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[bookmark: _Toc351716269][bookmark: _Toc351718881][bookmark: _Toc355338616][bookmark: _Toc356306144][bookmark: _Toc517697084]Common abbreviations
	Abbreviation
	Meaning

	ACM
	Advisory Committee on Medicines

	ACPM
	Advisory Committee on Prescription Medicines

	ASA
	Australian specific annex

	AUC
	Area under the drug concentration time curve

	AUC0–24h
	Area under the drug concentration time curve from time zero to 24 hours

	AUCIDeg,0‑∞
	Area under the drug concentration time curve from time zero to infinity

	BMI
	Body mass index

	Cmax
	Maximum serum concentration

	CMI
	Consumer Medicines Information

	CPD
	Certified Product Details

	CV
	Cardiovascular

	CV%
	Coefficient of variation

	CYP450
	Cytochrome P450 system (enzymes)

	DHCP
	Dear Healthcare Professional

	DLP
	Data lock point

	DPP-4
	Dipeptidyl peptidase-4 (inhibitor)

	EAC
	Event adjudication committee

	ECG
	Electrocardiograph

	EMA
	European Medicines Agency

	EU
	European Union

	FDA
	Food and Drug Administration (US)

	GIR
	Glucose infusion rate

	GLP-1
	Glucagon like peptide-1 (agonist)

	HbA1c
	Glycated haemoglobin

	hERG K+
	Potassium channel

	IC50
	Half maximal inhibitory concentration

	ICH
	International Conference on Harmonisation

	IDeg
	Insulin degludec

	IDegAsp
	Combination of insulin degludec and insulin aspart

	IGF-1
	Insulin like growth factor-1

	IGlar
	Insulin glargine

	IV
	Intravenous

	L6
	Immortalised rat skeletal myoblast cell line

	MCF-7
	Human breast adenocarcinoma cell line

	MI
	Myocardial infarction

	OD
	Once daily

	PBRER
	Periodic Benefit-Risk Evaluation Report

	PI
	Product Information

	PMDA
	Pharmaceuticals and Medical Devices Agency (Japan)

	PSUR
	Periodic Safety Update Report

	PYE
	Patient years of exposure

	QTc
	Corrected QT interval; measurement of the time taken from the start of the Q wave to the end of the T wave in the cardiac cycle, corrected for heart rate

	RACGP
	Royal Australian College of General Practitioners

	RMP
	Risk management plan

	SC
	Subcutaneous

	SGLT-2
	Sodium/glucose cotransporter-2 (inhibitor

	T1DM
	Type 1 diabetes mellitus

	T2DM
	Type 2 diabetes mellitus

	Tmax
	Time to maximum serum concentration

	US
	United States (of America)

	τ,0-24h
	1 dosing interval (of IDeg)


[bookmark: _Toc517697085]I. Introduction to product submission
[bookmark: _Toc247691502][bookmark: _Toc314842483][bookmark: _Toc517697086]Submission details
	Type of submission:
	New chemical entity

	Decision:
	Approved

	Date of decision:
	24 November 2017

	Date of entry onto ARTG
	29 November 2017

	Active ingredient:
	Insulin degludec (rys)

	Product names:
	Tresiba FlexTouch; Tresiba Penfill

	Sponsor’s name and address:
	Novo Nordisk Pharmaceuticals Pty Ltd
PO Box 7586 Baulkham Hills NSW 2153

	Dose form:
	Solution of injection

	Strengths: 
	Tresiba FlexTouch: 100 U/mL and 200 U/mL
Tresiba Penfill: 100 U/mL

	Container:
	Multidose cartridge

	Pack size:
	Tresiba FlexTouch 100 U/mL: Packs of 1 and 5 cartridge(s)
Tresiba FlexTouch 200 U/mL: Packs of 1 and 3 cartridge(s)
Tresiba Penfill: Pack of 1 cartridge

	Approved therapeutic use:
	To improve glycaemic control in adult patients with diabetes mellitus requiring insulin.

	Route of administration:
	Subcutaneous (SC) injection

	Dosage:
	Dosage is individualised according to patient need, related to patient’s glycaemic control. See the Product Information (PI) for further details.

	ARTG numbers:
	Tresiba FlexTouch 100 U/mL: 280302
Tresiba FlexTouch 200 U/mL: 280301
Tresiba Penfill: 280300


[bookmark: _Toc247691503][bookmark: _Toc314842484][bookmark: _Toc517697087]Product background
This AusPAR describes the application by the sponsor to register Tresiba FlexTouch and Tresiba Penfill containing insulin degludec (rys) solution for injection in the proposed dosage forms and strengths shown in Table 1 (below) for the following indication:
‘to improve glycaemic control in adult patients with diabetes mellitus’.
[bookmark: _Toc479321680]Table 1: Proposed dosage forms/strengths
	Active ingredients
	Trade name
	Dosage forms/strengths

	Insulin degludec (rys)
	Tresiba FlexTouch
	FlexTouch 100 U/mL, 3 mL solution for injection in prefilled pen
FlexTouch 200 U/mL, 3 mL solution for injection in prefilled pen

	
	Tresiba Penfill
	Penfill 100 U/mL, 3 mL solution for injection in cartridge


Diabetes mellitus
Diabetes mellitus is associated with chronic hyperglycaemia due to either inadequate insulin production, insulin resistance or a combination of the two. Long term ocular, peripheral nervous system, renal and arterial damage can result.
There are predominantly 2 types of diabetes:
· Type 1: immune mediated pancreatic cell destruction results in insulin deficiency. Type 1 diabetes mellitus (T1DM) most commonly develops in childhood.
· Type 2: a combination of gradual insulin resistance and failure of the pancreas to produce sufficient insulin. Type 2 diabetes mellitus (T2DM) most commonly develops in adulthood.
In Australia, the estimated prevalence of adults with diabetes (both type 1 and 2) in 2011 to 2012 was 5.4% and in 2013, over 6000 children (aged 0 to 14 years) were estimated to have T1DM.[footnoteRef:1] T2DM is by far the most common type of diabetes; an estimated 849,000 adults (4.7%) reported that they have T2DM in 2011 to 2012, although this is thought to be an underestimate. It is estimated that in 2011, 36,263 Australians started using insulin to treat T2DM (164 people per 100,000 population) and the incidence of insulin use for type 2 diabetes increases with age; it is estimated that there is a 5-fold increase in the use of insulin between the ages of 40 to 44 and 70 to 74 years.[footnoteRef:2] [1:  Australian Institute of Health and Welfare (AIHW) webpage]  [2:  Incidence of insulin treated diabetes in Australia 2000 to 2011, Australian Institute of Health and Welfare Diabetes series number 22, AIHW webpage.] 

[bookmark: _Toc479321617]Current treatment options
Type 1 diabetes mellitus (T1DM)
[bookmark: _Ref509732797]Insulin is the cornerstone of treatment for T1DM.[footnoteRef:3] Insulin needs may be considered in terms of: [3:  Diabetes: management; published November 2013. Melbourne: Therapeutic Guidelines Limited; 2016 July.] 

· Basal insulin, which is the background requirement of insulin and is independent of carbohydrate needs. This is usually administered via long or intermediate acting insulin once or twice a day; and
· Bolus insulin, which includes prandial insulin to cover oral carbohydrate intake and correction doses which are used to manage very high blood glucose levels. This is usually administered with short or very short acting insulin formations.
Type 2 diabetes mellitus (T2DM)
Initial treatment usually starts with addressing lifestyle factors. As per current Therapeutic Guidelines, if glycaemic targets are not met with addressing lifestyle factors, metformin is recommended as first line therapy.3 If glycaemic targets are still not met, current options include a sulfonylurea, dipeptidyl peptidase-4 (DPP-4) inhibitor, glucagon like peptide-1 (GLP-1) agonist, sodium/glucose cotransporter-2 (SGLT-2) inhibitor, thiazolidinedione, acarbose or insulin. For patients with T2DM, insulin therapy is generally started as once daily basal insulin treatment; however, some patients may require more intensive treatment. Insulin is usually started in combination to an oral hypoglycaemic therapy.
The following insulin formulations are available in Australia, as shown in Table 2.
[bookmark: _Toc479321681]Table 2: Australian Register of Therapeutic Goods (ARTG) registered basal insulin formulations in Australia
	Type
	(Relative) Duration of action
	Active ingredient
	Brand name(s)

	Basal
	Long acting
	detemir
	Levemir

	
	
	glargine
	Lantus, Toujeo, Optisulin

	
	Intermediate acting
	isophane (protamine suspension)
	Humulin NPH, Protaphane, Hypurin Isophane


Adapted from Table 5.4 in ‘Diabetes: management’, Endocrinology, eTG Complete. Additional information from ARTG website (current as of 6 October 2016).
Insulin degludec
Insulin degludec (also referred to as IDeg) is an ultra-long acting insulin proposed for use in diabetes. IDeg differs from human insulin in that the amino acid threonine in position B30 has been omitted and a side chain consisting of glutamic acid and a C16 fatty acid has been attached. IDeg is produced by recombinant DNA technology using Saccharomyces secrevisiae.
IDeg differs from other available insulins in that it has a longer half-life (25 hours), long duration of action (up to 42 hours), flat pharmacodynamic prolife and reduced intrapatient variability.
[bookmark: _Toc314842485][bookmark: _Toc247691504][bookmark: _Toc517697088]Regulatory status
Regulatory history
An application to register IDeg was previously submitted to the TGA in 2012. During the course of the evaluation, safety concerns regarding cardiovascular (CV) risk were identified by the United States (US) Food and Drug Administration (FDA). A meta-analysis identified that the use of IDeg could increase the risk of CV death, non-fatal myocardial infarction (MI), non-fatal stroke, and unstable angina compared to comparators by up to 10%.
A meeting between the TGA and sponsor was held in September 2013. The application for insulin degludec was formally withdrawn on 25 October 2013 by the sponsor and was not reviewed by Advisory Committee on Prescription Medicines (ACPM).[footnoteRef:4] [4:  The Advisory Committee on Prescription Medicines (ACPM) was formed in January 2010 to advise and make recommendations to the TGA on prescription medicines regarding inclusion of a prescription medicine on the ARTG. The ACPM was replaced by the Advisory Committee on Medicines (ACM) in January 2017, which encompasses pre- and post-market advice for medicines, following the consolidation of the previous functions of the ACPM, the Advisory Committee on the Safety of Medicines (ACSOM) and the Advisory Committee on Non-Prescription Medicines (ACNM).] 

In relation to this submission, a pre-submission meeting was held with the sponsor in June 2016. The TGA agreed to an abridged application based on interim results of a CV outcomes study and synopsis of other studies that had been submitted between the original and subsequent evaluation. The sponsor had not proposed to include any information in the PI from the interim results of the CV safety study or other synopsis of clinical studies.
Overseas regulatory history
IDeg was approved for the European Union (EU) by the European Medicines Agency (EMA) in 2013. The EMA was aware of the same data which raised concerns in the US, but considered that the low number of events, lack of confirmatory evidence from non-clinical data and limitations of post-hoc analysis meant that this data did not negate the otherwise positive risk-benefit analysis. IDeg has also been approved by the Pharmaceuticals and Medical Devices Agency (PMDA) in Japan. In the US, the initial application was in September 2011. An application was resubmitted in March 2015 and approved in September 2015. The sponsor had proposed to resubmit an application for IDeg in Canada in 2016.
Similar submissions
[bookmark: _Ref511237953]A concurrent submission from the same sponsor for a product containing IDeg in combination with insulin aspart (Ryzodeg 70/30 FlexTouch (prefilled pen) and Ryzodeg 70/30 Penfill (cartridge)) was also under consideration by the TGA. Further information can be found in the AusPAR for Ryzodeg on the TGA website.[footnoteRef:5] [5:  AusPAR for Ryzodeg 70/30 FlexTouch/Ryzodeg 70/30 Penfill insulin degludec (rys)/insulin aspart (rys) Novo Nordisk Pharmaceuticals Pty Ltd PM-2016-02723-1-5] 

Overseas regulatory status
[bookmark: _Toc479321683]Table 3: Overseas regulatory history
	Country/region
	Status
	Indication 
	Comment 

	European Union
	Submitted: 26 September 2011
Approved: 21 January 2013 for the indication of ‘treatment of diabetes mellitus in adults’.
	Current indication: ‘Treatment of diabetes mellitus in adults, adolescents and children from the age of 1 year’.
	Black triangle in EMA which indicates that the medicine is subject to ‘additional monitoring’.

	United States
	Initial submission: 29 September 2011
Resubmission: 26 March 2015
Approved: 25 September 2015
	‘Tresiba is indicated to improve glycaemic control in adults with diabetes mellitus’.
	Approval of resubmission based on inclusion of CV safety data as is proposed in the Australian resubmission.

