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[bookmark: _Toc485219843][bookmark: _Toc485295720]List of common abbreviations
	Abbreviations
	Meaning

	AE
	Adverse Event

	ALT
	Alanine Transaminase

	aPPT
	Activated Partial Thromboplastin Time

	AST
	Aspartate Transaminase

	AUC
	Area Under the Concentration versus Time Curve

	BUN
	Blood Urea Nitrogen

	Cmax
	Maximum Concentration

	ECG
	Electrocardiograph

	ELISA
	 Enzyme-linked immunosorbent assay

	EMA
	European Medicines Agency

	FIX
	Factor IX

	FDA
	Food and Drug Administration

	GCP
	Good Clinical Practice

	IU
	International Units

	LDH
	Lactate Dehydrogenase

	LFTs
	Liver Function Tests

	pdFIX
	Plasma-derived factor IX

	PI
	Product Information

	PK
	Pharmacokinetics

	PT
	Prothrombin Time

	PTP
	Previously Treated Patient

	PUP
	Previously Untreated Patient

	rFIX
	Recombinant factor IX

	rIX-FP
	Recombinant factor IX – fusion protein (Albutrepenonacog alfa)

	SAE
	Serious Adverse Event

	TAT
	Thrombin-Antithrombin Complex

	TGA
	Therapeutic Goods Administration

	WBC
	White Blood Cell



1. [bookmark: _Toc485219844][bookmark: _Toc485295721][bookmark: _Toc351718900][bookmark: _Toc355338635]Introduction
This is a full submission to register a new biological entity.
1.1. [bookmark: _Toc272414596][bookmark: _Toc290846218][bookmark: _Toc310668087][bookmark: _Toc485219845][bookmark: _Toc485295722]Drug class and therapeutic indication
Albutrepenonacog alfa is a fusion protein in which a recombinant factor IX (rFIX) molecule is covalently linked to a recombinant albumin molecule. In the submission the sponsor used the abbreviation ‘rIX-FP’ to refer to the product.
The proposed indication is:
Idelvion® is indicated in all patients with haemophilia B for:
· Routine prophylaxis to prevent or reduce the frequency of bleeding episodes;
· Control and prevention of bleeding episodes;
· Control and prevention of bleeding in the perioperative setting.
1.2. [bookmark: _Toc272414597][bookmark: _Toc290846219][bookmark: _Toc310668088][bookmark: _Toc485219846][bookmark: _Toc485295723]Dosage forms and strengths
The product is presented as a lyophilised powder, for reconstitution with sterile water for injection (WFI). Four vial strengths are proposed:
· 250 IU (reconstituted with 2.5 mL of WFI);
· 500 IU (reconstituted with 2.5 mL of WFI);
· 1,000 IU (reconstituted with 2.5 mL of WFI);
· 2,000 IU (reconstituted with 5.0 mL of WFI).
1.3. [bookmark: _Toc272414598][bookmark: _Toc290846220][bookmark: _Ref310516208][bookmark: _Ref310665026][bookmark: _Toc310668089][bookmark: _Toc485219847][bookmark: _Toc485295724]Dosage and administration
The reconstituted solution is administered intravenously slowly (at a rate comfortable for the patient) as a bolus dose, without further dilution.
There is several dosage regimens proposed depending on the clinical scenario. In general, dosing is based on the finding that the incremental recovery of factor IX (FIX) is such that a dose of 1 IU of FIX per kg body weight is expected to increase the circulating level of FIX by an average of: 
· 1.3 IU/dL (1.3% of normal) in patients ≥12 years of age; and
· 1.0 IU/dL (1.0% of normal) in patients <12 years of age.
The required dose is therefore given by the formula:
Required dose (IU) = [Desired increase in FIX levels (IU/dL) ÷ incremental recovery (IU/dL per IU/kg)] X weight (kg).
For the three clinical scenarios described in the proposed indication, the proposed doses are summarised as follows, based on the draft product information (PI):
1.3.1. Treatment of a bleeding episode
Dosing guidance is given in the following table taken from the draft PI:
Table 1: Dosing guidance for treatment of bleeding episode
[image: ]
1.3.2. Perioperative setting:
Dosing guidance is given in the following table taken from the draft PI:
Table 2: Dosing guidance for perioperative setting
[image: ]
1.3.3. Routine prophylaxis:
Two regimens are proposed:
· 25–40 IU/kg once weekly (every 7 days), or
· 50–75 IU/kg every 14 days.
1.4. [bookmark: _Toc272414599][bookmark: _Toc290846221][bookmark: _Toc310668090][bookmark: _Toc485219848][bookmark: _Toc485295725]Other proposed changes to the PI
Not applicable.
2. [bookmark: _Toc485219849][bookmark: _Toc485295726]Clinical rationale
[bookmark: _Ref495485015]Haemophilia B is an X-linked congenital bleeding disorder caused by a deficiency of coagulation factor IX (FIX). It is characterised by recurrent bleeding episodes, typically into joints and muscles. It is less common than haemophilia A (factor VIII deficiency), accounting for 15-20% of all haemophilia cases.[footnoteRef:2] The Haemophilia Foundation of Australia estimates that there are approximately 2,950 subjects with haemophilia in Australia.[footnoteRef:3] The prevalence of the haemophilia B in Australia would therefore be approximately 442 – 590 subjects. Haemophilia is often classified as mild, moderate or severe based on factor levels (Table 3).1 [2:  World Federation of Hemophilia. Guidelines for the Management of Hemophilia (2nd edition). 2012. Available from: http://www.wfh.org/en/resources/wfh-treatment-guidelines]  [3:  Haemophilia Foundation Australia. Haemophilia [online] March 2015 [viewed 29 October 2015]. Available from: https://www.haemophilia.org.au/bleedingdisorders/haemophilia] 

[bookmark: _Ref307735912][bookmark: _Ref307735887][bookmark: _Toc310668225]Table 3: Classification of Severity of Haemophilia
[image: ]
The current standard treatment of haemophilia B is based on the use of replacement FIX therapy. Replacement therapy products that are currently registered in Australia are:
· Plasma-derived FIX (Monofix-VF, CSL Ltd) which is manufactured from blood donated to the Australian Red Cross Blood Service; 
· Recombinant FIX (nonacog alfa; Benefix; Pfizer Australia Pty Ltd);
· Recombinant FIX (nonacog gamma; Rixubis; Baxalta Australia Pty Ltd); and
· Recombinant long-acting FIX (eftrenonacog alfa; Alprolix; Biogen Australia Pty Ltd).
The FIX contained in Monofix-VF, Benefix and Rixubis has a half-life of approximately 24 hours. For the treatment of bleeding episodes and for surgical prophylaxis it is recommended that dosing be repeated every 12-24 hours. For routine prophylaxis, dosing is recommended twice per week.[footnoteRef:4]  [4:  Therapeutic Goods Administration. MonoFIX-VF Product Information [online] 30 July 2015 [viewed 29 October 2015]. Available from: https://www.ebs.tga.gov.au/
Therapeutic Goods Administration. Benefix Product Information [online] 15 August 2013 [viewed 29 October 2015]. Available from: https://www.ebs.tga.gov.au/
Therapeutic Goods Administration. Rixubis Product Information [online] 27 May 2015 [viewed 29 October 2015]. Available from: https://www.ebs.tga.gov.au/] 

Alprolix is a long-acting form of recombinant FIX in which the FIX molecule is bound to the Fc fragment of an immunoglobulin G1 (IgG1) molecule. It has a half-life of 82 hours. For the treatment of bleeding episodes and for surgical prophylaxis the dosing interval is up to 48 hours, and for routine prophylaxis, the recommended dosing interval is up to 10 days.[footnoteRef:5] [5:  Therapeutic Goods Administration. Alprolix Product Information [online] 15 July 2015 [viewed 29 October 2015]. Available from: https://www.ebs.tga.gov.au/] 

Combining the FIX molecule with an albumin molecule is intended to produce a prolonged half-life, with less frequent dosing required. The draft PI states that albutrepenonacog alfa has an elimination half-life of 104 h and the recommended dosage interval for the treatment of bleeding episodes and surgical prophylaxis is up to 72 hours. The recommended initial dosage interval for routine prophylaxis is up to 14 days.
3. [bookmark: _Toc485219850][bookmark: _Toc485295727]Contents of the clinical dossier
3.1. [bookmark: _Toc485219851][bookmark: _Toc485295728]Scope of the clinical dossier
The submission contained the following clinical information:
· 1 Phase I safety and PK study using ascending single doses (Study 2001);
· 1 population pharmacokinetic analysis;
· 1 phase I/II study examining PK, safety and efficacy (Study 2004);
· 1 pivotal phase II/III PK, efficacy and safety study in adults and adolescents (Study 3001):
· 1 pivotal phase III PK, efficacy and safety study in children (Study 3002);
· 1 phase III extension efficacy and safety study (Study 3003).
· Tabulated data for pooled analyses of PK, efficacy and safety;
The submission was lodged in electronic format only.
3.2. [bookmark: _Toc485219852][bookmark: _Toc485295729]Paediatric data
The submission included paediatric pharmacokinetic, efficacy and safety data (Study 3002).
3.3. [bookmark: _Toc485219853][bookmark: _Toc485295730]Good clinical practice
The clinical study report for each of the submitted studies included an assurance that they were carried out in accordance with the ICH (International Conference on Harmonization) Good Clinical Practice (GCP) guidelines and the Declaration of Helsinki.
4. [bookmark: _Toc355338639][bookmark: _Toc485219854][bookmark: _Toc485295731]Pharmacokinetics 
4.1. [bookmark: _Ref271017296][bookmark: _Ref271018924][bookmark: _Ref271018934][bookmark: _Toc272414614][bookmark: _Toc290846238][bookmark: _Toc310668107][bookmark: _Toc485219855][bookmark: _Toc485295732]Studies providing pharmacokinetic data
Four of the five submitted clinical studies provided PK data. Table 4 shows the studies relating to each pharmacokinetic topic and the location of each study summary.
[bookmark: _Ref272426277][bookmark: _Toc310668219]Table 4: Submitted pharmacokinetic studies
	PK topic
	Subtopic
	Study ID
	*

	PK in adults and adolescents with haemophilia B

	General PK	- Single dose
	2001 
	*

	
	
	2004
	

	
	
