 338
	98 - 538
	42 - 430
	54 - 429
	3- - 268

	Probability of remaining in response at 6 months
	91.6%
	96.7%
	73.3%
	41.7%
	67.7%
	17.4

	Probability of remaining in response at 12 months
	91.6%
	 -
	49.0%
	41.7%
	51.6%
	N/A


NR = not reached. N/A = not available
Comment: Responses in chronic phase CML (Cohorts A and B) appeared durable. The median duration had not been reached and the Kaplan-Meier estimates for probability of remaining in response at 6 and 12 months were > 90%. The median duration of response in accelerated phase CML was 289.0 days (9.5 months) for Cohort C and 174.0 days (5.7 months) for Cohort D. Duration of response was shorter in blast phase CML/Ph+ALL with the median duration in Cohort F being 126.0 days (4.1 months).
Time to response
Among responders, the median (range) time to MCyR was 85 (56-334) days in Cohort A and 84 (49-333) days in Cohort B. The median times to complete haematological response (CHR) in these cohorts were 13 (1 – 166) and 10 (4-98) days respectively.
The median (range) times to MaHR in the other cohorts were:
21 (12-112) days in Cohort C
19 (14-176) days in Cohort D
28 (14-168) days in Cohort E
24 (11-57) days in Cohort F.
Progression-free survival (PFS)
For patients with chronic or accelerated phase CML, PFS data were immature with less than 50% of subjects having progressed or died. In Cohorts E and F, median PFS was 169 days (5.6 months) and 98 days (3.2 months) respectively (Table 25).
[bookmark: _Ref245374505][bookmark: _Toc266542723]Table 25: Study 201 – Progression-free survival results
	
	Cohort A
	Cohort B
	Cohort C
	Cohort D
	Cohort E
	Cohort F

	
	CML-CP (R/I)
	CML-CP (T315I)
	CML-AP (R/I)
	CML-AP (T315I)
	CML-BP/Ph+ALL R/I
	CML-BP/Ph+ALL T315I

	N
	203
	64
	65
	18
	48
	46

	No. of subjects with events (%)
	28 (13.8)
	7 (10.9)
	24 (36.9)
	6 (33.3)
	27 (56.3)
	33 (71.7)

	No. of subjects censored (%)
	175 (86.2)
	57 (89.1)
	41 (63.1)
	12 (66.7)
	21 (43.8)
	13 (28.3)

	Median PFS –days (95% CI)
	NA (422 – NA)
	NA (NA – NA)
	559.0 (306-559)
	NA (188 – NA)
	169.0 (82-252)
	98.0 (58-154)


Overall survival (OS)
For patients with chronic or accelerated phase CML, OS data were immature with less than 50% of subjects having died. In Cohorts E and F, median OS was 210 days (6.9 months) and 201 days (6.6 months) respectively (Table 26).
[bookmark: _Ref245374557][bookmark: _Toc266542724]Table 26: Study 201 – Overall survival results
	
	Cohort A
	Cohort B
	Cohort C
	Cohort D
	Cohort E
	Cohort F

	
	CML-CP R/I
	CML-CP T315I
	CML-AP R/I
	CML-AP T315I
	CML-BP/Ph+ALL R/I
	CML-BP/Ph+ALL T315I

	N
	203
	64
	65
	18
	48
	46

	No. of subjects with events (%)
	12 (5.9)
	5 (7.8)
	8 (12.3)
	4 (22.2)
	31 (64.6)
	29 (63.0)

	No. of subjects censored (%)
	191 (94.1)
	59 (92.2)
	57 (87.7)
	14 (77.8)
	17 (35.4)
	17 (37.0)

	Median OS –days (95% CI)
	NA (NA – NA)
	NA (NA – NA)
	NA (NA – NA)
	NA (282 – NA)
	219.0 (120-380)
	201.0 (151-280)


Subgroup analyses
The study report presented analyses of response rates according to the following baseline factors: the extent of prior TKI use; resistance versus intolerance to prior TKIs; BCR-ABL mutation status; age at baseline; and time since diagnosis. Findings of the analyses included the following:
Response rates tended to decline with increasing number of prior TKIs
Response rates were similar in patients who were resistant to prior dasatinib/nilotinib and those who were intolerant of the drugs
Among subjects with chronic phase CML, cytogenetic response rates were significantly higher among subjects who had the T315I mutation (with no other mutation) compared to other mutation subgroups (see Table 27). However the veracity of this finding was questioned by a subsequent analysis (see below)
Among subjects with chronic phase CML, response rates tended to decline with increasing age
Response rates tended to decline with longer time since diagnosis.
[bookmark: _Ref245374323][bookmark: _Toc266542725]Table 27: Study 201 - Response rates by baseline mutation status
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Other analyses
The sponsor conducted a post hoc multivariate logistic regression analysis (Report no ARP307) to explore the effect of dose intensity and several baseline prognostic factors (age, time since diagnosis, number of prior TKIs, T315I mutation status, baseline neutrophil and platelet counts and weight) on efficacy and safety outcomes. The main efficacy findings of this analysis were:
For patients with chronic phase CML, the probability of achieving a MCyR after 12 months significantly increased (p < 0.0001) with increasing dose intensity (as measured by average daily dose) and with decreasing age (p=0.0458). Contrary to the original subgroup analysis (see above) T315I mutation status was not a significant predictor of efficacy, after adjustment for dose intensity and other factors
For patients with advanced/blast phase CML or Ph+ALL, the probability of achieving a MaHR at 6 months increased significantly with increasing dose intensity (p < 0.0001) and with higher baseline platelet count, an indicator of baseline disease severity (p= 0.0046).
[bookmark: _Ref243734901][bookmark: _Toc266542581][bookmark: _Toc420395709]Supportive efficacy study – Study 101
Study 101 is the trial in which ponatinib was first administered to humans.
[bookmark: _Ref243734782][bookmark: _Toc266542582]Study design, objectives, locations and dates
The study is a Phase 1, open, dose-escalation trial with a conventional ‘3+3’ design, conducted in subjects with advanced haematological malignancies, including subjects with CML and Ph+ ALL.
The primary objective of the study was to determine the maximum tolerated dose (MTD) or a recommended dose of oral ponatinib. The secondary objectives were to:
Examine the safety of ponatinib
Describe the anti-leukemic activity of ponatinib
Examine the pharmacokinetics (PK) of ponatinib
Examine pharmacodynamic (PD) activity of ponatinib in CML and Ph+ ALL patients
Describe potential pharmacogenomic markers of ponatinib anti-leukemic activity.
The PK results for the study are summarised in Table 4, and the PD results in Table 7.
The study was conducted in five centres in the USA. It was commenced in June 2008 and was ongoing at the time the study report 4was written. The data cut-off dates for the study report were 6 January 2012 for study visits and 23 March 2012 for data. The report itself was dated June 2012.
[bookmark: _Toc266542583]Inclusion and exclusion criteria
The inclusion criteria are listed in Table 5 and the exclusion criteria in Table 6.
[bookmark: _Toc266542584]Study treatments
All patients were treated with ponatinib. There were no control groups or reference therapies. Successive cohorts of patients were treated with escalating doses of the drug. The study followed a conventional ‘3+3’ where 3 patients were initially treated in each dose cohort. If dose limiting toxicities (DLTs) were observed, additional patients would be treated at the same dose, or dose escalation would be stopped. If no DLTs were experienced, the next cohort of three patients would be treated at a higher dose. The definitions for DLTs and the dose escalation regimen are shown in Table 28 and Table 29, respectively.
[bookmark: _Ref243548039][bookmark: _Toc266542728]Table 28: Study 101 - Definitions of dose-limiting toxicities (DLT)
	The following AEs were considered to be DLTs that counted towards the determination of the MTD. Toxicity grades were defined in the NCI CTCAE V 3.0:
Grade ≥3 non-hematologic toxicity lasting >3 days despite optimal supportive care, with the exception of self-limiting or medically controllable toxicities (for example, , nausea, vomiting, fatigue, electrolyte disturbances, hypersensitivity reactions), but excluding alopecia.
Missed doses: >25% of planned ponatinib doses over 28 days due to AEs in the first cycle.
Febrile neutropenia (the occurrence of an absolute neutrophil count (ANC) <500/μL concurrently with a temperature elevation of >101ºF), when neutropenia was not related to underlying acute leukaemia as defined below.
Hematologic toxicity: Different hematologic DLT definitions are used for patients with ‘chronic’ diseases (for example, CLL) and those with ‘acute’ diseases (for example, , AML, ALL, and all phases of CML)
Chronic Leukaemias (CLL, MM):
Hematologic DLT for chronic leukaemias was Grade 4 cytopaenia if baseline platelet count was ≥75,000/μL and the neutrophil count was ≥2000/μL. For patients entering the study with lower platelet or neutrophil counts, a DLT was the persistence of either platelet counts or neutrophil counts <75% of the baseline values through Day 28;
Acute Leukaemias (ALL, AML, CML, and Ph+ ALL):
Hematologic DLT was the occurrence of a Grade 4 cytopaenia >28 days not related to underlying disease according to the investigator. Bone marrow examination must have demonstrated <5% cellularity.


[bookmark: _Ref243548051][bookmark: _Toc266542729]Table 29: Study 101 - Dose escalation guidelines
[image: ]
Intrapatient dose escalation could also occur. Patients in a lower dose cohort were allowed to increase their dose to a higher established dose provided they had tolerated at least 1 cycle of the lower dose without a DLT and the proposed next dose did not exceed the maximum tolerated dose (MTD). Safety findings from intrapatient dose escalation were not used for determination of the MTD.
Ponatinib was administered once daily on a continuous regimen. Each 28-day period was referred to as a ‘cycle’ but there were no drug holidays between cycles. Treatment could be continued indefinitely as long as the drug was tolerated and disease progression did not occur. The drug was to be administered approximately 2 hours after a light meal and patients were instructed not to eat or drink anything other than water for 2 hours afterwards.
The initial dose level chosen was 2mg, based on preclinical findings.
Treatments prohibited during the trial were other anticancer treatments (although leukopheresis, hydroxyurea and anagrelide were permitted for acute stabilisation), immunosuppressants (other than corticosteroids which had been prescribed at a stable dose prior to study drug), herbal preparations, drugs known to prolong the QT interval and colony-stimulating factors (in Cycle 1).
[bookmark: _Toc266542585]Efficacy variables and outcomes
Examination of efficacy was a secondary objective of this study. The main efficacy variables were:
Cell counts in peripheral blood and bone marrow, and the presence or absence of extramedullary disease (for example, splenomegaly and hepatomegaly)
The presence or absence of cytogenetically abnormal cells (for example, Ph+ve cells) in metaphase in bone marrow
For CML and Ph+ ALL, the levels of BCR-ABL ribonucleic acid (RNA) transcripts relative to ABL RNA transcripts, in buffy-coat blood cells, as measured by quantitative reverse-transcriptase polymerase chain reaction (qRT-PCR).
No particular endpoint was designated as a primary efficacy endpoint. The efficacy endpoints only refer to subjects with CML, Ph+ve ALL or AML. Although subjects with other haematological malignancies could be enrolled in the study, they were not analysed for efficacy. The sponsor is not seeking approval for use of the product in AML, and hence the review in this report of the efficacy data from this study will focus on the subpopulation of subjects with CML or Ph+ ALL.
Complete blood counts (CBC) were performed on Days 1, 3, 5, 8, 10, 12, 15, 17, 19 and 22 of cycle 1, Days 1, 8, 15 and 22 of cycle 2, Days 1, 8, and 15 of cycle 3 and days 1 and 15 of subsequent cycles.
Bone marrow aspirate with or without biopsy, and with cytogenetics for Ph+ patients, was recommended at the completion of cycle 3 and every 3 months according to standard monitoring schedules. Standard care was also to be followed for other diseases. Patients on study for ≥ 24 months must have had bone marrow assessments performed at 6-month intervals (more frequent was acceptable if clinically indicated).
Molecular response sampling (BCR-ABL transcript quantitation by PCR) was performed at baseline, at the beginning of Cycle 3, and at subsequent odd-numbered cycles to Cycle 9. Beginning at Cycle 9, molecular sampling was required at 3-month intervals thereafter.
[bookmark: _Toc266542586]Randomisation and blinding methods
There was no randomisation in the study, as there were no reference therapies or comparator groups, and subjects were assigned to their dose level only after a lower dose had been shown to be not excessively toxic. There was also no blinding of study treatment.
[bookmark: _Toc266542587]Analysis populations
The safety evaluation population included all patients who received at least 1 dose of study treatment.
The DLT-evaluable population included those patients who received sufficient study drug exposure during Cycle 1 so as to enable an adequate evaluation of the tolerability of the dose level (in terms of DLTs). An adequate exposure during Cycle 1 was defined as having received≥75% of planned study drug doses during Cycle 1, exclusive of doses missed due to treatment related toxicity.
The efficacy population included all patients in the safety population with diagnoses of CML, Ph+ ALL, or AML.
[bookmark: _Toc266542588]Sample size
No formal sample size calculations were performed. Sample size was determined by clinical rather than statistical considerations. Approximately 100 patients were planned to participate.
[bookmark: _Toc266542589]Statistical methods
Descriptive statistics were used to analyse the efficacy data.
[bookmark: _Toc266542590]Participant flow
The participant flow for the study is shown in Figure 2. A total of 81 subjects were enrolled in 10 cohorts. At the time of data cut-off, 33 subjects (40.7%) were ongoing in the study.
[bookmark: _Ref243711278][bookmark: _Toc266542799]Figure 2: Study 101 – Participant Flow
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[bookmark: _Toc266542591]Major protocol violations/deviations
Most protocol violations were minor (missed laboratory assessments and other evaluations, tests performed out of study window). Four patients commenced ponatinib less than 14 days after ceasing other investigational agents and one patient less than 90 days after stem cell transplantation. Two subjects had accidental overdose of the drug.
Comment: The protocol violations are considered unlikely to have affected interpretation of the efficacy data.
[bookmark: _Toc266542592]Baseline data
The diagnoses of subjects at baseline are shown in Table 30.
[bookmark: _Ref243713635][bookmark: _Toc266542732]Table 30: Study 101 – Diagnosis at baseline
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Of the 81 subjects, 60 had CML, 5 had Ph+ ALL and 12 had AML. The baseline demographics for the 65 subjects with CML/Ph+ ALL are shown in Table 31. Prior treatments received in the CML/Ph+ ALL subpopulation are shown in Table 32. Consistent with the inclusion criteria, the patient population was a heavily pre-treated one. Most patients (61/65; 93.8%) had already been treated with at least 2 TKIs, and 41 subjects (63.1%) had received at least 3 TKIs.
[bookmark: _Ref243714376][bookmark: _Toc266542733]Table 31: Study 101 - Demographics at baseline (CML/Ph+ ALL subpopulation)
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[bookmark: _Ref243715667][bookmark: _Toc266542734]Table 32: Study 101 - Prior treatments (CML/Ph+ ALL subpopulation)
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The reasons for discontinuation of prior dasatinib or nilotinib are shown in Table 33. Most subjects discontinued these drugs due to disease progression or lack of response, and approximately 20% due to intolerance. A proportion of patients also discontinued on the grounds that they were scheduled to receive another treatment (for example, entering a clinical trial). Details of BCR-ABL mutation status at baseline are shown in Table 34. A total of 19 subjects (29.2%) had the T315I mutation.
[bookmark: _Ref243716540][bookmark: _Toc266542735]Table 33: Study 101 - Reasons for discontinuation of prior dasatinib/ nilotinib (CML/Ph+ ALL subpopulation)
[image: ]
[bookmark: _Ref243717218][bookmark: _Toc266542736]Table 34: Study 101 - BCR-ABL mutation status at study entry (CML/Ph+ ALL subpopulation)
[image: ]
[bookmark: _Ref252873543][bookmark: _Toc266542593]Results for the efficacy outcomes
At the time of analysis, the median duration of follow-up for CML/Ph+ALL patients was 84.4 weeks or 19.4 months (range 2.1 to 164.4 weeks). Overall efficacy results are shown in Table 35.
[bookmark: _Ref243719812][bookmark: _Toc266542737]Table 35: Study 101 - Overall efficacy results (CML/Ph+ ALL subpopulation)
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Chronic phase CML (CP-CML)
More detailed results for subjects with CP-CML are shown in Table 36. 97.7% of these subjects either maintained or achieved a complete haematological response (CHR), 65.1% achieved or maintained a complete cytogenetic response (CCyR) and 44.2 % achieved a major molecular response (MMR).
[bookmark: _Ref243718248][bookmark: _Toc266542738]Table 36: Study 101 – Efficacy results for CP-CML subpopulation
[image: ]
Response to therapy improved with longer duration of treatment. For example, major cytogenetic response rate was 45.2% after 3 months of treatment and 66.7% after 12 months. All response rates were higher in patients with recently diagnosed disease (<5 years duration) compared to those with longer time periods since initial diagnosis. Response rates were somewhat higher in subjects with the T315I mutation, than in subjects with other mutations (Table 37).
[bookmark: _Ref243721074][bookmark: _Toc266542739]Table 37: Study 101 - Efficacy results for CP-CML subpopulation – by baseline mutation status
[image: ]
The median time to MCyR was 12.3 weeks (range: 3.1 to 156 weeks) and the median duration of MCyR had not been reached. Median time to MMR was 113 days (range: 54 to 682), and the duration of MMR ranged from 16 to >129 weeks (median not yet reached).
Advanced phase Ph+ leukaemias
More detailed results for subjects with advanced phase Ph+ leukaemias are shown in Table 38. The numbers of patients in each of the three types of leukaemias (AP-CML, BP-CML and Ph+ALL) were small (n = 9, 8 and 5 respectively).
[bookmark: _Toc266542740]Table 38: Study 101 - Efficacy results for advanced phase Ph+ leukaemias
[image: ]
Median duration of MaHR was 15.7 weeks (range 3.6 to 64.0). The median time to MCyR was 72 weeks (range: 2 to 112 weeks) and the median duration of MCyR had not been reached. Only 2 of the 22 subjects achieved an MMR. One subject with AP-CML had an MMR of 8 weeks duration, and one subject with Ph+ALL had an MMR of 4 weeks duration.
Other analyses
The sponsor conducted a post hoc analysis (Report no ARP291) to explore the relationship between systemic exposure to ponatinib, as measured by dose intensity (average daily dose) or average daily AUC, and several baseline prognostic factors (age, time since diagnosis, number of prior TKIs, baseline neutrophil and platelet counts) on efficacy and safety outcomes. The analysis was described as exploratory. The main efficacy finding of this analysis was that efficacy was improved with increased AUC, such that:
For patients with chronic phase CML, the probability of achieving a MCyR was increased by 40% with an increase in daily AUC of 400 ng/mL*hr.
For patients with advanced/blast phase CML or Ph+ALL, the probability of achieving a MaHR was increased by 57% with an increase in daily AUC of 400 ng/mL*hr.
[bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290846281][bookmark: _Toc266542594][bookmark: _Toc420395710]Analyses performed across trials (pooled analyses and meta-analyses)
There were no pooled analyses or meta-analyses include in the submission.
[bookmark: _Toc266542595][bookmark: _Toc420395711][bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290846282]Evaluator’s conclusions on clinical efficacy
The sponsor has provided efficacy data from two open-label, non-comparative studies. The patients included in these studies were heavily pre-treated with currently registered TKIs. The studies used standard endpoints for determination of efficacy in CML and Ph+ve ALL.
For patients in chronic phase CML, a major cytogenetic response was achieved in 53.9% in Study 201 and 72.1% in Study 101. The higher response rate in Study 101 may reflect longer duration of follow up. The responses appeared durable, with median duration of response not being reached in either study.
For patients in accelerated phase CML, a major haematological response was achieved in 57.8% in Study 201. Responses were less durable, with median durations of response being 5.7 – 9.5 months.
Efficacy was less impressive in subjects in blast phase CML and Ph+ acute lymphocytic leukaemia, with rate of MaHR being approximately 30-40% and with responses being short-lived (median of 4.1 months in Study 201).
The most notable findings from these studies are that efficacy has been demonstrated in:
Subjects for whom currently available TKIs have failed; and 
Subjects who harbour the T315I mutation in BCR-ABL, which is associated with resistance to currently available TKIs.
Overall, the data are considered adequate to establish the efficacy of ponatinib.
[bookmark: _Toc420395712]Clinical safety
[bookmark: _Toc272414659][bookmark: _Toc290846284][bookmark: _Toc266542597][bookmark: _Toc420395713]Studies providing evaluable safety data
[bookmark: _Ref268776745]The following studies provided evaluable safety data:
Pivotal efficacy study (Study 201)
In the pivotal efficacy study, the following safety data were collected:
General adverse events (AEs) were assessed at every visit throughout the study
Physical examination, including measurement of vital signs, occurred at regular intervals throughout the trial
Laboratory tests, including the following were performed at regular intervals
Haematology - total white blood cell (WBC) count, haemoglobin, haematocrit, platelet count, absolute neutrophil count (ANC) and WBC differential reported individually for each cell type including immature cells such as metamyelocytes, promyelocytes, and blasts, when present
Biochemistry – sodium, potassium, chloride, bicarbonate (or total carbon dioxide [CO2]), blood urea nitrogen (BUN, or urea), glucose, albumin, creatinine, total bilirubin (direct and indirect), alanine aminotransferase (AST [SGOT]), aspartate aminotransferase (ALT [SGPT]), alkaline phosphatase, magnesium, phosphorous, calcium, amylase, and lipase.
ECGs were collected at baseline, the beginning of cycle 2 and the end of cycle 3
Echocardiograms were performed at baseline and at the end of cycle 3.
Supportive efficacy study (Study 101)
In the supportive efficacy study, the following safety data were collected:
General adverse events (AEs) were assessed at every visit throughout the study
Physical examination, including measurement of vital signs, occurred at regular intervals throughout the trial
Laboratory tests, including the following were performed at regular intervals
Haematology - total white blood count (WBC), haemoglobin, haematocrit, platelet count, and white blood cell differential (including blasts)
Biochemistry – sodium, potassium, chloride, bicarbonate (or total CO2), blood urea nitrogen, phosphorus, albumin, creatinine, total bilirubin (direct and indirect), AST, ALT, alkaline phosphatase, calcium, amylase lipase and triglycerides
Coagulation parameters – prothrombin time and partial thromboplastin time
Thyroid stimulating hormone (TSH)
Urinalysis
Cardiac troponins.
ECGs were collected at regular intervals. A subgroup of patients underwent more frequent ECGs to examine the effects of ponatinib on the QT interval
Echocardiograms were performed at regular intervals.
Pivotal studies that assessed safety as a primary outcome
There were no studies in the submission designed to assess safety as a primary outcome.
Clinical pharmacology studies
The three clinical pharmacology studies (Studies -102, -103 and -104) provided very limited data on safety as they all involved the administration of single doses of ponatinib to healthy volunteers.
Pooled safety database
In the submission, the sponsor presented analyses of safety based on pooled data from studies -101 and -201. The pooled safety data has been used in this report for the purposes of assessing safety.
There were three reports presented for the pooled safety database:
The Summary of Clinical Safety which included safety data collected up to the data cut-off dates for the two studies (23 March 2012 for Study 101 and 27 April 2012 for Study 201).
A ‘120-day update’ which included safety data collected up to 23 July 2012.
A further update provided in response to the FDA safety concerns, which included data collected up to 3 September 2013. This update focussed on vascular adverse events, but also included some data on cardiac failure, ocular toxicities and neuropathy.
[bookmark: _Ref269204367][bookmark: _Ref271195835][bookmark: _Ref271195841][bookmark: _Toc272414660][bookmark: _Toc290846285][bookmark: _Toc266542598][bookmark: _Toc420395714]Pivotal studies that assessed safety as a primary outcome
Not applicable.
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc266542599][bookmark: _Toc420395715]Patient exposure
In the five submitted clinical studies, a total of 530 patients and 53 healthy volunteers received at least one dose of ponatinib (Table 39). Of the 530 patients, 514 had CML or Ph+ALL (the proposed indication) and 16 subjects (all in Study 101) had other haematological malignancies. The pooled safety database included all 530 patients.
[bookmark: _Toc266542694]Table 39: Exposure to ponatinib in clinical studies.
	