	Canada
	Initial submission: withdrawn on 12 July 2013
Proposed resubmission: December 2016
	‘Tresiba (insulin degludec) is an ultra long acting basal insulin analogue indicated for once daily subcutaneous administration for the treatment of adults with diabetes mellitus to improve glycaemic control’
	


[bookmark: _Toc247691505][bookmark: _Toc314842486][bookmark: _Toc517697089]Product Information
[bookmark: _Toc247691506][bookmark: _Toc314842487]The Product Information (PI) approved with the submission which is described in this AusPAR can be found as Attachment 1. For the most recent PI, please refer to the TGA website at <https://www.tga.gov.au/product-information-pi>.
[bookmark: _Toc517697090]II. Registration timeline
Table 1: Registration timeline for Submission PM-2016-02721-1-5
	Description
	Date

	Submission dossier accepted and first round evaluation commenced
	30 November 2016

	First round evaluation completed
	4 May 2017

	Sponsor provides responses on questions raised in first round evaluation
	30 June 2017

	Second round evaluation completed
	23 August 2017

	Request for Advisory Committee advice and/or Delegate’s Overview
	30 August 2017

	Sponsor’s response to Delegate’s Overview
	15 September 2017

	Advisory Committee meeting
	5-6 October 2017

	Registration decision
	24 November 2017

	Entry onto ARTG
	29 November 2017

	Number of TGA working days from commencement of evaluation to registration decision*
	189


* Statutory timeframe: 255 working days.
[bookmark: _Toc517697091]III. Quality findings
[bookmark: _Toc247691507][bookmark: _Toc314842488][bookmark: _Toc517697092]Drug substance (active ingredient)
The insulin degludec (IDeg) drug structure is shown in Figure 1 (below). The molecular formula is C274H411N65O81S6.
Figure 1: Insulin degludec drug structure
[bookmark: _Toc488238051][image: ]
The insulin degludec drug substance manufacturing process includes fermentation of yeast cells, recovery and purification. The fermentation produces a precursor-insulin, which is cleaved to desB30-insulin. This is then purified and chemically modified to insulin degludec by inserting a hexadecandioyl-γ-L-glutamate group in position B29. After further purification, the drug substance is stored at long term storage conditions according to the approved shelf-life. All drug substance manufacturing steps are validated.
Drug substance stability
The sponsor proposed a shelf life of 60 months at -20°C ± 5°C and protected from light.
Stability data have been generated under real time and stressed conditions.
Stability data were generated under real time conditions to characterise the stability profile of the substance and to establish a shelf life. The real time data submitted support a shelf life of 60 months when stored at ≤ -20°C ± 5°C.
There were no noteworthy stability issues.
[bookmark: _Toc247691508][bookmark: _Toc314842490][bookmark: _Toc517697093]Drug product
The primary packaging is a Penfill 3 mL cartridge. The Penfill 3 mL cartridge can be assembled into a pre-filled disposable device, a PDS290 pen injector (FlexTouch). The PDS290 device is already approved for use with NovoRapid. The Penfill 3 mL cartridge is approved for use in other sponsor made insulin products. It consists of Type 1 glass, with a plunger (halobutyl) and a stopper (halobutyl/isoprene). These materials have all been previously evaluated and found to be satisfactory.
There are no drug product pecification issues. All analytical procedures are validated.
Drug product stability
Stability data have been generated under stressed and real time conditions to characterise the stability profile of the product. Photostability data the product is not photostable. However, the secondary packaging provides adequate protection.
The proposed shelf life is 30 months when stored at 5°C ± 3°C. This is supported by adequate stability data.
In-use stability data covering storage at 24 months at 2 to 8°C then 4 weeks at 30°C have also been submitted. The proposed shelf life and storage conditions for the opened product are 28 days when stored below 30°C or at 2 to 8°C.
Recommended shelf life
30 months at 2 to 8oC. Store below 30°C or in the refrigerator between 2°C to 8°C for up to 28 days. Any remainder must then be discarded.
[bookmark: _Toc314842491][bookmark: _Toc517697094]Biopharmaceutics
Absolute bioavailability
Study NN1250-4000
Study NN1250-4000 was a randomised single centre, open label, 2 period, cross over study to assess the pharmacokinetic and pharmacodynamic properties of IDeg after subcutaneous (SC) versus intravenous (IV) administration in 18 healthy adult subjects.
The primary objective was to estimate the absolute bioavailability of IDeg following SC administration. Subjects were randomly assigned to a single SC dose (0.4U/kg bodyweight administered in the thigh) and a single IV dose (0.04 U/kg bodyweight) at 2 separate dosing visits (separated by 13 to 21 days).
The absolute bioavailability of IDeg (ratio of the area under the drug concentration time curve from time zero to infinity (AUCIDeg,0-∞)) SC: IV (AUCIDeg,0‑∞,SD,IDeg,s.c./AUCIDeg,0‑∞,SD,IDeg,i.v.) was 0.91 (95% CI: 0.82, 1.01). The sensitivity analysis (excluding unphysiological values) demonstrated an absolute bioavailability of IDeg of 0.88 (95% CI: 0.81, 0.95). The mean serum clearance was 33 mL/h/kg and mean volume of distribution was 242.9 mL/kg. The terminal half-life following IV administration was 5.1 hours.
Conclusions
The pharmacokinetic characteristics of IDeg have been established in the original withdrawn submission. In summary, there do not appear to be any outstanding pharmacokinetic issues from the original evaluation. The new data do not add any new information. The pharmacokinetic profile is adequately described in the proposed PI with data from the previous submission.
[bookmark: _Toc247691509][bookmark: _Toc314842493][bookmark: _Toc517697095]Quality summary and conclusions
There are no objections on quality grounds to the approval of:
280300 Tresiba Penfill insulin degludec 100 U/mL solution for injection multidose cartridge
280302 Tresiba FlexTouch insulin degludec 100 U/mL solution for injection multidose cartridge
280301 Tresiba FlexTouch insulin degludec 200 U/mL solution for injection multidose cartridge
Proposed conditions of registration for the Delegate
Batch release testing and compliance with Certified Product Details (CPD)
It is a condition of registration that all batches of:
280300: Tresiba Penfill insulin degludec 100 U/mL solution for injection multidose cartridge
280302: Tresiba FlexTouch insulin degludec 100 U/mL solution for injection multidose cartridge
280301: Tresiba FlexTouch insulin degludec 200 U/mL solution for injection multidose cartridge
imported into/manufactured in Australia must comply with the product details and specifications approved during evaluation and detailed in the Certified Product Details (CPD).
It is a condition of registration that each batch (of the products listed above) imported into/manufactured in Australia is not released for sale until samples and/or the manufacturer’s release data have been assessed and endorsed for release by the TGA Laboratories Branch.
The sponsor must supply:
Certificates of Analysis of all active ingredient (drug substance) and final product.
Information on the number of doses to be released in Australia with accompanying expiry dates for the product and diluents (if included).
Evidence of the maintenance of registered storage conditions during transport to Australia.
6 cartridges of each batch for testing by the TGA Laboratories Branch together with any necessary standards, impurities and active pharmaceutical ingredients (with their Certificates of Analysis) required for method development and validation.
[bookmark: _Toc196046439][bookmark: _Toc247691510][bookmark: _Toc314842494][bookmark: _Toc517697096]III. Nonclinical findings
[bookmark: _Toc247691512][bookmark: _Toc314842496][bookmark: _Toc517697097]Pharmacology
Primary pharmacology
In vitro binding studies indicated that insulin degludec binds to the human insulin receptor with around 13 to 15% of the affinity of native human insulin; relative affinity was found to be further reduced in the presence of albumin (reflecting drug protein binding). There was no significant difference in the association and dissociation rates for binding to recombinant human insulin receptor between insulin degludec and human insulin. Receptor phosphorylation/dephosphorylation experiments in transfected cells demonstrated that insulin degludec acts as a less potent but full agonist of the human insulin receptor and with signalling duration equivalent to human insulin. Full agonism and decreased potency compared with human insulin (which was further reduced with increasing albumin concentration) were also evident in functional assays examining lipogenesis in primary rat adipocytes. Stimulation of glucose utilisation, inhibition of lipolysis and inhibition of fatty acid mobilisation was shown for insulin degludec in human adipocytes, with the drug displaying 1.5 to 1.8% of the potency of human insulin (in the presence of 1% human serum albumin). Stimulation of glycogen synthesis by insulin degludec was demonstrated in experiments with human breast adenocarcinoma (MCF‑7) cells, rat hepatocytes, human and rat skeletal muscles and immortalised rat skeletal myoblast (L6) cells overexpressing the human insulin receptor, with insulin degludec having the same maximal effect as human insulin. The potency of insulin degludec was 21% of that of human insulin in assays in rat hepatocytes conducted in the absence of albumin; lower relative affinity was seen in other experiments where albumin was present.
The selectivity of insulin degludec for binding to the human insulin receptor over the insulin like growth factor-1 (IGF‑1) receptor was shown to be around 6 to 7 times greater compared with that of human insulin. The mitogenic potency of insulin degludec in non‑neoplastic (primary human mammary epithelial cells and L6 rat myoblasts overexpressing human insulin receptor) and neoplastic (human colon adenocarcinoma and human mammary adenocarcinoma) cells was consistently lower than that of human insulin (3 to 14% relative potency in the absence of human serum albumin). Available data show comparable or lower proliferative: metabolic potency for insulin degludec compared with human insulin.
In vivo pharmacology studies examining blood glucose lowering activity in Sprague Dawley and Zucker obese rats yielded an estimated molar potency of insulin degludec relative to human insulin of 65% and 47% in the respective strains. Euglycaemic clamp studies in pigs demonstrated that insulin degludec formulated with higher zinc content gives a long, flat pharmacodynamic (and pharmacokinetic) profile.
Secondary pharmacodynamics and safety pharmacology
Activity at the IGF‑1 receptor is described above. Screening against a panel of 67 other receptors, ion channels and transporters revealed no significant secondary activities for insulin degludec (1 μM; corresponding to around 100 times the human maximum serum concentration (Cmax) at the anticipated maximum human dose).
Submitted safety pharmacology studies examined potential effects on the central nervous system, CV and respiratory systems. Notable effects were limited to signs of passivity (at 3 to 300 nmol/kg SC), and decreased respiration rate and increased tidal volume in rats (at 300 nmol/kg SC; yielding around 65 times the clinical maximal serum concentration (Cmax) (based on animal pharmacokinetic data obtained in Study 204316) which can be attributed to hypoglycaemia. Insulin degludec showed no significant binding to the potassium channel (hERG K+) (1 μM) and had no effect on action potentials in isolated rabbit Purkinje fibres (≤ 1 μM; around 100 times the clinical Cmax). Electrocardiograph (ECG) and other CV parameters were unaffected in dogs (at ≤ 24 nmol/kg SC and ≤ 12 nmol/kg IV; Cmax, 96 nM, corresponding to around 10 times the clinical Cmax).
[bookmark: _Toc247691513][bookmark: _Toc314842497][bookmark: _Toc517697098]Pharmacokinetics
[bookmark: _Toc247691514][bookmark: _Toc314842498]Size exclusion chromatography data indicate that insulin degludec is present as a di‑hexamer in the pharmaceutical formulation (containing glycerol, phenol, meta-cresol and zinc acetate as excipients). Larger multi-hexameric forms were formed when the drug was formulated in saline. Similar association upon SC injection is suggested (mostly due to the rapid dissipation of phenol), with the complexes of a molecular size too large to be absorbed into the capillary, thus forming a depot. It is proposed that as zinc is slowly depleted from the hexamers, insulin degludec monomers gradually separate and are absorbed into the circulation.
Absorption was prolonged (time to maximum serum concentration (Tmax) 2 to 8 h) in rats, dogs and humans following SC administration of insulin degludec formulations containing 5-6 Zn2+/hexamer. The rate of SC absorption in rats appeared to marginally increase with dose. High SC bioavailability (≥ 60%) was seen in all laboratory animal species examined (rat, dog and pig). Following IV dosing with a zinc free formulation, the elimination half-life of insulin degludec was similar in rats and pigs (around 1 to 2 h), but longer in dogs (around 3 h). Longer half-lives with SC compared with IV administration were apparent in all species, consistent with rate-limiting absorption. Cmax and area under the drug concentration time curve (AUC) were dose proportional. There were no sex differences in the pharmacokinetic parameters in the animal species examined, and no consistent evidence of accumulation after repeated SC dosing to mice, rats, rabbits and dogs. Anti-drug antibodies developed at a low incidence in treated rats and were not seen to affect pharmacokinetics; anti‑drug antibodies were not detected in dogs.
Plasma protein binding was high and similar across all species (assessed as being > 99% in rats, rabbits, dogs, pigs and humans). Protein binding in human plasma was predominantly due to albumin. The affinity of insulin degludec for rat, dog, pig and human albumin was similar, but was significantly greater for rabbit albumin (7 times greater compared with human albumin). Concentration dependent displacement of insulin degludec from human serum albumin was shown for the fatty acids, palmitate, oleate and linoleate (half maximal inhibitory concentration (IC50) around 3.2 to 5.5 μM) and for ibuprofen (IC50, 11 μM); no significant displacement was observed with glimepiride, metformin, sitagliptin, liraglutide, warfarin, acetylsalicylate or salicylate (IC50, > 100 μM).
Tissue distribution studies with radiolabelled insulin degludec in rats indicated limited extravascular distribution, with levels of radioactivity in all or mostly all tissues lower than in plasma. Consistent with this, the volume of distribution was low (70 to 262 mL/kg in rats, dogs and pigs). The highest tissue levels of radioactivity were seen in the kidney and liver (organs that are involved in receptor mediated uptake and degradation of insulin;[footnoteRef:6] adrenal medulla and the lung. [6:  Duckworth W et al. (1998) Insulin degradation: progress and potential. Endocr. Rev. 19: 608-624.] 

In vitro, 10 metabolites were detected (but not characterised) in incubations with rat, rabbit, dog and human hepatocytes. All human metabolites were detected in either one or both of the species used in the pivotal repeat dose toxicity studies (rats and dogs). Further in vitro experiments, involving incubation with cathepsin D, revealed a series of insulin degludec metabolites identical to that for human insulin. In vivo, tritiated water plus 2 or 3 other compounds, were identified as circulating metabolites in rats and dogs. No data on the pharmacological activity of the metabolites was submitted in the nonclinical data. Excretion of insulin degludec and/or its metabolites was predominantly via the urine in rats, with biliary excretion demonstrated.
Overall, the pharmacokinetic profile of insulin degludec was typical for a long acting insulin product. The pharmacokinetic profiles in rats and dogs were sufficiently similar to that of humans to support their use in toxicity studies.
[bookmark: _Toc294861725]Pharmacokinetic drug interactions
No significant induction of cytochrome P450 system (CYP450) 1A, 2A, 2B, 2C, 2E or 3A activities was seen in the livers of rats treated with insulin degludec at ≤ 150 nmol/kg/day SC for 2 weeks (> 30 times the anticipated maximum clinical dose of 0.8 U/kg/day (4.8 nmol/kg/day)). Pharmacokinetic drug interactions involving CYP450 enzymes are not anticipated during clinical use, nor are interactions involving protein binding.
[bookmark: _Toc517697099]Toxicology
[bookmark: _Toc294861727]Acute toxicity
The acute toxicity of insulin degludec was investigated in rats and dogs. In studies incorporating the recommended 14 days post dose observation period, no mortality or other overt toxicity occurred in rats following a single dose up to 24000 nmol/kg SC or in dogs at 1.5 nmol/kg IV. Animal numbers in the studies were small but adequate. Insulin degludec appeared to also be well tolerated in a dose escalation study in dogs involving SC administration, with notable effects limited to hypoglycaemia (evident as decreased activity and ataxia), seen at the highest dose level (30 nmol/kg; each dose given for 4 consecutive days, with a 3‑day treatment free period between each dose level).
[bookmark: _Toc294861728]Repeat dose toxicity
[bookmark: _Ref510559823][bookmark: _Ref509878347][bookmark: _Ref509878406]Repeat dose toxicity studies of up to 13 weeks duration were conducted in mice, 52 weeks in rats, 2 weeks in rabbits and 26 weeks in dogs. All involved administration by the clinical route (SC). The pivotal and a number of other studies included NPH insulin comparator groups.[footnoteRef:7] The duration of the pivotal studies, the species used (rats and dogs) and group sizes are consistent with the ICH M3 (R2) and S6 (R1) guidelines.[footnoteRef:8],[footnoteRef:9] The pivotal 52‑week rat study was conducted with the proposed clinical formulation; it also included sensitive indices of cellular proliferation in the study design, in accordance with EMA guidance.[footnoteRef:10] [7:  NPH (neutral protamine Hagedorn) insulin, also known as isophane insulin, is an intermediate acting human insulin.]  [8:  ICH M3 (R2): International Conference on Harmonisation, Note for Guidance on Non-Clinical Safety Studies for the Conduct of Human Clinical Trials and Marketing Authorisation for Pharmaceuticals.]  [9:  ICH S6 (R1): International Conference on Harmonisation, Preclinical Safety Evaluation of Biotechnology-Derived Pharmaceuticals guidelines.]  [10:  CPMP/SWP/372/01: Points to Consider Document on the Non-clinical Assessment of the Carcinogenic Potential of Insulin Analogues.] 