	3001
	

	
				- Repeat-dose
	3001
	

	PK in children with haemophilia B

	General PK	- Single dose
	3002
	*

	Population PK analyses

	
	RA21020032
	*


* Indicates the primary aim of the study.
None of the pharmacokinetic studies had deficiencies that excluded their results from consideration.
4.2. [bookmark: _Ref269118175][bookmark: _Toc272414616][bookmark: _Toc290846239][bookmark: _Toc310668108][bookmark: _Toc485219856][bookmark: _Toc485295733]Summary of pharmacokinetics
The information in the following summary is derived from conventional pharmacokinetic studies unless otherwise stated.
4.2.1. [bookmark: _Toc272414617][bookmark: _Toc290846240][bookmark: _Toc310668109]Physicochemical characteristics of the active substance
The following information is derived from the sponsor’s summaries. rIX-FP is a fusion protein combining human coagulation factor IX and recombinant albumin. It contains 1018 amino acids and has a molecular weight of approximately 125 kilo Daltons. It is produced by recombinant DNA technology in a Chinese hamster ovary (CHO) cell line.
4.2.2. [bookmark: _Ref271189106][bookmark: _Ref271189143][bookmark: _Toc272414618][bookmark: _Toc290846241][bookmark: _Toc310668110]Pharmacokinetics in haemophilia B subjects
4.2.2.1. [bookmark: _Toc272414619][bookmark: _Toc290846242][bookmark: _Toc310668111]Absorption
rIX-FP is only administered intravenously and by definition has 100% absorption and bioavailability. In the studies the first PK sample was not collected until 30 minutes after the end of the infusion. Tmax for plasma FIX activity generally occurred around this time.
4.2.2.2. Incremental recovery
In adults and adolescents, mean incremental recovery after a single dose of 50 IU/kg rIX-FP was 
1.31 IU/dL per IU/kg. This value was higher than that obtained with recombinant FIX (0.961 IU/dL per IU/kg) and comparable to that obtained with plasma-derived FIX (1.30 IU/dL per IU/kg). 
In children aged < 12 years incremental recovery for rIX-FP was lower than in adults (1.01 IU/dL per IU/kg) but greater than that obtained with recombinant FIX (0.731 IU/dL per IU/kg) or plasma-derived FIX (0.756 IU/dL per IU/kg).
4.2.2.3. Dose proportionality
An analysis based on FIX antigen Cmax and AUC values indicated that the PK of rIX-FP was dose proportional over the dose range 25 to 75 IU/kg.
PK during multiple-dosing
In Study 3001, 15 subjects had an assessment of rIX-FP PK before and after 6 months of prophylaxis treatment. The PK of rIX-FP was not altered to a clinically significant extent.
4.2.3. [bookmark: _Toc241374288][bookmark: _Toc272414621][bookmark: _Toc290846244][bookmark: _Toc310668112]Distribution
4.2.3.1. Volume of distribution
In adults and adolescents, values for volume of distribution at steady state (Vss) were approximately 1.0 dL/kg (100 mL/kg), equating to 7.0 L in a 70 kg subject. In the population PK analysis, for a 70 kg subject, the predicted value for central volume was 6.48 L for central volume and 1.58 L for peripheral volume, using a two-compartment model.
In children, volume of distribution was higher (131.6 mL/kg for Vss).
In the three studies (2001, 3001 and 3002) that included a comparison of rIX-FP with rFIX (e.g. BeneFIX), volume of distribution was lower following rIX-FP, indicating less distribution outside the vascular space.
Other distribution parameters
There were no clinical data submitted on plasma protein binding, erythrocyte distribution or tissue distribution.
Comment:	The guideline on PK of therapeutic proteins adopted by the TGA[footnoteRef:6] states that ‘... binding capacity to plasma proteins should be studied when considered relevant’. It contains no recommendations regarding the need to measure distribution to tissues. The EMA guideline on factor IX products[footnoteRef:7] does not require investigation of these parameters. The absence of data on other distribution parameters is therefore not considered a deficiency in the submission. [6:  European Medicines Agency. Guideline On The Clinical Investigation Of The Pharmacokinetics Of Therapeutic Proteins (CHMP/EWP/89249/2004); 2007]  [7:  European Medicines Agency. Guideline on clinical investigation of recombinant and human plasma-derived factor IX products (EMA/CHMP/BPWP/144552/2009); 2011.] 

4.2.3.2. [bookmark: _Toc272414622][bookmark: _Toc290846245][bookmark: _Toc242109041][bookmark: _Toc310668113]Metabolism and Excretion
Routes of metabolism and excretion
There were no clinical data in the submission regarding the routes of metabolism and excretion of rIX-FP. 
Comment:	According to the guideline on PK of therapeutic proteins, the elimination of large proteins can be predicted to occur through catabolism by proteolysis. The absence of data on metabolism and excretion is therefore not considered a deficiency.
Clearance
In adults and adolescents, following single intravenous doses of rIX-FP, clearance was approximately 0.75 mL/hr per kg. This equates to 0.875 mL/min for a 70 kg individual. In the population PK analysis, for a 70 kg subject, the predicted value for clearance was 0.575 dL/hr (0.958 mL/min).
In children, clearance was higher (1.112 mL/hr per kg).
Half-life
In adults and adolescents, following single intravenous doses of rIX-FP, half-life was in the range of 90 to 100 hours. In children, the observed mean half-life was 91.4 hours. In the three studies that compared rIX-FP with conventional FIX products, the half-life of rIX-FP was consistently longer.
4.2.3.3. [bookmark: _Toc241374291][bookmark: _Toc272414624][bookmark: _Toc290846247][bookmark: _Toc310668114]Intra- and inter-individual variability of pharmacokinetics
[bookmark: _Toc241374293]Variability in PK parameters was modest with values for co-efficient of variation generally being <25%. In the population PK analysis the only covariate with a significant effect on rIX-FP PK was body weight.
4.2.4. [bookmark: _Toc272414626][bookmark: _Toc290846249][bookmark: _Toc310668115]Pharmacokinetics in other special populations
4.2.4.1. [bookmark: _Toc272414627][bookmark: _Toc290846250][bookmark: _Toc310668116]Pharmacokinetics in subjects with impaired hepatic function
No dedicated clinical studies were conducted in subjects with hepatic impairment. In the population PK analysis baseline AST level, ALT level or hepatitis positivity had no significant effect on rIX-FP PK.
4.2.4.2. [bookmark: _Toc272414628][bookmark: _Toc290846251][bookmark: _Toc310668117]Pharmacokinetics in subjects with impaired renal function
No dedicated clinical studies were conducted in subjects with renal impairment. In the population PK analysis baseline creatinine clearance had no significant effect on rIX-FP PK.
4.2.4.3. [bookmark: _Toc272414629][bookmark: _Toc290846252][bookmark: _Toc310668118]Pharmacokinetics according to age
In the sponsor’s Summary of Clinical Pharmacology the sponsor presented an analysis of pooled PK data based on age. Results of the analysis are summarised in Table 5. For a dose of 50 IU/kg, children demonstrated higher clearance and a larger volume of distribution than adults. Consistent with increased clearance, children had lower Cmax, AUC and incremental recovery.
[bookmark: _Toc241374294][bookmark: _Toc272414632][bookmark: _Toc290846255][bookmark: _Toc310668119]The population PK analysis did not detect a significant effect of age (in addition to bodyweight) on rIX-FP PK. The sponsor commented that this was likely to be due to the strong correlation between age and total body weight in children.
[bookmark: _Ref309129841][bookmark: _Toc310668227]Table 5: Pooled PK data – PK according to age
[bookmark: _GoBack][image: ]
4.2.5. Pharmacokinetic interactions
No data were submitted on PK interactions.
4.3. [bookmark: _Toc241374296][bookmark: _Ref269982040][bookmark: _Ref271018704][bookmark: _Ref271018755][bookmark: _Toc272414635][bookmark: _Toc290846258][bookmark: _Toc310668120][bookmark: _Toc485219857][bookmark: _Toc485295734]Evaluator’s overall conclusions on pharmacokinetics
The PK of rIX-FP have been adequately characterised, given the rarity of haemophilia B and the fact that rIX-FP is a large protein administered IV. The data generated meet the requirements for PK data laid down in the relevant EMA guidelines.
The data demonstrate that administration of rIX-FP is associated with restoration of FIX activity in plasma in subjects with severe FIX deficiency. This FIX activity in plasma is prolonged when compared to conventional FIX replacement products such as rFIX and pd-FIX. Compared to adults, children have increased clearance of rIX-FP and a higher volume of distribution, and as a result achieve lower plasma FIX activity levels.
rIX-FP was associated with a higher incremental recovery than the comparator FIX products used in the submitted studies. 
5. [bookmark: _Toc485219858][bookmark: _Toc485295735]Pharmacodynamics
FIX activity was measured in four of the five studies submitted. In haemophilia B studies this is considered to be a pharmacokinetic endpoint and results have therefore been described above in section 4 of this report. There were no other PD data submitted.
6. [bookmark: _Toc485219859][bookmark: _Toc485295736]Dosage selection for the pivotal studies
The doses used in the pivotal studies were based on PK data from the phase 1 PK study (Study 2001). For Study 3001, doses were calculated using the formula described in section Dosage and administration above. For Study 3002 prophylaxis dose was set at 35-50 IU/kg every 7 days, which could be adjusted based on the individual subject’s PK data. Target FIX activity levels for the treatment of bleeding episodes were based on the recommendations of the World Federation of Haemophilia (WFH). 
Comment:	The dosage regimens recommended in the draft PI for the treatment of bleeding episodes and use in surgery are not identical to those used in the pivotal studies. Rather the sponsor has incorporated the incremental recovery values obtained from the PK assessments in the studies into a dosing formula (see section Dosage and administration above) to obtain desired plasma FIX activity levels. This is an acceptable approach used with other FIX products.
7. [bookmark: _Toc485219860][bookmark: _Toc485295737]Clinical efficacy
7.1. [bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274][bookmark: _Toc310668124][bookmark: _Toc485219861][bookmark: _Toc485295738]Pivotal efficacy studies
7.1.1. [bookmark: _Ref243301615][bookmark: _Ref271040927][bookmark: _Ref271040932][bookmark: _Toc272414653][bookmark: _Toc290846275][bookmark: _Toc310668125]Study 3001
7.1.1.1. [bookmark: _Ref308428846][bookmark: _Ref308428902][bookmark: _Toc310668126]Study design, objectives, locations and dates
Study design
Study 3001 was an open-label trial in previously treated patients (aged 12-65 years) with severe haemophilia B. The study design is summarised in Figure 1 and Figure 2. After initial screening, subjects were allocated to one of the two treatment arms; Arm 1 (prophylaxis treatment) or Arm 2 (on demand treatment). Subjects were allocated on the basis of their current treatment; that is, subjects currently receiving on-demand treatment were allocated to Arm 2.
[bookmark: _Ref308343182][bookmark: _Toc310668269]Figure 1: Study 3001 - Study schema (overall)
[image: ]
[bookmark: _Ref308343258][bookmark: _Toc310668270]Figure 2: Study 3001 - Study schema (Arm 1)
[image: ]
Subjects allocated to Arm 1 (prophylaxis treatment) were further stratified in to one of three treatment blocks. The 3 blocks differed with respect to the PK evaluation to be undertaken.
· Block A was to include all subjects who had completed an earlier phase 1/2 study (Study 2004). These subjects already had a PK assessment in the earlier study. Therefore no initial PK assessment would be performed prior to the commencement of prophylaxis treatment. However, if 6 months of prophylaxis treatment was successful with a dose of ≤ 50 IU rIX-FP per week, they would undergo a PK assessment of a dose of 75 IU rIX-FP with a view to extending the dosage interval.
· Block B was to include the first 15 subjects who had not participated in Study 2004. These subjects would undergo three PK assessments – a PK assessment of their previous FIX product, an initial PK assessment of 50 IU/kg rIX-FP, and a repeat PK assessment of 50 IU/kg rIX-FP after approximately 6 months of prophylaxis treatment.
· Block C was to include all further subjects who had not participated in Study 2004. These subjects were to only undergo an initial PK assessment of 50 IU/kg rIX-FP prior to prophylactic treatment.
After approximately 6 months of prophylaxis treatment using a 7 day dosing interval subjects in Arm 1 could switch to a 10 or 14 day dosage interval provided that certain criteria (described below) were met. After approximately 6 months of on-demand treatment, subjects in Arm 2 could switch to prophylaxis treatment using a 7 day dosing interval, provided certain criteria were met.
All subjects were also eligible to participate in a sub-study that examined the efficacy and safety of rIX-FP in the surgical setting.
Objectives
The primary objectives were to evaluate the efficacy of rIX-FP in preventing bleeding episodes (prophylaxis) and safety of rIX-FP with respect to the development of inhibitors against FIX in subjects with severe hemophilia B (FIX activity of ≤ 2%). The primary objective of the surgical sub-study was to evaluate the efficacy of rIX-FP in the prevention and control of bleeding in subjects with severe hemophilia B during surgical procedures.
The secondary objectives of the study were:
· To evaluate the PK of a single dose of rIX-FP; 
· To evaluate the clinical response to rIX-FP for the prevention and treatment of bleeding episodes in subjects with severe hemophilia B;
· To evaluate the safety of rIX-FP, based on AEs and the development of antibodies to rIX-FP;
· To evaluate the safety of rIX-FP during the intraoperative and postoperative periods.
Locations and dates
The trial was conducted in 32 centres in 10 countries (Austria, Bulgaria, France, Germany, Israel, Italy, Japan, Russia, Spain and the United States) between February 2012 and July 2014. The study report was dated 7 November 2014. At the time of writing the study does not appear to have been published.
7.1.1.2. [bookmark: _Toc310668127]Inclusion and exclusion criteria
Comment:	The key inclusion and exclusion criteria are consistent with those recommended for studies in previously treated patients by the relevant EMA guideline.[footnoteRef:8] [8:  European Medicines Agency. Guideline on clinical investigation of recombinant and human plasma-derived factor IX products (EMA/CHMP/BPWP/144552/2009); 2011.] 