	Healthy volunteers
	Patients

	Clinical Pharmacology studies 102
103
104
	24
23
6
	-
-
-

	Efficacy studies
101
201
	-
-
	81
449

	TOTALS
	53
	530


A summary of the extent of exposure (at the time of the 120-day update) and according to dose and duration is shown in Table 40. The median duration of treatment was 323 days (10.6 months). A total of 349 subjects had been treated for at least 6 months and 185 subjects for 12 months. A total of 51.5% of subjects had required dose reduction, with the median daily dose being 36.5 mg, as opposed to the starting daily dose of 45 mg.
[bookmark: _Ref245533269][bookmark: _Toc266542741][bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc266542600]Table 40: Pooled safety data - Overall extent of exposure (from 120 day safety update)
[image: ]
[bookmark: _Toc420395716]Adverse events
A summary of the overall incidence of adverse events (AEs) occurring in the pooled safety database (at the time of the 120-day update) is shown in Table 41.
[bookmark: _Ref245537964][bookmark: _Toc266542742]Table 41: Pooled safety data – Overall incidence of adverse events (from 120 day safety update)
 [image: ]
Comment: Subjects enrolled in the two studies had advanced, treatment-resistant disease and hence a high incidence of AEs might be expected. However, there was high incidence of AEs that the investigators believed were related to treatment, the overall incidence being 90.9%.
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc266542601]All adverse events (irrespective of relationship to study treatment)
The overall incidence of any AE was high (99.4% of subjects). Events ≥ Grade 3 in severity occurred in 82.8% of subjects. The common AEs observed (that is, those occurring in more than 10% of subjects) are shown in Table 42. This table is taken from the 120-day safety update.
[bookmark: _Ref245539509][bookmark: _Toc266542743]Table 42: Pooled safety data – Common AEs (from 120 day safety update)
[image: ]
Comment: AEs suggestive of myelosuppression were common (grade ≥ 3 thrombocytopaenia 33.3%; grade ≥ 3 neutropaenia 19.8%; grade ≥ 3 anaemia 13.4%; febrile neutropaenia 7.4%). AEs suggestive of pancreatic toxicity were also notable (increased lipase 17.9%; pancreatitis 7.4%, increased amylase 5.7%). Dermatological toxicity was also common with rash occurring in 39.1% of subjects and dry skin in 32.3%, with most events being < Grade 3 in severity. Gastrointestinal events (abdominal pain, constipation, nausea, vomiting, diarrhoea, decreased appetite) were also very common but were generally < Grade 3 in severity. Similarly, musculoskeletal disorders were very common, but mostly < Grade 3 in severity. Possible hepatotoxicity was indicated by grade ≥ 3 increases in ALT occurring in 4.7% of subjects and grade ≥ 3 increases in AST in 3.4%. Hypertension was recorded as an AE for 20.9% of subjects, with 6.3% being grade ≥ 3. Peripheral oedema occurred in 17.2% of subjects.
Many of these AES have previously been described with other BCR-ABL TKIs (myelosuppression, skin and gastrointestinal toxicity, hepatotoxicity, fluid retention).
[bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303][bookmark: _Toc266542602]Treatment-related adverse events (adverse drug reactions)
The incidence of treatment-related AEs at the time of the 120-day safety update was 90.9%. The common treatment-related AEs observed (that is, those occurring in more than 5% of subjects) are shown in Table 43. This table is taken from the SCS. The 120-day safety update did not provide an updated tabulation of treatment-related AEs.
[bookmark: _Ref248383380][bookmark: _Toc266542744]Table 43: Pooled safety data – Treatment-related AEs (from Summary of Clinical Safety)
[image: ]
Comment: The pattern of AEs in this analysis is similar to that obtained in the analysis of all AEs.
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304][bookmark: _Toc266542603]Deaths and other serious adverse events
Deaths
An analysis was presented of all deaths that occurred either a) within 30 days of the last dose of ponatinib or b) more than 30 days since the last dose, but considered to be related to the drug. At the time of the 120-day update, a total of 68 such deaths had occurred. These are summarised in Table 44. Of the 68 deaths, 41 occurred in subjects with advanced disease (blast phase CML or Ph+ ALL) and a further 7 occurred in subjects with malignancies other than CML/Ph+ve ALL (from Study 101). The most common causes of death were events associated with disease progression or infection.
[bookmark: _Ref248392098][bookmark: _Toc266542745]Table 44: Pooled safety data – Deaths - within 30 days of last ponatinib or any treatment-related (from 120-day safety update)
[image: ]
Of the 68 deaths, only 5 were considered by the treating investigator to be at least possibly related to ponatinib:
A [information redacted] male patient with chronic phase CML died after developing pancytopaenia (with a hypocellular marrow), sepsis and pneumonia, 41 days after ceasing ponatinib. He also had a pulmonary embolus. Ponatinib was thought to have caused the pancytopaenia.
A [information redacted] male patient with chronic phase CML and a past history of ischaemic heart disease developed chest pain and went into cardiac arrest. An angiogram revealed a 100% blockage of the left anterior descending artery. The patient could not be resuscitated. He had been taking ponatinib for approximately 10 months.
A [information redacted] patient with accelerated phase CML had been enrolled with cytopaenias at baseline (Hb 112 g/L; WBC 7.4; ANC 3.4; platelets 73). After 7 months treatment with ponatinib he was noted to have developed severe pancytopaenia (Hb 83; WBC 0.7; ANC 0.0; platelets 5). He subsequently developed fungal pneumonia and died.
A [information redacted] patient with blast phase CML developed thrombocytopaenia (platelets = 3) and anaemia (Hb 44) after 1 month of ponatinib treatment. He subsequently developed pancytopaenia and died from gastrointestinal haemorrhage.
An [information redacted] patient with Ph+ ALL developed diarrhoea, abdominal cramps and dehydration 7 days after commencing ponatinib. After 48 hours the patient had a cardiac arrest at home.
Other Serious AEs
A serious AE (SAE) was defined as an AE which:
Results in death
Is life-threatening (places the patient at immediate risk of death)
Causes a permanent, persistent, or significant disability
Requires inpatient hospitalization or prolongation of existing hospitalization
Causes a congenital anomaly or birth defect
In the opinion of the investigator, is an important medical event, that is, requires a medical or surgical intervention to prevent a life-threatening situation, hospitalization, or death
Is a diagnosis of a new cancer
Is associated with an overdose.
The incidence of SAEs at the time of the 120-day update was 56.2%. SAEs were more common in patients with advanced disease (CP-CML: 45.7%; AP-CML: 58.5%; BP-CML/Ph+ ALL: 81.3%). The incidence of treatment-related SAEs at the time of the 120-day update was 22.6%. A tabulation of all SAEs occurring in ≥1% of patients (or any Grade 5 SAE) is shown in Table 45.
[bookmark: _Ref248400085][bookmark: _Toc266542746]Table 45: Pooled safety data – Serious AEs (from 120 day safety update)
[image: ]
Comment: Many of the SAEs listed are consistent with disease progression (for example, neoplasm progression, blast crisis, leucocytosis). There were also multiple infectious SAEs (pneumonia, sepsis, bacteraemia etc.) that may have been secondary to the disease or to myelosuppression caused by the drug.
Consistent with the analyses above of all AEs and treatment-related AEs, the following toxicities were prominent:
Myelosuppression (febrile neutropaenia, decreased platelet count, anaemia, decreased neutrophil count etc.);
Gastrointestinal SAEs (abdominal pain, diarrhoea, dehydration, constipation, vomiting).
Of note, pancreatic toxicity was common – pancreatitis: 5.8% (Grade 3/4: 5.1%).
The tabulation of SAEs also highlights events suggestive of cardiovascular toxicity:
Myocardial infarction (9 events), acute myocardial infarction (6); cardiac arrest (3);
Peripheral ischaemia (2 events), cerebral ischaemia (2);
Congestive cardiac failure (8 events), cardiac failure (6), cardiopulmonary failure (2);
Atrial fibrillation (17 events);
Hypertension (8 events).
There were also a number of SAEs of a haemorrhagic nature:
Intracranial haemorrhage (3 events), traumatic intracranial haemorrhage (2), haemorrhagic cerebral infarction (1);
Haemorrhagic gastritis (1 event).
[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc266542604]Discontinuation due to adverse events
The incidence of AEs leading to treatment discontinuation at the time of the 120-day safety update was 17.9%. This figure includes some patients who discontinued due to disease progression. If only AEs considered to be treatment-related are included the discontinuation rate was 8.3%.
Individual AEs leading to discontinuation in at least 2 subjects (or a single patient if treatment-related) are shown in Table 46.
[bookmark: _Ref248469683][bookmark: _Toc266542747]Table 46: Pooled safety data – AEs leading to treatment discontinuation (from 120 day safety update)
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Comment: Despite a high incidence of AEs (99.4%), treatment-related AEs (90.9%) and SAEs (56.2%), the incidence of AEs leading to discontinuation was comparatively low. This suggests that the toxicities produced by the drug could be managed in most patients (for example, with dose reductions, drug interruptions and supportive therapies).
Myelosuppression events were the most common leading to discontinuation (decreased platelet count, decreased neutrophil count, anaemia). Pancreatitis led to discontinuation in 3 subjects and increased lipase in a further 2 subjects.
Cardiovascular events led to discontinuation in a notable number of patients, although numbers for each individual event were low:
Cerebral infarction (2 events), cerebral artery stenosis (1), coronary artery disease (1).
Congestive cardiac failure (2 events), ejection fraction decreased (2), cardiac failure (1), cardiomyopathy (1).
Atrial fibrillation (2 events).
Most of these events were considered related to the drug.
It is also notable that gastrointestinal, dermatological, musculoskeletal and hypertensive AEs rarely led to discontinuation.
[bookmark: _Toc266542605]Adverse events of special interest
In the original Summary of Clinical Safety (and in the 120-day update), the sponsor had identified a number of AEs as being of special interest, based on their association with other BCR-ABL TKIs or with CML/Ph+ ALL. These were:
Myelosuppression
Infections
Bleeding events
Pancreatic events
Hepatic events
Cardiac Events
Ischaemic vascular events
Oedema and fluid retention events
Skin and subcutaneous tissue disorders
Following approval in the United States, the FDA became concerned about a high incidence of vascular events associated with the drug, and temporarily withdrew it from the market. In response to these concerns, the sponsor provided the TGA with updated safety data (mainly on vascular events but also on cardiac failure, ocular events and neuropathy) with a cut-off date of 3 September 2013.
[bookmark: _Ref252545325][bookmark: _Toc266542606]Vascular events
Study 201
The updated safety information (data cut-off 3 September 2013) provided updated data on vascular events from Study 201 only.
a. All vascular events
The overall incidence of vascular events is summarised in Table 47. A total of 20.3% of subjects had experienced at least one vascular AE, and 13.8% had experienced at least one serious vascular AE.
Comment: The product information documents for the other Bcr-Abl TKIs registered in Australia all list vascular adverse drug reactions (that is, treatment-related vascular AEs). They are described as being uncommon (incidence 0.1% to 1.0%) or rare (incidence < 0.1%). The incidence of treatment-related vascular AEs with ponatinib was 9.4%, suggesting that the frequency of such events is notably higher with this drug.
[bookmark: _Ref251662070][bookmark: _Toc266542748]Table 47: Study 201 – Overall incidences of vascular AEs (Arterial and Venous)
[image: ]
b. Arterial vascular AEs
A total of 77/449 (17.1%) subjects experienced at least one arterial AE. Of these 53/449 (11.8%) experienced a serious arterial AE. The individual AEs are listed in Table 48.
[bookmark: _Ref251664538][bookmark: _Toc266542749]Table 48: Study 201 – Arterial vascular AEs (safety update cut-off 3 September 2013). Treatment-emergent thrombotic/ischaemic adverse events by severity (N=449). Sorted by descending frequency. Safety population.
[image: ]
Comment: It should be noted that patients with recent myocardial infarction or unstable angina were excluded from Study 201.
There are some discrepancies between incidence figures quoted in the updated safety report and those in the US prescribing information (7), which was approved on 20 December 2013:
All arterial AEs: 77/449 (17.1%)	vs. 91/449 (20%) in US PI
Cardiac arterial AEs: 41/449 (9.1%)	vs. 55/449 (12%) in US PI
Cerebrovascular arterial AEs: 26/449 (5.8%)	vs. 27/449 (6%) in US PI
Peripheral arterial AEs: 28/449 (6.2%)	vs. 36/449 (8%) in US PI.
The sponsor provided a copy of a communication with the EMA (dated 31 October 2013) addressing differences between the FDA and sponsor analyses. It stated that the FDA had not provided the sponsor with details of their incidence calculations. However, the FDA had appeared to use a broader set of AE terms than the sponsor for inclusion in their analysis (for example, Cardiac arrest, Cardio-respiratory arrest, Chest discomfort, Clumsiness, Electrocardiogram T Wave Abnormal, Encephalopathy, etc.).
The sponsor presented various analyses of the subjects who had experienced arterial vascular AEs. The incidence of arterial AEs in subjects with no pre-existing risk factors for ischaemia at baseline was 6.4%. The incidence rose to 12.0% in subjects with 1 risk factor, and to 26.1% in subjects with 2 or more risk factors. The incidence of arterial AEs was notably elevated in subjects with diabetes (40.4%) and in subjects with a history of ischaemic heart disease 36.8%).
[bookmark: _Ref266177446][bookmark: _Toc266542750]Table 49: Study 201 – Incidence of arterial vascular AEs in subgroups
	
	N
	Arterial AE
	Serious Arterial AE

	Total population
	449
	77 (17.1%)
	53 (11.8%)

	Individual baseline risk factors

	Hypertension
	239
	60 (25.1%)
	44 (18.4%)

	Hypercholesterolaemia
	246
	53 (21.5%)
	37 (15.0%)

	Diabetes
	57
	23 (40.4%)
	16 (28.1%)

	Obesity
	109
	21 (19.3%)
	14 (12.8%)

	Combined baseline risk factors

	0 risk factors
	109
	7 (6.4%)
	5 (4.6%)

	1 risk factor
	133
	16 (12.0%)
	9 (6.7%)

	≥ 2 risk factors
	207
	54 (26.1%)
	39 (18.8%)

	History of cardiac disease

	Any cardiac disease
	174
	40 (23.0%)
	26 (14.9%)