Relative exposure
Exposure ratios achieved at the upper dose levels in the pivotal studies have been calculated based on animal: human plasma Cmax and area under the drug-concentration time curve from time zero to 24 hours (AUC0–24h) values for insulin degludec and with reference to a maximum clinical dose of 0.8 U/kg/day.
Table 4: Relative exposure at the highest dose levels in the pivotal repeat-dose toxicity studies
	Species
	Study
	Study duration
	Dose (nmol/kg/day)
	Cmax (nM)
	AUC0–24 h (nM∙h)
	Relative exposure

	
	
	
	
	
	
	Cmax
	AUC

	Rat
	(Wistar)
	206315
	26 weeks
	125
	571
	3328
	59
	18

	
	(SD)
	206539
	52 weeks
	60
	123
	883
	13
	5

	Dog (Beagle)
	206314
	26 weeks
	8
	14.8
	228
	1.5
	1.3

	Human (diabetic patients)
	NN1250-1993 (steady state)
	4.8 (= 0.8 U/kg/day)
	9.7
	180
	
	


Major findings
Notable treatment-related findings were confined to effects related to the pharmacological activity of insulin; some minor injection site changes were also seen.
[bookmark: _Toc294861729]Hypoglycaemia related deaths and clinical signs (for example sluggishness, abnormal respiration, coldness, piloerection, hunched posture, ataxia, body pallor, semi-closed eyelids) were observed in all species, and prompted dose reductions during the course of the longest studies in rats and dogs. Various changes in clinical chemistry and urinalysis parameters were seen in rats, but are not considered to be toxicologically significant. NPH insulin produced similar effects.7 Histopathological changes were only observed in the liver (decreased hepatic rarefaction, representing decreased glycogen accumulation) and at the SC injection sites (inflammation and haemorrhage, typically minimal or slight, and comparable or only slightly higher in incidence and severity compared with vehicle treated control groups). While deaths occurred, their direct relationship to the desired action to reduce blood glucose allows no observable adverse effect levels of 125 nmol/kg/day and 8 nmol/kg/day to be set for insulin degludec in the rat and dog, respectively. The increased sensitivity of the dog as compared with the rat seen in the studies is consistent with findings for insulins and other anti-hyperglycaemic agents.
Genotoxicity
No genotoxicity studies were submitted. This is considered acceptable given the drug’s status as a biotechnology derived product under the ICH S6 (R1) guideline;9 and that no particular genotoxic concerns are held for the class of molecule or its individual components (consisting of desB30 human insulin, glutamate and 1,16-hexadecanedioic acid) based on existing data and/or structural grounds.
[bookmark: _Toc294861730]Carcinogenicity
Standard 2 year rodent carcinogenicity studies were not conducted and are not required for this product. Instead, and consistent with EMA guidance the carcinogenic potential of insulin degludec was assessed through a range of in vitro studies (assays for insulin and IGF‑1 receptor binding; insulin receptor activation; cellular metabolic and mitogenic potency) and in vivo in the general repeat-dose toxicity program, including through the use of a sensitive measurement of cellular proliferation.10 The in vitro studies showed that the relative mitogenic: metabolic activity of insulin degludec is not increased compared with human insulin. In vivo, no proliferative changes were evident microscopically in long term studies in rats and dogs, and in particular, bromodeoxyuridine incorporation assays revealed no increase in mammary cell proliferation in female rats at up to maximally tolerated doses in the 52‑week study (≤ 60 nmol/kg/day; relative exposure of 5 based on AUC.
Reproductive toxicity
Submitted reproductive toxicity studies covered all stages, and comprised combined examination of fertility and embryofetal development in rats, embryofetal development in rabbits and pre‑/postnatal development in rats. All studies involved administration by the clinical route (SC) and included NPH insulin comparator groups. The pivotal studies were conducted using appropriate species, group sizes, method of administration, and timing/duration of treatment. To avoid excessive maternal loss, the pivotal pre/postnatal development study incorporated a short treatment free period from gestation Day 21 to lactation Day 2 to avoid insulin induced hypoglycaemia coinciding with a periparturient decrease in food intake in the species. This modification of the normal protocol is considered acceptable.
Relative exposure
Exposure ratios achieved at selected doses in the definitive studies based on animal: human plasma AUC values are tabulated below. AUC values for female rats and rabbits are extrapolated from data obtained in pilot studies, and values for male rats from data in a 4 week general repeat dose toxicity study (Study 205239). Significant multiples of the maximum anticipated clinical exposure were achieved at the highest doses tested.
Table 5: Relative exposure at selected doses in the pivotal reproductive and developmental toxicity studies
	Species
	Study
	Dose (nmol/kg/day)
	AUC0–24 h (nM∙h)
	Exposure ratio

	Rat (han Wistar)
	Fertility/embryofetal development
	Female
	20
	117
	0.7

	
	
	
	80
	460
	2.6

	
	
	
	125
	963
	5

	
	
	Male
	
	1105
	6

	
	Pre/postnatal development
	20
	117
	0.7

	
	
	80
	460
	2.6

	
	
	125
	963
	5

	Rabbit (NZW)
	Embryofetal development
	20
	1660
	9

	Human (diabetic patients)
	NN1250-1993 (steady state)
	4.8
(= 0.8 U/kg/day)
	180
	


Very limited placental transfer of insulin degludec was evident in rats, with fetal serum levels < 1% of maternal levels. Excretion of insulin degludec and its metabolites in milk was shown to be moderate to high in lactating rats following SC administration of 3H‑insulin degludec (milk: plasma ratios of 0.31 for insulin degludec and total radioactivity in terms of AUC; 0.35 for insulin degludec Cmax, and 0.46 for total radioactivity Cmax).
Male and female fertility were unaffected in rats treated with insulin degludec at doses ≤ 125 nmol/kg/day (relative exposure, 5 to 6). An increase in various fetal skeletal abnormalities was seen in rats at doses ≥ 80 nmol/kg/day (relative exposure, ≥ 2.6). However, their nature and incidence was similar to that observed with NPH insulin treatment, and they are considered likely to be related to maternal hypoglycaemia rather than reflect direct embryofetal toxicity. In rabbits, no adverse effect on embryofetal development was observed in the definitive study (employing doses up to 20 nmol/kg/day), although decreased live litter size and increased pre- and post-implantation loss were observed at 25 nmol/kg/day in the pilot study. The no observable adverse effect levels for embryofetal development are considered to be 20 nmol/kg/day in both species, associated with exposure ratios of 0.7 in rats and 9 in rabbits.
The live birth index was reduced in rats with treatment at ≥ 80 nmol/kg/day (relative exposure, 2.6). At 125 nmol/kg/day (relative exposure, 5), significant reductions in pup birth weight (by 8 to 10%) and pup survival to Day 4 were observed, as well as reduced pre‑weaning body weight gain and delayed sexual development (belano-preputial separation) in male offspring and decreased co-ordination/motor skills (rotarod test) in females. No adverse effects on postnatal survival after Day 4 or on other developmental parameters, including mating performance and fertility, were seen. Supported by comparisons with NPH insulin treatment, the effects observed in the pre/postnatal development study are presumed to be secondary to maternal hypoglycaemia rather than to reflect direct toxicity. Relative exposure at the no observable adverse effects level (20 nmol/kg/day) is 0.7.
Pregnancy classification
[bookmark: _Ref510032362]The sponsor has proposed Pregnancy Category B3.[footnoteRef:11] This is considered appropriate. It is consistent with findings of fetal damage with insulin degludec in animals (albeit probably occurring secondary to maternal hypoglycaemia), and matches the category used for other insulin analogues without robust clinical data to support safety for use in pregnancy. [11:  Australian categorisation system for prescribing medicines in pregnancy: Category B3; Drugs which have been taken by only a limited number of pregnant women and women of childbearing age, without an increase in the frequency of malformation or other direct or indirect harmful effects on the human fetus having been observed. Studies in animals have shown evidence of an increased occurrence of fetal damage, the significance of which is considered uncertain in humans.] 

Local tolerance
Local tolerance following SC injection with the commercial formulation (100 and 200 U/mL strengths) was examined in minipigs. Injection site reactions were mild, and comparable to those with NPH insulin (100 U/mL), and comparable or only modestly more severe than with saline. Similar results were observed in an SC study with an early development formulation of insulin degludec in pigs, and good local tolerance was also evident in the general repeat dose toxicity studies (although these generally used lower strengths and/or different vehicles). The local tolerability of the commercial formulation (both strengths) was also investigated in rabbits following intra-arterial, intramuscular and IV injection, with reactions again comparable to those with NPH insulin, and largely attributable to the vehicle or injection procedure itself.
Paediatric use
No specific juvenile animal studies were conducted. The absence of such studies is considered to be acceptable given the findings in the general repeat dose toxicity program (where animals were around peripubertal age at the start of dosing) and considering existing data/experience for the class.
[bookmark: _Toc247691515][bookmark: _Toc314842499][bookmark: _Toc517697100]Nonclinical summary
The submitted nonclinical studies were sufficiently comprehensive in scope. The studies were satisfactorily designed, and all pivotal safety related studies were Good Laboratory Practice compliant.
In vitro studies showed insulin degludec binds to the human insulin receptor with lower affinity compared with human insulin, influenced by the presence of albumin. There was no significant difference in the association and dissociation rates for binding to the receptor between insulin degludec and human insulin. Full agonism of the insulin receptor was shown in various cell-based functional assays. In vivo, insulin degludec lowered blood glucose in pigs with a long, flat pharmacodynamic/pharmacokinetic profile.
Insulin degludec has greater selectivity for the insulin receptor over the IGF‑1 receptor compared with human insulin, and functional assays demonstrated comparable or lower relative proliferative: metabolic potency. No other significant secondary pharmacodynamic activities were found. Notable findings in safety pharmacology studies, covering the central nervous system, cardiovascular and respiratory systems were limited to signs of passivity and slower, deeper respiration in rats, which can be attributed to hypoglycaemia.
Prolonged absorption after SC administration was demonstrated in rats and dogs, as in humans. Cmax and AUC were dose proportional. Repeat daily SC administration in laboratory animal species was not seen to result in drug accumulation. Anti-drug antibodies developed at a low incidence in rats (and did not appear to affect pharmacokinetics) and were not detected in dogs. Plasma protein binding was similar and high across all species. Limited extravascular distribution was evident in rats. In vitro experiments in human and animal hepatocytes indicated a similar pattern of metabolism compared with human insulin. Excretion of insulin degludec and/or its metabolites was predominantly via the urine in rats.
Insulin degludec produced no mortality or other overt toxicity in rats following a single SC dose up to 24000 nmol/kg or in dogs at 1.5 nmol/kg IV.
Pivotal repeat-dose toxicity studies were conducted in rats (26 and 52 weeks) and dogs (26 weeks) using the SC route. Hypoglycaemia related deaths and clinical signs were observed in animals in the repeat dose toxicity studies, limiting doses. NPH insulin produced similar effects. Only the liver (decreased glycogen accumulation) and SC injection sites (mild inflammation and haemorrhage) showed treatment-related histopathological changes.
Genotoxicity and standard 2 year rodent carcinogenicity studies were not conducted and are not required for this class. No proliferative changes were observed in the long term general repeat dose toxicity studies conducted in rats and dogs. A sensitive measure of cell proliferation (bromodeoxyuridine labelling of the female mammary gland) incorporated in the 52‑week rat study was also not increased by treatment with insulin degludec. In vitro experiments further indicated a favourable mitogenic profile.
Reproductive toxicity studies showed no effect on male and female fertility, an increase in fetal skeletal abnormalities, decreased live birth index and perinatal survival and some delayed postnatal development in rats. NPH insulin produced similar effects.
SC administration of the commercial formulation (100 and 200 U/mL strengths) was shown to be well tolerated locally in minipigs.
[bookmark: _Toc517697101]Nonclinical conclusions and recommendation
The nonclinical data contained no major deficiencies.
In vitro and in vivo primary pharmacology studies support the proposed use in diabetes mellitus.
Safety studies established a toxicological profile similar to other members of the class, comprising effects consistent with hypoglycaemia/exaggerated pharmacology and mild injection site reactions.
Insulin degludec is not considered to pose a genotoxic or particular carcinogenic hazard. While adverse effects on embryofetal and pre/postnatal development were observed, these are considered most likely to be secondary to maternal hypoglycaemia rather than to reflect direct toxicity.
The proposed Pregnancy Category B3 is considered appropriate.11
There are no nonclinical objections to the registration of Tresiba.
[bookmark: _Toc196046462][bookmark: _Toc247691516][bookmark: _Toc314842500][bookmark: _Toc163441353][bookmark: _Toc163441348][bookmark: _Toc517697102]IV. Clinical findings
[bookmark: _Toc196046463]A summary of the clinical findings is presented in this section. Further details of these clinical findings can be found in Attachment 2.
[bookmark: _Toc247691517][bookmark: _Toc314842501][bookmark: _Toc517697103]Introduction
[bookmark: _Toc196046464][bookmark: _Toc247691518][bookmark: _Toc314842502]Clinical rationale
The sponsor’s clinical rationale for the use of insulin degludec, (as stated in the cover letter dated 20 September 2016) is that there is: ‘a need for an ultra long acting basal insulin, with a more consistent and predictable absorption profile to reduce the risk of hypoglycaemia and allow greater flexibility in the timing of the injection. Furthermore, a product with a higher insulin concentration will ensure the basal insulin needs of all insulin treated diabetic patients can be met with a single daily dose’.
Guidance
Relevant TGA adopted EMA guidelines are the following:
· Guideline on clinical investigation of medicinal products in the treatment or prevention of diabetes mellitus (14 May 2012; CPMP/EWP/1080/00 Rev. 1).
· Reflection paper on assessment of cardiovascular safety profile of medicinal products (25 February 2016; EMA/CHMP/50549/2015).
Contents of the clinical dossier
In a pre-submission meeting on the 20 June 2016, it was agreed that the clinical dossier for resubmission would not include the original clinical studies that had been previously evaluated in the original withdrawn submission. The dossier would be limited to data from Study EX 1250-4080 (also known as the DEVOTE trial, focused on CV outcomes), synopses of new studies completed since the original submission, and other material to address outstanding issues from the previous submission.
New studies
34 new studies were submitted as synopses (compared with the original withdrawn submission). These include 19 IDeg specific trials as follows:
· 12 Phase III trials (5 extension trials, 6 new Phase III trials and 1 paediatric trial)
· 5 clinical pharmacology trials
· 2 ‘other therapeutic’ trials: Study NN1250-3874 was defined as a Phase IIIb trial but has a Phase I like design and Study NN1250-3943 is of short duration.
Additional information was submitted in December 2016; this was the interim data from the cardiovascular outcomes DEVOTE trial (also known as Study EX1250-4080).
Other documents
Other key documents included:
· Periodic Safety Update Report (PSUR)/Periodic Benefit-Risk Evaluation Report (PBRER) IDeg 1 October 2014 to 30 September 2015
Paediatric data
One synopsis has been submitted to support use in a paediatric population (Study NN1250‑3561 evaluating use of IDeg in paediatric subjects with T1DM), however a paediatric indication is not being sought in Australia. As diabetes is not uncommon in children, paediatric data can be submitted in a separate submission to support the use of IDeg in the paediatric population.
Good clinical practice
The newly submitted study synopses state the studies were conducted in accordance with the principles of Good Clinical Practice.
[bookmark: _Toc517697104]Pharmacokinetics
Studies providing pharmacokinetic data
Pharmacokinetic data for IDeg has been evaluated in the previously withdrawn submission. There were no unresolved pharmacokinetic issues identified in this submission. The current submission included synopses for 3 additional pharmacokinetic studies as listed in Table 6, below.
[bookmark: _Ref479236191][bookmark: _Ref479236186][bookmark: _Toc479321686]Table 6: Submitted pharmacokinetic studies
	PK topic
	Subtopic
	Study ID