7.1.1.3. [bookmark: _Ref309918172][bookmark: _Toc310668128]Study treatments
Doses used in the PK evaluations are described above. The following describes the dosage regimens used for treatment.
For Arm 1 (prophylaxis treatment) the following dosage regimens were used:
· Block A subjects continued with the same prophylaxis dose used at the end of Study 2004. This regimen continued for 26 weeks.
· Block B subjects were treated with a prophylaxis regimen of 35-50 IU/kg every 7 days for 30 weeks.
· Block C subjects were treated with a prophylaxis regimen of 35-50 IU/kg every 7 days for 30 weeks.
If a subject experienced a spontaneous haemorrhage during prophylaxis, the prophylaxis dose could be increased by an increment of 10 ± 5 IU/kg, up to a maximum dose of 75 IU/kg with a target of maintaining the trough FIX activity level above 1% between the 7 day doses. These increments could occur once in any 28 day period. Haemorrhages were treated using the same regimen used for on-demand treatment in Arm 2 (see below).
After completion of the treatment period specified for each block, subjects could be switched from a 7 day regimen to a 10 or 14 day regimen if they met the following criteria:
· No dose adjustment had occurred in the previous month;
· No spontaneous bleeding episodes had occurred in the previous month;
· Subject was currently on a weekly prophylaxis dose of ≤ 50 IU/kg;
· Subject was willing to switch to a longer treatment interval.
A new dose regimen was assigned using the following algorithm (Table 6)
Table 6: Algorithm for dosage assignment
[image: ]
The 10 and 14 day regimens were to be continued for at least 30 weeks and 50 exposure days. If a subject being treated with a 14 day regimen experienced two spontaneous haemorrhages in a two-month period, the dosage interval could be reduced to 10 days. A 10 day interval could be reduced to a 7 day interval in the same circumstances.
For Arm 2 (on-demand treatment) the following dosage regimens were used:
· On-demand dose was based on each subject’s PK results, with a minimum dose of 35 IU/kg and a maximum dose of 75 IU/kg. After haemostasis was achieved, maintenance doses could be prescribed at the discretion of the investigator.
· Patients could switch to a prophylaxis regimen after completing 26 weeks of on-demand dosing, or after experiencing at least 12 spontaneous bleeding episodes, whichever occurred first. The prophylaxis regimen was 35-50 IU/kg every 7 days. During the first 4 weeks the dose could be increased, up to a maximum of 75 IU/kg every 7 days. This dose was maintained for the remainder of the study (approximately 26 weeks in total).
For surgical procedures the following regimen was used:
· Approximately 1 hour prior to surgery, a single dose of rIX-FP was administered. The dose was based on the subject’s PK assessment but was in the range of 50 – 75 IU/kg. The aim was to increase plasma FIX activity levels to 60-80%;
· During surgery additional doses could be administered depending on plasma FIX activity levels, type of surgery and local standard of care. Plasma FIX activity levels were to be measured prior to these repeat doses;
· Post-operative doses could be administered for up to 14 days after surgery depending on plasma FIX activity levels and type of surgery.
rIX-FP was administered as a bolus IV injection at a rate of approximately 250 IU per minute or in approximately 5 to 15 minutes. During the PK evaluation period all injections were administered at the study centre by study staff. During the treatment evaluation period injections could be administered by the subject, the subject’s caregiver or by the study staff.
7.1.1.4. [bookmark: _Toc310668129]Efficacy variables and outcomes
The main efficacy variables were
· The number of bleeding episodes;
· The amount of rIX-FP used for on-demand and prophylactic treatment;
· The investigator’s overall assessment of efficacy.
The primary efficacy endpoint was the annualized spontaneous bleeding rate (AsBR) in the on-demand treatment arm (Arm 2).
Secondary efficacy endpoints were
· Various sensitivity analyses of the primary efficacy endpoint;
· Number of spontaneous bleeding episodes per year in Arm 2, assuming a Poisson distribution;
· Annualized bleeding rate for total bleeding episodes in Arm 2;
· Number of infusions of rIX-FP required to achieve haemostasis in the treatment of minor/moderate bleeding episodes;
· Investigator’s overall clinical assessment of haemostatic efficacy for the treatment of bleeding episodes. This was assessed using two separate 4-point scales; one for mild/moderate bleeds and another for major trauma/life-threatening bleeds
· rIX-FP consumption during routine prophylaxis; 
· Comparison of annualized spontaneous bleeding rate between the 7 day and >7 day prophylaxis regimens.
Other efficacy analyses performed were:
· Time from last dose of rIX-FP to the onset of a spontaneous bleeding episode;
· Annualized bleeding rates by category of bleeding (spontaneous, traumatic, non-traumatic [that is,, spontaneous or unknown]), joint, and total bleeding episodes;
· Analyses of bleeding episodes by type (overall, spontaneous, traumatic, unknown), location, dose used in treatment and time between onset of bleeding and treatment;
· Subject assessment of efficacy in mild or moderate bleeding episodes;
· Monthly consumption of rIX-FP versus previous FIX for routine prophylaxis.
Subjects recorded details of their dose, dose interval, rIX-FP consumption, and details of any bleeding episodes in an electronic diary. Subjects were reviewed in the clinic every 4 weeks.
For the surgical sub study, efficacy outcomes were:
· The investigator’s/surgeon’s overall clinical assessment of haemostatic efficacy for surgical prophylaxis, based on a 4-point ordinal scale;
· A comparison of the preoperative predicted surgical blood loss for a subject without haemophilia undergoing the same type and extent of surgical procedure and the estimated intraoperative blood loss;
· A comparison of the preoperative predicted surgical blood loss for a subject without haemophilia undergoing the same type and extent of surgical procedure and the actual transfusion requirements;
· Changes in haemoglobin between baseline and the lowest intraoperative and postoperative levels;
· Weekly rIX-FP consumption;
· Wound hematoma/surgical evacuation, blood loss through surgical drainage (mL), and any late bleeding episodes within 72 h of surgery.
7.1.1.5. [bookmark: _Toc310668130]Randomisation and blinding methods
Subjects were not randomised to treatment. Allocation to Arm 1 or Arm 2 was based on the subject’s existing treatment regimen. Allocation to the different blocks of Arm 1 was done in a sequential manner. The study was an open-label trial with no blinding.
Comment:	Given the rarity of haemophilia B, adequately powered randomised double blind trials would be difficult to perform. The trial design complies with the EU guideline adopted by the TGA. 
7.1.1.6. [bookmark: _Toc310668131]Analysis populations
The following analysis populations were defined:
· The safety population consisted of all subjects who received at least 1 dose (or partial dose) of rIX-FP during the study;
· The efficacy population consisted of all subjects who received at least 1 dose of rIX-FP as part of either routine prophylaxis treatment or on-demand treatment during the study;
· The primary efficacy population consisted of all subjects in the efficacy population assigned to the on-demand treatment arm (Arm 2) who received at least 1 dose of on-demand treatment and also received at least 1 dose of routine prophylaxis treatment;
· The per-protocol (PP) population consisted of all subjects in the efficacy population who did not have any inclusion or exclusion criteria deviations and who incurred no protocol deviations that pertained to the assessment of treatment efficacy; 
· The PK population consisted of subjects who received at least 1 dose of rIX-FP for PK assessment and for whom a sufficient number of analysable; 
· The surgical population included all subjects who received at least 1 dose of rIX-FP for a major or minor surgical procedure.
7.1.1.7. [bookmark: _Toc310668132]Sample size
Arm 2 of the study was designed to show that 7 day prophylaxis treatment with rIX-FP was superior to on-demand treatment with rIX-FP with respect to the AsBR. To demonstrate a 50% reduction in AsBR (ratio of AsBR with prophylaxis to AsBR with on-demand < 0.50), with at least 89% power it was calculated that a sample size of 21 subjects would be required, assuming a coefficient of variation not more than 1.6 and a type I error α of 0.025 (1-sided). It was therefore planned to recruit a total of 25 subjects to allow for at least 21 evaluable subjects.
Approximately 35 subjects were planned for Arm 1 of the study. These would ensure a total of 50 subjects in the study as a whole. Advice received by the sponsor from a regulatory agency was that a rate of no more than 1 inhibitor in 50 subjects would be acceptable.
For the surgical sub study the target enrolment was at least 5 subjects and 10 major surgeries, in line with the requirements of the EMA guideline.
7.1.1.8. [bookmark: _Toc310668133]Statistical methods
For the primary efficacy endpoint, the difference in AsBR between on-demand and prophylaxis was to be tested using the Wilcoxon signed rank test. In general, descriptive statistics were used for the remaining endpoints.
7.1.1.9. [bookmark: _Toc310668134]Participant flow
Overall subject disposition is summarised in Figure 3, and disposition with respect to PK assessments is summarised in Table 7. A total of 63 subjects were enrolled and treated, 40 in the prophylaxis arm (Arm 1) and 23 in the on-demand arm (Arm 2). Analysis populations are summarised in Table 8.
[bookmark: _Ref309469154][bookmark: _Toc310668271]Figure 3: Study 3001 Subject disposition
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[bookmark: _Ref309469215][bookmark: _Toc310668233]Table 7: Study 3001 Subject disposition (PK assessments)
	