	Ischaemic heart disease
	57
	21 (36.8%)
	17 (29.8%)

	 - Myocardial infarction
	18
	10 (55.5%)
	8 (44.4%)

	 - Coronary artery disease
	33
	15 (45.5%)
	14 (42.4%)

	 - Coronary revascularisation
	14
	8 (57.1%)
	6 (42.9%)

	 - Other ischaemic heart disease
	15
	4 (26.6%)
	2 (13.3%)

	Other cardiac disease
	148
	29 (19.6%)
	17 (11.5%)


Multivariate analyses were conducted to examine the relationship between arterial AEs and various covariates. Results are summarised in Table 50 (arterial AEs) and Table 51 (serious arterial AEs). Arterial AEs were strongly associated with higher dose intensity (as measured by the average dose up to the date of the event), increasing age, a medical history of diabetes and a medical history of ischaemia.
[bookmark: _Ref251671421][bookmark: _Toc266542751]Table 50: Study 201 – Multivariate and Univariate Logistic Regression Analysis – Arterial AEs
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[bookmark: _Ref251671437][bookmark: _Toc266542752]Table 51: Study 201 - Multivariate and Univariate Logistic Regression Analysis – Serious Arterial AEs
[image: ]
Comment: The demonstration of a relationship between increasing dose of ponatinib and an increasing incidence of arterial AEs supports the conclusion that the drug has a causative role in their development.
A separate multivariate analysis demonstrated that increasing dose intensity was also associated with increasing efficacy (in terms of achievement of a MCyR) in subjects with chronic phase CML.
Data were presented on CP-CML subjects who had achieved a MCyR and who subsequently had a dose reduction:
There were 44 subjects who achieved a MCyR while taking 45 mg per day, and had a subsequent dose reduction. All 44 subjects (100%) maintained the MCyR.
There were 20 subjects who achieved a MCyR while taking 30 mg per day and had a subsequent dose reduction. A total of 18 subjects (90%) maintained the MCyR.
Comment: On the basis of these data, the sponsor suggests that dose reduction in subjects who have achieved a response might reduce the risk of arterial AEs. A recommendation along these lines has been included in the US prescribing information, but does not appear in the draft Australian PI.
The updated safety report states that a preliminary analysis of the subgroup of patients who were using aspirin at baseline did not suggest a benefit. The report also presented data demonstrating that subjects who experienced an arterial AE had comparable survival to those subjects who did not experience such an event.
c. Venous vascular AEs
A total of 5.1% of subjects experienced at least one venous vascular AE. The update report did not include any further analyses of these events.
Study 101
The updated safety information (with a cut-off of 3 September 2013) did not provide any information on the incidence of vascular events in Study 101. Both the Summary of Clinical Safety and the 120-day Safety Update had provided tabulations of vascular events in the combined population of subjects from 101 and 201 (n=530), but it was not possible to dissect out those that had occurred in 101.
Comment: In the US PI it is stated that the incidence of vascular occlusive events among subjects with CML/Ph+ve ALL in Study 101 was 48% (31/65), which is considerably higher than that reported by the sponsor for Study 201 (20.3%). The higher incidence in Study 101 may be due to a longer duration of treatment in that study. The sponsor should be requested to provide updated safety data from Study 101, and comment on the higher incidence of vascular AEs.
[bookmark: _Ref252535173][bookmark: _Toc266542607]Myelosuppression
Adverse events related to bone marrow suppression occurred in 56% of subjects in the pooled safety database, with 47.7% of subjects developing Grade 3 or 4 events. Platelets and neutrophils were the cell lines most commonly affected (see Table 52). Myelosuppression events typically occurred during the first three months of treatment and were more common in subjects with advanced disease.
[bookmark: _Ref251849633][bookmark: _Toc266542754]Table 52: Pooled safety data – Myelosuppression AEs (from 120 day safety update)
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[bookmark: _Toc266542608]Infections
Infection AEs were reported in 57% of subjects in the pooled safety database, and serious infections were reported in 19.4% of subjects. Serious infections that occurred in more than 1 subject are listed in Table 53. They were mainly bacterial infections. Opportunistic infections occurred in 1.3% of subjects.
[bookmark: _Ref251851272][bookmark: _Toc266542755]Table 53: Pooled safety data – Serious infectious AEs (from 120 day safety update)
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[bookmark: _Toc266542609]Bleeding events
Bleeding events were reported in 25.8% of subjects. Events occurring in more than 1 subject are listed in Table 54. The most common AEs were epistaxis, petechiae, ecchymosis and contusion. Most bleeding events were grade 1 or 2 in severity. However, there were 7 fatal bleeding events. One subject died from haemorrhagic gastritis with a platelet count of 2, and this death was considered possibly related to ponatinib. The other six deaths were due to intracranial haemorrhage (4); subdural haemorrhage (1) or haemorrhagic cerebral infarction (1) and none were considered related to the drug. Platelet counts in these subjects were between 11 and 216 x 109/L at the time of the events.
[bookmark: _Ref251853143][bookmark: _Toc266542756][bookmark: _Ref252533684][bookmark: _Toc266542610]Table 54: Pooled safety data – Bleeding AEs (from 120 day safety update)
[image: ]
Pancreatic events
Pancreatic toxicity was the most common dose-limiting toxicity observed in the first-in-man study (Study 101). Evidence of pancreatic toxicity was also observed in the Phase I studies in healthy volunteers. A total of 25.3% of subjects in the pooled safety database experienced a pancreatic AE (Table 55). The most common event was an elevation of lipase (17.9%).
[bookmark: _Ref252008132][bookmark: _Toc266542757]Table 55: Pooled safety data – Pancreatic AEs (from 120 day safety update)
[image: ]
In 7.4% of subjects a diagnosis of pancreatitis was made with 5.1% of subjects having Grade 3 or 4. An SAE of pancreatitis occurred in 5.8% of trial subjects. However, only 5 trial subjects (0.9%) discontinued therapy because of pancreatic events. The remaining subjects were able to continue treatment after dose interruption (or reduction). The onset of the first episode of pancreatitis was usually rapid with 72% occurring within 30 days of drug commencement.
[bookmark: _Ref252531634][bookmark: _Toc266542611]Hepatic events
Hepatic AEs were common, occurring in 27.2% of subjects in the pooled safety database (Table 56). A total of 10.2% experienced Grade 3 or 4 events and hepatic SAEs occurred in 6 subjects (1.1%). Only 2 subjects (0.4%) had treatment discontinued due to hepatic AEs. There were no fatal hepatic AEs and no reports of liver failure in the pooled safety analysis.
[bookmark: _Ref252012425][bookmark: _Ref252531660][bookmark: _Toc266542758]Table 56: A - Pooled safety data – Hepatic AEs (from 120 day safety update)
[image: ]
The sponsor presented an analysis of liver function testing looking for cases that met the criteria for Hy’s Law (that is, cases predictive of an association between the drug and serious drug induced liver injury [DILI]). LFT abnormalities are summarised in Table 57. There were 2 cases that potentially met the Hy’s law criteria:
A [information redacted] patient received 45 mg daily for 54 days, for the treatment of blast phase CML in Study 201. Her LFTs were normal during treatment and the drug was ceased due to progressive disease. Three days after ceasing the drug her LFTs became abnormal - ALT 710 U/L (NR: 4 - 45), AST 810 U/L (NR: 7 - 36), total bilirubin 46 μmol/L (NR: 3 to 19), and ALP 72 U/L (NR: 31-103). She died 2 days later due to progressive disease and multiorgan failure.
A [Information redacted] patient with accelerated phase CML was treated with 45 mg per day in Study 201. On day 15 his LFTs were noted to be abnormal - ALT 181 U/L (NR: 7-56), AST 227 U/L (NR: 15-46), ALP 137 U/L (NR: 38-126), and total bilirubin 63 μmol/L (NR: 0- 17). However, treatment was continued and the LFTs normalised. The patient remained on treatment for 20 cycles with normal LFTs.
[bookmark: _Ref252018468][bookmark: _Toc266542759]Table 57: Pooled safety data – Liver function testing- (from 120 day safety update)
[image: ]
Comment: Neither of these cases suggests that the drug has the potential to be associated with severe DILI. An alternative explanation is available for the abnormal LFTs in the first patient (progressive disease with developing multiorgan failure). In the other subject the abnormal LFTs resolved despite ongoing treatment.
In the 120-day safety update, the sponsor mentions another potential Hy’s law case, which occurred in an ongoing Phase I/IIstudy in Japanese subjects. The patient developed markedly abnormal LFTs after 3 days of ponatinib and died one week later. The sponsor should be asked for further details of this case, and any other potential Hy’s law cases or cases of liver failure that have occurred. It is noted that the US PI refers to three cases of fatal hepatic failure.
[bookmark: _Ref252535761][bookmark: _Toc266542612]Cardiac events
Cardiac AEs occurring in the pooled safety database are summarised in Table 58.
[bookmark: _Ref252019629][bookmark: _Toc266542760]Table 58: Pooled safety data – Cardiac AEs- (from 120 day safety update)
[image: ]
Heart failure/left ventricular dysfunction
Cardiac failure and left ventricular dysfunction are known adverse effects of other Bcr-Abl TKIs. With ponatinib, AEs suggestive of cardiac failure occurred in 22.5% of subjects. However, the most common event was peripheral oedema (17.2%), which with other Bcr-Abl TKIs is a common AE not due to cardiac impairment (see below). The incidence of ‘congestive cardiac failure (CCF)’ was 2.5% and ‘cardiac failure’ was 1.7%.
Serious cardiac failure events were reported in 4.3% of subjects. Discontinuation due to the events of CCF, decreased ejection fraction, cardiac failure or cardiomyopathy occurred in 6 subjects (1.1%).
In the safety update to 3 September 2013, the incidence of serious cardiac failure events in Study 201 was 5%.
Arrhythmias
5.1% of subjects developed atrial fibrillation, including 2.6% with Grade 3 or 4. Most patients with AF were elderly and had multiple cardiovascular risk factors. Bradycardia and sinus bradycardia occurred in 1.1% of subjects. Other specific arrhythmias occurred in < 1.0% of subjects.
QT prolongation
In Study 101, subjects in the 30 mg, 45 mg and 60 mg cohorts had ECGs collected at the following time points:
Cycle 1, Day 1, pre-dose (in triplicate)
Cycle 1, Day 15, pre-dose (single tracing)
Cycle 2, Day 1, predose and at 2, 4 and 6 hours post-dose (in triplicate).
In the lower dose cohorts (2 mg, 4 mg, 8 mg and 15 mg) only single ECGs were collected at these time points.
The results for QT interval using the Fridericia correction (QTcF) and the Bazett’s correction (QTcB), for the 30, 45 and 60 mg cohorts, are shown in Figure 3. There was no apparent increase in QTc with increasing dose.
[bookmark: _Ref252035720][bookmark: _Toc266542800]Figure 3: Study 101 - Effects on QTc interval
a) QTcF
[image: ]
b) QTcB
[image: ]
A PK/PD analysis was also undertaken to examine the relationship between QTcF interval and plasma ponatinib concentration, from paired plasma samples taken across all the dose cohorts. Results are summarised in Figure 4. No relationship was apparent.
[bookmark: _Ref252036111][bookmark: _Toc266542801]Figure 4: Study 101 –QTcF change from baseline versus ponatinib plasma concentration (PK-PD analyses).
[image: ]
Comment: The TGA has adopted an EMA/ICH guideline that sets out the requirements for an appropriate clinical study (a ‘thorough’ QT study) to exclude an effect on QT interval (8). The design of Study 101 did not comply with these requirements (for example, there were no placebo or positive control groups and effects on ECG were not measured throughout the dose interval). An effect of ponatinib on the QT interval has not therefore been excluded by these data.
In the pooled safety database a total of 13 subjects (2.5%) had adverse events of QT prolongation reported. Seven of these subjects were in Study 101. In only one of the six was the event considered serious, a 66-year old female who was noted to have QT prolongation on ECG approximately 2 weeks after commencing ponatinib 4mg per day. The longest documented QT interval in this subject was 512 ms. The other 6 cases occurred in Study 201. Five of these subjects had a negative rechallenge or the event resolved despite continued dosing. In the other subject, QT prolongation was noted one week after the drug had been discontinued.
Three subjects had a sudden cardiac death. One occurred in an 80-year old man with recent diarrhoea and severe dehydration, one in the setting of an acute myocardial infarction and another and the third in a subject who had ceased ponatinib two weeks previously. One subject with ischaemic heart disease had an episode of ventricular tachycardia (10 beats). No episodes of ventricular fibrillation or torsades de pointes were reported. Three subjects had syncopal episodes that could be explained by other pathology (sepsis, advanced progressive disease, over-diuresis). None of these subjects had QT prolongation reported.
One subject in Study 101 who received an accidental overdose of 540 mg of ponatinib was noted to have a prolonged QT interval (uncorrected) of 520 ms at 2 hours. This reduced to 480 ms and then 400 ms on the following 2 days.
Comment: The above adverse events do not provide any clear evidence for a clinically significant effect of ponatinib on QT prolongation. It should be noted that both clinical studies excluded at-risk subjects (those with a prolonged QT at baseline, those taking other drugs known to have an effect on QT interval and those in cardiac failure).
[bookmark: _Toc266542613]Oedema and fluid retention events
Fluid retention is a common adverse event associated with other Bcr-Abl TKIs, and it was commonly observed in the ponatinib clinical studies, with 26.4% of subjects experiencing such an event (Table 59). Serious fluid retention AEs were reported in 2.6% of subjects. Only two subjects (0.4%) had to discontinue ponatinib due to fluid retention events (1 pericardial effusion and 1 due to pleural effusion).
[bookmark: _Ref252186977][bookmark: _Toc266542761]Table 59: Pooled safety data – Fluid retention AEs- (from 120 day safety update)
[image: ]
[bookmark: _Toc266542614]Skin and subcutaneous tissue disorders
Dermatological AEs were very common, occurring in 75.1% of subjects. Those events occurring in more than 1 subject each are listed in Table 60. The most common individual AE terms were ‘rash’ (39.1%) and dry skin (32.3%). Most of the events were of grade 1 or 2 severity, with Grade 3 or 4 events occurring in 9.6% of subjects. Serious skin events occurred in 2.8% of subjects and only 3 subjects (0.6%) discontinued due to skin AEs. There were no reports of serious skin toxicity such as Stevens Johnson syndrome or toxic epidermal necrolysis.
[bookmark: _Ref252188469][bookmark: _Toc266542762]Table 60: Pooled safety data – Skin and Subcutaneous tissue AEs - (from 120 day safety update)
[image: ]
[bookmark: _Toc266542615]Neuropathy
The safety update up to 3 September 2103 provided an analysis of peripheral and cranial neuropathy AEs (from Study 201 only). The overall incidence of any neuropathy AE was 14.5%. Grade 2 or 3 events occurred in 5.6%. There were no Grade 4 or 5 events. The incidence of neuropathy events considered to be treatment-related was 6.0%. These are shown in Table 61.
[bookmark: _Ref252528701][bookmark: _Toc266542763]Table 61: Study 201 – Neuropathy adverse events (treatment-related).
[image: ]
[bookmark: _Toc266542616]Ocular toxicities
The safety update up to 3 September 2103 also provided a very brief summary of ocular AEs. It stated that retinal toxicities including macular oedema, retinal vein occlusion, and retinal haemorrhage have occurred in 3% of patients. Serious ocular AEs that were considered related to ponatinib were cystoid macula oedema (1 case) and retinal vein thrombosis (1 case).
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306][bookmark: _Toc266542617]Laboratory tests
In general the incidence figure for a laboratory abnormality was higher than the incidence figure for the corresponding abnormality reported as an adverse event. For example the incidence of thrombocytopaenia on laboratory testing was 63.8% (Table 62), whereas the incidence of thrombocytopaenia reported as an adverse event was only 39.8%, indicating that not all laboratory abnormalities were reported as adverse events.
[bookmark: _Ref252531188][bookmark: _Toc266542764]Table 62: Pooled safety data - Newly occurring or worsening laboratory values - (from 120 day safety update)
[image: ]
[bookmark: _Toc272414669][bookmark: _Toc290846307][bookmark: _Toc266542618]Liver function
Abnormal LFTs were frequently observed in subjects treated with ponatinib. In the pooled safety database there were no cases that met the criteria for Hy’s Law. However, the US prescribing information refers to cases of liver failure and further information on this issue should be sought from the sponsor.
[bookmark: _Toc272414670][bookmark: _Toc290846308][bookmark: _Toc266542619]Kidney function
The incidence of elevated creatinine was 7.9% in the pooled safety database. Only one of these subjects (0.2%) developed Grade 3 or 4 elevation of creatinine.
[bookmark: _Toc272414671][bookmark: _Toc290846309][bookmark: _Toc266542620]Other clinical chemistry
Other noteworthy abnormalities in clinical chemistry included:
Hypophosphataemia (58.7%; Grade 3/4 - 8.9%). Reduced phosphate is a known AE associated with imatinib and nilotinib
Hypocalcaemia (54.0%; Grade 3/4 – 1.3%)
Elevated serum lipase (22.3%; Grade 3/4 – 10.6%), consistent with the reported AEs of pancreatic toxicity.
[bookmark: _Toc272414672][bookmark: _Toc290846310][bookmark: _Toc266542621]Haematology
Cytopaenias were very common on laboratory testing, consistent with the adverse event reporting.
Testing of coagulation parameters was planned in Study 101. The results of such testing could not be located in the submission. The sponsor should be asked to comment.
[bookmark: _Toc266542622]Other laboratory tests
Testing of TSH and cardiac troponins was planned in Study 101. The results of such testing could not be located in the submission. The sponsor should be asked to comment. Hypothyroidism has been reported with other Bcr-Abl TKIs.
[bookmark: _Toc266542623]Urinalysis
[bookmark: _Toc272414675][bookmark: _Toc290846313]Urinalysis was performed in Study 101 only. 46.9% of subjects had at least one instance of urine protein being worse than at baseline. A total of 12.3% of subjects had a worst post-baseline level of 100mg/dL or greater. No other urinalysis parameters were reported.
[bookmark: _Toc266542624]Electrocardiograph
Data regarding the effects of ponatinib on QT interval have been discussed above. 
In Study 101, subjects in the 30 mg, 45 mg and 60 mg cohorts had ECGs collected at frequent time points. The ECG changes observed in these patients are summarised in Table 63. No consistent clinically significant changes were observed.
[bookmark: _Ref252538705][bookmark: _Toc266542765]Table 63: Study 101 – ECG changes
[image: ]
[bookmark: _Toc266542625]Echocardiography
Shifts in ejection fraction as determined by echocardiography are summarised in Table 64. A decrease in LVEF of ≥ 20% occurred in 5.1% of subjects.
[bookmark: _Ref252554641][bookmark: _Toc266542766]Table 64: Pooled safety data – Shifts in ejection fraction - (from 120 day safety update)
[image: ]
[bookmark: _Toc272414676][bookmark: _Toc290846314][bookmark: _Toc266542626]Vital signs
Hypertension was a commonly reported AE. Shifts in blood pressure are summarised in Table 65. There was no clinically significant change in mean pulse rate on ECG in Study 101.
[bookmark: _Ref252540657][bookmark: _Toc266542767]Table 65: Pooled safety data – Shifts in blood pressure - (from 120 day safety update)
[image: ]
[bookmark: _Ref251855573][bookmark: _Toc266542627]Dose-limiting toxicity/maximum tolerated dose (Study 101)
The primary objective of Study 101 was to determine the maximum tolerated dose (MTD) and dose-limiting toxicities (DLT) of ponatinib. Doses tested were between 2 and 60 mg daily. MTD was defined as the highest dose at which <2 of at least 3 evaluable patients experienced a DLT.
At 45 mg/day, one of 18 subjects developed a DLT. At the next highest dose (60 mg/day), six of 16 subjects developed DLT events (See Table 66). The MTD was determined to be 45 mg per day.
[bookmark: _Ref252540964][bookmark: _Toc266542768]Table 66: Study 101 - Maximum tolerated dose
[image: ]
The most common DLT observed was pancreatic toxicity (4 subjects) – see Table 67.
[bookmark: _Ref252540999][bookmark: _Toc266542769]Table 67: Study 101 – Dose limiting toxicities
[image: ]
*Patient numbers have been removed from this table.
[bookmark: _Ref252873342][bookmark: _Toc266542628]Other analyses
Study 201
The sponsor conducted a post hoc multivariate logistic regression analysis (Report no ARP307) to explore the effect of dose intensity and several baseline prognostic factors (age, time since diagnosis, number of prior TKIs, T315I mutation status, baseline neutrophil and platelet counts and weight) on efficacy and safety outcomes. There were 9 safety events examined: pancreatitis, increased lipase, increased ALT, increased AST, rash, neutropaenia, thrombocytopaenia, arthralgia and hypertriglyceridaemia. The main safety findings of this analysis were:
higher dose intensity was significantly associated with a higher probability of all the events except hypertriglyceridaemia
increased age was associated with an increased probability of raised lipase. There was no increase in the probability of the other events (including pancreatitis)
presence of the T315I mutation was significantly associated with a reduced risk of neutropaenia and thrombocytopaenia.
Study 101
The sponsor conducted a post hoc analysis (Report no ARP291) to explore the relationship between systemic exposure to ponatinib, as measured by dose intensity (average daily dose) or average daily AUC, and several baseline prognostic factors (age, time since diagnosis, number of prior TKIs, baseline neutrophil and platelet counts) on efficacy and safety outcomes. The analysis was described as exploratory. There were 9 safety events examined: pancreatitis, increased lipase, increased ALT, increased AST, rash, neutropaenia, thrombocytopaenia, arthralgia and hypertriglyceridaemia. The main safety finding of this analysis was that higher systemic exposure (as measured by dose intensity and/or AUC) was significantly associated with a higher probability of pancreatitis, increased lipase and neutropaenia.
The efficacy findings of this analysis were summarised in section 11.3 of this report.
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc266542629]Post-marketing experience
The sponsor included two Periodic Adverse Drug Experience Reports (PADERs). Each covered a 3-month period after the initial US approval in December 2012.
PADER #1 covered the period 14 December 2012 to 14 March 2013.
PADER #2 covered the period 15 March 2013 to 14 June 2013.
In the PADER #1 there were 44 reports of serious adverse events. These reports originated from ongoing clinical trials, compassionate use programs and post-marketing surveillance. The pattern of adverse events was consistent with that seen in the pooled safety data from studies 101 and 201. There were several arterial vascular events (myocardial infarction, acute coronary syndrome, cerebral infarction, cerebrovascular accident, peripheral vascular disease) and venous vascular events (renal vein thrombosis, jugular vein thrombosis, retinal vein thrombosis). Other AEs that were reported were neuropathies, abnormal LFTs, abnormal pancreatic enzymes, skin disorders. There was one report of a fatal drug-induced fulminant hepatitis, which appears to be the same case referred to above.
In the PADER #2 there were 120 reports of serious adverse events. The pattern of these events was again generally consistent with that seen in the pooled safety analysis. There were multiple reports arterial and venous vascular AEs, and several reports of neuropathy events, pancreatitis, abnormal LFTs, hypertension, bleeding events, arrhythmias (mainly atrial fibrillation /flutter or tachycardia), fluid retention events, infections and cytopaenias. There were 10 cases of renal impairment/failure. Four of these subjects had plausible alternative aetiologies.
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc266542630][bookmark: _Toc420395717]Safety issues with the potential for major regulatory impact
[bookmark: _Toc272414681][bookmark: _Toc290846319][bookmark: _Toc266542631]Liver toxicity
The two clinical studies submitted did not suggest that ponatinib would be likely to produce severe drug-induced liver injury (DILI). However it appears that at least one case of severe DILI has been reported from another study and the sponsor should be requested to provide further information on this issue.
[bookmark: _Toc272414682][bookmark: _Toc290846320][bookmark: _Toc266542632]Haematological toxicity
Myelosuppression is a very common toxicity of ponatinib. Myelosuppression events reported with the drug in the pooled safety database included 10 cases of pancytopaenia and two cases of bone marrow failure.
[bookmark: _Toc272414683][bookmark: _Toc290846321][bookmark: _Toc266542633]Serious skin reactions
At the time of the cut-off for the 120-day safety update, there were no reports of serious skin toxicity such as Stevens Johnson syndrome or toxic epidermal necrolysis.
[bookmark: _Toc272414684][bookmark: _Toc290846322][bookmark: _Toc266542634]Cardiovascular safety
Vascular adverse events are a major toxicity associated with ponatinib .The cardiac safety of ponatinib has been discussed previously in this report (Adverse events, Cardiac events).
[bookmark: _Toc241374323][bookmark: _Toc272414685][bookmark: _Toc290846323][bookmark: _Toc266542635]Unwanted immunological events
‘Drug hypersensitivity’ was reported in 3 subjects (0.6%) in the pooled safety database. Two of these events were grade 1 in severity and the other was Grade 3. There was also one report of a grade 1 ‘hypersensitivity’. There was also 1 report of serious graft versus host disease. There were no other serious AEs of an immunological nature. These data suggest that serious immunological events due to ponatinib are uncommon.
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc266542636][bookmark: _Toc420395718]Evaluator’s overall conclusions on clinical safety
The safety profile of ponatinib has many similarities to other Bcr-Abl TKIs. The following toxicities observed with ponatinib have previously been associated with this class of drugs:
Myelosuppression and infections
Bleeding events
Pancreatic toxicity
Hepatotoxicity
Cardiac failure and reduced LVEF
Fluid retention events
Hypertension
Dermatological toxicity
Gastrointestinal toxicity.
Also, QT prolongation due to ponatinib has not been excluded.
Compared to other agents in the class, ponatinib is associated with a high incidence of vascular adverse events, especially arterial (ischaemic) events. Subjects with pre-existing risk factors for ischaemia are particularly at risk of ischaemic events.
The overall toxicity of the drug is significant, with a high proportion of patients experiencing serious adverse events and Grade 3 or 4 adverse events. Approximately 1% of patients died due to adverse events that were considered related to ponatinib. Despite the high incidence of adverse events, the incidence of discontinuation of ponatinib due to adverse events was comparatively low. This suggests that the toxicities produced by the drug could be managed in most patients (for example, with dose reductions, drug interruptions and supportive therapies).
There are some outstanding questions regarding the incidence of vascular events and the possibility that the drug may be associated with severe drug-induced liver injury.
[bookmark: _Toc420395719]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc266542638][bookmark: _Toc420395720]First round assessment of benefits
The benefits of ponatinib in the proposed usage are:
The induction of a major cytogenetic response in a substantial proportion of treated subjects (53.9% in chronic phase, 38.6% in accelerated phase, 22.6% in blast phase and 46.9% in Ph+ALL).
The induction of a major haematological response in a substantial proportion of subjects with advanced disease (57.8% in accelerated phase, 30.6% in blast phase and 40.6% in Ph+ALL).
The responses obtained appear to be durable, especially in chronic and accelerated phase disease. It is of particular importance that these benefits have been demonstrated in a population of subjects who:
d. Have exhausted the currently available options for treatment with a BCR-ABL TKI; or
Have the T315I mutation in BCR-ABL, which is known to confer resistance to currently available BCR-ABL TKIs.
As the efficacy data come from two non-comparative studies, it is not possible to conclude that the drug is associated with any benefits in terms of survival or progression-free survival. Effects on quality of life were not studied.
[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc266542639][bookmark: _Toc420395721]First round assessment of risks
The risks of ponatinib in the proposed usage are:
A risk of significant toxicity, with serious AEs occurring in 56.2% of subjects (treatment-related 22.6%), Grade 3 or 4 adverse events occurring 67.7% and treatment related deaths occurring in approximately 1% of subjects.
The pattern of toxicity is generally consistent with that with other drugs in the same class. However, ponatinib is associated with a notably increased risk of vascular adverse events. It also appears that the drug may be associated with a risk of severe drug-induced liver injury.
Despite a high incidence of adverse events, the incidence of discontinuation due to adverse events was modest (17.9%; treatment-related 8.3%), suggesting that the toxicity of the drug was manageable in most patients.
[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290846333][bookmark: _Toc266542640][bookmark: _Toc420395722]First round assessment of benefit-risk balance
The safety concerns associated with ponatinib are significant. In particular, the high incidence of vascular events suggests that the drug may be more toxic than currently available BCR-ABL TKIs. On the other hand, the drug has substantial efficacy and the proposed population is effectively one in which the other BCR-ABL TKIs cannot be used.
Alternative treatments for those subjects who have failed dasatinib or nilotinib, or those who have the T315I mutation are limited.
Allogeneic stem cell transplantation (ASCT) would be a suitable treatment in some patients. However it is a procedure associated with significant morbidity and mortality, and it is not possible to conclude that it would produce more favourable outcomes than ponatinib. In patients eligible for ASCT, drug treatment has been shown to produce better survival outcomes than ASCT, at least in the first-line setting (9). ASCT is considered to be the treatment of choice for patients with blast phase or accelerated phase disease (10,11). In heavily pre-treated patients such as those enrolled in the submitted studies, the possibility of performing ASCT is likely to have already been considered. It is noted that approximately 20% of blast phase subjects and 10% of accelerated phase patients in Study 201 had already undergone stem cell transplant. ASCT would not be an option for many patients because of co-morbidity or lack of a suitable donor.
Prior to the introduction of BCR-ABL TKIs, interferon-based therapy was considered to be the most effective treatment for chronic phase CML. However, in a randomised controlled trial of the interferon-based therapy versus imatinib in the first-line setting, the MCyR rate with interferon was 22.1% (compared with 85.2% in the imatinib arm) (12). In Study 201 the MCyR rate with ponatinib in chronic phase CML was 53.9%. It therefore seems likely that ponatinib would be more effective than interferon. Interferon therapy is also associated with significant toxicity.
Other agents such as omacetaxine (homoharringtonine) and the BCR-ABL TKI bosutinib have shown efficacy in subjects who have failed prior BCR-ABL TKI therapy. However, these agents are not registered in Australia.
Given the lack of available treatment options for the proposed population, and the seriousness of the conditions being treated, it is considered that the benefits of ponatinib outweigh the risks associated with its use. The benefit-risk balance of ponatinib, given the proposed usage, is therefore considered favourable.
As the drug is intended for the treatment of a life-threatening condition, for which the available treatment options are limited, the data deficiencies in the submission (absolute bioavailability study, PK study in hepatic impairment) should not preclude approval.
The proposed indication should be revised, as discussed below.
[bookmark: _Toc420395723]First round recommendation regarding authorisation
Subject to the provision of additional safety data (as per section Clinical questions below), it is recommended that the application be approved.
[bookmark: _Toc420395724]Clinical questions
[bookmark: _Toc266542647][bookmark: _Toc420395725]General
2. According to its website, the EMA has raised a series of questions regarding ponatinib (see http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Iclusig_20/Procedure_started/WC500157072.pdf), with a response due by 3 March 2014. Please provide a copy of these responses.
[bookmark: _Toc420395726]Pharmacokinetics
Please provide an update on the progress of the planned study in subjects with hepatic impairment.
[bookmark: _Toc420395727]Pharmacodynamics
No questions submitted.
[bookmark: _Toc420395728]Efficacy
No questions submitted.
[bookmark: _Toc420395729]Safety
The addendum to the clinical overview (data cut-off 3 September 2013) only provided updated data on vascular adverse events from Study 201. It is noted that the US prescribing information indicates that the incidence of vascular AEs in Study 101 was 48%, which is much higher than that reported for Study 201. Please provide updated data on vascular AEs from Study 101.
The 120-day safety update refers to a case of fatal hepatic failure, meeting the criteria for Hy’s law, which occurred in a Phase I/II study in Japanese subjects. Please provide further details of this case. It is also noted that the U.S. prescribing information refers to two other cases of fatal hepatic failure. Please provide details of these cases. Please advise whether any other cases meeting Hy’s law criteria, or cases of hepatic failure, have been observed.
In Study 101, testing of coagulation parameters, cardiac troponins and TSH were planned. Analyses of the results of these parameters could not be located in the submission. Please comment.
Please provide the available safety data from the discontinued EPIC study.
[bookmark: _Toc420395730]Second round evaluation of clinical data submitted in response to questions
The sponsor’s response to the above questions was dated 13 June 2014. The issues covered are summarised as follows:
[bookmark: _Toc266542651][bookmark: _Toc420395731]PK in hepatic failure
The sponsor provided the results of the study of ponatinib pharmacokinetics in hepatic impairment (Study 109). The study did not suggest that systemic exposure to ponatinib increases with increasing levels of hepatic impairment, and that therefore dosage adjustment was not required.
[bookmark: _Toc266542652]Revised population PK analysis
The sponsor also provided a revised population PK analysis, incorporating data from three new studies. Findings were broadly consistent with those of the original population PK analysis. Results are summarised in Table 68.
[bookmark: _Ref266459698][bookmark: _Toc266542702]Table 68: Population PK study (2014): Summary
[image: ]
[bookmark: _Toc266542653][bookmark: _Toc420395732]Efficacy data
The sponsor’s response included brief updated details on efficacy results from studies 101 and 102. The date of data cut-off was 6 January 2014. Results for response rates are summarised in Table 69. With longer follow-up there was some slight improvement in response rates.
[bookmark: _Ref266530315][bookmark: _Toc266542770]Table 69: Studies 101 and 201 – Updated efficacy data
[image: ]
[bookmark: _Ref266179612][bookmark: _Toc266542654][bookmark: _Toc420395733]Safety findings from the EPIC study
The EPIC study (aka Study AP24534-12-301) was a Phase III, randomised, open-label trial with two parallel groups. Subjects with newly diagnosed CML in chronic phase were randomised (1:1) to receive either ponatinib 45 mg or imatinib 400 mg once daily. The 400 mg dose for imatinib is the approved dose for initial treatment of chronic phase CML. Randomisation was stratified by Sokal risk score (low versus intermediate versus high).
The study commenced in August 2012 and was prematurely terminated in October 2013 due to the concerns that had arisen regarding vascular AEs with ponatinib. Although terminated prematurely, the study is the only one available that provides comparative safety data against an approved agent. The sponsor provided a summary of the safety data generated in the study. The full study report was not submitted.
At the time of study discontinuation, a total of 307 subjects had been randomised, 155 to ponatinib and 152 to imatinib. The safety population consisted of all subjects who had received at least one dose of study drug (n = 153 for ponatinib and n = 150 for imatinib). Demographic and baseline disease characteristics were comparable for the two study arms. Duration of exposure was short, with median duration being 114 days in the ponatinib arm and 140 days in the imatinib arm. Only 23.6% of ponatinib subjects and 31.4% of imatinib subjects had received at least 6 months of treatment.
The overall incidence of adverse events etc. observed in the study is shown in Table 70.
[bookmark: _Ref265925314][bookmark: _Toc266542771]Table 70: EPIC Study – Overall incidence of AEs
	