	PK in healthy adults
	General PK (Single dose)
	NN1250-4000

	PK in special populations
	Other special population
	NN1250-1999
NN1250-3763


PK = Pharmacokinetic(s)
The evaluator notes that Study NN1250-3769 has been submitted as a new study as per the cover letter, however this study was evaluated in the previously withdrawn submission for IDegAsp, a combined insulin degludec/insulin aspart drug product.
Evaluator’s conclusions on pharmacokinetics
The pharmacokinetic characteristics of IDeg have been established in the previously withdrawn submission. In summary, there do not appear to be any outstanding pharmacokinetic issues from the original evaluation. The new data do not add any new information. The pharmacokinetic profile is adequately described in the proposed PI with data from the previously withdrawn submission.
[bookmark: _Toc196046481][bookmark: _Toc247691520][bookmark: _Toc314842503][bookmark: _Toc517697105]Pharmacodynamics
Studies providing pharmacodynamic data
The pharmacodynamic profile of IDeg has been described in the previously withdrawn submission with no outstanding concerns regarding pharmacodynamics identified. The current submission included the synopsis of 1 additional pharmacodynamic study for IDeg: Study NN1250-3999).
Evaluator’s conclusions on pharmacodynamics
The pharmacodynamic profile of IDeg is well described in the previously withdrawn submission and there were no outstanding issues. The sponsor is not proposing any amendments to the PI based on data from Study NN1250-3999.
[bookmark: _Toc163441372][bookmark: _Toc196046485][bookmark: _Toc247691521][bookmark: _Toc314842504][bookmark: _Toc517697106]Efficacy
[bookmark: _Toc184439992][bookmark: _Toc184440279][bookmark: _Toc184444657][bookmark: _Toc196046487]Studies providing efficacy data
Previously submitted studies
The current submission includes synopses for studies completed since 2013, as agreed with the TGA in the pre-submission meeting held on 20 June 2016. There were 9 confirmatory therapeutic trials with IDeg evaluated in the original withdrawn submission (3 studies in subjects with T1DM and 6 studies in subjects with T2DM).
For T1DM based studies, the following synopses were submitted: Studies NN1250‑3583, NN1250-3585 and NN1250-3770.
For T2DM based studies, the following synopses were submitted: Studies NN1250‑3582, NN1250-3579, NN1250-3672, NN1250-3586, NN1250-3668, and NN1250-3580.
Newly submitted efficacy data
The submission included synopses for extension studies of the 3 T1DM pivotal trials (Studies NN1250-3583, NN1250-3585 and NN1250-3770); and 2 of the pivotal trials in T2DM subjects (Studies NN1250- 3582 and NN1250-3579), in addition to 6 new studies (1 in T1DM subjects and 5 in T2DM subjects).
Studies in subjects with T1DM:
Study NN1250-3644 (Study NN1250-3583 extension)
Study NN1250-3725 (Study NN1250-3585 extension)
Study NN1250-3770-EXT (Study NN1250-3770 extension)
Study NN1250-3874
Study NN1250-3561
Studies in subjects with T2DM:
Study NN1250-3667 (Study NN1250-3582 extension)
Study NN1250-3643 (Study NN1250-3579 extension)
Study NN1250-3587
Study NN1250-3923
Study NN1250-3943
Study NN1250-3846
Study NN1250-4060
Evaluator’s conclusions on efficacy
The efficacy of IDeg was considered demonstrated by the pivotal studies when evaluated in the original withdrawn submission. A tabular summary of these data is included in Attachment 2. There were no outstanding issues with regard to efficacy identified by the clinical evaluator for previously withdrawn submission at the second round. The study synopses submitted in the current dossier are considered supportive of the established efficacy.
Acknowledging the limitations of data provided in synopses, the extension studies suggest long term glycaemic control (up to 104 weeks) in terms of sustained reduction in HbA1c in subjects with T1DM and T2DM.[footnoteRef:12] This needs to be considered in conjunction with the long term safety profile (see First round benefit-risk assessment, below). [12:  HbA1c, or glycated haemoglobin reflects the average (%) plasma glucose over the previous 12 week period and is used clinically and in research as an objective measure of glycaemic control.] 

It is noted the proposed PI contains information from the pivotal studies evaluated in the previously withdrawn submission. There are no long term data in the proposed PI. Whilst at face value the long term extension data provided in the synopses are reassuring in terms of HbA1c reduction, data from synopses are not suitable for inclusion in the PI. If the sponsor wishes to include these studies in the PI, a new submission with the full study reports would be required.
The evaluator would recommend the sponsor submit the data from the paediatric study in a separate submission to support the use in children.
[bookmark: _Toc163441378][bookmark: _Toc196046495][bookmark: _Toc247691522][bookmark: _Toc314842505][bookmark: _Toc517697107]Safety
[bookmark: _Toc247691524][bookmark: _Toc314842508][bookmark: _Toc196046504][bookmark: _Toc163441390]Studies providing safety data
Of the new studies which have been submitted, several have safety as the sole primary outcome:
· Study EX 1250-4080 (or the DEVOTE trial), a dedicated cardiovascular outcomes study submitted as full interim report.
· A number of extension studies (submitted as synopses):
· Study NN1250-3644 (Study NN1250-3583 extension)
· Study NN1250-3725 (Study NN1250-3585 extension)
· Study NN1250-3643 (Study NN1250-3579 extension)
· Study NN1250-3667 (Study NN1250-3582 extension).
In addition, safety data was submitted from the extension phases of studies listed in the Section ‘Newly submitted efficacy data’ above.
Patient exposure
Table 7 (below) is taken from the Summary of Clinical Safety Addendum IDeg and contains data from trials completed as of 30 September 2014. A large number of patients have been exposed to IDeg in clinical trials, the vast majority in Phase III trials. This, however, does not include the DEVOTE trial (see Table 8, below for a separate summary of subject exposure from the DEVOTE trial).
[bookmark: _Toc479321699]Table 7: Exposure in all completed trials for IDeg and IDegAsp
[bookmark: _GoBack][image: ]
It is noted that subjects who participated in both main and extension trial parts were counted only once for subject exposure. It is also noted that some trials included only IDeg and IDegAsp and no other comparator. It is also noted that ‘Other therapeutic trials’ included 3 trials which were crossover trials and one that had only a single arm, which presumably accounts for the similar numbers of subjects in the IDeg arm, the comparator arm and total number.
Compared to the data set available in the original Integrated Safety Summary (cut-off date of 31 January 2011), there is now data for 2229 more subjects who received IDeg and 4063 more subjects in total. The majority of the new IDeg subjects participated in Phase III T2DM trials (1931 subjects).
Table 8 (below) is based on the interim analysis of Study EX 1250-4080 (the DEVOTE trial), the dedicated CV outcomes study submitted as full interim report considered pivotal to evaluation of CV safety in this submission.
[bookmark: _Toc479321691]Table 8: Summary of the subjects who participated in the interim analysis
	Subjects
	IDeg
	IGlar1
	Total

	Number of subjects screened
	
	8203

	Number of subjects randomised
	3818
	3820
	7638

	Number of subjects exposed to study drug
	3807 (99.7%)
	3802 (99.5%)
	7609 (99.6%)

	Proportion of days on treatment (of the total time in trial)
	98.1%
	97.9%
	

	Number of subjects on a treatment pause (temporary or permanent) at time of interim analysis database lock
	116 (3.0%)
	136 (3.6%)
	252 (3.3%)

	Number of subjects on treatment at time of interim analysis database lock
	3655 (95.7%)
	3618 (94.7%)
	7273 (95.2%)

	Number of deaths
	30 (0.8%)
	45 (1.2%)
	75 (1.0)

	Number of subjects withdrawn from the trial at time of interim analysis database lock (not including deaths)
	6 (0.2%)
	3 (0.1%)
	9 (0.1%)

	Total patient years on trial treatment at interim analysis database lock (Patient years of exposure)
	1830.9
	1824.5
	3655.4


IGlar (comparator) = insulin glargine
Safety issues with the potential for major regulatory impact
The focus of this resubmission is CV safety. This is discussed in the First round benefit-risk assessment and Delegate’s overview (Overall conclusions and benefit-risk assessment below) and further evaluated in detail in Attachment 2.
Postmarketing data
The following summary is taken from the clinical evaluation report regarding postmarketing exposure and data; for further details see Attachment 2.
IDeg is approved in more than 60 countries, and marketed in more than 30 countries.
It is estimated that there has been 317,433 patient years of exposure to IDeg up until 30 September 2015 (‘cumulative exposure’), and 69% of that exposure occurred during the current PSUR reporting period.[footnoteRef:13] [13:  Insulin degludec periodic safety update report (PSUR)/periodic benefit–risk evaluation report (PBRER) (1 October 2014 to 30 September 2015) version 3.0, dated 3 December 2015.] 

Cumulatively, 2934 adverse drug reactions have been reported in 1700 spontaneous case reports, of which 16% were serious. 1645 adverse drug reactions, of which 146 were serious, were reported in this PSUR period.
281 events in 185 serious case reports were reported for this PSUR period (of a total 300 adverse events in 197 case reports) from non-interventional postmarketing studies and other solicited sources and of these, 57 events were considered to be serious.
No new potential or important risks have been identified in this PSUR period.
There are 2 ongoing safety evaluations documented in the PSUR.
Evaluator’s conclusions on safety
The important identified risks of IDeg as noted in the PSUR/PBRER are hypoglycaemia, immunogenicity related events (allergic reactions) and medication errors due to mix up between basal and bolus insulin. A safety related concern arising from the original submission for IDeg related to CV outcomes and a core component of the safety data submitted in this resubmission of IDeg was the CV outcomes DEVOTE trial. This trial was of robust design and the primary endpoint comparing IDeg with IGlar was met for non‑inferiority in an interim analysis; therefore, the CV signal detected in the Phase III development program in the original submission was not supported. Nevertheless, it is noted that only interim results are presented and final results will provide stronger evidence. Further it is noted the DEVOTE trial does not provide data specific to the T1DM population.
New integrated safety data with cut-off date of 30 September 2014 has been presented for IDeg in the current submission. This data has been compared in the submission documents to the Integrated Safety Summary with a cut-off date of 31 January 2011.
The updated safety dataset contained 34 additional trials, of which 19 were IDeg specific. This included 12 Phase III trials (including 5 extension trials), 5 clinical pharmacology trials and 2 ‘other’ trial. In total, there were 7853 subjects who have been exposed to IDeg across the completed clinical trials as of 30 September 2011 and data for 2229 more subjects who received IDeg compared to the original Integrated Safety Summary (cut-off date of 31 January 2011).
It is noted that there were a variety of patient types included in this integrated dataset: subjects with T1DM and T2DM, and within the T2DM subset, subjects were either insulin naïve or insulin treated. Similarly, the comparator group was an amalgamation of all comparators across a number of trials and patient populations. Therefore, as with all analyses of integrated data, outcomes should be interpreted with some caution given that the population is a somewhat heterogeneous group. Nevertheless, this integrated data has the benefit of bringing together a large number of subjects who have received IDeg.
Based on the updated data presented, there do not appear to be any new significant safety signals that have emerged since the previous submission in terms of integrated safety data.
From the integrated data, the following is noted regarding hypoglycaemia:
1. Hypoglycaemia, either as a preferred term or as a group of preferred terms, was one of the most common adverse events and serious adverse events reported, events leading to discontinuation and considered to be probably or possibly related to the study drug. This is not surprising given the mechanism of action for IDeg.
2. In terms of adverse events possibly or probably related to study drug, hypoglycaemia as a preferred term is reported at a slightly higher rate in the comparator group compared to IDeg in Phase III trials.
3. Serious adverse events that were related to hypoglycaemia (multiple preferred terms) were reported at a similar rate for IDeg and comparators (2.8 events per 100 patient years of exposure and 2.4 respectively) overall.
4. In specific analyses for hypoglycaemia, the rate of confirmed, severe and documented symptomatic hypoglycaemia both in terms of all episodes and nocturnal episodes for IDeg occurred at a rate similar or slightly lower than the comparator arm for most parameters. This was the case in all disease subgroups, T1DM, T2DM insulin treated and insulin naïve. The only measurement for which the rate was higher on the IDeg arm was all documented symptomatic episodes in the T1DM subgroup.
5. A meta-analysis of hypoglycaemic episodes from Phase III trials of IDeg daily versus IGlar was done: across all categories, statistically significant differences are seen in favour of IDeg, however these differences are small and the clinical significance of these differences is not clear.
With regards to the hypoglycaemia outcomes, the heterogeneous group of comparators for the integrated data is noted. It is also noted that the aetiology of hypoglycaemia can be multifactorial and medication is only one potential contributing factor. Prescriber and patient education is important to ensure appropriate use of IDeg. The sponsor has included hypoglycaemia in the proposed product information as a precaution, as well as information for the patient in the consumer medicines information.
It is also noted that there are 2 ongoing safety evaluations as detailed in the PSUR:
6. Neoplasms/colon cancer: An Evaluation of Authority Request is ongoing regarding neoplasms and colon cancer.
As described in the clinical evaluation report [see Attachment 2], numerical imbalances were seen in the rate of adverse events reported related to neoplasms in the IDeg group compared to comparator in the updated integrated data set, showing higher rates for IDeg. Following external classification, the largest discrepancies appear to be in the benign neoplasm subset. The reasons for these discrepancies are difficult to ascertain. Ongoing monitoring should be maintained.
7. CV events: as previously described.
It is also noted that medication errors due to mix up between basal and bolus insulin was upgraded from important potential risk to an important identified risk in the PSUR, and that medication errors have been reported as adverse events in the clinical trials.
[bookmark: _Toc517697108]First Round Benefit-Risk Assessment
First round assessment of benefits
Table 9 (below) gives the clinical evaluator’s assessment of the first round benefits of Tresiba FlexTouch/Penfill insulin degludec for the proposed indication.
[bookmark: _Toc479321709]Table 9: First round assessment of benefits
	Benefits
	Uncertainties

	Overall, non-inferior efficacy for glycaemic control versus other basal insulins in a treat to target regime for T1DM and T2DM.
	The external validity to the real world can be a problem with diabetes trials.