	
	

N
	Assess-ment of previous FIX PK
	Assessment of
rIX-FP PK
	No PK
Assess-ment

	
	
	
	
	Initial PK
	Repeat PK
	

	
	
	
	50 IU/kg
	25 IU/kg
	50 IU/
kg
	50 IU/kg
	75 IU/
kg
	

	Arm 1 prophylaxis
	Block A
	6
	-
	-
	-
	-
	5
	1

	
	Block B
	18
	13
	-
	18
	15
	-
	0

	
	Block C
	
16
	
-
	
1
	
10
	
-
	
-
	
5

	Arm 2 
on-demand
	 
	23

	-
	5
	18
	-
	-
	0

	Totals
	 
	63
	13
	6
	46
	15
	5
	6


[bookmark: _Ref309469619][bookmark: _Toc310668234]Table 8: Study 3001 Analysis populations
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Comment:	Recruitment numbers approximately met the planned sample sizes for both prophylaxis and on-demand treatment. However, only 4 subjects participated in the surgical sub study.
7.1.1.10. [bookmark: _Toc310668135]Major protocol violations/deviations
Two subjects had major protocol violations that resulted in them being excluded from the per-protocol population (1 non-compliance, 1 did not document study treatment in electronic diary). Other major violations that did not result in exclusion included use of study medication beyond the expiry date and non-adherence to the schedule of laboratory tests.
 Comment:	These violations are unlikely to affect the efficacy outcomes of the study.
7.1.1.11. [bookmark: _Toc310668136]Baseline data
Mean age was 33.0 years (with a range of 12-61 years) and 87.5% of subjects were White. 
History of haemophilia B at baseline: The mean (± SD) time since diagnosis was 351.33 (± 160.037) months for the total study population. Time since diagnosis and was similar for Arm 1 and Arm 2. At baseline, hepatitis C, HIV infection and hepatitis B were reported in 36.5%, 19.0% and 3.2% of subjects respectively.
7.1.1.12. [bookmark: _Toc310668137]Results for the primary efficacy outcome
Results for the primary endpoint are summarised in Table 9. There were 19 subjects in the primary efficacy population. In these subjects, the mean AsBR decreased from 14.6 spontaneous bleeding episodes per year while receiving on-demand treatment to 0.73 spontaneous bleeding episodes per year while receiving prophylaxis treatment. The mean reduction in episodes was 96.0%. The difference was statistically significant (p<0.0001). 
[bookmark: _Ref309477437][bookmark: _Toc310668237]Table 9: Study 3001 - AsBR in Arm 2 (Primary endpoint)
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7.1.1.13. [bookmark: _Toc310668138]Results for secondary efficacy outcomes
Sensitivity analyses
Three sensitivity analyses of the primary endpoint were conducted all using different methods to check for potential impact of imputing missing AsBR data during prophylaxis treatment. Results of these analyses were consistent with the primary analysis, in that a statistically significant benefit was demonstrated for prophylaxis over on-demand treatment (p < 0.0001) for each analysis.
Number of spontaneous bleeding episodes per year, assuming a Poisson distribution
During prophylaxis in Arm 2, the average number of spontaneous bleeding episodes per year was 0.55 (95% CI: 0.233, 1.322). During on-demand treatment it was 13.62 (95% CI: 11.001, 16.868). The difference was not analysed statistically.
Annualized bleeding rate for total bleeding episodes in Arm 2
In the primary efficacy population, the mean ABR for total bleeding episodes decreased from 20.78 bleeding episodes per year while receiving on-demand treatment to 2.87 bleeding episodes per year while receiving prophylaxis treatment. The mean reduction in bleeding episodes was 88.8%. The difference was statistically significant (p<0.0001). 
Number of infusions of rIX-FP required to achieve haemostasis (mild to moderate bleeds) 
The number of infusions required to achieve haemostasis after bleeding is summarised in Table 10. Overall there were 358 bleeding episodes that required treatment during the study. In 98.6% of episodes, haemostasis was achieved with 1 or 2 infusions. The percentage was similar for spontaneous bleeds, traumatic bleeds, and bleeds of unknown cause.
[bookmark: _Ref309485021][bookmark: _Toc310668238]Table 10: Study 3001 – Number of infusions required to achieve haemostasis
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Investigator’s overall clinical assessment of efficacy for the treatment of bleeding
Results for the investigator’s overall assessment of efficacy are summarised in Table 11. For mild or moderate haemorrhages, efficacy was rated as excellent or good in 94.2% of episodes, and moderate in 2.5%. 
[bookmark: _Ref309541654][bookmark: _Toc310668239]Table 11: Study 3001 Investigator’s overall clinical assessment of efficacy for the treatment of bleeding episodes (efficacy population)
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There was 1 bleeding episode for which efficacy was assessed as poor/no response. This was a lower leg haemorrhage in a 24-year-old male. The subject reported that the bleed was not adequately treated with a single dose of rIX-FP (39.37 IU/kg) but did not require administration of a second dose or another FIX product. The bleed therefore did not strictly meet the criteria for ‘no response’. The same subject subsequently had two further bleeds for which efficacy of rIX-FP was assessed as good for one and excellent for the other episodes.
There were no life-threatening or major trauma bleeds during the study.
rIX-FP consumption during routine prophylaxis 
Table 12 summarises monthly rIX-FP consumption during prophylaxis for subjects in Arm 1. Compared to their previous FIX product, mean overall consumption was reduced; consistent with the longer half-life for rIX-FP. Subjects who were able to switch to a 14 day dose interval had even lower monthly consumption. However these subjects were not eligible to switch to a 14 day dose interval unless they had demonstrated low consumption while on a 7 day dose interval.
[bookmark: _Ref309544846][bookmark: _Toc310668240]Table 12: Study 3001 rIX-FP monthly consumption during routine prophylaxis compared to previous FIX product (efficacy population)
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In Arm 2, 19 subjects were switched to receive a prophylaxis treatment with a 7 day dosage interval. Mean (± SD) monthly consumption for these subjects during prophylaxis was 191.687 (± 36.331) IU/kg per month, which was similar to that observed with a 7 day interval in Arm 1 (202.679 [± 47.922] IU/kg per month).
Annualized spontaneous bleeding rate (7 day versus >7 day prophylaxis regimens)
The analysis was conducted as a matched-pairs analysis on those subjects from Arm 1 who received at least 12 weeks of treatment with both the 7 day and > 7 day (extended) regimens. There were 26 subjects who met this criterion. Non-inferiority of the extended regimens would be concluded if the lower 95% CI for the difference in bleeding rate (rate with 7 day dosing minus rate with extended dosing) was not lower than -6.0. 
Results are summarised in Table 13. The mean AsBR was low with both regimens: 0.23 bleeds per year with the 7 day regimen and 0.85 per year with the extended regimen. The mean difference was -0.62 (95%CI: -1.411 to + 0.163). As the lower 95% CI was > -6.0, non-inferiority was concluded.
[bookmark: _Ref309556299][bookmark: _Toc310668241]Table 13: Study 3001 Annualised spontaneous bleeding rate (7-day versus >7 day prophylaxis regimens)
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7.1.1.14. [bookmark: _Toc310668139]Results for other efficacy outcomes
Time from last dose of rIX-FP to onset of a spontaneous bleeding episode
Across both arms of the study, among 59 subjects receiving prophylaxis treatment with a 7 day dosage interval, a total of 51 spontaneous bleeds occurred. In these subjects, the mean (± SD) time between the onset of a spontaneous bleeding episode and the previous dose of rIX-FP was 106.36 (± 77.32) h (that is, approximately 4.5 days). 
Annualised bleeding rates during prophylaxis by category of bleeding
Results are summarised in Table 14. Regardless of the bleeding category, results were generally consistent with other analyses of annualised bleeding rates described above, with rates being notably lower with prophylaxis than with on-demand treatment. Rates were also generally comparable between the different dose intervals used in prophylaxis.
[bookmark: _Ref309563110][bookmark: _Toc310668242]Table 14: Study 3001 Annualised bleeding rate by bleeding category
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Table 14: (continued) - Study 3001 - Annualized bleeding rate by bleeding category
[image: ]
Analyses of bleeding episodes by category of bleeding 
Analyses were presented on the number of infusions of rIX-FP required to achieve haemostasis, by cause of bleed (spontaneous, traumatic, unknown cause) and location of bleed (joint, muscle, other). Results were consistent with the overall results. Analyses were also presented on the time from onset of bleeding to treatment. Results for total bleeds are shown in Table 15. The mean time between onset of bleeding and commencement of treatment was approximately 4 h (median 0.867 h or 50 minutes).
[bookmark: _Ref309565277][bookmark: _Toc310668243]Table 15: Study 3001 Time from start of bleeding to treatment / Subject assessment of efficacy
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Subject assessment of efficacy in mild or moderate bleeding episodes
Results (for total bleeds) are summarised in Table14. Efficacy was assessed as excellent or good in 337/358 bleeds (94.1%).
Monthly consumption of rIX-FP versus previous FIX for routine prophylaxis
See Table 16.
Table 16: Study 3001 rIX-FP monthly consumption during routine prophylaxis compared to previous FIX product (efficacy population)
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7.1.1.15. [bookmark: _Toc310668140]Results in the surgical setting
A total of four patients underwent a total of 6 surgeries during the study. One subject accounted for three of the surgeries; a bilateral mastectomy (for gynaecomastia) and bilateral total knee replacements. Efficacy results are summarised in Table 17.
[bookmark: _Ref309630002][bookmark: _Toc310668244]Table 17: Study 3001 Efficacy in surgery
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Investigator’s overall clinical assessment of haemostatic efficacy
Efficacy was assessed as excellent or good for all surgeries, at time of wound closure, at 72 h or at discharge and on the 14th postoperative day.
Surgical blood loss
In all cases the estimated actual blood loss was less than, or within the range of the blood loss predicted pre-operatively by the surgeon.
Transfusion requirements
No subjects required transfusion.
Changes in haemoglobin 
One subject developed anaemia, beginning 24 h after his first knee replacement. The anaemia persisted for approximately two months during which he underwent a second knee replacement. Nadir value was 65 g/L (at 72 h after the 2nd replacement). The subject was treated with intravenous iron and erythropoietin.
Other endpoints
There was one post-operative haematoma that required evacuation (after the first knee replacement). Post-operative blood loss only occurred after the knee replacements (610 mL and 600 mL respectively). The subject who had a wisdom tooth extraction had two late post-operative bleeds (at 3 and 7 days post-operatively), which were treated with single doses of rIX-FP.
7.1.2. [bookmark: _Toc310668141]Study 3002
7.1.2.1. [bookmark: _Ref308692497][bookmark: _Ref308692617][bookmark: _Toc310668142]Study design, objectives, locations and dates
Study design
This trial was a Phase III, open-label, single arm study in previously treated paediatric patients (aged < 12 years) with severe haemophilia B. After an initial screening period, subjects underwent a 14 day PK evaluation period in which they received a single dose of 50 IU/kg of rIX-FP. This was followed by an active treatment period with weekly prophylaxis therapy with rIX-FP for approximately 11 months. All subjects were also eligible to participate in a surgical sub study. A study schema is shown in Figure 4.
[bookmark: _Ref308690220][bookmark: _Toc310668272]Figure 4: Study 3002 Study schema
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Objectives
The two primary objectives of the study were:
· To evaluate the PK of a single dose of rIX-FP; and
· To evaluate the safety of rIX-FP with respect to the development of inhibitors to FIX in subjects with severe haemophilia B (FIX activity of ≤ 2%).
The secondary objectives of the study were:
· To evaluate the safety of rIX-FP, based on AEs;
· To evaluate the clinical response to rIX-FP for the prevention of bleeding episodes;
· To evaluate the clinical response to rIX-FP for the treatment of bleeding episodes.
Locations and dates
The study was conducted at 18 sites in 10 countries (Australia, Austria, Canada, Czech Republic, France, Germany, Israel, Italy, Russia and Spain) between January 2013 and October 2014. The study report was dated 15 January 2015. At the time of writing the study does not appear to have been published.
7.1.2.2. [bookmark: _Toc310668143]Inclusion and exclusion criteria
Comment:	These criteria are generally consistent with those recommended in the relevant EU guideline.[footnoteRef:9] [9:  European Medicines Agency. Guideline on clinical investigation of recombinant and human plasma-derived factor IX products (EMA/CHMP/BPWP/144552/2009); 2011.] 