	Ponatinib (n = 153)
	Imatinib (n = 150)

	Any AE
	94 %
	93 %

	 - Treatment-related AEs
	90 %
	87 %

	Grade ≥ 3 AEs
	59 %
	27 %

	Serious AEs
	30 %
	9 %

	 - Treatment-related serious AEs
	22 %
	3 %

	Deaths
	1
	2

	 - Treatment-related deaths
	0
	0

	Withdrawals due to AEs
	10 %
	2 %


Comment: These data suggest that ponatinib is a more toxic agent than imatinib with a notably higher incidence of grade ≥ 3 AEs (59% versus 27%), serious AEs (30% versus 9%) and withdrawals due to AEs (10% versus 2%).
Adverse events
Common AEs (that is, those occurring in > 10% of subjects) are listed in Table 71. Ponatinib was associated with a higher incidence of:
Dermatological toxicity – rash (36.6% versus 16.7%), dry skin (17.0% versus 3.3%), alopecia (11.1% versus 5.3%), pruritus (11.1% versus 7.3%)
Hypertension (17.0% versus 3.3%)
Headache (32.0% versus 12.7%)
Thrombocytopaenia (22.9% versus 12.0%)
Pancreatic toxicity – elevated lipase (26.8% versus 7.3%); elevated amylase (9.8% versus 0.7%)
Abnormal LFTs – elevated ALT (11.8% versus 1.3%); elevated AST (10.5% versus 4.0%)
Some GIT toxicities – abdominal pain (34.6% versus 10.0%); constipation (26.1% versus 2.0%).
Imatinib was associated with a higher incidence of oedema, nausea, vomiting, diarrhoea and muscle spasms. Analysis of treatment-related common AEs gave a similar pattern.
[bookmark: _Ref265925624][bookmark: _Toc266542772]Table 71: EPIC Study – Common adverse events. Treatment-emergent adverse events occurring in >10% of patients. Sorted by descending frequency of ponatinib group. Safety population N=303
[image: ]
Deaths
There were three deaths that occurred within 3 days of the last dose of study drug. None were related to the study drugs.
A [Information redacted] patient receiving ponatinib developed pneumonia and died of respiratory failure nine days later. No details were provided as to whether the patient had any evidence of myelosuppression.
A [Information redacted] patient receiving imatinib was hospitalised with shortness of breath. A CT scan showed ‘bilateral ground glass appearance’. She was diagnosed with pneumonia, pulmonary oedema and pulmonary fibrosis. No information was provided regarding any myelosuppression.
A [information redacted] patient receiving imatinib developed a pathological fracture of her C2 vertebra and was found to have a chloroma and paraspinal abscess. She subsequently had a cardiac arrest while in hospital and developed hypoxic-ischaemic encephalopathy and died two days later.
Serious AEs
SAEs that occurred in at least 2 subjects are listed in Table 72. Notably, there were 5 cases of pancreatitis in the ponatinib arm and none in the imatinib arm. Serious events of decreased platelet count, atrial fibrillation, acute myocardial infarction and cardiac failure were also increased in the ponatinib arm.
[bookmark: _Ref265938556][bookmark: _Toc266542773]Table 72: EPIC study – Serious adverse events. Treatment-emergent serious adverse events by preferred term (≥2% of patients by descending frequency) and severity: Safety population.
[image: ]
Withdrawals due to AEs
There were 15 patients in the ponatinib arm who had AEs that led to discontinuation, compared to 3 in the imatinib arm. AEs leading to discontinuation in more than one patient in the ponatinib arm were decreased platelet count (4), abdominal pain (3), abnormal LFTs (2) and rash (2). All other AEs leading to discontinuation occurred in a single patient each.
Laboratory abnormalities
Worsening of laboratory parameters is summarised in Table 73. Thrombocytopaenia was more frequent with ponatinib. However, other cytopaenias were more common in the imatinib arm. Elevations of lipase and amylase were more common with ponatinib, consistent with the increased incidence of pancreatitis. Elevations of transaminases were also more common with ponatinib. Decreased phosphate was notably more common in the imatinib arm.
[bookmark: _Ref265939937][bookmark: _Toc266542774]Table 73: EPIC study – Laboratory abnormalities. Shifts in laboratory values from baseline to worst value post-baseline. CTCAE grades; Safety population N=303
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AEs of special interest
Vascular AEs 
Vascular AEs occurring in the study are summarised in Table 74. The incidence of such events was slightly increased in the ponatinib arm (8.5% versus 6.0%). Serious vascular AEs were also increased with ponatinib (4.6% versus 0.7%).
[bookmark: _Ref265941182][bookmark: _Toc266542775]Table 74: EPIC study – Vascular AEs
[image: ]
Comment: Due to the very short duration of treatment, these data are likely to underestimate of the true incidence of vascular events. The incidence of vascular AEs with ponatinib in this study (8.5%) was much lower than in studies 101 and 102 (35% and 22.5% - see below).
Myelosuppression
AEs relating to myelosuppression occurred in 28% of subjects on ponatinib and 22% of subjects on imatinib. As described above, thrombocytopaenia was more common with ponatinib and other cytopaenias were more common with imatinib.
Infections
The incidence of infections was comparable in the two arms – 28% with ponatinib and 29% with imatinib. Grade 3 or 4 infections were more common with ponatinib (5% versus 2%).
Bleeding events
The incidence of bleeding events was lower in the ponatinib arm (7.2% versus 12.0%).
Pancreatic events
Pancreatitis was reported in 5.2% off subjects on ponatinib. There were no cases with imatinib. As described above, elevations of lipase and amylase were also notably more frequent with ponatinib.
Hepatic events
Hepatic adverse events were more common with ponatinib (17% versus 8%). As described above, elevations of transaminases on laboratory testing were also notably more frequent with ponatinib. There were no cases of hepatotoxicity meeting Hy’s Law criteria.
Heart failure
There were 4 patients with cardiac failure in the ponatinib arm and 1 in the imatinib arm. LVEF was monitored using echocardiography. Abnormalities of LVEF occurred with comparable frequency in the two arms.
Comment: Cardiac failure is a known adverse effect of imatinib. The findings suggest that ponatinib may have comparable effects.
QT prolongation
The incidence of QT prolongation on ECG was comparable in the two treatment groups. Increases in QTcF of 30 msec or more occurred in 4.6% of ponatinib-treated subjects and 4.7% of imatinib-treated subjects. Increases of 60 msec or more occurred in 0.7% and 1.3% of subjects respectively. No subject developed a QTcF of > 500 msec.
Comment: QT prolongation is not a recognised adverse effect of imatinib. The comparable effects on QT interval observed in this study therefore provide some reassurance regarding the potential of ponatinib to prolong the QT interval.
Fluid retention events
Events indicative of fluid retention occurred more frequently in the imatinib arm (20% versus 12%).
Dermatological toxicity
Skin events occurred in 61% of ponatinib subjects compared to 37% of imatinib subjects. Grade 3 or 4 events occurred in 10% versus 2% respectively.
Ocular toxicity
Eye disorders occurred in 38% of ponatinib subjects compared with 18% of imatinib subjects. The most common events with ponatinib were dry eye (6%) and blurred vision (4%). Most events were grade 1 or 2 in severity. Grade 3 or 4 events occurred in 1 ponatinib subject (eye pain) and 2 imatinib subjects (vitreous haemorrhage for both).
Hypertension
The incidence of hypertension reported as an AE was higher in the ponatinib arm (17.0% versus 1.3%). Clinic measurements of blood pressure also demonstrated a hypertensive effect of ponatinib. The proportion of patients with a systolic blood pressure measurement ≥ 160 mmHg was 15.7% for ponatinib and 4.0% for imatinib. The proportion of patients with a diastolic blood pressure measurement ≥ 100 mmHg was 7.2% for ponatinib and 2.0% for imatinib.
Comment: Overall, the safety data from this study are useful in defining the short-term toxicity of ponatinib. The comparator imatinib is a marketed agent from the same class, with a well-defined safety profile. The data indicate that overall, ponatinib is a more toxic agent than imatinib. It is clearly associated with a higher risk of hypertension, pancreatic toxicity, hepatic toxicity, and skin and eye toxicity. The data also suggest that it is associated with more serious vascular events and Grade 3 or 4 thrombocytopaenia. Ponatinib appears to be associated with a comparable incidence of heart failure, although duration of follow-up was short.
The study did not identify any new safety issues.
[bookmark: _Toc266542655][bookmark: _Toc420395734]Vascular AEs
In response to a question raised by the EMA, the sponsor provided updated data on vascular AEs occurring in clinical trials and in the post-market setting. The date of data cut-off for this analysis was 6 January 2014. An expanded set of MedDRA event terms was used (Table 75). The EMA had asked that information from pathology reports be included, however the sponsor replied that such data were not collected.
[bookmark: _Ref266175875][bookmark: _Toc266542776]Table 75: MedDRA event terms for vascular events
[image: ]
[bookmark: _Toc266542656]Vascular AEs in Study 201
As of 6 January 2014, 172/449 subjects (38%) remained in the study. The overall incidence of vascular AEs is shown in Table 76. A total of 101/449 subjects (22.5%) had experienced at least one vascular occlusive adverse event, and in 72/449 (16.0%) at least one of these events had been considered serious. Individual AEs occurring in more than one patient are shown in Table 77.
[bookmark: _Ref266176180][bookmark: _Toc266542777]Table 76: Study 201 - Vascular AEs - Overall incidence (data cut-off 6 January 2014)
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[bookmark: _Ref266177224][bookmark: _Toc266542778]Table 77: Study 201 – Vascular AEs – Individual event terms (data cut-off 6 January 2014) Details of patients with vascular occlusion events in AP24534-10-201 (N=449). 6 January 2014 Data. Events occurring in ≥2% patients.
[image: ]
The sponsor updated the analysis of the effect of various risk factors on the incidence of arterial vascular events. The conclusions remained the same. Another analysis examined the incidence of vascular AEs according to disease stage. Vascular events occurred more frequently in subjects with advanced stage disease, and this effect was particularly noticeable for venous thrombotic events (Table 78). Updated data were also presented demonstrating that subjects who experienced an arterial AE had comparable survival and PFS to those subjects who did not experience such an event.
[bookmark: _Ref266178568][bookmark: _Toc266542779]Table 78: Study 201 - Vascular AEs - Incidence according to disease stage. Exposure adjusted incidence rate (number of patients with events per 100 patient-years) of treatment emergent vascular occlusive events by disease group.
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[bookmark: _Toc266542657]Vascular AEs in Study 101
As of 6 January 2014, 24/81 subjects (30%) remained in the study. The overall incidence of vascular AEs is summarised in Table 79 and details of the individual AEs are summarised in Table 80.
[bookmark: _Ref265917808][bookmark: _Toc266542780]Table 79: Study 101 – Vascular AEs - Overall incidence (data cut-off 6 January 2014)
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[bookmark: _Ref265917838][bookmark: _Toc266542781]Table 80: Study 101 – Vascular AEs – Individual event terms (data cut-off 6 January 2014). Details of patients with vascular occlusion in AP24534-10-201. 6 January 2014 Data. Events occurring in ≥2% patients or Any serious
[image: ]
Comment: The overall incidence of vascular AEs was 35%, which is notably higher than that in the pivotal study (22.5%). The difference was due to a higher incidence of cardiovascular events (21% versus 10%). The incidence of cerebrovascular, peripheral vascular and venous events was comparable in the two studies. The incidence of vascular serious AEs was 23%.
The FDA had determined that the incidence of vascular AEs in Study 101 was 48%. The FDA had not explained to the sponsor how this figure was derived. However, the sponsor believes that the figure was based on the subpopulation of patients with CML/Ph+ ALL (n=65) rather than the entire population (n=81), and that the following AE terms were included in the FDA analysis (but not in the sponsor analysis) - Arteritis, Cardiac arrest, Cardio-respiratory arrest, Chest discomfort, Clumsiness, Electrocardiogram T Wave Abnormal, Encephalopathy, Haemorrhagic Vasculitis, Non-cardiac chest pain, Peripheral Coldness, Phlebitis, Raynaud’s Phenomenon, Renal Artery Stenosis, Vasculitis, Visceral Arterial Ischaemia.
[bookmark: _Toc266542658]Vascular AEs in other studies
The safety findings of the EPIC study are reviewed above. Ponatinib was associated with a higher incidence of vascular AEs (8.5% versus 6.0%) and serious vascular AEs (4.6% versus 0.7%) compared to imatinib.
A Phase II study of ponatinib (AP24534-12-202) in subjects with gastrointestinal stromal tumour (GIST) is being conducted. A total of 35 patients have been enrolled. One serious vascular AE has been reported (myocardial ischaemia) as of 6 January 2014. No information was provided on non-serious vascular AEs.
A Phase I/II study in Japanese subjects (AP24534-11-106) is also being conducted. A total of 35 subjects have been enrolled. Three subjects experienced serious vascular AEs (1 brain stem infarction and 2 myocardial infarction). No information was provided on non-serious vascular AEs.
[bookmark: _Toc266542659]Pooled analysis of vascular AEs from all clinical trials
In response to an EMA question the sponsor conducted a pooled analysis of vascular AEs occurring in clinical trials. The date of data cut-off was 6 January 2014. Results for overall incidence of all vascular AEs (that is, serious and non-serious) are shown in Table 81.
[bookmark: _Ref266189603][bookmark: _Toc266542782]Table 81: Pooled analysis of vascular AEs (data cut-off 6 January 2014)
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Comment: Incidence of vascular AEs varied across the studies from 2.9% to 34.6%. Studies with low incidence were of shorter duration. Accurate estimates of incidence are more likely to be obtained from studies 101 and 201, rather than the pooled analysis.
[bookmark: _Toc266542660]Use of agents to prevent vascular AEs
In a follow-up question the EMA asked the sponsor to discuss the effect of medicines used to prevent vascular AEs (aspirin, statins, anti-hypertensives), based on the findings of Study 201. The sponsor conducted various analyses. In a univariate analysis, use of these medications at baseline, or prior to an AE, was associated with an increased risk of experiencing an arterial vascular AE. Subjects who had been prescribed these agents at baseline would be expected to have a higher risk of a vascular event. In multivariate analyses, there was still an increased risk, but this was no longer statistically significant (Table 82). In none of the analyses was the use of these medications associated with a reduced risk of experiencing a an arterial AE. The sponsor therefore concluded that ‘...detailed recommendations regarding the use of concomitant medications to reduce cardiovascular risks cannot be made at this stage’.
[bookmark: _Ref266350300][bookmark: _Toc266542783]Table 82: Study 201 - Use of medicines prior to arterial AEs. Summary of results of multivariate and univariate logistic analyses. Including medications prior to arterial thrombotic events in AP24534-10-201
[image: ]
[bookmark: _Toc266542661]Vascular AEs in expanded access and post-market settings
The sponsor estimated that total exposure in the post-market setting (USA and Europe) to be 285.3 patient-years. Also, approximately 1300 subjects received the drug through compassionate use/expanded access programs. A total of 68 subjects reported 102 serious vascular AEs. The pattern of events was consistent with those observed in the clinical studies. The most commonly reported events were myocardial infarction (18 cases), CVA (10), pulmonary embolus (10) and TIA (8).
[bookmark: _Toc266542662]Potential mechanisms leading to vascular AEs
In response to a question from the EMA the sponsor produced a discussion on the potential mechanisms for ponatinib vascular toxicity. Points made included the following:
Significant vascular toxicity was not observed in preclinical toxicology and safety pharmacology studies. An in vitro study did not demonstrate an effect on platelet aggregation.
Compared to other BCR-ABL TKIs, ponatinib inhibits an additional set of kinases, including members of the vascular endothelial growth factor receptor (VEGFR) family.
The sponsor hypothesized that the primary mechanism of ponatinib vascular toxicity is that the drug is an inhibitor of endothelial survival or proliferation.
The available clinical evidence was not consistent with a ponatinib-induced vasculitis causing the observed toxicities. However, CRP will be measured in future clinical trials.
The major metabolites of ponatinib are less pharmacologically active than the parent molecule and individual metabolites did not account for a major proportion of drug-related material. Therefore, it was unlikely that metabolites would be responsible for the observed toxicity.
A series of preclinical studies is being planned to explore the mechanisms involved.
[bookmark: _Toc266542663][bookmark: _Toc420395735]Heart failure
In response to a question from the EMA, the sponsor provided updated data on heart failure AEs occurring in clinical trials and in the post-market setting. The date for data cut-off was 6 January 2014. Search terms used in the analysis were the following:
Right ventricular failure
Cardiac failure
Cardiac failure congestive
Pulmonary oedema
Cardiogenic shock
Left ventricular dysfunction
Ejection fraction decreased
Cardiopulmonary failure
Right ventricular dysfunction
Ventricular dysfunction.
Comment: Search terms such as ‘oedema’ and ‘peripheral oedema’ were deliberately not included, as these events are known to occur with BCR-ABL inhibitors in the absence of cardiac failure.
[bookmark: _Toc266542664]Heart failure AEs in Study 201
The overall incidence of heart failure AEs in the pivotal study was 8.0% and 5.1% of subjects had a serious heart failure AE (Table 83). Those patients who experienced a heart failure event (n=37) were more likely to have had risk factors at baseline (hypertension, hypercholesterolaemia, diabetes, a past history of cardiac disease, age > 65 years) than those subjects who did not experience such an event (n=412).
[bookmark: _Ref266350626][bookmark: _Toc266542784]Table 83: Study 201 - Heart failure AEs
[image: ]
In the 37 patients, there were a total of 49 heart failure AEs. Of these, 29 (59%) were reported to have resolved. Four patients died due to heart failure AEs, however none of these deaths were considered related to ponatinib by the investigators.
Of the 37 patients, 23 (62%) also experienced a vascular occlusive AE, and in 16 (43%), the vascular event occurred immediately prior to, or concurrently with, the cardiac failure events. All of these were coronary events and 10 of them were myocardial infarctions. Of the 14 subjects who did not experience a vascular occlusive AE.
[bookmark: _Toc266542665]Heart failure events in Study 101
A total of 7/81 subjects (8.6%) in the Phase I study developed a total of 8 heart failure AEs and 3/81 (3.7%) had a serious heart failure AE. Reported AEs were congestive cardiac failure (3 subjects), pulmonary oedema (2), left ventricular dysfunction (2) and ejection fraction decreased (1). Two of the 7 subjects also had vascular occlusion AEs and in one of these subjects pulmonary oedema developed soon after the vascular AE (cardiac ischaemia).
[bookmark: _Toc266542666]Heart failure events in other studies
In the EPIC study, there were 4 patients (2.6%) with heart failure events in the ponatinib arm and 1 subject (0.7%) in the imatinib arm. Heart failure SAEs occurred in 2 subjects (1.3%) and 1 subject (0.7%) respectively. None of the heart failure events were preceded by a vascular event.
In the Phase II GIST study, 1 of 35 subjects (2.9%) developed a heart failure AE – right ventricular dysfunction that was considered serious.
In the Phase I/II Japanese study, 1 of 35 subjects (2.9%) developed a heart failure AE – pulmonary oedema that was considered serious.
[bookmark: _Toc266542667]Heart failure AEs in expanded access and post-market settings
A total of 33 heart failure AEs had been reported in 28 patients. The events were cardiac failure congestive (15), pulmonary oedema (6), ejection fraction decreased (4), cardiac failure (4), cardiac failure acute (1), cardiogenic shock (1), left ventricular dysfunction (1), and right ventricular dysfunction (1). All were considered serious.
Comment: The data suggest that heart failure arises in approximately 8% of subjects treated with ponatinib. In many, but not all, cases the heart failure is preceded by a cardiac ischaemic event such as myocardial infarction. The sponsor is now proposing to include a specific precautionary statement in the PI on the issue of heart failure.
[bookmark: _Toc266542668][bookmark: _Toc420395736]Hepatic failure
Two cases potentially met Hy’s Law criteria for severe drug-induced liver injury (DILI). The sponsor provided details on 2 other patients – one who developed hepatic toxicity that met Hy’s Law criteria and another who was diagnosed as having acute hepatic failure:
[Information redacted]: A [information redacted] female received ponatinib for Ph+ALL in a Phase I/II study that has not been submitted. At screening she was noted to have ‘cardiac disorders’ (unspecified) and a LVEF of only 28%. She was also being treated with anti-failure therapy. She was commenced on 30 mg per day. On day 4 she was diagnosed as having acute renal failure (creatinine = 185 μmol/L), disseminated intravascular coagulation (with increased FDPs and INR) and hepatic failure (AST 145 times ULN; ALT 65 times ULN; bilirubin 2 times ULN and alkaline phosphatase 1.2 times ULN). LFT results over time are shown graphically in Figure 5. The drug was discontinued on day 4 and the patient died 6 days later due to hepatic failure. According to the 120-day safety update ‘liver necropsy’ was pending. The result was not provided. The sponsor considered that the liver failure might have been due to congestive heart failure.