	Unique ultra long acting insulin, half-life of 25 hours, with less intra patient variability.
	There is the potential that in patients with poor compliance where insulin may not be administered every 24 hours, glycaemic control may be improved. However, this subgroup was not studied.
The unique pharmacokinetic and pharmacodynamic profile of IDeg means that education of both prescribers and patients is critical to ensure appropriate use. This is particularly important given the important identified risk of medication errors due to mix up between basal and bolus insulin.

	Potential for flexible dosing has been proposed given that IDeg is ultra-long acting. There is a similar efficacy in glycaemic control with this regime (but possibly more hypoglycaemia).
	Flexible dosing has potential to be of benefit to patients, particularly if a dose is forgotten. However, in general, patients with diabetes benefit from routine.

	Rate of nocturnal hypoglycaemia generally lower for IDeg compared to comparators.
	

	The DEVOTE trial provided supportive evidence for non-inferiority of CV endpoints.
	


First round assessment of risks
Table 10 (below) gives the clinical evaluator’s assessment of the first round risks of Tresiba FlexTouch/Penfill insulin degludec for the proposed indication.
[bookmark: _Toc479321710]Table 10: First round assessment of risks
	Risks
	Uncertainties

	Hypoglycaemia: Hypoglycaemia and events related to hypoglycaemia, commonly occurred with the use of IDeg in the clinical trials. It is recognised that hypoglycaemia is an inherent risk associated with all insulins, however due to the ‘ultra long’ action of IDeg, the period following a single dose in which hypoglycaemia may occur is longer than other insulins. However, it is also acknowledged that the aetiology of hypoglycaemia is multifactorial and the type of insulin used is only one important component. Thus, education of prescribers and patients again will play an important part in mitigating this risk.
	

	Flexible dosing: the rate of hypoglycaemia was higher during flexible dosing. The evaluator would not support the extrapolation of the flexible dosing clinical trials to the real world setting due to the differences in patient population and monitoring in a clinical trial setting.
	

	Medication errors due to mix up between basal and bolus insulin in both clinical trials and post market setting
	

	Exclusion of some oral anti-diabetic drugs in Phase III trials.
	Use with GLP-1 agonists and SGLT-2 inhibitors. There is uncertainty regarding the use of these drugs in combination with IDeg since these drugs were not studied in the Phase III trials. This should be also noted in the PI. However, drug interactions are unlikely based on known mechanisms of action

	
	Neoplasms/colon cancer: In the updated integrated data, some numerical discrepancies in the rates of neoplasms were seen in the IDeg group compared to the comparators. Neoplasms and colon cancer are the subject of an ongoing evaluation as requested by the EMA and Swissmedic. Further monitoring should be continued.

	CV events (MACE): Although the outcomes of the interim analysis for the DEVOTE trial are reassuring with respect to the signal detected in the original evaluation, the final results from this study will allow more robust conclusions and provide long term data. Further monitoring should be continued (including the DEVOTE trial and the ongoing signal review).
	The DEVOTE trial did not include patients with T1DM and therefore the specific CV risk in this disease subset is unknown and can only be extrapolated from the T2DM data. 

	
	Use in renal impairment


First round assessment of benefit-risk balance
The concerns about the CV safety have been adequately addressed in the interim analysis of the DEVOTE trial. Overall, the benefit-risk balance is positive for IDeg if appropriate steps for education of prescribers and patients are undertaken, as well as active ongoing monitoring for detected signals.
[bookmark: _Toc517697109]First Round Recommendation Regarding Authorisation
At this stage, the clinical evaluator has no major concerns for the approval of the registration of insulin degludec for the treatment of diabetes, providing the sponsor provide a suitable response to the questions and comments regarding the PI and risk management plan (RMP).
[bookmark: _Toc517697110]Clinical Questions
For details of the clinical evaluator’s questions for the sponsor, please see Attachment 2.
[bookmark: _Toc517697111]Second Round Benefit-Risk Assessment
Following the first round evaluation, benefit-risk assessment, and the overall positive opinion regarding the submission (see the First round recommendation regarding authorisation, above), the evaluation of this submission continued directly to the Delegate’s Overview phase, given below.
[bookmark: _Toc517697112]V. Pharmacovigilance findings
[bookmark: _Toc247691526][bookmark: _Toc314842509][bookmark: _Toc517697113]Risk management plan
The sponsor submitted the following Risk management plan (RMP): EU-RMP version 5.3 (date 14 January 2015; data lock point (DLP) 31 March 2014) and Australian specific annex (ASA) version 1 (date 9 September 2016) in support of this application.
The sponsor submitted an application to the TGA for this product in 2012, and the EU‑RMP (version 1.0; dated 8 September 2011) and the ASA (version 1.0; dated 6 February 2012) that accompanied this application were evaluated. However, the sponsor withdrew this application because the issues raised regarding CV safety of the product was not addressed at that time. The sponsor has made this current submission based on the original dossier submitted in 2012, with new/amended information to demonstrate cardiovascular safety.
With the sponsor’s responses to the first round RMP evaluation, the sponsor provided an updated ASA version 1.1 (dated 2 May 2017).
The proposed Summary of Safety Concerns and their associated risk monitoring and mitigation strategies in the RMP are summarised below in Table 11.
Table 11: Sponsor’s summary of ongoing safety concerns
	Summary of safety concerns
	Pharmacovigilance
	Risk Minimisation

	
	R
	A
	R
	A

	Important identified risks
	Hypoglycaemia
	
	–
	
	–

	
	Immunogenicity-related events (allergic reactions)
	
	–
	
	–

	
	Medication errors due to mix-up between basal and bolus insulin1
	
	–
	
	–

	Important potential risks
	Medication errors due to mix-up between basal and bolus insulin
	
	–
	
	–

	
	Medication errors due to mix-up between the different concentrations of Tresiba
	
	–
	
	

	
	Immunological events: formation of neutralising insulin antibodies
	
	–
	
	–

	Missing information
	Pregnant and lactating women
	
	–
	
	–

	
	Neonates and infants (< 1 year of age)2
	
	–
	
	–

	
	Hepatic impairment
	
	–
	
	–

	
	Moderate and severe renal impairment3
	
	–
	
	–

	
	Elderly patients (> 75 years) with T1DM
	
	–
	
	–


Notes: R = routine; A = additional. 1) Medication errors due to mix-up between basal and bolus insulin is categorised as an Important Identified Risk in the ASA; 2) Missing information ‘Neonates and infants (< 1 year of age)’ has been replaced with ‘Children and adolescent < 18 years’ as missing information; 3) ‘Moderate’ renal impairment has been added as missing information.
A Dear Healthcare Professional (DHCP) letter and a patient education leaflet are proposed as additional risk minimisation measures.
[bookmark: _Toc457548213]Second round new and outstanding recommendations
[bookmark: _Toc457548214]The sponsor has adequately addressed most of the recommendations made during the first round RMP evaluation. The sponsor is requested to include the distribution strategy of the patient education leaflet in the ASA during the next revision of the ASA and report to the TGA, in an update to the ASA, on the implementation of the DHCP letter and patient education leaflet in Australia.
Wording for conditions of registration
Any changes to which the sponsor has agreed should be included in a revised RMP and ASA. However, irrespective of whether or not they are included in the currently available version of the RMP document, the agreed changes become part of the risk management system.
The suggested wording is:
Implement EU-RMP (version 5.3, date 14 January 2015, DLP 31 March 2014) with Australian Specific Annex (version 1.1, date 2 May 2017) and any future updates as a condition of registration.
[bookmark: _Toc247691527][bookmark: _Toc314842510][bookmark: _Toc517697114]VI. Overall conclusion and risk/benefit assessment
The submission was summarised in the following Delegate’s overview and recommendations.
[bookmark: _Toc247691528][bookmark: _Toc314842511][bookmark: _Toc517697115]Quality
There were no major concerns about the quality.
The primary packaging is a Penfill 3 mL cartridge. The Penfill 3 mL cartridge can be assembled into a pre-filled disposable device, a PDS290 pen injector (FlexTouch). The PDS290 device is already approved for use with NovoRapid. The Penfill 3 mL cartridge is approved for use in other insulin products currently licensed by the same sponsor. It consists of Type 1 glass, with a plunger (halobutyl) and a stopper (halobutyl/isoprene). These materials have all been previously evaluated and found to be satisfactory.
[bookmark: _Toc314842512][bookmark: _Toc517697116]Nonclinical
The submitted nonclinical data contained no major deficiencies. There were no objections to registration. Pregnancy category B3 has been recommended.11
In vitro studies showed insulin degludec binds to the human insulin receptor with lower affinity compared with human insulin, influenced by the presence of albumin. There was no significant difference in the association and dissociation rates for binding to the receptor between insulin degludec and human insulin. Full agonism of the insulin receptor was shown in various cell based functional assays.
Insulin degludec has greater selectivity for the insulin receptor over the IGF-1 receptor compared with human insulin, and functional assays demonstrated comparable or lower relative proliferative: metabolic potency. No other significant secondary pharmacodynamic activities were found.
A thorough nonclinical investigation of cardiovascular effects of IDeg has been made. Safety pharmacology studies including in vitro inhibition of potassium channels (hERG) binding, effect on action potential in rabbit isolated cardiac Purkinje fibres as well as in vivo effect on cardiovascular function (blood pressure, heart rate and QT interval) in telemetered conscious and glucose clamped anaesthetised dogs showed no effect of IDeg on CV endpoints. In the general toxicity studies in rat and dog, a range of direct and indirect CV endpoints have been evaluated, including effect on the electrocardiogram (ECG), heart weight, macroscopic and microscopic changes of heart, aorta and vascular system.
[bookmark: _Toc247691530][bookmark: _Toc314842513][bookmark: _Toc517697117]Clinical
Pharmacology
Taken from the original withdrawn submission:
Following subcutaneous administration, multihexamers are formed. Compared to insulin glargine, the mean insulin infusion rate of IDeg after dosing is more equally distributed between the 0 to 12 hour and 12 to 24 hour time periods (see Figure 3, below). The half-life is reached after 2 to 3 days. The excretion half-life is 25 hours. Duration of action extends to 42 hours. IDeg also has less day to day variability (coefficient of variation (CV%) = 22%) compared to glargine (CV = 92%) (see Tables 12 and 13, below).
Figure 3: Mean iDeg infusion rate from dosing to 24 hours
[image: ]
Table 12: Study NN1250-1987 IDeg U100 versus U200 PK endpoints at steady state, geometric mean and CV%
	
	U100 (0.6 U/kg)
	U200 (0.6 U/kg)
	Mean 200/100

	AUC0-12 pmol*h/L
	68238.6 (24.2)
	56702.3 (19.8)
	0.831

	Cmax pmol/h
	6592.4 (22.6)
	5365.3 (22.5)
	0.81

	Tmax (hours)
	9
	7.5
	


Table 13: Study NN1250-3678:  U100 versus U200 after single dose, geometric mean and CV%
	
	U100 (0.4 U/kg)
	U200 (0.4 U/kg)
	Mean 200/100

	AUC0-24 pmol*h/L
	63015 (29.6)
	46415 (36.4)
	0.737

	Cmax pmol/h
	4037(32)
	3089(40)
	0.766

	Tmax (hours)
	12
	14
	

	Onset (min)
	48
	70
	


The pharmacokinetic parameters of 100 U/mL versus 200 U/mL IDeg suggest the 200 U/mL formulation has a slower onset of action, longer Tmax and lower Cmax and AUC. However, the pharmacodynamic parameters between the 2 formulations were similar.
Mean area under the glucose infusion rate (GIR) curve during 1 dosing interval (τ,0-24h) at steady state (AUCGIR,τ SS) was similar for IDeg 100 U/mL and IDeg 200 U/mL (estimated ratio 200 U/mL/100 U/mL: 0.94 (0.86; 1.03) in subjects with T1DM. Based on descriptive data (AUCGIR,0-12h,SS and GIRmax,SS), IDeg 100 U/mL and IDeg 200 U/mL provided similar glucose lowering effect in subjects with type 1 diabetes at steady-state. The glucose lowering effect of IDeg 100 U/mL and IDeg 200 U/mL extended beyond 26 hours at a clinically relevant dose.
Clinical data
In the initial application, there were 3 clinical trials in T1DM and 6 in T2DM.
In T1DM, the clinical trials were randomised, non-blinded, non-inferiority trials comparing IDeg to insulin glargine or levemir. There was no difference in HbA1c or fasting plasma glucose comparing IDeg to glargine or levemir. There were less confirmed nocturnal hypoglycaemic episodes with IDeg.
In Study 3770, the flexible dosing regimen consisted of alternating morning and evening doses, thus was not entirely flexible. Compliance with this schedule was 80 to 98%. Mealtime insulin aspart was titrated according to bloody glucose, thus any variability in blood glucose from the flexible dosing could be minimised adjusting mealtime insulin. Flexible dosing of IDeg resulted in similar fall in HbA1c. Flexible dosing had lower nocturnal confirmed hypoglycaemic episodes than fixed dosing but similar overall confirmed hypoglycaemic episodes.
Table 14: T1DM study summaries
	Parameter
	Study 3583
	Study 3585
	Study 3770

	Design
	52 week efficacy and safety study comparing IDeg OD and IGlar OD in a basal bolus regimen with IAsp in adult subjects with T1DM.
	26 week efficacy and safety study comparing IDeg OD versus IDet in a basal bolus regimen with IAsp in adult subjects with T1DM.
	26 week efficacy and safety study comparing IDeg once daily in flexible dosing schedule with IDeg OD with main evening meal and IGlar OD in adult subjects with T1DM.