7.1.2.3. [bookmark: _Toc310668144]Study treatments
For the initial PK evaluation, subjects received a single dose of 50 IU/kg rIX-FP. In a subset of patients, the PK of their previous FIX product was assessed as well. The assessment of the previous FIX product was conducted prior to any administration of RIX-FP. 
For prophylaxis, subjects were initially treated with 35 to 50 IU/kg rIX-FP every 7 days. If a subject experienced a spontaneous breakthrough haemorrhage, the dose of rIX-FP could be increased by an increment of 5 to 15 IU/kg, up to a maximum dose of 75 IU/kg, with a target of maintaining trough FIX activity level above 3% to 5%. The dose could also be reduced in the event of an unnecessarily high trough FIX level. The 7 day dosage interval was maintained throughout the study.
For the treatment of haemorrhages, the initial dose was 35 to 50 IU/kg rIX-FP. The subject’s caregiver was requested to contact the study centre for instruction if haemostasis was not achieved after the first rIX-FP administration. If a maintenance dose was required, the FIX activity level was to be tested prior to the second rIX-FP administration (if feasible) and the second dose was to be administered at least 24 h after the first. The dose could be increased up to a maximum of 75 IU/kg for subsequent haemorrhages. The prophylaxis schedule would resume 7 days after the last dose.
For surgical procedures the following regimen was used:
· Approximately 1-3 h prior to surgery a single dose of rIX-FP was administered. The dose aimed to increase plasma FIX activity levels to 60-80%;
· During surgery, additional doses could be administered depending on the individual subject’s known incremental recovery and/or clearance. Plasma FIX activity levels were to be measured prior to and 30 minutes after these repeat doses;
· Post-operative doses could be administered at 3 to 7 day intervals depending on plasma FIX activity levels and type of surgery.
In all scenarios, rIX-FP was administered as a bolus IV injection at a rate of approximately 250 IU per minute or over approximately 5 to 15 minutes. During the PK evaluation, all injections were administered at the study centre by study staff. During prophylaxis, injections could be administered by the subject, the subject’s caregiver or by the study staff.
7.1.2.4. [bookmark: _Toc310668145]Efficacy variables and outcomes
The evaluation of efficacy was a secondary objective of the study and hence all efficacy measures were considered as secondary or ‘other’ endpoints.
The main efficacy variables were
· The number of bleeding episodes;
· The amount of rIX-FP used for on-demand and prophylactic treatment;
· The investigator’s overall assessment of efficacy;
· Quality of life.
Secondary efficacy endpoints specified were
· Proportion of bleeding episodes requiring 1, 2, or >2 infusions of rIX-FP to achieve haemostasis;
· Consumption of rIX-FP;
Other efficacy endpoints specified were:
· Investigator’s overall clinical assessment of haemostatic efficacy in the treatment of bleeding episodes. This was assessed using two separate 4-point scales: one for mild/moderate bleeds and another for major trauma/life-threatening bleeds
· Investigator’s overall clinical assessment of haemostatic efficacy in surgery;
· Annualised bleeding rate for spontaneous bleeding episodes (ABsR) during prophylaxis;
· Quality of life as assessed by the Haemo-QoL instrument. This is a haemophilia-specific set of questionnaires, with different versions for different age groups; 4 to 7 years, 8 to 12 years and 13 to 16 years. The questionnaires cover various domains of HRQoL including psychological, physical and social factors. Raw scores are transformed into a score between 0 and 100 with higher scores indicating worse quality of life. In this study, questionnaires were to be administered to subjects aged 4 and over at baseline and after 50 exposure days or the end of the study. Another QoL questionnaire (Hemo-Sat) was given to caregivers. However no analyses of the data generated with this questionnaire were presented in the study report 
7.1.2.5. [bookmark: _Toc310668146]Randomisation and blinding methods
The study was an open-label, single-arm trial with no randomisation or blinding.
7.1.2.6. [bookmark: _Toc310668147]Analysis populations
The following analysis populations were defined:
· The safety population consisted of all subjects who received at least 1 dose (or partial dose) of rIX-FP during the study;
· The pharmacokinetic population consisted of subjects who received at least 1 dose of rIX-FP for PK assessment and for whom a sufficient number of analyzable PK samples had been obtained to permit the evaluation of the PK profile of rIX-FP. 
· The efficacy population consisted of all subjects who participated in the efficacy portion of the study and received at least 1 dose of rIX-FP.
· The per-protocol (PP) population consisted of all subjects in the efficacy population who completed the study without any major protocol deviations; that is, those who did not have any inclusion or exclusion criteria deviations; and who incurred no protocol deviations that affected the assessment of efficacy.
7.1.2.7. [bookmark: _Toc310668148]Sample size
For a study in previously treated paediatric subjects with haemophilia B, the relevant EMA guideline recommends a minimum of 10 evaluable subjects aged 6 to <12 years and 10 evaluable subjects <6 years of age. The planned sample size was therefore set at 22 subjects, to enable enrolment of 20 evaluable subjects.
7.1.2.8. [bookmark: _Toc310668149]Statistical methods
Descriptive statistics were used to analyse efficacy outcomes.
7.1.2.9. [bookmark: _Toc310668150]Participant flow
A total of 27 subjects were enrolled in the study. All subjects completed the trial. Subject disposition and the analysis populations are summarised in Table 18.
[bookmark: _Ref309641938][bookmark: _Toc310668249]Table 18: Study 3002 Subject disposition
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7.1.2.10. [bookmark: _Toc310668151]Major protocol violations/deviations
There were 3 major protocol deviations. Two of these related to consent issues. The other involved a subject who was treated with multiple doses of another product (BeneFIX) after undergoing surgery for a fractured arm. Data from the period of the surgery was excluded from analyses of efficacy. Therefore no subjects were completely excluded from the PP population.
7.1.2.11. [bookmark: _Toc310668152]Baseline data
Mean age was 5.9 years with a range of 1 to 10. The median number of bleeds in the preceding 12 months was 3.0. Most subjects had been on a prophylaxis regimen with a recombinant FIX product.
7.1.2.12. [bookmark: _Toc310668153]Results for the secondary efficacy outcomes
Proportion of bleeding episodes requiring 1, 2, or >2 infusions of rIX-FP to achieve haemostasis.
Results for this endpoint are summarised in Table 19. Over the course of the study there were a total of 106 bleeding episodes that required treatment. In 97.2% of these, haemostasis was achieved after 1 or 2 infusions. 
[bookmark: _Ref309654771][bookmark: _Toc310668253]Table 19: Study 3002 Number of infusions required to achieve haemostasis.
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There were 3 bleeds that required > 2 infusions. All of them were joint haemorrhages, 2 being traumatic and 1 spontaneous. They were each treated with 3 or 4 infusions. In each instance, there was some delay in initiation of treatment.
Consumption of rIX-FP
Compliance with the prescribed prophylaxis regimen was high with the mean overall compliance rate being 97.88%. Details of rIX-FP consumption during prophylaxis are summarised in Table 20. The median dose of rIX-FP per infusion was approximately 46 IU/kg. For all measures, consumption was slightly greater in the subgroup of children aged < 6 years.
[bookmark: _Ref309656195][bookmark: _Toc310668254]Table 20: Study 3002 rIX-FP consumption (for prophylaxis)
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7.1.2.13. [bookmark: _Toc310668154]Results for other efficacy outcomes
Investigator’s overall assessment of efficacy in the treatment of bleeding episodes
For mild or moderate haemorrhages, efficacy was assessed as excellent or good for 96.2% of episodes. Efficacy was not rated as poor in any episode.
There were two major bleeding episodes. These occurred in the same subject and were both traumatic hip joint bleeds. Efficacy of rIX-FP was assessed as good by the investigator in both instances.
Investigator’s overall assessment of efficacy in surgery
A total of two subjects underwent a total of two surgeries during the study. Both of them also underwent multiple tooth extractions. Efficacy was assessed as good or excellent at all assessment times.
Annualised bleeding rate for spontaneous bleeding episodes (ABsR) during prophylaxis
Annualized bleeding rates are summarised in Table 21. The rate for spontaneous bleeds during prophylaxis was low (mean = 0.57 per year).
[bookmark: _Ref309658644][bookmark: _Toc310668257]Table 21: Study 3002 Annualised bleeding rates
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Quality of life (Haemo-QoL) 
In the subgroup of children aged 8-12 years mean total score decreased from 27.94 at baseline to 20.35 at the end of the study, indicating some improvement in QoL. In the subgroup aged 4-7 years there was no improvement.[footnoteRef:10] [10:  From the sponsor’s Summary of Clinical Efficacy: However, there were improvements in scores associated with physical health and feeling more positive when dealing with the disease.] 