[bookmark: _Ref266011121][bookmark: _Toc266542802]Figure 5: [information redacted] – Liver function tests
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Comment: The brief case narrative did not describe any clinical symptoms or signs of cardiac failure in the patient and it appears somewhat unlikely that her pre-existing CCF would cause such a sudden and dramatic deterioration of hepatic function. The onset of hepatic impairment following the commencement of ponatinib is therefore suspicious of severe DILI.
[Information redacted]: A [Information redacted] patient received ponatinib for the treatment of Ph+ALL as part of an expanded access program. She was commenced on 45 mg per day. She received the drug for only 14 days, and then was diagnosed with Grade 4 acute liver failure ‘due to multiple causes including disease progression and linezolid administration’. The patient died on the same day. Cause of death was stated to be progressive disease and acute liver failure. No autopsy was performed. The investigator did not consider the liver failure to be related to the study drug.
Comment: Very little detail was provided on this case, and it is therefore difficult to assess causality.
The sponsor stated that no other cases meeting Hy’s Law criteria or cases of hepatic failure have been reported up to 6 January 2014. The sponsor also clarified that the 3 cases referred to in the FDA prescribing information were subjects [information redacted] described above.
Comment: The case of subject [information redacted] is sufficiently concerning as to warrant a warning in the product information regarding the potential for severe DILI with ponatinib. The sponsor has agreed in principle to include text along these lines.
[bookmark: _Toc266542669][bookmark: _Toc420395737]Coagulation parameters, cardiac troponins and TSH in Study 101
[bookmark: _Toc266542670]Coagulation parameters
In their response, the sponsor confirmed that testing of coagulation parameters was not performed in Study 101.
[bookmark: _Toc266542671]Cardiac troponins
Brief information was provided on the results of testing of cardiac troponins in Study 101. A total of 14/81 subjects (17%) had at least one value above the ULN at some stage during the study. Of these, 3 had elevated levels at baseline. Levels returned to normal despite ongoing treatment in 8 of the 14 subjects. No information was provided on whether the elevated readings coincided with cardiac or other clinical events.
Comment: The clinical significance of the raised troponin levels cannot be determined on the information provided.
[bookmark: _Toc266542672]TSH
Results of TSH testing in Study 101 are summarised in Table 84. A total of 49 subjects had both baseline and post-baseline values. Of these, 12 subjects (24.5%) had shifts from low or normal TSH to high TSH. Actual values were not provided but the report stated: ‘No patient had TSH levels that would have been consistent with overt hypothyroidism’.
[bookmark: _Ref266109224][bookmark: _Toc266542785]Table 84: Study 101 – TSH testing
[image: ]aOne patient had a single high value in database due to data entry error and is included as ‘Nomal’ in this table. Four of 81 patients in the study (5%) had adverse event reports of hypothyroidism. All of these were Grade 1 or 2 in severity, and three were considered to be unrelated to ponatinib. The investigator for the fourth case was considered it to be possibly related. Based on these data, the sponsor elected not to collect data on TSH in the pivotal Study 201.
[bookmark: _Toc266542673][bookmark: _Toc420395738]Dosing considerations
The EMA requested that the sponsor provide an analysis of PK-PD relationships for both efficacy and safety based on clinical and preclinical data, and a justification for the proposed initial dose and any proposed dose modifications, based on this analysis.
The sponsor presented arguments as to why preclinical data (for example, minimum effective concentration determined in vitro) were not helpful in deciding upon appropriate dose. In particular, preclinical data on the activity of ponatinib against non-mutated BCR-ABL, or BCR-ABL with a specific mutation were not relevant, as most patients with treatment-resistant CML/Ph+ALL did not have an identifiable mutation and have poorly understood mechanisms of resistance, independent of BCR-ABL, which have not been the subject of preclinical studies.
[bookmark: _Toc266542674]Clinical data
Study 101
For Study 101, a previous analysis (Report no ARP291) had demonstrated a relationship between increasing AUC and increasing probability of achieving a MCyR. Relationships between increasing AUC or dose intensity and some adverse events (pancreatitis, increased lipase and neutropaenia) had also been demonstrated.
Examination of efficacy data from Study 101 (in patients with chronic phase CML) also suggested increasing efficacy with increasing dose up to 45 mg (Table 85).
[bookmark: _Ref266438215][bookmark: _Ref266438146][bookmark: _Toc266542786]Table 85: Study 101 - Efficacy in CP-CML by starting dose
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The sponsor performed a new multivariate analysis to examine the relationship between the occurrence of arterial thrombotic events and a) the average dose intensity up to the time of the arterial event and b) the measured average daily AUC. Results for the dose intensity analysis are shown in Table 86. A significant relationship was demonstrated between dose intensity and the occurrence of arterial thrombotic events. This relationship is shown graphically Figure 6. Baseline neutrophil count (a measure of disease severity) and increasing age were also related to risk of arterial thrombotic events. Results for the average AUC analysis are shown in Figure 7 and Table 87. A relationship was demonstrated between AUC and the occurrence of arterial thrombotic events. In this analysis, the time since diagnosis and number of prior TKIs were also related to the risk of arterial thrombotic events. The AUC analysis was repeated using updated estimates of AUC from the revised population PK model and similar results were obtained.
[bookmark: _Ref266365352][bookmark: _Toc266542787]Table 86: Study 101 – Arterial AEs - Multivariate analysis using dose intensity. Summary of results of multivariate and univariate logistic regression analyses of arterial thrombotic events. Average dose intensity.
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[bookmark: _Ref266365687][bookmark: _Ref266365667][bookmark: _Toc266542803]Figure 6: Study 101 - Dose intensity versus arterial thrombotic events. Arterial thrombotic event CML/ALL 534-101 (reduced model) Npt=61
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Table 87: Study 101 – Arterial AEs - Multivariate analysis using average daily AUC. Summary of results of multivariate and univariate logistic regression Analyses of Arterial thrombotic events. Average AUC
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Figure 7: Study 101 – Average daily AUC versus arterial thrombotic events Arterial thrombotic event CML/ALL 534-101 (reduced model) Npt=61
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The only pharmacodynamic variable examined in Study 101 was CRKL inhibition. Effects on this endpoint were seen with doses as low as 8 mg per day. However, the sponsor argued that this endpoint could not be used to determine the appropriate clinical dose, as there was no evidence that it was predictive of a clinically relevant efficacy outcome. A PK/PD analysis using this endpoint was therefore not performed.
Study 201
No PK data were collected in Study 201. A previous analysis (Report no ARP307) had demonstrated a relationship between increasing dose intensity and increasing probability of achieving a MCyR or MHR. A relationship between increasing dose intensity and several adverse events had also been demonstrated.
A new multivariate analysis was conducted to examine the relationship between dose intensity (and several other covariates) and the risk of arterial thrombotic events. Results of this analysis are summarised in Table 88. It demonstrated a significant relationship between dose intensity and the risk of an arterial thrombotic event. This is illustrated graphically in Figure 8. The analysis also demonstrated a significant relationship between several other covariates (history of diabetes, history of ischaemia, increasing age, baseline neutrophil count, time since diagnosis and number of prior regimens) and the risk of an arterial thrombotic event.
[bookmark: _Ref266432121][bookmark: _Toc266542789]Table 88: Study 201 – Arterial AEs - Multivariate analysis using dose intensity
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[bookmark: _Ref266432939][bookmark: _Toc266542805]Figure 8: Study 201 - Dose intensity versus arterial thrombotic events. Arterial thrombotic events All 534-201 (reduced model) Npt=441
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EPIC study
In this study, PK data were only collected in a subset of patients and only for determination of ponatinib steady state trough concentrations after Cycles 1, 2, 3, 6, 9 and 12. For efficacy variables such as major molecular response (MMR), there was a trend toward higher trough ponatinib concentrations among patients who achieved a response, compared to those who did not achieve a response. Among patients with PK data, only two subjects experienced a vascular occlusive event. Trough concentrations (n=4) in these two patients were all higher than the median trough concentration observed for subjects who did not experience a vascular event (Figure 9).
[bookmark: _Ref266434828][bookmark: _Toc266542806]Figure 9: EPIC study – Trough concentrations versus vascular occlusive events. Plot of trough concentrations in patients wih and without Vascular occlusive events: Study AP24534-12-301
[image: ]
Pooled data
The sponsor provided a new analysis (Report No ARP452) that examined the relationship between ponatinib dose intensity and an expanded set of adverse events, using pooled data from studies 101, 201 and the EPIC study. A total of 17 adverse terms were analysed. For each AE term, a multivariate analysis was conducted using dose intensity and 7 other covariates - medical history of diabetes prior to study entry (yes/no), medical history of ischemic disease prior to study entry (yes/no), age at study entry (in years), log baseline platelet count, log baseline neutrophil count, number of prior TKIs and time since diagnosis at study entry (in years).
An overall summary of these analyses is shown in Table 89. A relationship with dose intensity was demonstrated for most of the 17 AE terms.
[bookmark: _Ref266520478][bookmark: _Toc266542790]Table 89: Pooled safety data –AEs - Multivariate analyses using dose intensity. Overall summary of primary logistic regression results from reduced multivariate model in pooled population (N=67)
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[bookmark: _Toc266542675]Starting dose
Based on the analyses of the clinical data, the sponsor proposed to retain the 45 mg starting dose.
Comment: The data indicate that the efficacy of ponatinib increases with increasing dose. The use of the 45 mg dose (the MTD) as the starting dose maximises the chance of achieving a response. The sponsor argues that this is important in patients with treatment-resistant disease who have exhausted available therapies where ‘the most important threat to the safety of these patients is the lack of responsiveness of their malignancy to therapy’. The 45 mg starting dose was used in the pivotal study and there is therefore a lack of data supporting a lower starting dose. The efficacy data from Study 101 also suggest that starting doses below 45 mg may have reduced efficacy. The sponsor’s proposal to retain the 45 mg starting dose is therefore considered acceptable.
In its response to the EMA, the sponsor has indicated that it will be conducting a new Phase II study examining starting doses of 15, 30 and 45 mg per day in subjects with refractory CP-CML. A study report is not expected until June 2019.
[bookmark: _Toc266542676]Discontinuation in the absence of a response
The sponsor proposes to include a recommendation in the PI that therapy be discontinued if a response has not been observed after three months. In the pivotal study, the median time to a haematological response was less than 30 days in all disease subgroups, and for patients with CP-CML, the median time to MCyR was 84-85 days.
Comment: Haematological responses were achieved as late as 176 days in the pivotal study. However, given the toxicity of the drug and the increasing risk of adverse events with continuing exposure, the risk-benefit of the drug is unlikely to be favourable in this subgroup of patients. The actual wording of the PI recommendation is to ‘consider’ discontinuation. The proposed recommendation is therefore acceptable.
[bookmark: _Ref266540115][bookmark: _Toc266542677]Dose reduction after achievement of a response
CP-CML patients
The sponsor proposes that a dose reduction be considered for CP-CML subjects once they have achieved a MCyR. The clinical data described above indicate that the risk of adverse events, including arterial thrombotic events, is decreased with lower dose intensity and lower AUC. Hence it would be reasonable to expect an improved safety profile following dose reduction.
Updated data were provided on those patients with CP-CML who achieved a MCyR and subsequently had a dose reduction (due to adverse events). These data are summarised in Table 90. Of 59 subjects who achieved a MCyR while taking 45 mg per day, 100% maintained their response after dose reduction. Of 29 subjects who achieved a MCyR while taking 30 mg per day, 97% maintained their response after dose reduction. Duration of dose reduction did not affect maintenance of response. Also, response was maintained with dose reduction to either 15 mg or 30 mg.
[bookmark: _Ref266441902][bookmark: _Toc266542791]Table 90: Maintenance of MCyR after dose reduction – CP-CML patients
[image: ]
Advanced disease patients
The sponsor is not proposing a dose reduction for patients with advanced disease (AP-CML, BP-CML or Ph+ALL) who achieve a response. Updated data on those patients with advanced disease who achieved a MaHR and subsequently had a dose reduction are summarised in Table 91. Loss of response after dose reduction was common among these subjects. The sponsor also argues that duration of therapy with ponatinib in advanced disease subjects is shorter than that in CP-CML subjects and that therefore the risk of events such as vascular AEs is reduced.
Comment: The sponsor’s justifications regarding dose reduction are acceptable. For CP-CML subjects who achieve a MCyR, a specific new dose should be specified. The data would support a reduction to 15 mg per day.
[bookmark: _Ref266442671][bookmark: _Toc266542792]Table 91: Maintenance of MaHR after dose reduction – Advanced disease patients
Accelerated phase CML patients
[image: ]
Blast phase CML patients
[image: ]
Ph+ ALL patients
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[bookmark: _Toc266542678][bookmark: _Toc420395739]Other data
Pooled analysis of safety data
A revised pooled analysis of safety data was included in Module 2 of the sponsor’s response. It pooled data from Studies 101, 102 and the EPIC study, with the date for data cut-off being 6 January 2014. The analysis included 683 subjects treated with ponatinib and 150 treated with imatinib. The findings of the pooled analysis were consistent with the findings in the individual studies, and with the previous pooled analysis.
The inclusion of longer-term data from Studies 101 and 102 would have increased the incidence of AEs with ponatinib compared with the original pooled analysis, but the inclusion of the short-term data from the EPIC study would have decreased the incidence. In general, the incidence of specific individual AEs was comparable to that seen in the previous pooled analysis. It is likely therefore that the pooled analysis underestimates the incidence of AEs with long term therapy.
There was one additional death possibly related to ponatinib:
A [information redacted] patient with accelerated phase CML (in Study 101) received doses of up to 30 mg per day for approximately 4 years. During this time, peripheral ischaemia was reported as an AE on four occasions, but resolved each time. The patient presented with abdominal pain, cramping, diarrhoea and vomiting. She had surgery for ‘gastrointestinal necrosis’ and died the day after presentation. The stated cause of death was intestinal ischaemia.
New interactions studies
Module 2 also included brief descriptions of two new interaction studies. Study reports for these trials have not been submitted.
Study 107 was a single dose crossover study in healthy volunteers that examined the effect of the CYP450 inducer rifampicin on the PK of ponatinib. Co-administration of rifampicin resulted in a reduction in ponatinib AUC of approximately 60% and a reduction in ponatinib Cmax of 42%.
Study 108 was a single dose study in healthy volunteers that examined the effect of lansoprazole on the PK of ponatinib. Co-administration of lansoprazole resulted in a 25% decrease in ponatinib Cmax but only a 6-8% decrease in ponatinib AUC.
Comment: The findings of the rifampicin study are clinically significant and it would be desirable to include a precautionary statement in the PI regarding co-administration of ponatinib with CYP450 inducers, even though the study has not been evaluated.
Use in pregnancy
Three cases were reported of patients who became pregnant while their partner was receiving ponatinib. One subject had a normal ultrasound at 7 weeks gestation but subsequently miscarried. No adverse outcomes were noted for the other two patients.
Overdose
Module 2 described 7 cases of overdose. Apart from the single case of QT prolongation), no novel toxicities were reported.
[bookmark: _Toc420395740]Comparison with bosutinib
The responses to the EMA included a comparison of efficacy and safety results achieved with ponatinib with those achieved with bosutinib. Bosutinib is another BCR-ABL TKI that has recently been registered in Australia for ‘the treatment of chronic, accelerated or blast phase Philadelphia chromosome-positive (Ph+) chronic myeloid leukaemia (CML) in adult patients previously treated with two or more tyrosine kinase inhibitors’. The EMA had flagged the possibility of amending the approved ponatinib indication in Europe to require that patients without the T315I mutation should have failed bosutinib.
Comment: The two agents have not been compared in a head-to-head study. The comparison is based on cross-trial comparisons. Bosutinib is not registered for subjects with the T315I mutation or those with Ph+ALL.
Points made by the sponsor included the following:
In subjects who have failed a BCR-ABL TKI, reported response rates with ponatinib are higher than those with bosutinib (see Table 92 and Table 93);
Although there were no notable differences between the two drugs for PFS and OS, MCyR and CCyR are both held to be surrogates for survival in refractory disease, and it is therefore likely that ponatinib will eventually demonstrate superior survival.
Duration of treatment for ponatinib-treated subjects is longer than that for bosutinib-treated subjects (for example, in the pivotal studies, median durations of treatment were 28 months and 8.3 months respectively). It is therefore likely that the incidence of AEs will be higher with ponatinib than with bosutinib.
Bosutinib is approved for use in the 3rd line setting. Common AEs observed with bosutinib and ponatinib in the 3rd line setting are summarised in Table 94 and Table 95 respectively. Incidence figures are higher with ponatinib, but the pattern of AEs is comparable with the two drugs.
In the 3rd line setting, a greater proportion of subjects discontinue bosutinib than ponatinib, especially for reasons of inadequate efficacy.
[bookmark: _Ref266535710][bookmark: _Ref266535645][bookmark: _Toc266542793]Table 92: Efficacy parameters - Ponatinib versus Bosutinib – CP-CML
[image: ]
[bookmark: _Ref266536342][bookmark: _Toc266542794]Table 93: Efficacy parameters - Ponatinib versus Bosutinib – Advanced disease
[image: ]
[bookmark: _Ref266537638][bookmark: _Toc266542795]Table 94: Bosutinib – Common AEs (in the third-line setting)
[image: ]
[bookmark: _Ref266537658][bookmark: _Toc266542796]Table 95: Ponatinib – Common AEs (in the third-line setting)
[image: ]
Comment: The data suggest that ponatinib is more likely to be effective than bosutinib in the 3rd line setting. In the absence of a study that compares the two drugs directly, it is impossible to conclude that the benefit-risk profile of bosutinib is superior to that of ponatinib. The evidence is therefore inadequate to require failure of bosutinib treatment prior to commencing ponatinib.
[bookmark: _Toc420395741]Second round benefit-risk assessment
[bookmark: _Toc272414709][bookmark: _Toc290846349][bookmark: _Toc264621238][bookmark: _Toc266542680][bookmark: _Toc420395742]Second round assessment of benefits
No significant new clinical information on efficacy was submitted in response to questions. Accordingly, the benefits of ponatinib are unchanged from those identified in the first round assessment of benefits.
[bookmark: _Toc272414710][bookmark: _Toc290846350][bookmark: _Toc264621239][bookmark: _Toc266542681][bookmark: _Toc420395743]Second round assessment of risks
The responses to clinical questions have clarified that hepatic failure and heart failure are additional risks associated with ponatinib. In addition, the responses have provided further detail on the risk of vascular adverse events.
[bookmark: _Toc272414711][bookmark: _Toc290846351][bookmark: _Toc264621240][bookmark: _Toc266542682][bookmark: _Toc420395744]Second round assessment of benefit-risk balance
Given the proposed patient population and the lack of available alternatives, the risk-benefit balance of ponatinib for the revised indication is still considered favourable.
[bookmark: _Toc420395745][bookmark: _GoBack]Second round recommendation regarding authorisation
It is recommended that the application be approved.
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1. Patients had CML in any phase (CP. AP. or BP of any phenotype) or Ph+ ALL (defined in
Sections 12.3 and 12.4 of Appendix 16.1.1).