	Treatment administration
	IDeg OD 100 U/mL with main evening meal or IGlar OD according to local label.
IAsp as bolus mealtime insulin.
	IDeg 100 U/mL OD or IDet OD with main evening meal.
IAsp as bolus mealtime insulin.
	IDeg 100 U/mL OD in flexible dosing schedule with 8-40h between doses** or IDeg OD with main evening meal or IGlar OD according to local labelling.
IAsp as bolus mealtime insulin.

	Primary efficacy
	Mean change from Baseline in HbA1c after 52 weeks of treatment (%)
	Mean change from Baseline in HbA1c after 26 weeks of treatment (%)
	Mean change from Baseline in HbA1c after 26 weeks of treatment (%)

	
	IDeg
	IGlar
	IDeg
	IDet
	IDeg Flex
	IDeg OD
	IGlar OD

	
	-0.36
	-0.34
	-0.71
	-0.61
	-0.40
	-0.41
	-0.57

	
	Mean treatment difference (IDeg minus IGlar) = ‑0.01% (95% CI: ‑0.14, 0.11). Non‑inferiority confirmed.
	Mean treatment difference (IDeg minus IDet) = -0.09% (95% CI: -0.23, 0.05). Non-inferiority confirmed. 
	Mean treatment difference (IDeg Flex minus IGlar OD) = 0.17% (95% CI: 0.04, 0.30). Non‑inferiority confirmed. Mean treatment difference (IDeg Flex minus IDeg OD) = 0.01% (95% CI: ‑0.13, 0.14). Non‑inferiority confirmed.

	Safety endpoint
	Rate of nocturnal confirmed hypoglycaemic episodes per 100 PYE

	
	IDeg
	IGlar
	IDeg
	IDet
	IDeg Flex
	IDeg OD
	IGlar OD

	
	441
	586
	414
	593
	623
	961
	996

	Safety endpoint
	Rate of confirmed hypoglycaemic episodes per 100 PYE

	
	IDeg
	IGlar
	IDeg
	IDet
	IDeg Flex
	IDeg OD
	IGlar OD

	
	4254
	4018
	4583
	4569
	8238
	8825
	7973


OD=once daily
The clinical trials in T2DM included both patients who were insulin naïve and those previously been treated with insulin. IDeg was used in combination with metformin and a variety of other oral hypoglycaemic agents including sulphonylurea or glinide, DPP-4 inhibitors, pioglitazone and alpha glucosidase inhibitors. The studies did not include patients treated with GLP-1 agonists or SGLT-2 inhibitors.
The studies successfully met the non-inferiority criteria for the primary efficacy outcome change from baseline HbA1c also in the secondary criteria change in fasting plasma glucose and the proportion of subjects with HbA1c < 7% without confirmed hypoglycaemia. There were numerically less nocturnal and overall confirmed hypos with IDeg compared to other basal insulins.
No differences were observed between IDeg and comparators in terms of vital signs, lipid profiles, CV biomarkers and QTc/ECG changes.[footnoteRef:14] [14:  QTc = Corrected QT interval; measurement of the time taken from the start of the Q wave to the end of the T wave in the cardiac cycle, corrected for heart rate.] 

In Study 3580 of the flexible regime in T2DM, 58% of subjects did not alter their injection time, 19% changed the dosing time once and 22% changed the dosing time 3 or more times. This raises questions of the internal and external validity of the results.
T2DM studies are summarised below in Table 15.
Table 15: T2DM study summaries
	Parameter
	Study 3582
	Study 3579
	Study 3672
	Study 3586
	Study 3668
	Study 3580

	Design
	52 week efficacy and safety study comparing IDeg OD and IGlar OD in a basal bolus regimen with IAsp in insulin; treated adult subjects ± OADs: ± metformin ± pioglitazone
	52 week efficacy and safety study comparing IDeg OD and IGlar OD in insulin-naïve subjects with T2DM treated with OADs: metformin ± DDP-4I
	26 week efficacy and safety study comparing IDeg OD (200 U/mL) and IGlar OD in insulin-naïve subjects with T2DM treated with OADs: metformin ± DDP-4I
	26 week Pan Asian efficacy and safety study comparing IDeg OD and IGlar OD in insulin-naïve subjects with T2DM treated with OADs: ± metformin ± insulin secretogogue ± α-GI
	26 week efficacy and safety study comparing IDeg flexible dosing vs. IGlar and IDeg OD vs. IGlar OD in subjects with T2DM treated with OADs alone or basal insulin ± OADs: ± metformin ± insulin secretogogue ± pioglitazone
	26 week efficacy and safety study comparing IDeg OD with sitagliptin in insulin-naïve subjects with T2DM treated with 1-2 OADs (metformin, SU/glinide or pioglitazone) qualifying for intensified treatment. 

	Treatment
	IDeg 100 U/mL OD with main evening meal or IGlar OD according to local label. IAsp as bolus mealtime insulin, ± metformin, ± pioglitazone
	IDeg 100 U/mL OD with main evening meal or IGlar OD according to local label. ± metformin ± DDP-4I
	IDeg 200 U/mL OD with main evening meal or IGlar OD according to local label at the same time each day. Metformin ± DDP-4I
	IDeg 100 U/mL OD in the evening (start of main evening meal to bedtime); or IGlar OD according to local label. ± metformin± SU or glinide ± α-GI
	IDeg 100 U/mL OD with alternating morning and evening doses* or IDeg 100 U/mL OD with the evening meal or IGlar OD according to local label. ± metformin, ± SU/glinide, ± pioglitazone
	IDeg OD flexible dosing schedule (8 to 40 hours between injections) or sitagliptin 100 mg PO daily.
+ 1 or 2 OADs (metformin, SU/glinide, pioglitazone)

	Primary efficacy
	Mean change from Baseline in HbA1c after 52 weeks of treatment (%)
	Mean change from Baseline in HbA1c after 52 weeks of treatment (%)
	Mean change from Baseline in HbA1c after 26 weeks of treatment (%)
	Mean change from Baseline in HbA1c after 26 weeks of treatment (%)
	Mean change from Baseline in HbA1c after 26 weeks of treatment (%)
	Mean change from Baseline in HbA1c after 26 weeks of treatment (%)

	
	IDeg
	IGlar
	IDeg
	IGlar
	IDeg
	IGlar
	IDeg
	IGlar
	IDeg Flex
	IDeg OD
	IGlar
	IDeg
	Sita

	
	-1.10
	-1.18
	-1.06
	-1.15
	-1.18
	-1.22
	-1.42
	-1.52
	-1.17
	-1.03
	-1.21
	-1.52
	-1.09

	
	Mean treatment difference (IDeg – IGlar) = 0.08% (95% CI: -0.05, 0.21)
Non-inferiority confirmed
	Mean treatment difference (IDeg – IGlar) = 0.09% (95% CI: -0.04, 0.22)
Non-inferiority confirmed
	Mean treatment difference (IDeg– IGlar) = 0.04 % (95% CI: -0.11, 0.19)
Non-inferiority confirmed
	Mean treatment difference (IDeg– IGlar) = 0.11% (95% CI: -0.03, 0.24)
Non-inferiority confirmed
	Mean treatment difference (IDeg Flex – IGlar) = 0.04% (95% CI: -0.12, 0.20)
Non-inferiority confirmed
Mean treatment difference (IDeg Flex – IDeg OD) = -0.13% (95% CI: -0.29, 0.03)
Non-inferiority confirmed
	Mean treatment difference (IDeg – Sita) = -0.43% (95% CI: -0.61, -0.24)
Superiority confirmed

	Safety endpoint
	Rate of nocturnal confirmed hypoglycaemic episodes per 100 PYE
	

	
	IDeg
	IGlar
	IDeg
	IGlar
	IDeg
	IGlar
	IDeg
	IGlar
	IDeg Flex
	IDeg OD
	IGlar OD
	IDeg
	Sita

	
	139
	184
	25
	39
	18
	28
	78
	124
	63
	56
	75
	52
	30

	Safety endpoint
	Rate of confirmed hypoglycaemic episodes per 100 PYE

	
	IDeg
	IGlar
	IDeg
	IGlar
	IDeg
	IGlar
	IDeg
	IGlar
	IDeg Flex
	IDeg OD
	IGlar
	IDeg
	Sita

	
	1109
	1363
	2
	185
	122
	142
	298
	370
	364
	363
	348
	307
	126


Meta-analysis of hypoglycaemia
The sponsor conducted a pre-planned meta-analysis of hypoglycaemia based on data from the 9 pivotal therapeutic confirmatory trials. This included a total of 2899 subjects treated with IDeg and 1431 subjects treated with IGlar.
The primary analysis demonstrated that IDeg was superior to IGlar in terms of a 9% lower rate of confirmed hypoglycaemic episodes in the pooled analysis of subjects with T1DM and T2DM (estimated rate ratio IDeg/IGlar = 0.91; 95% CI: 0.83, 0.99). When analysed for the type of diabetes, the estimated treatment rate ratio for T2DM was 0.83; 95% CI: 0.74, 0.94) and for T1DM was 1.10; 95% CI: 0.96, 1.26). The rate of confirmed nocturnal hypoglycaemia was 17% lower with IDeg than with IGlar in T1DM (estimated treatment rate ratio = 0.83; 95% CI: 0.69, 1.00), 32% lower in T2DM (estimated treatment rate ratio = 0.68; 95% CI: 0.57, 0.82) and 36% lower in insulin-naïve subjects with T2DM (estimated treatment rate ratio = 0.64; 95% CI: 0.48, 0.86).
The Delegate commented that the reporting of hypoglycaemia is problematic in relation to adequately defining it. What is most important clinically is nocturnal hypoglycaemia, severe hypoglycaemia (needing assistance), and unrecognised hypoglycaemia. The accuracy of detecting of reporting of mild hypoglycaemia is limited due to lack of sensitivity of capillary blood meters, and limited testing times. Symptoms may not correlate with readings due to timing of sampling and effects of counter-regulatory hormones. The results of the clinical trials suggest that IDeg is associated with less nocturnal hypoglycaemia. Although the pooling of results may increase the power of the analysis, the studies differed in terms of comparators, and the time and frequency of dosing.
Paediatric data
The pharmacokinetic properties of IDeg were investigated in children (6 to 12 years) and adolescents (12 to 17 years) and compared to adults with T1DM. The ultra long acting properties of IDeg seen in adults were also observed in children and adolescents. A synopsis of a clinical trial investigating efficacy and safety of Tresiba in children and adolescents was included as part of this submission. IDeg is approved for use in children in Europe.
CV risk assessment
Due to the signal of CV risk in the initial clinical studies, the sponsor performed a meta‑analysis based on the results of the completed clinical studies and extension studies. This analysis was based on the results of 7716 patient years of data. In this patient population, the mean age was 54 years in IDeg group, 55 years in comparator group. Overall, 45% patients in the trials had T2DM. Only 165 had pre-existing CV disease. Thus, this population differed from the subsequent population used in the CV clinical trial in that they were younger, had a longer duration of exposure to IDeg, had lower CV risk, and included patients with T1DM and T2DM.
The meta-analysis based on the analysis demonstrated the hazard ration of MACE+ to be 1.3 (95% CI 0.88; 1.93), and MACE 1.67 (95% CI 1.01; 2.75).[footnoteRef:15] Results are given in Figures 4 to 6 (below). [15:  MACE+ was cardiovascular death, stroke, myocardial infarction and unstable angina. MACE was cardiovascular death, stroke and myocardial infarction] 

There were fewer patients with T1DM than T2DM. The number of events was lower in T1DM, and the CI around risk much larger.
Figure 4: MACE and MACE+ primary and secondary analysis
[image: ]
*per 1,000 PYE; Mantel-Haenszel analysis
Figure 5: MACE and MACE+ results in T1DM (4 trials)
[image: ]
Cox model stratified by trial
Figure 6: MACE and MACE+ results in T2DM (13 trials)
[image: ]
Cox model stratified by trial
Limitations of the meta-analysis include relying on results of clinical studies where CV events were adjudicated by CV safety committee, but that were not primary efficacy variables; and the lack of blinding. However, it is concerning though that excess CV risk was identified in this group as they had fewer risk factors for macrovascular disease.
New data from the CV Study DEVOTE
This was a randomised, double blind, parallel group study comparing insulin glargine to IDeg with standard care in T2DM. The study included patients with T2DM with existing CV disease or at high risk of CV disease.
Key inclusion criteria included: a diagnosis of T2DM; HbA1c ≥ 7.0 %; or HbA1c < 7.0 % and requiring ≥ 20 U/day of basal insulin; current treatment with one or more oral or injectable anti-diabetic agent(s); age > 50 years with a history of at least one pre-specified CV condition; or age > 60 years with at least one pre-specified CV risk factor.
Subjects were randomised to receive either glargine or IDeg in a 1:1 ratio. Current anti‑diabetic treatment was continued. Both insulins were provided as 10 mL vials 100 IU/mL. No maximum dose was specified. The protocol suggested adjustment based on plasma glucose values weekly. Subjects had 2 weekly site visits then were in contact with the site monthly.
The primary endpoint was MACE. There was an external adjudication committee that adjudicated outcomes related to MACE and severe hypoglycaemia. Safety data was limited to serious adverse events and events associated with drug discontinuation and medication errors leading to serious adverse events.
Sample size calculations are appropriate [see Attachment 2 for further details].
A total of 7638 subjects were randomised. The mean age was 65 years. Approximately 38% were > 65 years and 8.6% were > 75 years. Mean body mass index (BMI) was 33.6 kg/m2. Mean duration of diabetes was 16 years and the mean baseline HbA1c was 8.1%.
Patients were of high CV risk; a summary of established CV disease and proportions with risk factors for CV disease is shown in Table 16, below.
Table 16: Summary of subjects with established CV disease and risk factors for CV disease
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Approximately 74% were on non-insulin glucose lowering medications and 16.1% were insulin naïve. Glucose lowering medications and type of insulin treatment at Baseline is summarised in Table 17, below.
Table 17: Summary of blood lowering medications and insulin treatment at Baseline
[image: ]
Efficacy variables
The primary efficacy variable was time from randomisation to MACE. In the full analysis set there were 72 Event Adjudication Committee (EAC) confirmed MACEs in the IDeg arm and 78 in the glargine arm. The estimated hazard ratio was 0.92 (95% CI 0.668; 1.267). Results from the pre‑specified sensitivity analyses were consistent with the primary analysis.
For the endpoint of unstable angina pectoris requiring hospitalisation, there were 23 events in the IDeg arm and 15 in the glargine arm (event rates 1.23 and 0.8 per 100 patient years).
Other outcomes
The mean duration of treatment in the study was 6.6 months for IDeg and 6.7 months for glargine. The serious adverse event rate was 38.34 was IDeg and 43.01 in glargine. The rate of EAC confirmed hypos was 4.81 with IDeg and 7.81 in glargine.[footnoteRef:16] Overall there were 30 deaths (0.79% of randomised subjects) in the IDeg arm and 45 (1.18%) on the glargine arm. [16:  The significance of hypoglycaemia events needs to be interpreted with caution. Of the 373 events identified for adjudication, only 177 had had adjudication completed. Patients who were previously treated with insulin and were using insulin aspartate were at higher risk of hypoglycaemia. This demonstrates the number of factors involved in the risk of hypoglycaemia; the serious adverse event and discontinuation rate due to hypoglycaemia was higher in the degludec arm.] 