7.2. [bookmark: _Ref271037188][bookmark: _Ref271037210][bookmark: _Toc272414655][bookmark: _Toc290846277][bookmark: _Toc310668155][bookmark: _Toc485219862][bookmark: _Toc485295739][bookmark: _Toc241374311][bookmark: _Ref243294291]Other efficacy studies
7.2.1. [bookmark: _Toc290846278][bookmark: _Ref308275438][bookmark: _Toc310668156]Study 2004
Study 2004 was an open-label Phase I/II trial. A study schema is shown in Figure 5. After an initial screening visit subjects underwent a PK evaluation lasting 7-14 days in which they received a single IV infusion of rIX-FP at a dose of 25 IU/kg. After the PK evaluation subjects entered a treatment period during which they received rIX-FP as either prophylaxis or on-demand treatment for 20 weeks.
[bookmark: _Ref308271616][bookmark: _Toc310668273]Figure 5: Study 2004 Study schema
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The primary objective of the study was to evaluate safety of rIX-FP. One of the secondary objectives was to evaluate the clinical efficacy of routine prophylaxis with rIX-FP with respect to the prevention of bleeding episodes. The study was conducted at 2 centres (1 in Bulgaria and 1 in Israel) between July 2011 and June 2012.
The study included male subjects aged between 12 and 65 years, with previously documented severe haemophilia B (FIX activity ≤ 2%), previous exposure to FIX products with > 150 exposure days and no detectable inhibitors or past history of inhibitors. Exclusion criteria were similar to those used in Study 3001.
Treatment regimens were as follows:
· For prophylaxis, the initial dose was 15 to 35 IU/kg given once per week, based on the subject’s previously determined PK profile and bleeding history. Dose was subsequently adjusted up to 75 IU/kg once per week to maintain trough FIX activity levels at > 1%. If bleeding episodes occurred at this dose, the treatment interval was shortened and the maximum dose was maintained at 75 IU/kg.
· For on-demand treatment subjects received 1 or more doses of at least 25 IU/kg. Doses were decided by the investigator and were based on the subject’s previously determined PK profile and bleeding history.
Doses were administered at a rate of approximately 250 IU per minute.
There was one secondary efficacy endpoint specified; the number of bleeding episodes in subjects receiving a prophylaxis treatment regimen with rIX-FP during the last 12 weeks (from Week 9 to Week 20) in the per-protocol population.
‘Additional’ efficacy endpoints specified were: 
· rIX-FP consumed during the last 12 weeks period compared with previous FIX consumed during the 12 weeks of prophylactic therapy prior to screening:
· Proportion of prophylaxis subjects on weekly routine prophylactic treatment on Week 20 or at end of the study;
· rIX-FP consumed per infusion, while maintaining weekly prophylactic treatment interval during routine prophylaxis on week 20 or at end of the study;
· Proportion of bleeding episodes requiring 1 or 2 infusions of rIX-FP to achieve haemostasis;
· Investigator’s overall clinical assessment of haemostatic efficacy for treatment of bleeding episodes, based on a 4-point ordinal scale (excellent, good, moderate, poor / none).
A total of 17 subjects were enrolled and treated; 13 received prophylaxis treatment and 4 received on-demand treatment. Mean age was 26.1 years (range 13-46). All were Caucasians. 
Results
Results for the specified secondary efficacy endpoint are summarised in Table 22. For the 13 subjects receiving prophylaxis treatment, the mean (± SD) number of bleeding episodes in the last 12 weeks of treatment was 0.8 (± 1.24). For the 4 subjects receiving on-demand treatment the mean number was 6.8 (± 1.26).
[bookmark: _Ref309981443][bookmark: _Toc310668259]Table 22: Study 2004 Number of bleeding episodes
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Results for the additional efficacy endpoints were as follows:
· There were 10 subjects in the prophylaxis group who had received prophylaxis with another FIX product prior to study entry. In these 10 subjects, mean (± SD) FIX consumption during the 12 weeks prior to study entry was 87.7 (±45.8) IU/kg per week. For the same 10 subjects, mean (± SD) rIX-FP consumption during the last 12 weeks of the study was 58.6 (±10.7) IU/kg per week;
· Of the 13 subjects who were commenced on the prophylaxis regimen, all were able to maintain a 7 day dosage interval to the end of the study;
· The mean (± SD) amount of rIX-FP consumed per infusion during weekly prophylaxis over the course of the study was 55.1 (± 13.9) IU/kg;
· Over the course of the study there were a total of 85 mild or moderate bleeding episodes that required treatment. All these episodes were successfully managed with 1 infusion (89.4%) or 2 infusions (10.6%). There were no major bleeding episodes during the study.
· The investigators assessed efficacy as excellent in 53 episodes (62.4%), good in 29 episodes (34.1%) and moderate in 3 episodes (3.5%).
7.2.2. [bookmark: _Toc290846279][bookmark: _Toc310668157]Study 3003
Study 3003 is an open-label Phase IIIb trial. A study schema is shown in Figure 6. The study design includes 4 arms:
· Arm 1 enrolled subjects who had previously been treated with rIX-FP in a previous study, except those who had participated in Arm 2 of Study 3001;
· Arm 2 enrolled subjects who had previously been treated with rIX-FP in Arm 2 of Study 3001 (these subjects had received 26 weeks of on-demand treatment and then had been switched to prophylaxis treatment with a 7 day dosage interval);
· Arm 3 enrolled any new PTPs (who had not previously received rIX-FP) who require major non-emergency surgery;
· Arm 4 is to enrol previously untreated patients (PUPs).
[bookmark: _Ref309985909][bookmark: _Ref309985889][bookmark: _Toc310668274]Figure 6: Study 3003 Study schema
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Arm 3 was specifically designed to enrol subjects due to undergo surgery. However, subjects enrolled in the other three arms could also participate in a surgical sub study.
The primary objective of the study as a whole was to evaluate the safety of rIX-FP, as measured by the development of inhibitors. The primary objective of the surgery sub study was to evaluate the efficacy of rIX-FP in the prevention and control of bleeding in subjects with haemophilia B undergoing surgery. There were a number of secondary and exploratory objectives related to evaluation of efficacy and safety of prophylaxis and on-demand treatment.
The study commenced in February 2014 and is ongoing. It is being conducted at 39 centres in 15 countries. The date for data cut-off for inclusion in the submitted study report was 9 January 2015. The study report itself was dated 24 February 2015. It was described as an abbreviated study report presenting interim analyses only. The sponsor proposes to prepare a final study report on completion of the study.
Comment:	The submitted study report presented efficacy data from the surgical substudy only. Hence only the surgical substudy will be discussed any further with respect to efficacy. The report also included safety data, which is reviewed as part of section 8 of this report.
Doses of rIX-FP used in subjects undergoing surgery were as follows:
· Approximately 3 h prior to surgery a single dose of rIX-FP was administered. The dose was based on the subject’s PK data but was in the range of 50 – 100 IU/kg. The aim was to increase plasma FIX activity levels to 60-80% or higher;
· During surgery additional doses could be administered depending on plasma FIX activity levels, type of surgery and local standard of care. Plasma FIX activity levels were to be measured prior to these repeat doses. For major surgery it was aimed to maintain trough FIX activity levels at 60-80%;
· Post-operative doses could be administered for up to 14 days after surgery depending on plasma FIX activity levels and type of surgery. FIX activity levels were to be measured before repeat dosing.
Efficacy was to be assessed in the surgery sub study through:
· The investigator’s overall assessment of haemostatic efficacy. The scale used was the same as that used in Study 3001.
· Intraoperative and postoperative haemoglobin levels;
· A comparison of the preoperative predicted surgical blood loss for a subject without haemophilia undergoing the same type and extent of surgical procedure and the estimated intraoperative blood loss;
· A comparison of the preoperative predicted surgical blood loss for a subject without haemophilia undergoing the same type and extent of surgical procedure and the actual transfusion requirements;
By the time of data cut-off a total of 80 subjects had been enrolled and treated in the study. 76 of these subjects had participated in earlier studies and 4 new subjects had enrolled and been treated in Arm 3. Overall a total of 7 subjects had participated in the surgical sub study; 3 from Arm 1, 1 from Arm 2 and 3 from Arm 3 (one subject enrolled and treated in Arm 3 had yet to undergo surgery by the time of data cut-off). The 7 subjects had undergone a total of 7 surgical procedures.
Results for the 7 subjects undergoing surgery are summarised in Table 23. Haemostasis was rated as excellent or good in all cases. One subject undergoing total knee replacement had clinically significant low haemoglobin during surgery (102 g/L). Estimated intraoperative blood loss was below or within the range predicted preoperatively by the surgeon. One subject (undergoing total knee replacement) required a blood transfusion of 280 mL. This amount was within the range predicted preoperatively by the surgeon.
[bookmark: _Ref309999221][bookmark: _Toc310668260]Table 23: Study 3003 Investigator’s overall assessment of haemostasis in surgery
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Mean pre-operative dose was 79 IU/kg. No intraoperative doses were given. The total number of doses ranged from 3 to 7.
7.3. [bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290846281][bookmark: _Toc310668158][bookmark: _Toc485219863][bookmark: _Toc485295740]Analyses performed across trials (pooled analyses and meta-analyses)
There were no pooled analyses or meta-analyses presented.
7.4. [bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290846282][bookmark: _Toc310668159][bookmark: _Toc485219864][bookmark: _Toc485295741]Evaluator’s conclusions on clinical efficacy
The pivotal studies complied with the requirements of the EU guideline for Factor IX products. The guideline states that pharmacokinetic endpoints such as incremental recovery, half-life, AUC and clearance are important surrogate endpoints for efficacy for a FIX product. As described in section 4 of this report, the PK data for rIX-FP indicate that the product restores FIX activity to plasma of subjects with severe FIX deficiency, with a half-life that is prolonged compared to conventional FIX products.
As recommended by the EU guideline, the two pivotal studies were conducted in previously treated patients (PTPs). 
Study 3001 examined efficacy in adults and adolescents. This study demonstrated that switching subjects from an on-demand regimen with rIX-FP to a prophylaxis regimen resulted in a significant reduction in the incidence of spontaneous (and total) haemorrhages. It also demonstrated that in certain subjects, the dosage interval for prophylaxis could be extended to 10 or 14 days without a notable increase in the frequency of bleeding episodes. 
For the treatment of mild or moderate bleeding, 98.6% of episodes could be managed with 1 or 2 infusions of rIX-FP. Efficacy of rIX-FP in the treatment of bleeding was assessed as excellent or good in 94.2% of episodes by the investigators, and 94.1% of episodes by the subjects. In this study there were no episodes of major bleeding. 
Study 3002 examined efficacy in paediatric subjects aged < 12 years. In this study a prophylaxis regimen using a 7 day dosage interval was found to be associated with a low rate of spontaneous haemorrhage.
For the treatment of bleeding, 97.2% of episodes could be managed with 1 or 2 infusions of rIX-FP. Efficacy of rIX-FP in the treatment of mild or moderate bleeding was assessed as excellent or good in 96.2% of episodes by the investigators. Efficacy was also assessed as good in 2 episodes of major bleeding.
These data indicate that rIX-FP is effective for prophylaxis therapy and the treatment of bleeding episodes in previously treated patients.
Efficacy in surgery was assessed with a total of 15 surgeries in 13 subjects. Where the investigator reported on overall assessment of haemostasis, the assessments were ‘excellent’ or ‘good’ in all cases.
7.4.1. Limitations of the efficacy data
· One of the proposed dosage regimens for prophylaxis therapy in the draft PI is 50-75 IU every 14 days. The text implies that subjects can commence prophylaxis with rIX-FP using this regimen. The efficacy data do not support such an approach. In Study 3001 all subjects commenced prophylaxis with a 7 day dosage interval and only those subjects who met certain criteria could be transitioned to a 10 or 14 day dosage interval (see section Study 3001; Study treatments). It is likely that a 14 day regimen will have reduced efficacy in subjects who do not meet these criteria. Therefore the use of a 14 day dosage interval should be similarly restricted in the PI.
· For prophylaxis, a dosage interval of more than 7 days has not been studied in children aged < 12 years. The sponsor is proposing that a suitable prophylaxis regimen for use in this group is 50-75 IU/kg every 14 days. The population PK modelling suggests that the median trough FIX activity level in children will be lower than adults, due to increased clearance. With a 14 day dose interval, there is a risk that the efficacy of prophylaxis will be reduced in children compared to that seen in adolescents and adults in Study 3001. Prophylaxis regimens have traditionally aimed to maintain a factor IX activity level of > 1% at trough. Bleeding episodes are observed infrequently in subjects who are able to maintain such levels.[footnoteRef:11] According to the population PK model, the predicted median trough level of FIX activity in subjects aged 0-6 years receiving the proposed regimen of 50 IU/kg every 14 days is only 1.1%. A sizeable proportion of these subjects are therefore likely to develop trough levels of < 1%. In the absence of clinical evidence of efficacy, the dosage interval for prophylaxis in children aged < 12 years should be limited to 7 days. [11:  Jiménez-Yuste V, Auerswald G, Benson G et al. Achieving and maintaining an optimal trough level for prophylaxis in haemophilia: the past, the present and the future. Blood Transfus; 2014; 12: 314-9.] 