b
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Resistance was defined for CP-CML patients (CP at the time of initiation of
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Received TKI therapy within 7 days prior to receiving the first dose of ponatinib, or had not
secovered (-grade 1 by NCICTCAE, v.4.0) from AEs (except lopecia) due fo sgents
previously adminitered.
Received otherthrapies as follows:
. For CP-CML and AP-CML patints, received hydroxyurea or amagelide within
24 hours pricr toreceving the frst dose of ponatini, nerferon. cyarabine. or
immunotherapy within 14 days. or any othe cytotosic chemotherapy.
‘adiotherapy. or invesigatonaltherapy within 2 days pror torecerving the firt
dose of ponataib.
b For BP.CML patents,receied chemotherapy withi 14 days prior toth fxst
dose of ponstaih. Otberwise 22 applicd.
€ For Pt ALL potients, eceived corticosteroids within 24 hours before the first
doseof ponsta o vincisne within 7 days prcr t the first dose of ponat,
o received other chemotherapy within 14 daysprior 0 the st dose of
ponatiaib. Otherwise, 22 applied.
4 All patients were excluded ifthey had not secovered (-grade 1 by NCI CTCAE,
v.40) from AES (except alopecia) due to agents previously administered.
Underwent auologons orslogencic SCT <60 days prior toseceiving th fixt dose of
ponatinib; any evidence of ongoing grat-versus-ho: discase (GVHD). or GVHD requising.
mmmosuppressive therapy.
Medications known tobe associsted with Torsades d Poiates. These medications arelisted.
in Aachiment B of Appendix 16.1.1
Concurrent eeaanent wih mmunosuppressve agents ober than coriconeroidsprescribed
forashort course of therapy
Previously reated with ponatiib.
Paticnts with CP-CML were excluded fthey were ia CCyR.
Paticnts with AP-CML. BP-CML. or P ALL were excluded ifthey were in MaHR.
Had acive central ervous system (CNS) discase as xidenced by cytology or pathology.
In the absence ofcincal CNS disease, lumbar puncruse was not sequired. Hisory itselfof
(CNS involtement was notexclusonary if CNS had been clessed with  documented
negative hunbar puncrure.