Discussion of CV safety
This study has advantages over the previous meta-analysis in that treatment was blinded, CV events were the main outcome factor and so were more clearly defined, and it was powered for CV outcomes. However, the patient population was those at high risk CV disease and the duration of study was on average only 6 months. Therefore, there are likely to be many factors other than insulin which would have contributed to events. All patients in the DEVOTE trial had T2DM.
Updated safety data
In all completed Phase III studies, 6206 patients have been exposed to IDeg. Of these, 1102 had T1DM. There have been 2102 subjects exposed for > 12 months.
Nasopharyngitis, upper respiratory tract infection and headaches were the most frequently recorded adverse events. Hypoglycaemia and injection site reactions were the most important adverse drug reactions.
A similar number of deaths occurred in patients exposed to IDeg and comparators during clinical trials [see Attachment 2 for further details].
In the updated safety data, there was an imbalance in the number of neoplasms identified with IDeg and IDegAsp compared to comparators. The discrepancy was mainly in relation to benign neoplasms. The most common subgroups of malignant neoplasms were gastrointestinal, skin, bladder, breast, thyroid and pulmonary. The discrepancy in malignancies was not noted in the summary of safety data from the original withdrawn submission.
Table 18: External classification of treatment emergent neoplasms, all subjects from completed Phase III trials (IDeg + IDegAsp versus comparator; Safety analysis set)
[image: ]
Use in renal impairment
A pharmacokinetic study reported in the original withdrawn submission examined the pharmacokinetic exposure to IDeg after a single dose in 32 patients: 2 patients with normal renal function, and 6 each with mild, moderate and severe renal impairment and 6 with end stage renal disease on dialysis. There were patients with diabetes in all of the groups of renal impairment. The age ranged from 18 to 80 years and body mass index of 25 to 31.4 kg/m2. Serum IDeg concentrations were measured for 120 hours for all groups except those on haemodialysis who were monitored for 68 hours between dialysis sessions. The exposure to IDeg as measured by AUC was not statistically affected by the degree of renal impairment. The degree of renal impairment did not have any effect on Cmax, clearance, half-life or mean residence time (MRT). There was no correlation between albumin and Cmax, AUC or clearance. Negligible concentrations of IDeg were seen in the urine or dialysate. There were 2 documented symptomatic episodes of severe hypoglycaemia in 2 subjects with moderate and severe renal failure.
Clinical trials involved 592 subjects with mild renal impairment and 43 with moderate renal impairment. Patients with T1DM and T2DM and hypoglycaemia had more hypoglycaemic episodes with IDeg than comparator insulins.
Use in hepatic impairment
The pharmacokinetic study from the original withdrawn submission examining use in hepatic impairment enrolled 6 subjects with normal hepatic function, and 6 each with Child Pugh grade A, B or C. Subjects received 0.4 U/kg or iDeg. Patients with moderate or severe hepatic impairment were not included in clinical studies. A summary of results related to use in hepatic impairment is given in Table 19, below.
Table 19: PK results related to use in hepatic impairment
[image: ]
Renal impairment and hepatic impairment are listed as missing information in the RMP. In the dosing and administration section of the PI it states: ‘Tresiba can be used in patients with renal and hepatic impairment. As with all insulin products, glucose monitoring is to be intensified and the insulin dose adjusted on an individual basis’. This is appropriate.
[bookmark: _Toc314842514][bookmark: _Toc517697118]Risk management plan
A summary of safety concerns from the RMP is given in Table 11 above. Routine risk mitigation and pharmacovigilance were proposed.
The Delegate commented that CV risk in T1DM remains uncertain, in T2DM the results of the DEVOTE trial are reassuring but interim only.
[bookmark: _Toc247691531][bookmark: _Toc314842515][bookmark: _Toc196046505][bookmark: _Toc196046949][bookmark: _Toc517697119]Risk-benefit analysis
Delegate’s considerations
Efficacy
In clinical practice, insulin therapy is highly individualised with consideration given to patient preference, lifestyle, diet, compliance, understanding, motivation, testing, activity, eye sight and so on. Clinical trials can provide information about the average patient response to the clinical trial protocol.
In the clinical trials for IDeg, non-inferiority to other basal insulins has been established in T1DM and T2DM.
There was only 1 clinical trial of U200 (200 U/mL) IDeg in the previous withdrawn submission. This current submission included 2 synopses of studies using U200 insulin in T2DM. Non-inferiority to IDegU100 and Glargine U100 was established.
The sponsor has proposed advantages in terms of flexible of timing of administration, but the evidence to support this is limited. Patients with diabetes have a number of tasks they need to do each day to monitor and manage their diabetes, although flexibility is helpful, promoting giving insulin at variable times may lead to errors in dosing due to patients forgetting when their last dose was given. Having adequate pharmacokinetic and pharmacodynamic data in the PI is important so that physicians can understand the pharmacodynamic profile of insulin.
The sponsor has proposed advantages of IDeg in terms of hypoglycaemia. Although there are a number of problems in the reporting, recording and analysis of hypoglycaemia data, there does seem to be a pattern of reduced nocturnal hypoglycaemia with IDeg. Hypoglycaemia is a potential risk for any patient on insulin, and can be minimised by understanding the pharmacodynamic profile of insulin; frequent blood glucose testing; frequent dose titration; care with exercise, food and systemic illness; patient education and support.
Safety
Concerns about CV safety, neoplasms and medication errors were raised from the clinical studies. IDeg was not associated with high levels of insulin antibodies; injection site reactions and other allergic phenomenon have not been a concern.
CV safety
There were no concerns about CV safety in the pharmacodynamic studies or analysis of ECG or vital signs in the clinical studies. The interim results of the DEVOTE trial are reassuring. It is noted that IDeg has received a positive opinion in the EMA and FDA and a number of other countries. However, despite this, the Delegate remains concerned about the CV risk identified in the initial meta-analysis; particular as the DEVOTE trial looked at different patient population than what was observed in the clinical trial, and on average patients were followed for only 6 months. The CV risk in T1DM that was identified in the meta‑analysis has not been studied.
Patients with T1DM and T2DM are known to be at increased CV risk, even with good glycaemic control. The CV effects of diabetes are not just macrovascular disease, but also include the development of cardiomyopathy, the effects of autonomic neuropathy, and metabolic effects of substrates such as glucose and ketones and free fatty acids.
The Delegate is of the opinion that more information about CV safety should be included in the PI so that clinicians are aware of the extent and limitations of the data.
Malignancy
An imbalance in the rate of malignancy between the IDeg and comparator arm is noted in the updated summary of safety concerns. There was no specific type of cancer identified. There were no concerns about malignancy raised in the nonclinical or pharmacodynamic studies or summary of safety data from the original withdrawn submission. Obesity and diabetes are considered to be important risk factors for malignancy.
Medication errors
In the clinical trials the rate of medication errors was 7.3 per 100 patient years in the IDeg arm and 4.2 per 100 patient years in the comparator arm. Most of these errors were due to a mix up between basal and bolus insulins.
It is noted in the PSUR that there were 12 non serious events due to mix up between basal and bolus insulin.
The Delegate is particularly concerned with the use of cartridges in the pre-existing non‑disposable Novo pens. These Novo pens are now able to dispense a large number of insulins (FIASP, NovoRapid, NovoMix, IDeg and IDegAsp). It is possible that patients with more than one non disposable pen forget which insulin was in it and not look carefully at the label (which is not visible until the lid is removed). The TGA is aware of 2 serious adverse events due to non-disposable insulin pens. Patients mix up insulins often, and these events are possibly underreported. Most are mild but do require either extra insulin or extra monitoring and food consumption to counter-effect the extra insulin given.
More patients use the disposable than the non-disposable insulin pens. Medication errors and mix ups also occur with disposable pens. Some patients prefer cartridges and disposable insulin pens due to their design and the option of changing dose increments by 0.5 units.
Product information and Consumer Medicines Information
This needs revising to address the lack of data on CV safety.
There needs to be more information about the potential for dosing errors in both the Consumer Medicines Information (CMI) and PI.
Although the Delegate considers IDeg to have a more prolonged duration of action and may be suitable in patients who have difficulty giving their basal insulin at the same time each day, she would not promote this as an option for dosing.
Labelling
The labelling of the cartridges should be improved to more easily identify the type of insulin.
RMP
The sponsor should consider adding CV in T1DM to the summary of safety concerns. Further pharmacovigilance and/or risk mitigation regarding medication errors is recommended.
Use in paediatrics
T1DM is usually diagnosed in childhood. Children with T1DM, and T2DM, would also benefit from long acting insulin such as degludec. The sponsor is encouraged to submit the full study report of efficacy and safety in children (Study NN1250-3561) so that the TGA can consider extending the indications to use in children.
Summary of issues
The application was rejected in 2012 due to concerns about cardiovascular safety raised as a result of the meta-analysis of clinical trials. The sponsor has resubmitted the application based on a completed randomised control trial in a high CV risk group.
Non inferiority to other basal insulins in T1DM and T2DM is adequately established
The sponsor if wanting to promote flexible dosing based on the long duration of action of insulin degludec, but the evidence to support this is minimal and such practice is not consistent with usual diabetes care. The evidence provided was in the context of a clinical trial, this is a different patient population and supervised under different conditions than may apply in clinical practice.
There are some safety concerns regarding CV risk, and medication errors.
Proposed action
The Delegate has no reason to say, at this time, that the application for Tresiba insulin degludec should not be approved for registration.
Questions for sponsor
8. What is the market share of disposable pens versus cartridges for other insulins?
Please explain the insulin products that are able to be used in the current Novo pen, and what risk mitigation activities are proposed to prevent mix up between these products. This issue relates not just to insulin degludec but to all Novo insulins.
Please provide more detail about any ongoing pharmacovigilance around CV risk and malignancy
Request for ACM advice
1. Does the extra evidence submitted eliminate potential CV risk? Should information about CV risk be included in the PI? Should CV risk be included in the RMP?
1. Is the sponsor’s claim for flexible dosing support by sufficient evidence? Should this be in prescribing information?
1. Please comment on the adequacy of the labels in differentiating the types of insulin.
1. Is extra pharmacovigilance for medication errors or risk mitigation required?
Response from sponsor
Question 1
‘What is the market share of disposable pens versus cartridges for other insulins?’
In Australia, disposable pens are used by approximately 75% of patients treated with any insulin currently available in the market (data provided by IMS Health Authority Pty Ltd). Cartridges for use in durable pens are used by 23% of patients while the remaining 2% use insulin in vials. In the basal segment, the percentage of patients using disposable pens is somewhat higher at 85.7%. Cartridges are utilised by 13.5% of patients and only 0.8% use insulin in a vial.
Question 2
‘Please explain the insulin products that are able to be used the current NovoPen, and what risk mitigation activities are proposed to prevent mix up between these products. This issue relates not just to insulin degludec but to all Novo insulins’.
All currently available Novo Nordisk Penfill cartridges can be used in Penfill compatible pens; that is, NovoPen 4 and NovoPen Echo. The range of marketed products includes human insulin (Actrapid, Protophane and Mixtard), NovoRapid, NovoMix 30 and Levemir. Fiasp, Tresiba and Ryzodeg cartridges have also been designed for use in NovoPen.
As shown in Figure 7 below, current sponsor durable device differentiation is based on differentiation at 3 levels: (1) at Penfill carton level, with each product labelled with the product name and presented in a different colours, (2) at Penfill cartridge level, with each product labelled with the product name and presented in a different colour, and (3) with different durable pen colours, as shown below in the images of the currently available analogue insulins and the NovoPen 4 (blue and silver) and NovoPen Echo (red and blue).
Figure 7: Durable device strategy
[image: ]
As a key preventive measure against mix ups, the sponsor addresses differentiation of insulin products with a multi-layered approach that includes easily distinguishable trade names, as well as consistency between the colour branded packaging and the product specific differentiation design features.
The mitigations are grouped into the following categories: Penfill labelling, Penfill design, Penfill code cap interface, brand name, Penfill label design, pen injector design, and requirements to the instructions for use/user manual.
Mitigations to carton design are implemented to maximise differentiation at the time of dispensing the product, for example at the pharmacy and home environment (see Figure 8 below). Carton design builds on experiences obtained from already marketed Penfill products.
Figure 8: Example of Tresiba and Ryzodeg Penfill carton design
[image: ]
The colour brands are differentiated with the following colours:
Green toned colours for basal insulin
Blue toned colours for pre-mixed insulin
Red, orange and yellow toned colours for bolus insulin
The size, shape and design of the Penfill ensure that only Penfill from the sponsor will fit into compatible sponsor branded pen injectors. The code cap of the Penfill (see Figures 9 and 10 below), which contains the thread interface to the pen injector needle, is colour coded to identify the drug content of the Penfill.
Figure 9: Penfill code cap interface for Tresiba
[image: ]
Figure 10: Example of a Tresiba Penfill brand name
[image: ]
The instructions for use/user manual and the information contained therein will be used as the basis of pen injector specific training, which is given to the user. These requirements, which include the importance of selecting the right drug, are provided in the Penfill user manual.
As highlighted by Diabetes Australia in an attachment to the Delegate’s Overview [not included here], patients who are using more than 1 insulin product are provided with 1 pen for long acting insulin and a separate pen for administration of short acting insulin by their health care provider. Furthermore, patients are educated on how to use the different pens with each type of insulin to avoid potential mix ups. In addition, all sponsor branded insulins contain a package insert which instructs patients to check that they are using the correct type of insulin prior to administering their insulin injection.
In addition to the above risk minimisation measures, it should be noted that insulin in Australia is a prescription only medicine; therefore, the type of insulin a patient receives is controlled by a doctor in conjunction with the dispensing pharmacist. Each patient is likely to be prescribed no more than 2 insulins at any one time so despite the growing number of insulin products available, the risk of mix-ups between products is limited by the availability of a doctor’s prescription.
While the use of disposable pens is preferred by a majority of patients, the availability of cartridges for use in a durable device remains an important option for between 15 and 25% of patients. The Royal Australian College of General Practitioners (RACGP) guidance, General practice management of T2DM, states ‘Choice will depend on patient preference and capability’. This guidance also notes the importance of insulin pens in managing multiple daily injections and allowing more flexibility in self-management.
Taking into account patient preference and the current risk mitigation strategies in place, the risk of medication errors due to mix ups is low and does not outweigh the benefits to the patients who choose to use cartridges in durable pens.
Routine pharmacovigilance (collection and follow up of adverse event reports and ongoing safety signal monitoring) is in place for all sponsor branded insulins worldwide. The sponsor will continue to monitor the rate of medication errors due to mix ups and take appropriate action should any safety signal arise.
Question 3
‘Please provide more detail about any ongoing pharmacovigilance around CV risk and malignancy’.
CV events and malignancies are not identified or potential risks for insulin degludec. Routine pharmacovigilance activities include collection and follow up of adverse event case rep orts, ongoing safety data monitoring and presentation of analysis of aggregate safety data in the PSUR/PBRER for cases related to CV events and malignant neoplasms. Based on the known safety profile of insulin degludec, these routine pharmacovigilance activities are considered adequate by the sponsor. Should there be any change of frequency or pattern of the reported events, these will be subject to re-evaluation.
Assessment of cardiovascular risk
The FDA Guidance for Industry, ‘Diabetes Mellitus Evaluating Cardiovascular Risk in New Antidiabetic Therapies to Treat Type 2 Diabetes’ notes that patients with diabetes mellitus are known to have an elevated risk of cardiovascular disease, which is the leading cause of morbidity and mortality in this patient population.[footnoteRef:17] FDA guidance further notes that: ‘although this increased cardiovascular (CV) risk is present in both type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM), the absolute deficiency of insulin in patients with T1DM dictates the need for insulin therapy as an immediate lifesaving treatment for which evaluation of long-term cardiovascular risk may not be practical. The benefits of insulin treatment therefore largely outweigh the potential CV risk in patients with T1DM.’ Consequently, the DEVOTE CV safety trial for IDeg was conducted in accordance with FDA advice and in line with the FDA guidance, to confirm the CV safety of insulin degludec. [17:  Seshasai S et al. Emerging Risk Factors Collaboration, Diabetes mellitus, fasting glucose, and risk of cause-specific death. N Engl J Med. 2011;364(9):829-41.] 