· The EU guideline requires that efficacy in the surgical setting should be studied in at least 10 major surgeries (in at least 5 separate individuals). Although efficacy of rIX-FP has been studied in 15 surgeries in total, many of these appeared to be fairly minor procedures, and it seems unlikely that the EMA minimum requirements have been met. The sponsor should be asked to identify which of the 15 procedures it considers to be ‘major’ and provide a definition of what constitutes major surgery.
· Efficacy has not been studied in previously untreated patients (PUPs). The EU guideline does not require a study in PUPs prior to initial marketing approval for a novel FIX product; however it does suggest that such a trial should be conducted and submitted at a later time. The sponsor is planning to study PUPs in Study 3003. 
· No studies were submitted examining efficacy in patients with inhibitors. 
8. [bookmark: _Toc485219865][bookmark: _Toc485295742]Clinical safety
Safety issues associated with FIX products in general include:
· Immunogenicity, including inhibitor development and allergic reactions (e.g. anaphylaxis);
· Thrombogenicity;
· Fevers, chills etc.
8.1. [bookmark: _Toc272414659][bookmark: _Toc290846284][bookmark: _Toc310668161][bookmark: _Toc485219866][bookmark: _Toc485295743]Studies providing evaluable safety data
[bookmark: _Ref268776745]All the five studies submitted provided safety data. In the Summary of Clinical Safety the sponsor provided a pooled analysis of safety data from Studies 2001, 2004, 3001 and 3002. Data from the ongoing Study 3003 were presented separately. 76 of the 80 subjects enrolled in Study 3003 had been previously treated with rIX-FP in one of the earlier studies. Only 4 new subjects were enrolled (all in Arm 3). The pooled analysis has been used as the primary basis for the review of safety in this report. 
Safety data collected in the studies included the following:
8.1.1. Pivotal efficacy studies (3001 and 3002)
In the pivotal efficacy studies, the following safety data were collected:
· General adverse events (AEs) were assessed on an ongoing basis throughout the studies. At each visit, investigators specifically inquired (via non-leading questioning) about any AEs that might have occurred since the last visit. AEs were classified according to severity (mild, moderate or severe) and causality (not related, unlikely to be related, possibly related, probably related, and related).
· AEs of special interest were immunogenic events (for example, inhibitor development), hypersensitivity events and thrombogenic events.
8.1.1.1. Immunogenicity testing
Inhibitors against factor IX: Anti-FIX neutralising antibodies were quantified using the Bethesda assay with the Nijmegen modification. Results were expressed as Bethesda units (BU) per mL. A positive assay was defined as ≥ 0.6 BU/mL.
Antibodies against rIX-FP: A screening assay (direct-binding ELISA) was used to detect antibodies against the rIX-FP molecule in blood samples. If this assay was positive, the samples were tested with a second confirmatory direct-binding ELISA, which was able to discriminate between antibodies directed at plasma-derived FIX, BeneFIX and albumin. If this confirmatory assay was negative for all three antibody signals, then the screening assay was considered a false positive.
Antibodies against CHO host cell protein: An ELISA screening assay was performed. In the event of a positive assay confirmatory assays were performed.
These tests were performed at a central laboratory. They were performed at screening and at regular intervals throughout the studies (3001: weeks 12, 28, 44 and 60 or end of study; 3002: weeks 4, 12, 24, 36 and end of study for inhibitors and weeks 12, 36 and end of study for antibodies).
Other laboratory tests, including the following, were performed:
· Biochemistry: blood urea nitrogen (BUN) or urea, creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactic dehydrogenase (LDH), bilirubin, alkaline phosphatase (ALP), total protein and albumin. Sodium, potassium, calcium, phosphate, bicarbonate and glucose were measured in 3001 only.
· Haematology: haemoglobin, haematocrit, mean corpuscular volume (MCV), red blood cell (RBC) count, white blood cell (WBC) count (including differential neutrophils, lymphocytes, monocytes, eosinophils, and basophils) and platelets. 
· Urinalysis (3001 only); specific gravity, pH, blood (and erythrocytes if blood positive), protein, glucose, ketones, and bilirubin.
· These were performed at screening and at regular intervals throughout the studies (3001: weeks 12, 28, 44 and 60 or end of study; 3002: weeks 4, 24 and end of study). Tests were performed at local laboratories.
· Markers of activation of coagulation (D-dimer, prothrombin fragments 1+2, thrombin-anti-thrombin) were measured in Study 3001, during the PK evaluation (at baseline, 30 minutes and 24 hours) and in subjects undergoing surgery.
8.1.2. Non-pivotal efficacy studies
Similar safety monitoring was performed in the other studies (2001, 2004 and 3003). In Study 3003 laboratory parameters were only measured at screening and months 12 and 24 for subjects on prophylactic treatment.
8.2. [bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc310668162][bookmark: _Toc485219867][bookmark: _Toc485295744]Patient exposure
The pooled safety population (from Studies 2001, 2004, 3001 and 3002) included a total of 107 unique subjects. The extension Study 3003 is still ongoing and has enrolled 76 of the 107 patients together with 4 new patients. All subjects were treated with rIX-FP and no comparators or placebos were used. In some studies subjects also received a single dose of their prior FIX product to enable a comparison of PK parameters.
Exposure to rIX-FP is summarised in Table 24. In the pooled safety population the median number of exposure days (EDs) was 63.0. A total of 75 subjects had at least 50 EDs, and 16 subjects had at least 100 EDs. The median number of days on study was 469.0. In the ongoing Study 3003, extent of exposure was lower (median EDs = 21.0; see Table 24).
Comment:	The EU guideline requires a total exposure of 40 subjects receiving > 50 EDs, including 10 subjects aged < 6 years and 10 subjects aged 6 to < 12 years. The actual numbers achieved in the rIX-FP clinical program (pooled safety population) were 75, 10 and 15.
[bookmark: _Ref310240148][bookmark: _Toc310668262]Table 24: Extent of rIX-FP exposure
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8.3. [bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc310668163][bookmark: _Toc485219868][bookmark: _Toc485295745]Adverse events
The overall incidence of AEs, serious AEs etc. is shown in Table 25.
[bookmark: _Ref310243303][bookmark: _Toc310668263]Table 25: Overall incidence of AEs
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8.3.1. [bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc310668164]All adverse events (irrespective of relationship to study treatment)
Common AEs (incidence > 5%) that occurred in the studies are summarised in Table 26.
[bookmark: _Ref310247084][bookmark: _Toc310668264]Table 26: Common AEs (incidence > 5%)
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Table 26 continued: Common AEs (incidence > 5%)
[image: ]
8.3.1.1. [bookmark: _Toc310668165]Pooled safety population
The overall incidence of AEs in the pooled safety population was 87.9%. A total of 579 events were reported. Of these, 483 (83.4%) were rated as mild, 88 (15.2%) as moderate and 8 (1.4%) as severe. 
Comment: 	The most frequent AEs were events that commonly occur in the general population (headache, nasopharyngitis, injuries, respiratory tract infections, influenza, and gastroenteritis) and might be expected in a group of subjects followed for over a year. Musculoskeletal events were also common. Haemophilic arthropathy was common among adult subjects at baseline (23.4% of the pooled safety population, 38.1% of subjects in Study 3001) but not among children (0% of subjects in Study 3002). Pyrexia was reported in 9.3% of subjects (most in children in Study 3002).
8.3.1.2. [bookmark: _Toc310668166]Study 3003
The overall incidence of AEs was 36.3%[footnoteRef:12] . The pattern of common AEs was similar to that observed for the pooled safety population. [12:  Data from the on-going study at the time of analysis: extracted from Study 3003 data-cut date 28 July 2015] 