Had significant o acive cardiovascular disease, specifcally including. but o resticted o
& Myocasdial infarcton within 3 months prio o first dose of ponatinib,
b, History of cliniclly significant trial arhythmia o any ventriculr achyhi,
< Unsable angina within 3 months prior o first dose of ponatisb,
4 Congestive hear filuce within 3 monthsprio to frst dose of ponatinih

Had a significant bleeding disorder uarelated to CML or P+ ALL.

Had  history of pancretiis oralcobol abuse.

Had uncotrolled hypertiglyceridemia (vighycerides >450 mg/dL).

Had malabsorption syndrome or othe gastrointestinal llass that could have affected

‘absorption of orally administered pontiaib

Had been diagaosed with another primary malignaney within the past 3 years (except for
‘non.melanoma skin cancer o cervical cancer in i, or contrlled prostate cancer, which
were allowed within 3 ears).

‘Were prcgnant orIctating. Wormenof childbearing potential bad 1o arce t cffctve.
contaception from the ime of sgning informed conseat hrough the Followup Visit.
approximately 30 days afer astdose of ponati.

Had undergone majos surgery (with th exception of minor surgical proceduses,such as
Catheter placemment or B biopsy) withi 14 days pror to frs dos of ponataih

Had ongoing or actve infection (ncluding known hisory o human immunodefciency
virus [HIV], hepatiis B virus (HBV],or hepais C virus (HCV). Testing for these varuses
was not sequiredinthe absence of hstry.

‘Suffered from aay conditon o llaess that, i the opinion o the nvestigato o the medical
monstor, would have compromised patient safey or terfee st the esaluation of the
safey ofte stdy drug.
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Disease

Type of Response.

Complete Hematologic Response (CHR)

cram = White blood count (WBC) <institutional upper limit of normal (ULN)
= Platelets <450 000/ma?
= Noblasts or promyelocytes in peripheral blood
= <% myelocytes plus mefamyelocytes in peripheral blood
= Basophils <5% in peripheral blood
No extramedullary involvement (inchuding no hepatomegaly or splenomegaly)
o lenr Hematologic Response (MAHR) _ ]
BP-CML'ana | Complete Hematologc Response (CHR) _| No Evidence of Leukenmia (NEL)
PhealL “White blood count (WBC) = WBC <institutional ULN.
Sinstifutional upper limit of normal | = No blasts or promyelocytes in peripheral
(ULN) blood
= Absolute neutrophil count (ANC) = Bone mamrow blasts <5%
21000/mae = <5% myelocytes plus metamyelocytes in
= Platelets 100,000/mm® ‘peripheral blood.
= No blasts or promyelocytes in = Basophils <5% n peripheral blood.
‘peripheral blood = No extramedullary involvement
= Bone marrow blasts <5% (including no hepatomegaly or
= <5% myelocytes plus splenomegaly)
‘metamyeloctes in peripheral = Atleast ane of the following:
blood @ 20000mnrsplatelets
‘Basophils <5% in peripheral blood <100,000/mm®
No extramedullary involvement (@) S00/mnP<ANC< 1000/mn®
(including no hepatomegaly o
splenomegaly)
OML @I Major Cytogenetic Response (MCYR)
phases) and | Defined as CCyR+PCyR
Ph+ALL Complete Cytogenetic Response (CCYR)
‘Defined as 0o Phr- cells
Partial Cytogenetic Response (PCyR)
Defined 25 1% o 35% P cells
OML @I ‘Major Molecular Response (MME)
phases) and | Defined as a <0. 1% ratio of BCR-ABL to ABL transcripts on the Intemational Scale (5S) (ie.
Ph+ALL <0.1% BCR-ABL"; patients must have the b2a2/b3a2 (p210) transcript). in peripheral blood
‘measured by quantitative reverse transcriptase polymerase chain reaction (RT-PCR)
“Molecular Response 4 (MR4)
Defined as =0.01% BCR-ABL in peripheral blood measured by GRT-PCR
Complete Molecular Response (CMR4.3)
Undetectable BCR-ABL transcripts in peripheral blood with a =4.5 og sensitivity on the 1S,
‘measured by QRT-PCR.
BP-CML and | Bone Marrow MMR
Ph+ALL "Defined 25 a <0, 1% ratio of BCR-ABL to ABL transcripts on the Intemational Scale (55) (ie,

<0.1% BCR-ABL™, patients must have the b2a2/b3a2 (p210) transcript), in bone marrow
‘measured by quantitative reverse transcriptase polymerase chain reaction (GRT-PCR)
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Secondary Efficacy Endpoints

For Cohorts A and B, the secondary efficacy endpoints are:

Hematologic responses: CHR. defined as the proportion of patients who
achieved CHR that was confirmed by a CBC with differential at least 28 days
after the initial criteria were met; and

Cytogenetic responses: confirmed MCYR, defined as the proportion of patients
‘who achieved a confimed CCyR or PCyR at 2 consecutive assessments at least
4 weeks apart (for patients not in PCyR at study entry), or the proportion of
patients who achieved a confirmed CCyR at 2 consecutive assessments at least
4 weeks apart (for patients in PCyR at study entry): and.

Molecular responses: MMR, defined as the proportion of patients who met the
criteria for MMR at least once after the initiation of study treatment.

For Cohorts C through F, the secondary efficacy endpoints are:

d

e

Cytogenetic responses: CCyR. PCyR. confirmed MCyR (see definition above):
and

Molecular responses: MMR (see definition above).

For all patients:

£

‘Time to response, defined as the interval from the first dose of study treatment
until the eriteria for response are first met, censored at the last assessment of
response: and

Duration of response, defined as the interval between the first assessment at
‘which the criteria for response were met until the criteria for progression (as
defined below and in Attachment A of Appendix 16.1.1) were met, censored at
the last date at which the criteria for response were met; and

Progression-free survival, defined as the interval from the first dose of study
treatment uatil the criteria for progression were met (as defined below and in
Attachment A of Appendix 16.1.1) or death, censored at the last response.
assessment; and

Overall survival, defined as the interval from the first dose of study treatment
until death, censored at the last date at which the patient was known to be alive.
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Criteria for progression:

1. Progression from CP-CML (O'Brien et al, 2003)
Death
Development of AP-CML or BP-CML
Loss of CHR (in the absence of cytogenetic response)
Confirmed by development in CBCs at least 4 weeks apart
Loss of MCyR

Increasing WBC in patients without CHR defined by doubling of WBC to >20K
on 2 occasions at least 4 weeks apart (afier the first 4 weeks of therapy)

2. Progression from AP-CML (Apperley et al, 2009)
Death
Development of confirmed BP-CML

Mmoo oo oo

Loss of previous major or minor hematologic response over a 2-week period

No decrease from bascline levels in percentage blasts in peripheral blood or BM
on all assessments over a 4-week period

3. Progression from BP-CML or Ph+ALL (Talpaz ct al, 2006)
a. Death
. Increasing blasts in peripheral blood or BM over a 4-weck period

[
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Database cutoff date: 27 April 2012. AE=adverse event, ALL=acute
Iymphoblasic leukenia, AP=accelerated phase, BP=blast phase, CML=chronic myeloid eukenis, CP=chronic phase, Py+=Philadelphia chromosome positve, PP=per protocol,
R/Iresistant or intolerant. Non-cohort assigned patients: 3 CP-CML and 2 AP-CML.
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Protocol Deviation

Bone marrow cytogenetics at baseline for CP-CML
patient contained <20 evaluable metaphases

Total Safety

Population
N =449"
n (%)

N/A

CP-CML*
N=270
n (%)

AP-CML/BP-CML/Ph+ ALL patients with MaHR
at baseline

Bone marrow aspiration not performed for
AP-CML/BP-CML/Ph+ ALL patients
post-baseline®

N/A

N/A

14 (16.5)

4(43)

Bone marrow cytogenetics not performed for
CP-CML patients post-baseline®

N/A

NA

End of treatment visit missed w/o withdrawal of

Duration between 2 consecutive bone marrow
assessments for AP-CML/BP-CML/Ph+ ALL
patients greater than 4 months

27(6.0)

N/A

15(17.6)

13(138)

Duration between 2 consecutive cytogenetic
assessments for CP-CML patients greater than
6 months

- Database cutoff date: 27 Apnil 2012.
alncludes 5 non-cohort assigned patients (3 CP-CML and 2 AP-CML)
b Excludes patients who discontinued within 30 days after the first dose of ponatinib.
¢ Excludes patients who discontinued within 90 days after the first dose of ponatinib.
ALL=acute lymphoblastic leukemia, AP=accelerated phase. BP=blast phase, CML=chronic myeloid leukemia, CP=chronic

phase. Ph+=Philadelphia chromosome positive. R/I=resistant or intolerant.

N/A
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‘Patient Characteristics
Age
Median, years G- max) §1002-54) ST0G8-8) [ 600058 | 54004-7) | 340(8-7) | 360(8-80) | $0GI-7D
18- 44 years (%) 353 24 G75) 16046) 5018 16G33) 17G70) [
45 6hyears () 90(323) 248 BVEBD HE) 18G735) 16G48) 3600)
= 65 vears (%) GO 18Q81) 21 G23) 5Q78) JETeLR)) 3083 2(800)
Gender
Male.n (%) 95 (#63) B0 25 (85) T ELD 31616 %6(63) 200
Femalen (%) 108 (53.2) 16050) 40 615) 7G89) 17654 2033 3(600)
“Geographical Region
North America (US and Canada) G0 % @6 30662 §333) EGD) PR )
Europe/Australia 104 G12) 26306 30(862) 106360 6(123) 035 3600)
Asa 169 (188 SaD 201D 7126 2G3) 2(800)
Race.n (%)
American Tndiaw Alaska native 105 0 115 [ 0 [ [
“Asin 1764 019 323 367 Hi0) Tas) 2(@00)
Black/Afican American 764 163) 7(108) 5018) 12D 102) )
'Native Hawauan/Pacific Islander 0 0 0 0 0 0 0
White T @57 42636) EGE) 9(00) PR3 38@26) 3(600)
Unknown 305 3@n 26D [ [ [ [
Other 105 116 [ 166 [ [ [
Edhnicity
‘FHispanio/Latino EI) 313 602 iG6 F1CH)) DOsD []
‘Not Hispanic/Lafino 90(93.6) 56875) 39908 17644 36058 34(39) 5000)
ECOG Performance Status®
ECOG=0.1 (%) 19685 ElGE) 608 EIC0) 5 160648) 5000)
ECOG=L.1 (%) 60206) 17066) 25 (385) 6033 0617 JEIE) [
EC0G=2.1 (%) 1319 [ 70108 ] 12050) 11039 [
Time Since Diaguosis
Median time, years 77 [5) 73 661 396 6 780
(min - max) ©45-2743) | (116-1049) | 033-2847D | @17-1590) | 0622721 | ©046-1419) | a74-1860)
0to <5 years 00) 71G30) EGT) B354 5078 27663 33061 3600)
5 to <10 years (%) 49Q41) 22(344) 16(246) S(444) 11229) 7(152) 1(200)
= 10years (%) $3(309) 904D 26(300) 5Q18) 10008) 167 1000)
Database cutoff date 27 Aprl 2012.

a Includes 3 CP-CML and 2 AP-CML patients.

b 1 missing from BP-CMLPh+ALL R cohort.

ALL=scute lymphoblastic leukemi, AP=sccelersted pase, BP=blast phse, CML=chronc myeloid eukenis, CP=chroic phase, ECOG=Exsten Cooperative Oncalogy Group,
a chromosome-positive, R/I=resistant or intolerant, mun=minimum, max=maximum.
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Number of prior TKIS
Median mumber, 8 (min - max) 3005 3009 3005 | 2309 [ 3009 [ 200-3 | 1002
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1 700, 72) 1135 3067 Ta2) [ 7052 | 430
3 CIa6) 37(422) (38 6033 [ BIh | 2@8 | 1000
=3 135 (665 36(406) GIGK) 9(00) | 33688 1 17670) 0
Prior Approved TKIS
i 196966 6969) S ©83) | 18(1000) | #6058 | 39@48 | 5(1000)
Tantaib only 0 10(156) 0 3(167) 0 3(65) | 5(1000)
Dasatid 176867 EEN)) 5616 | 15®3) [ BO8 [ B9 00
Dasatib only 700 116 0 0 2@ | 46D 0
ifotub 51 (34 3616 L) 9G00) | 36(50) | 1809 0
Nilotimb 105) 0 1(15) 0 0 0 0
mmonmhmwk 5025 11172 1(15) 3067) 242 7052 | 5(1000)
Tmatinib + (Nilotiaib OR Dasatib) | 74(36.3) BYCE) A1) §G | Do | @D [
‘Dasatinib + Nilotnib (w/o Imatiaib) 2(10) 0 0 0 0 365 0
Tomtinib + Dasatinib + Nilotiaib 12 .0 31028) 37(569) 9600 | B8 | 150626 0
Prior Investigational TKIs
‘Bosutiaib %08 FIER)] 16 0 36y | 1e) [ 1000
Bafetiuib INNO-106) Heb) 0 FIER)) 166 0 0 0
Tozasertd 0 FIER)) 0 0 0 0 0
Danusertib 0 0 0 0 0 T2 0
X238 700 116 FIER)) 0 0 0 0
DCC-2036 2(10) 360) 3(26) 166 0 0 0
Radotinib 523 361 261D 0 0 0 0
Database cutoff date 27 Apnil 2012.

aIncludes 3 CP-CML and 2 AP-CML patients.

ALL=acute lymphoblastic leukemia, AP=accelerated phase, BP=blast phase, CML=chronic myeloid leukemia, Ph+=Philadelphia chromosome-positive, TKI=tyrosine kinase
inhibitor, min =minimum, max=maximem, w/o=without.
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“Prior Cancer Treatment CP-OML APOML BP-CMLPh ALL “Non-Cobort
>2% Incidence Total Safety R1 T3151 RI TSI RT TSI
Population N=203 N-64 N=65 N-1§ N=d§ N=i6
Chemotherapy
‘Hydroxycarbamide 110642) 35647 5638 [EGE) FIC) 7610 3(600)
Cytarabine 4100 163 13.200) 7G89) 15613 A AT 1000
Fomokerioghaine (o caled 18(89) 508 12085) 2011 3(63) 0 1Q00)
omacetaxine) ; - ’ >
Vincristine 0 0 0 [) 716 A@DH [)
Cyclophosphamide 103) 0 0 [ 3167) 12061 [
Methotrexate 0 0 105) [) 5(104) 15G26) [)
Daunorubicin 200 0 1(1L5) [) 6(125) 6030 [)
‘Mercaptopurine 3015 0 2G1) 0 3(63) 7052 [
Tdarubicin 103) [ 462 166 363) 5(109) )
“Doxorubicin 0 [ 0 ) 3(63) 9196 )
Asparaginase 0 0 0 0 363) 630 0
Busulfan 503 0 261 [ 1oL 102) [
i 103) 0 261 [ 3(63) 363) [
Other Cancer Agents
Tnterferon EXGE) 13.003) B@D 7G89) H30) 3(63) 3(600)
Predmisone [] [] [ 0 3(63) 10017 0
Dexamethasone 0 0 0 [ 22 10017 [
Cytarabine and Inerferon
‘Cytarabine and interferon 36477 261 10059 [HaE) 133 [) 1000
Cytarabine only 503) 261 346 166 29 G [
Tterferon only 53061 113172 ®Q7D 166 163 363 2@00)
Other Therapies
Stem Cell Transplant 11649 116 602) EX(I)) 129 9196 [)
‘Database cutoff date 27 April 2013,

aIncludes 3 CP-CML and 2 AP-CML patients.
ALL=acute lymphoblastic leukemia, AP=accelerated phase, BP=blast phase, CML=chronic myeloid leukemia, CP=chronic phase, Ph+=Philadelphia chromosome-positive,
R/I-resistant ot intolerant
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_ Non-Cobort
Total T3 T30 '[.\h[ Assigned

Endpoint Nei27* Sy N-si Ness N-ls Neis N3t N0+t
Molecular Response
OR 109 105) 109 [ [ 10D 103) [
MVR 203 6G0) ) 105 167D 1o 330 0
Cytogenetic Response
MCYR® T7(80) 46027 D@6 3Mm3) YD) H) 103) [

TGR 46(108) 23(113) 10(89) 602) 167 4@83) 27 [

PGR 31(73) 23(113) 268 261 167) 1Qn 2(47) 0
Tess than POYR. 9013 (138 917.0) 938 2a33) JTEN) 0 0
Hematologic Response
MaHR (AP, BP. Ph+ALT) [EE) 105) 0 Ho) [ 504 a7 [
CHR(CP) S1019.0) 356076) ) 16046 [) 0 103) 0

= ‘Database cutoRl date 27 April 2012,

2 Denominator mciuaes onty patients in the cobort who received prior dasatinb or nilotinib
' This group comprises 5 non-cohort assigned patient (3 CP-CML and 2 AP-CML), none of whom received prior dasatiib or nilotinib.
MCyR=CCyR+PCyR.
ALL=acute lymphoblastic leukemia, AP=accelerated phase, BP=blast phase, CHR=complete hematologic response, CML=chronic myeloid leukemia, CMR=complete molecular
response, CP=chronic phase, MaHR=major hematologic response, MCyR=major cytogenetic response, MMR=major molecular response, PCyR=partial cytogenefic response,
‘Pir+=Philadelphia chromosome-positive.
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Patient
Mutation Status

1 (<l) 3 (4 7)
0] -
Database cmotfdm 37 Apnl 2012.
alncludes 3 CP-CML and 2 Ar-CML patients.
ALL acute lymﬂmbhsm: leukemia, AP=accelerated phase, BP=blast phase, CML=chronic myeloid leukemia, CP=chronic
chromosome-]
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Database cutoff date 27 Apnl 2012.
a Some patients had more than 1 mutation and are represented more than once.
blIncludes 3 CP-CML and 2 AP-CML patients.
ALL=acute lymphoblastic leukemia, AP=accelerated phase, BP=blast phase, CML=chronic myeloid leukemia, CP=chronic
. Ph+=Philadelphia chromosome-positive. R/I=resistant or intolerant
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MCyRrate, n (%)

99 (48.8)
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417-559

576- 811
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118 (44.2)
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PCYR (%)

26(0.7)

23(113)

34D

Database cutoft date 27 Aprl 2012.
a Patients entering the trial in PCyR must have achieved a CCyR in order to be considered as meeting the criteria for MCyR.
MOyR=majo cytogenetcresponse, CP=chionic phase, CML=clonic myelod lekemi. RA=resistat o olernt

. PCyR=p
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MaHR rate. n (%)

18(51.8)

30 (60.0)

9(50.0)

95% CT

46.5-68.6

471-720

260-740

CHR 1 (%)

39 (47.0)

30(46.2)

9 (30.0)

NEL. 0 (%)

9(108)

9(138)

0(0)

- - Database cutoff date 27 Apnl 2012.

aMaHR must have been confirmed by a CBC with differential at least 28 days after the initial criteria were met.

b Patients who entered the trial in MaHR were analyzed as non-responders, and patients for whom baseline bone marrow blasts
could not be determined were analyzed as non-
MaHR=major hematologic response, Ahmela:kd phse CML=chronic myeloid leukemia, R/T=resistant or intolerant,
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MaHR rate, n (%)*° 32(340) 17(354) 15(32.6)
95%CI 246-445 [ 222-505 19.5-480
CHR 1 (%) 24(25.5) | 1327.1) 11(23.9)
NEL. 1 (%) 8(8.5) [ 4@83) 487
Database cutoff date 27 April 2012.
aMaHR must have been confirmed by a CBC with differential at least 28 days after the initial criteria were met.
b Patients who entered the trial in MaHR were analyzed as non-responders, and patients for whom baseline bone marrow blasts
could not be determined were analyzed as non-responders.
MaHR=major hematologic response, BP=blast phase, CML=chronic myeloid leukemia, Ph+=Philadelphia chromosome-positive,
ALL=acute lymphoblastic leukemia, R/I=resistant or intolerant, CI=confidence interval, CHR=complete hematologic response,
NEL=no evidence of leukemia.
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19 (30.6) 12 (31.6) 7(292) 13 (40.6) 5(50.0) 3(364)
10.6%43.7% | 17.5%48.1% | 12.6%51.1% | 23.7%394% | 18.7%813% | 17.2%59.3%
13210 9237 4(16.7) 11(344) 4(40.0) 7G18)
6(9.7) 3(7.9) 3(125) 2(63) 1(10.0) 1(35)
Database cutof date 27 Aprl 2012
2 MaHR must have been confirmed by a CBC with differential at least 28 days after the initial criteria were met.
bPatients who entered the trial in MaHR were analyzed as non-responders, and patients for whom baseline bone marrow blasts
could not be determined were analyzed as
MaHR=major hematologic response, BP=blast phase, CML=chronic myeloid leukemia, Ph+=Philadelphia chromosome-positive,
ALL=acute lymphoblastic leukemia, R/I=resistant or intolerant, CT=confidence interval, CHR=complete hematologic response,
NEL=no evidence of leukemia.
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" Response, /N (%)
Disease Stage MGR SGER™ CHR® DR

CP-CML
Overall 144/267 (53.9; NA 2491267 (93.3 79267 (29.6

R/ (Cobort A) 997203 (43.8) NA . 470203 (23.2)
T3151 (Cohort B) 35/64(703) NA X 32/64 (50.0)
AP-CMIL

32783 (38.6) 4883 (578 9783 (108)
2/65 (33.8) 30/65 (60 0) 665 (0.2)
556 3/18(16.