[bookmark: _Ref509862352]The DEVOTE trial was conducted in 7637 patients with T2DM at high CV risk including those with established CVD and/or chronic kidney disease. In this trial, IDeg met the primary endpoint, demonstrating non-inferiority compared to insulin glargine (IGlar) with regards to CV outcomes. The primary composite endpoint (first occurrence of an adjudicated major CV event, that is death for cardiovascular causes, non-fatal myocardial infarction or non-fatal stroke) occurred in 325 patients (8.5%) in the IDeg group and in 356 (9.3%) in the IGlar group (hazard ratio, 0.91; 95% confidence interval, 0.78 to 1.06; p < 0.001 for non-inferiority).[footnoteRef:18] In addition, there was no significant difference in the incidence of all cause death in the IDeg and IGlar groups (202 patients (5.3%) versus 221 patients (5.8%); hazard ratio, 0.91; 95% CI, 0.76 to 1.11; p = 0.35). Given that IGlar has previously demonstrated CV safety versus placebo in the ORIGIN trial, it can be concluded that IDeg does not cause CV harm when used in the management of T2DM.[footnoteRef:19] Since it has been shown that the increased risk of vascular events in both T1DM and T2DM is a result of a chronic hyperglycaemic state leading to increased oxidative stress and inflammatory responses which are similar between T1DM and T2DM;[footnoteRef:20] it seems justifiable to extrapolate the T2DM findings from the DEVOTE trial to patients with T1DM, this approach having been agreed with FDA. [18:  Marso S et al. Efficacy and Safety of Degludec versus Glargine in Type 2 Diabetes. New England Journal of Medicine. 2017;377:723-32.]  [19:  Gerstein H et al. ORIGIN Trial Investigators: Basal insulin and cardiovascular and other outcomes in dysglycemia. N Engl J Med. 2012;367(4):319-28.]  [20:  Domingueti C et al. Diabetes mellitus: The linkage between oxidative stress, inflammation, hypercoagulability and vascular complications. J Diabetes Complications. 2016;30(4):738-45.] 

Consequently, it is reasonable to conclude that the confirmed cardiovascular safety of IDeg is applicable to the treatment of both T1DM and T2DM patients.
Assessment of malignancy risk
Below is the evaluation of malignancy risk based on the most recent Tresiba PSUR/PBRER with data lock point of 30 September 2016.
The cumulative rates of malignant neoplasms (1.1 events per 100 PYE for Tresiba versus 0.7 events per 100 PYE for comparators) in the completed therapeutic confirmatory open label clinical trials remain comparable with the rates presented in the marketing authorisation application (1.0 and 0.7 for Tresiba and comparators, respectively). In the double blind DEVOTE trial, the rate of malignant neoplasms was similar for Tresiba and IGlar (1.3 versus 1.4 events per 100 PYE).18 No pattern was observed from the type of malignant neoplasm events reported from post marketing sources.
In conclusion, based on the evaluation of the clinical trial and post-marketing data, the incidence of neoplasms in patients with diabetes and the multifactorial aspects of neoplasms, the sponsor evaluates that no new safety concerns have emerged concerning malignant neoplasms.
Nonclinical data support that the carcinogenic potential of IDeg is similar to that of human insulin, and the mitogenic/metabolic potency ratio is similar to that of human insulin.
ACM Question 1
‘Is the sponsor’s claim for flexible dosing supported by sufficient evidence?’
The sponsor believes the claim for flexible dosing is supported by the pharmacokinetic and pharmacodynamic profile of Tresiba (in terms of its 42 hour duration of action and its stable profile at steady state) and by the results from clinical trials that investigated extreme day-to-day variation in dosing time (morning and evening on alternate days, dosing intervals 8 to 40 hours; Trial 3668 in T2DM and Trial 3770 in T1DM) and the flexible dosing trial where subjects were permitted to change their injection time (Trial 3580 in T2DM). In Trials 3668 and 3770, Tresiba was non-inferior to the comparator (IGlar dosed at the same time each day) in terms of efficacy and did not cause any safety concerns with respect to severe hypoglycaemia or AEs of hyperglycaemia or diabetic ketoacidosis. In the flexible dosing trial in T2DM (Trial 3580), almost half the patients (42%) changed their injection time, without adverse effects on either efficacy or safety parameters. Some subjects changed their injection time frequently (7% changing their injection time more than 10 times during the 26 week trial), while others changed less frequently (10% subjects changed their injection time once and 9% changed twice).
However, the sponsor agrees that it is preferable for patients to administer Tresiba at the same time every day and that patients should not be encouraged to change the time of injection from day to day. Accordingly, the PI has been amended as recommended by the Delegate. The following text has been included as advice to prescribers:
‘Tresiba is an ultra long acting basal insulin for once daily subcutaneous administration at any time of the day, preferably the same time every day
Flexibility in dosing time:
Based on the needs of the patient, and unlike other basal insulins, Tresiba allows for some flexibility in the timing of insulin administration. Patients who forget a dose are advised to take it upon discovery and then resume their usual OD dosing schedule. Ensure a minimum of 8 hours between injections’.
ACM Question 2
‘Please comment on the adequacy of the labels in differentiating the types of insulin.’
As described in the sponsor’s response to Question 2 of Questions for sponsor (see above), cartridge and pen labels are differentiated by use of the product name and a distinct colour coding system for each brand of insulin. These measures in conjunction with patient education are considered adequate and the sponsor does not propose to adopt changes to the currently proposed labels.
ACM Question 3
‘Is extra pharmacovigilance for medication errors or risk mitigation required?’
Regarding the mix-up between basal and bolus insulin, this important potential risk was upgraded to an important identified risk, aligning the Australian annex with the updated PSUR.[footnoteRef:21] In addition, the total number of spontaneous cases concerning mix ups between Tresiba and bolus insulin still remained low while considering the increasing post marketing exposure of Tresiba.[footnoteRef:22] [21:  Tresiba Periodic safety update report/periodic benefit –risk evaluation report 1 October 2015 to 30 September 2016 and Tresiba: Response TGA Questions on the safety specification).]  [22:  Latest Tresiba Global PSUR.] 

Regarding the mix up between strengths, appropriate measures are in place in order to minimise the risk of mix-ups occurrences at the patient level and pharmacy level (as per the Tresiba RMP). Additional risk minimisation activities to help mitigate the important potential risk of medication errors due to mix up between different strengths of Tresiba include a direct healthcare professional communication, a poster for display in pharmacies/diabetic units and a patient education leaflet.
On this basis, no additional pharmacovigilance or risk mitigation activities are considered required. The risk is monitored through continuous routine pharmacovigilance. Should there be any change of frequency or pattern of the reported events, the risk will be subject to re-evaluation.
Advisory Committee Considerations
The Advisory Committee on Medicines (ACM) taking into account the submitted evidence agreed with the Delegate and considered Tresiba FlexTouch/Tresiba Penfill injection, solution containing 100 U/mL and 200 U/mL of insulin degludec to have an overall positive benefit-risk profile for the following indication:
‘For the treatment of diabetes mellitus requiring insulin’
In making this recommendation the ACM:
Noted that this application is a resubmission. The original application was withdrawn in 2013 due to CV safety concerns;
noted that non-inferiority to other basal insulins in T1DM and T2DM is adequately established;
noted that the sponsor wants to promote flexible dosing based on the long duration of action of insulin degludec with minimal evidence; and
Noted safety concerns with respect to CV risk and medication errors.
The ACM agreed with the Delegate on the proposed conditions of registration and advised on the inclusion of the following:
Subject to satisfactory implementation of the RMP most recently negotiated by the TGA.
Negotiation of the PI and CMI to the satisfaction of the TGA.
Specific advice
The ACM advised the following in response to the delegate’s specific questions on the submission:
1. ‘Does the extra evidence submitted eliminate potential CV risk? Should information about CV risk be included in the PI? Should CV risk be included in the RMP?’
The ACM noted that the extra data provided in this submission did not support elimination of CV risk but sufficiently reduced the concern to allow registration. The ACM also noted that it seems to be unlikely to emerge as a risk. However, the ACM recognised that the DEVOTE study, in not including T1DM, and in only having a limited amount of follow up (12 months) may represent immature data. The ACM agreed that given that the sponsor proposes to put the final DEVOTE trial data in the PI then interim data should also be included. The ACM noted that the requirement to submit DEVOTE final trial data for evaluation as agreed should form part of the RMP.
The ACM noted that a trial looking at potential CV adverse events was undertaken in T2DM patients with a 12 month follow up (the DEVOTE trial). No adverse events were seen, despite earlier data raising this as a possible concern. No T1DM patients were recruited (study designed in consultation with the FDA). The ACM notes this is currently missing data.
‘Is the sponsor’s claim for flexible dosing supported by sufficient evidence? Should this be in prescribing information?’
The ACM noted Delegate’s concerns with sponsor’s claim for flexible dosing and suggested a modified statement in the PI, and that the PI and CMI should address the potential for dosing errors.
‘Please comment on the adequacy of the labels in differentiating the types of insulin.’
The ACM agreed that the suggested labelling of the cartridges is adequate to differentiate the types of insulins.
Is extra pharmacovigilance for medication errors or risk mitigation required?
The ACM agreed that extra pharmacovigilance for medication or risk mitigation is not required.
The ACM advised that implementation by the sponsor of the recommendations outlined above to the satisfaction of the TGA, in addition to the evidence of efficacy and safety provided would support the safe and effective use of these products.
[bookmark: _Toc247691532][bookmark: _Toc314842516][bookmark: _Toc517697120]Outcome
[bookmark: _Toc247691533][bookmark: _Toc314842517]Based on a review of quality, safety and efficacy, the TGA approved the registration of:
Tresiba Penfill insulin degludec (rys) 100 U/mL solution for injection multidose cartridge
Tresiba FlexTouch insulin degludec (rys) 100 U/mL solution for injection multidose cartridge
Tresiba FlexTouch 200 insulin degludec (rys) 200 U/mL solution for injection multidose cartridge.
The approved indication for these therapeutic goods is:
‘To improve glycaemic control in adult patients with diabetes mellitus requiring insulin’.
Specific conditions of registration applying to these goods
Any changes to which the sponsor has agreed should be included in a revised RMP and ASA. However, irrespective of whether or not they are included in the currently available version of the RMP document, the agreed changes become part of the risk management system.
The insulin degludec (Tresiba) EU Risk Management Plan (RMP), version 5.3, dated 14 January 2015 (data lock point 31 March 2014) with Australian Specific Annex, version 1.1, dated 2 May 2017, and any subsequent revisions, as agreed with the TGA will be implemented in Australia.
Submit the full study report of the DEVOTE study as soon as it is available.
Batch Release Testing and Compliance with Certified Product Details (CPD)
All batches of Tresiba Penfill insulin degludec (rys) 100 U/mL and Tresiba Flextouch insulin degludec (rys) 100 U/mL and 200 U/mL solution for injection multidose cartridge imported into/manufactured in Australia must comply with the product details and specifications approved during evaluation and detailed in the Certified Product Details (CPD).
Each batch of Tresiba Penfill insulin degludec (rys) 100 U/mL and Tresiba FlexTouch insulin degludec (rys) 100 U/mL and 200 U/mL solution for injection multidose cartridge imported into/manufactured in Australia is not released for sale until samples and/or the manufacturer’s release data have been assessed and endorsed for release by the TGA Laboratories Branch.
[bookmark: _Toc517697121]Attachment 1. Product Information
The PI for Tresiba Penfill and Tresiba FlexTouch approved with the submission which is described in this AusPAR is at Attachment 1. For the most recent PI, please refer to the TGA website at <https://www.tga.gov.au/product-information-pi>.
[bookmark: _Toc517697122]Attachment 2. Extract from the Clinical Evaluation Report
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