X X T4 (1L
1348 27.1) 1748 (35.4) /48 (188)
16/46 (34.8) 15/46 (32.6) 746 (4.3)

BP-CML
Overall 14/62 (22.6) 19/62 (30.6) 8/62 (12.9)
RI 7738 (18.4) 12/38 (31.6) 7/38 (18.4)

724(292) 724 (202) 124 @2)

15732 (46.9) 13732 (40.6) 33204)

NA 1/22(45)
Database cutoff date 27 Apnil 2012.
aPatients entering the trial in PCyR must have achieved a CCyR in order to be considered as meeting the criteria for MCyR.
b1In the analysis of MaHR, patients for whom baseline bone marrow blasts could not be determined were analyzed as
non-responders. CP-CML patients who entered the trial in CHR and continued to meet criteria for CHR on study were analyzed
as responders. Patients with advanced phase disease who entered the trial in MaHR were analyzed as non-responders.

« Measured in peripheral blood. Patients for whom a valid baseline MMR assessment was missing or who meet the criteria for

MMR at baseline were analyzed as

MCyR=major cytogenetic response, MaHR=major hﬂnndopcxzspmse CHR=complete hematologic response, MMR=major

mohmhxresponse CP%inmphse,CML#hmmydmde MmuwmdmAHceehmdphﬂ.
Philadel
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Response /N (%)

Respouse Total Mutations Other Than T315T Mutations in Addition to T3151 No Mutation Detected
N=267 N=67 36

Hematologic

CHR. 235 633) T (10) 0 (9.6) (86 131(963)
Cytogenetic

MCYR. 143 (539) 37(73.0) 36637) HGE) 63(363)

COR 118 (332) 31(68.0) 27(303) 8(571) 49 (360)
olecular

MVE 75 (296) 25 600) 21613) 7(00) 26051

‘Database cutoff date 37 April 2012.
CCyR=complete cytogenetic response, CHR=complete hematologic response, CML=chronic myeloid leukemia, CP=chronic phase, MCyR=major cytogenetic response,
MMR=major molecular response.
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'umber of Patients with a DLT at a Given
Dose Level

Escalation Decision Rule

Enter 3 patients at the next dose level

Enter at least 3 more patients at this dose level
e If 0 of these 3 patients experience a DLT, proceed to the

next dose level.
If 1 or more of these 3 patients experience a DLT then
dose escalation is stopped and this dose is declared the
‘maximal administered dose as the MTD has been
exceeded
Three additional patients will be entered at the next
lowest dose level if only 3 patients were treated
previously at that dose.

Dose escalation will be stopped. This dose level is declared the
maximal administered dose (highest dose administered). Three
additional patients will be entered at the next lowest dose level if
only 3 patients were treated previously at that dose.

<1 out of 6 at highest dose level below the
maximal administered dose

Thas is the MTD. A total of 12 patients will be treated at the
MTD or recommended dose.
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Ph+ Patients
N=65
CML 60 (74.1) 60(92.3)
CP-CML 43(53.1) 43 (66.2)
AP-CML 9(1y 9(13.8)
BP-CML 8(9.9) 8(12.3)
Ph+ ALL 5(6.2) 5.7
AML 12 (14.8)
Other Hematologic Malignancies 449
Myeloproliferative syndrome 2(2.5)
Myelodysplastic syndrome 1(12)
Multiple myeloma 1(12)

database cutoff date: 23 March 2012.
CML=Chronic myeloid leukemia, CP=chronic phase, AP=accelerated phase, BP=blast phase, Ph+=Philadelphia

loid leukemia.

chromosome-positive, ALL=acute lymphoblastic leukemia, AML=acute m
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Ph+ Patients

Median age years (range) 55 (26-85) 55.0(27-85) | 61.0(42-77) | 50.5(26-73) | 36.0(27-67)

37(56.9) 21 (48.8) 6(66.7) 5 (62.5) 5 (100.0)
28 (43.1) 22 (512) 3(333) 3(375) 0

to first dose, years (range) 6.5(0.8-23.5 | 6.6(0.8235) | 6.7(27-162) | 6.5(1.6-19.8) | 1.2(0.8-1.9)
ECOG. n (%)
0 26 (40.0) 19 (44.2) 2(222) 4(50.0) 1(20.0)
32(492) 22 (512) 7(17.8) 1(125) 2(40.0)
7(108) 2(4.7) 0 3(375) 2 (40.0)
(demography by diagnosis for Ph+ patients). Database cutoff date 23 March 2012
CML=chronic myeloid leukemia, CP=chronic phase, AP=accelerated phase, BP=blast phase, Ph+=Philadelphia chromosome-
positive, ALL=acute lymphoblastic leukemia; ECOG=Eastemn Cooperative Oncology Group.
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Approved Tvrosine Kinase Inhibitors
Imatinib 43 (100.0) 9 (100.0) 8(100.0) 3 (60.0)
Dasatinib 35 (81.4) 9 (100.0) 8(100.0) 4(80.0)
Nilotinib 24 (55.8) 7(717.8) 5 (62.5) 0

Tnvestigational Tyrosine Kinase Inhibitors
Bosutinib 1093) 1aLD 0 0

[
0

XL228 1093) 2(222) 1(12.5)
Tozasertib 1(23) 1(1L1) 1(12.5)
Chemotherapy

23 (535 3(333) 6(75.0) 1(20.0)
9(209) 2(222) 4(50.0) 5 (100.0)
7(163) 3(333) 1(125) 0
2a7) 2(222) 0 [
123) 1311 1(1255) 3 (60.0)
0 0 3 (60.0)
1aLD 1(125) 2(40.0)
1(LD 0 4(30.0)
1(LD) 1(125) 4(80.0)
0 [ 1(20.0)
0 [ 3 (60.0)
131D 0 2(40.0)
0 125 1(20.0)
123) 0 1(125) 1(20.0)

12 27.9) 5(55.6) 3(37.5)
3(7.0) 0 0
3(0.0 0 0
2@7) 0 0
2(@47) 0 0

0 1(11.1) 1(12.5)

123) 0 0

Unknown investigational agent 123 0 2250
Panobinostat 0 2022 0
Database cutoff date 23 March 2012.

(CML~=chronic myeloid leukemia, CP=chronic phase, AP=accelerated phase. BP—blasl plmse Ph+=Philadelphia

chromosome-positive, ALL=acute lymy ic leukemia, HHT=Homohar
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Dasatinib
Treated Patients, N 37 5
Progression 20 (34.5) 12 (324) 2(222)
No response’ 10(17.2) 7(189) 11D
Not tolerated 12(20.7) 11(29.7) 131D
Completed 0 [ 0
Next planned treatment 16 (27.6) 7(189) 5(556) - I 4(333)
Missing data 0 [ 0 0 0
Nilotinib
Treated Patients, N 36 24 7 5
Progression 13 (36.1) 8(333) 3(@29) X 2(40.0)
No response. 12(333) 9(37.5) 2(28.6) 20. 1(20.0)
Not tolerated 6(16.7) 4(167) 0 X 2(40.0)
Completed [ 0 0
Next planned treatment 5(13.9) 3(125) 2(286)
Missing data 0 0 [

Data cutoff date: 23 March 2012.

Best response to prior TKI was not differientiated by phase of disease; it was captured on the case report form
(CRF) as one of the following: complete, partial, stable,

CML=chronic myeloid leukemia, CP=chronic phase, AP=accelerated phase, BP=blast phase, Phr+=Philadelphia
chromosome-positive, ALL=acute lymphoblastic leukemia
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Database cutoff date 23 March 2012

* Some patients had more than 1 mutation and are represented more than once.
‘CP=chronic phase, AP=accelerated phase, BP=blast phase, Ph+=Philadelphia chromosome-

CML=chronic myeloid levkemia,
- ALL=acute lymphoblastic
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Response Rate, n (%)

Best Response Total Ph+ | CP- AP-CML BP-CML Ph+ALL
Patients | CML Total | AP-CML | BP-CML | Ph+ ALL
N=65 N=43 N=22 N=9 N=g N=5
Hematologic
CHR 22(646) | 4297 | NA NA NA N/A
MaHR 8(123) NA | 8(364) | 4(444) | 2(250) | 2(400)
Partial hematologic response 1(15) 0 15 0 1(125) 0
Minor hematologic response 1(15) 0 15 | 131D 0 [
No response/stable disease 537 0 527 | 111 | 1(125 | 3(600)
Progressive disease 231 0 200.) 0 2(25.0) )
No post-baseline assessment 6(92) 1(23) | 5027 | 3333 | 2250 0
Cytogenetic
MCYR 38(585) [31(72) | 7(318) | 2(222) | 3(375) | 2(40.0)
COR 32(492) [ 28(65.1) | 4(182) | 2(222) | 1(125) | 1(200)
PCYR 6092 | 3(0) | 3(136) 0 2(250) | 1(20.0)
Minor cytogenetic response 231 247 0 0 0 0
Minimal cytogenetic response 5an | 403 [ 145 | 101D 0 0
No response 10(154) | 5(11.6) | 5227 | 3(333) 0 2 (40.0)
No post-baseline assessment 10(154) | 1(23)° [ 9(09)°| 3(333) | 5(62.5 | 1(20.0)
Molecular
MMR 21(323) [19(#2) [ 20D | 1(LD 0 1(20.0)
MRY 10(154) [ 10(233) 0 0 0 0
CMR™ 3(46) 3(7.0) 0 0 0 0
No major molecular response 35(53.9) | 22(51.2) [13(59.D) | 5(55.5 | 7(87.5) | 1(20.0)
No valid baseline or post-baseline
aceecoment 70108) | 1@3) | 6(73) | 3(333) | 1(125) | 2(40.0)
Baseline assessment for ela2
variant only 23.1) 123) | 145 0 0 1(20.0)
Database cutoff date
23 March 2012.

CP=chronic phase, CML=chronic myeloid leukemia, AP=accelerated phase, BP=blast phase. P+ ALL=acute lymphoblastic
leukemia, CHR=complete hematologic response, N/A=Not applicable, MaHR=major hematologic response, MCyR=major
cytogenetic response, CCyR=complete cytogenetic response, PCyR=partial cytogenetic response. MMR=major molecular

response. MR=molecular response. CMR=complete molecular response.
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Best Response

‘Hematologic

Best Response
Achieved or Maintained”
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Best Response

CHR

42/43 (97.7)

16/17 (94)
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143 23)
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Cytogenetic
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29/41 (71)

COR

28/43 (65.1)

27/41 (66)

PCYR

3/43 (1.0)

7/41(17)

Minor cytogenefic response

2/43 (4.7)

‘Minimal cytogenetic response

4/43 (93)

No response

5/43 (11.6)

No post-baseline assessment

143 23)

MMR

19/43 (44.2)

19/43 (44.2)

g

10/43 (23.3)

10/43 (23.3)

CMR™

3/43 (7.0)

3/43 (7.0)

No major molecular response

22/43 (51.2)

No valid baseline o post-baseline assessment

1/43 (2.3)

Baseline assessment for ela2 variant only

143 23)

Database cutoff date 23 March 2012
CP-CML=chronic phase chronic myeloid leukemia, CHR=complete hematologic response, MCyR=major cytogenetic response,
CCyR=complete cytogenetic response, PCyR=partial cytogenetic response, MMR=major molecular response, MR=molecular

response, CMR=complete molecular response.

* Twenty-six patients entered in CHR, and all 26 remained in CHR, but were removed from the denominator of best response
achieved. One patient had CCyR at baseline, maintained CCyR on study after entering the study in molecular relapse, and
then achieved MMR on study. One patient had PCyR at baseline and maintained PCyR on study. Both patients were
considered to maintain rather than achieve cytogenetic response on study, and thus were removed from the denominator of best

response achieved.
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Database cutoff date: 23 March 2012,
CP-CML=chronic phzse chronic myeloid leukemia, cx-m-complm hematologic response, MCyR=major cytogenetic response.





image41.png
AP-CML, BP-CML, and Ph+ ALL
Best Response Best Response
Achieved or Maintained” Achieved®
N (%) N (%)

Best Response

Hematologic
MaHR 8122 (364) 8/20 (40.0)
No evidence of leukemia 3122 (13.6)

Minor hematologic response 122 (3.5
Partial hematologic response 122 (4.5)
No response/Stable disease 5122 (22.7)
Progressive disease 2022 9.1)
No post-baseline assessment 5122 (22.7)

Cytogenetic

MCYR 7722 (318) 5/19 (263)
COR 4122 (182) 4/19Q1.1)
PCYR 3722 (13.6) 119G3)

Minor cytogenetic response [ -

Minimal cytogenetic response 12245 —

No response 5122 (22.7) =

No post-baseline assessment 9/22 (40.9) =

Molecular
MMR 2022 (9.1) 2/22(9.1)

No major molecular response 13/22 (59.1)

No valid baseline or post-baseline assessment 6122 (273)

Baseline assessment for ela2 variant only 122 (4.5

Database cutoff date 23 March 2012.

AP=accelerated phase, BP=blast phase, CML=chronic myeloid leukemia, Ph+ ALL=acute lymphoblastic leukemia,

‘MaHR=major hematologic response, MCyR=major cytogenetic response, CCyR=complete cytogenetic response, PCyR=partial

cytogenetic response. MMR=major molecular response.
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JEICH)) 362 B210)

17(54) 6(64) 48(44.9)
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X 123 (39.3) 28(2938) 13(121)
155 (292) 104 (33.2) 39 (41.5) 12(112)
306.7) 27(86) 332 0

% of patieats with at least one...)
347 (655) 238 (76.0) 62 (66.0) 2(393)
273 G15) 198(63.3) 52(553) 21(19.6)

488.03 34414 9342 4625

Data extraction date: 23 July 2012
a Includes 16 patients from AP24534-07-101 with other diseases (AML, MDS, MM, MS).
b Dose intensity is calculated as total mg received/days on study treatment.
¢ Expected Total Dose for phase 2: 45 mg multiplied by the mumber of days on study; for phase 1 patients’ nitial dose level for
Ihosewho(bdnmmm\madoseuuljhm_lndhﬁstsﬂh}nldus!fn(l\osewhdldmm‘:dmm
d Dose interruption is defined as a gap of atleast 3 days between non-mi
 Total Person Years are calculated as mawom@xmammms’s
Abbreviations: ALL = Acute lymphoblastic leukemia, AP = accelerated phase, BP = blast phase, CML = Chronic myeloid
leukemia, CP = chronic phase, Min = minimum, Max = maximum, mos = months, N and n = mumber of patients, Ph+ =
Philad , SD = standard deviation.
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BP-CML/
Allpts CP-CML AP-CML | Ph+ALL
N=530)° (N=313) (N=94) (N=107)
n n n n
“Any treatment emergent AE 527 (99.4) 311(99.4) 93 (989) 107 (100)
Treatment-related AE 482(909) 302 (96.5) 37(92.6) 31(55.7)
Serious adverse event (SAE) 298 (36.2) 143 (45.1) 55 (38.5) 87(813)
Treatment related SAE 120 (22.6) G817 24(253) 24(224)
Deaths” 63(12.8) 113.5) 996 41(383)
Treatment related deaths 5(09) 2006) T(LD) 2(19)
‘Patients with AEs leading fo dose
‘modification or permanent
discontinuation® 409 (77.2) 258 (824) 75 (19.8) 65 (60.7)
Patieats with AEs leading 0
discontinuation 67(126) 33(12.1) 12(128) 13(12.1)
Deaths leading to discontimuation 26@9) 516 4(3) 12(112)

Data extraction date: 23 July 2012.
a mcludes 16 patients from AP24534-07-101 with other diseases (AML, MDS, MM. MS).
' Deaths on study or within 30 days after the Last dose of ponatinib or death at any time that s considered treatment
related.
 Dose modifcations inchude ductions, nermuptons, and re-escaltions rescibd by the proocols to manage
Ahlrevnnms AE= Adverse event, ALL = Acute Iymphoblastic leukemia, AP = accelerated phase, BP = blast

phase, CML = Chronic myeloid leukemia, CP = chronic phase, P~ = Philadelphia chromosome; pts = patients;
SAE = serious adverse event.
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Any grade Grade>3
Preferred Term n%) n(%)
BP-CML/ BP-CML/

Allpts CP-CML | APCML | Ph+ALL Allpts CP-CML | AP-CML | Ph+ALL

o= | 1y o) | oe107) | oesap | N1y | N9 | ovelon)
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Reason(s) for Death” Allpes CP-OML AP-CML BP-CML/ AMLAMDSAM
N-530) ON-313) ) Ph+ ALL S
n(%) (%) n(%) ®=107) o-16)
(%) (%)
“Total number of deaths 68(128) 1G5 906 41(383) 7(438)
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‘Septic shock 509) [ T 167 [
‘Mulfi-organ failure 108) 0 0 2(19) 7023)
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pattern: “new” means not present at baseline, i.e. at any evaluation pre dose, and only seen post baseline.
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Forest Plots Showing Impact of Covariates on Steady-State Exposure
after Treatment with Ponatinib, 45 mg
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