8.3.2. [bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303][bookmark: _Toc310668167]Treatment-related adverse events (adverse drug reactions)
8.3.2.1. [bookmark: _Toc310668168][bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304]Pooled safety population
AEs that were assessed as being related to rIX-FP occurred in 7.5% of subjects. These are listed in Table 27. The only treatment-related event that occurred in more than 1 subject was headache (n=2). One subject developed a hypersensitivity reaction. This event is discussed further below (section Liver function below).
[bookmark: _Ref310250608][bookmark: _Toc310668265]Table 27: Treatment related AEs (Pooled safety population)
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8.3.2.2. [bookmark: _Toc310668169]Study 3003
There were no AEs assessed as being related to rIX-FP in Study 3003 at the time of evaluation.
8.3.3. [bookmark: _Toc310668170]Deaths and other serious adverse events
8.3.3.1. [bookmark: _Toc310668171][bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305]Deaths
There were no deaths reported in any of the submitted studies.
8.3.3.2. [bookmark: _Toc310668172]Serious AEs
A serious AE (SAE) was defined as any untoward medical occurrence that:
· Results in death; 
· Is life-threatening;
· Requires in-patient hospitalization or prolongation of existing hospitalization;
· Results in persistent or significant disability or incapacity;
· Is a congenital anomaly or birth defect;
· Is ‘medically significant’ – defined as an event that does not necessarily meet any of the above SAE criteria, but which is judged by a physician to potentially jeopardize the subject or require medical or surgical intervention to prevent one of the above outcomes.
Pooled safety population
The incidence of SAEs in the pooled safety population was 5.6% (n=6). A total of 8 events were reported. None were assessed as being related to rIX-FP. 
There was one case of ‘acquired epileptic aphasia’. This event occurred in a 55-year-old White male with a previous history of epilepsy. He experienced an ‘epileptic crisis with persistent aphasic disorders’. The aphasia had resolved one month later.
Study 3003
The incidence of SAEs in Study 3003 was 2.5% (n=2). Only 2 events were reported – oesophagitis and colonic polyp. Both required hospitalisation. Neither was assessed as being related to rIX-FP.
8.3.4. [bookmark: _Toc310668173]Discontinuation due to adverse events
8.3.4.1. [bookmark: _Ref310334064][bookmark: _Toc310668174][bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306]Pooled safety population
Two subjects (1.9%) discontinued treatment due to an adverse event:
· Hypersensitivity. A 22-year-old Caucasian male with no significant past history apart from haemophilia B experienced a hypersensitivity event while receiving his fourth infusion of rIX-FP while on a prophylaxis regimen in Study 3001. He complained of nausea, a sweet taste in the back of his throat and tachycardia approximately 1 minute after the start of the infusion. Prior to the infusion his pulse was 51 beats/minute (bpm) and his blood pressure was 110/69. During the event his pulse increased to only 60 bpm and his blood pressure rose to 134/78. There was no rash, oedema or wheezing. The infusion was stopped and he was treated with IV normal saline. The symptoms resolved after 23 minutes. Immunogenicity testing conducted approximately 3 weeks later was negative for FIX inhibitors and antibodies to rIX-FP.
· Headache. A 30-year-old-Japanese male received on-demand treatment with rIX-FP in Arm 2 of Study 3001. He experienced a mild headache (lasting 4 days) after his 7th infusion and a moderate headache (lasting 1 day) after his eighth infusion. The investigator assessed both events as being related to rIX-FP and the subject was withdrawn.
Comment:	Another subject in Study 3001 (24-year-old, Caucasian male) chose to withdraw from the study after experiencing five episodes of rash over a period of four months, while on a prophylaxis regimen. The episodes were mild or moderate in severity and all were assessed as being related to rIX-FP. All the episodes lasted for up to one month and eventually resolved. Immunogenicity testing conducted at the end of the study was negative for FIX inhibitors and antibodies to rIX-FP. It is not clear from the patient narrative provided whether these events contributed to the subject’s decision to withdraw.
8.3.4.2. [bookmark: _Toc310668175]Study 3003
One subject was withdrawn due to elevated gamma-GT values. This was a [information redacted] who had a history of alcoholic liver disease and hepatitis C at baseline, when originally enrolled in Study 3001[information redacted]. Throughout Study 3001, including at screening, monitoring of LFTs demonstrated mild elevation of transaminases, alkaline phosphatase and LDH with bilirubin in the normal range. The investigator classified the elevated GGT as being related to rIX-FP, since a causal relationship could not be ruled out.
Comment:	The sponsor considered that the pre-existing alcoholic liver disease was more likely to be a plausible explanation for the event. 
8.3.5. [bookmark: _Toc310668176]Adverse events of special interest
8.3.5.1. [bookmark: _Ref310433724][bookmark: _Toc310668177]Immunogenic events
Inhibitors against FIX
No inhibitors against factor IX were reported in any of the submitted studies.
Comment:	The development of inhibitors is the major safety issue associated with FIX replacement products. Inhibitors develop in less than 5% of haemophilia B patients overall, but in 9-23% of patients with severe FIX deficiency.[footnoteRef:13] They usually occur early in treatment. In an international registry of haemophilia B subjects with inhibitors, development of inhibitors occurred after a median of 11 exposure days (range 2 – 180 EDs).[footnoteRef:14] rIX-FP is a novel molecule, and it is possible that it may be more antigenic than plasma derived or recombinant FIX and be associated with a higher rate of inhibitor development. The submitted studies only included subjects previously treated for > 150 EDs, and excluded those with a past history of inhibitors or a family history of inhibitors. Such a population would have a low risk of developing inhibitors. In order to reliably document the rate of inhibitor development associated with rIX-FP it would be necessary to conduct a study in previously untreated patients (PUPs). As described above such a study is apparently underway. [13:  DiMichele D. Inhibitor development in haemophilia B: an orphan disease in need of attention. Br J Haem. 2007; 138 (3), 305–315.]  [14:  Chitlur M, Warrier I, Rajpurkar M et al. Inhibitors in factor IX deficiency a report of the ISTH-SSC international FIX inhibitor registry (1997–2006). Haemophilia 2009; 15 (5) 1027–1031.] 

Antibodies against rIX-FP
No treatment-emergent antibodies to rIX-FP were detected in any of the submitted studies. One subject in study 2004 had a positive test at baseline and at Day 10, with negative tests at weeks 4 and 12.
Antibodies against CHO proteins
No treatment-emergent antibodies to CHO proteins were detected in any of the submitted studies.
8.3.5.2. [bookmark: _Ref310433917][bookmark: _Toc310668178]Hypersensitivity reactions
One hypersensitivity event was reported (see section Discontinuation due to adverse events; Pooled safety population above).
8.3.5.3. [bookmark: _Toc310668179]Thrombogenic events
No thrombogenic AEs were reported.
8.3.5.4. [bookmark: _Toc310668180]Local tolerability of infusions
Local tolerability of rIX-FP infusions was assessed by the subjects and by the investigators. In the pooled safety population, subjects rated injection site reactions as very slight, mild, moderate and severe for 2.0%, 0.3%, 0.1% and 0% of injections, respectively (Table 28). Investigators reported erythema after 0.3% of injections. Similar results were reported in Study 3003.
[bookmark: _Ref310345996][bookmark: _Toc310668267]Table 28: Local tolerability of infusions (Pooled safety population)
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8.4. [bookmark: _Toc310668181][bookmark: _Toc485219869][bookmark: _Toc485295746]Laboratory tests
The sponsor did not present a pooled analysis of laboratory testing data (biochemistry, haematology etc.). 
In each study report the sponsor presented only limited analyses of the laboratory testing data. For example, for the pivotal Study 3001, changes from baseline were presented for each parameter as mean, median, range etc. Tables presenting, for each parameter, the proportion of subjects with an abnormal value at each post-baseline study visit were also presented. However, it was not possible to determine the severity of these abnormal results, as high or low values were not reported separately (for example, the incidence of abnormal haemoglobin values was reported for each study visit, but the incidence of low haemoglobin and high haemoglobin was not reported). Although long listings of individual patient results were provided it was not possible to cross-reference the tables with the individual patient data.
For Study 3003 the only haematology data presented were those obtained from 4 subjects undergoing surgery. No biochemistry data were presented.
Comment:	The analyses of laboratory data presented in the submission were of limited value. It would have been preferable for the sponsor to present analyses of the incidence of clinically significant changes from baseline for each parameter, preferably as a pooled analysis. The sponsor should be asked to provide an analysis of clinically significant abnormalities occurring in Study 3001.
8.4.1. [bookmark: _Toc272414669][bookmark: _Toc290846307][bookmark: _Toc310668182][bookmark: _Toc272414670][bookmark: _Toc290846308]Liver function
In Study 2001, two subjects had clinically significant abnormal LFTs. Both were known to have chronic hepatitis (HCV in both, HBV in one).
In Study 2004, one subject with a history of hepatitis C at baseline had mildly elevated transaminases at screening and throughout the study. Four other subjects with a history of Gilbert’s syndrome had elevated bilirubin levels without any other LFT abnormalities.
The report for Study 3002 included brief summaries of 9 subjects who developed LFT values outside the normal range (AST, ALT or bilirubin). In each case the abnormal values were not clinically significant (increases < 1.5x ULN, or decreases to < LLN).
LFT results were not presented for subjects in Study 3003.
8.4.2. [bookmark: _Toc310668183]Kidney function
[bookmark: _Toc272414671][bookmark: _Toc290846309]In Studies 2001 and 2004, there were no clinically significant changes in individual or mean values for serum creatinine.
The report for Study 3002 included brief summaries of 3 subjects who developed creatinine values outside the normal range. In each case the abnormal values were not clinically significant (1 subject with an increase only slightly above the normal range, and two with decreases below the normal range). Two subjects developed minor elevations in urea.
Creatinine and urea results were not presented for subjects in Study 3003.
8.4.3. [bookmark: _Toc310668184]Other clinical chemistry
[bookmark: _Toc272414672][bookmark: _Toc290846310]In Studies 2001 and 2004, there were no clinically significant changes in individual or mean values for other biochemistry parameters.
Other clinical chemistry parameters were not measured in Studies 3002 and 3003.
8.4.4. [bookmark: _Toc310668185]Haematology
[bookmark: _Toc272414673][bookmark: _Toc290846311]In Studies 2001 and 2004, there were no clinically significant changes in individual or mean values for haematology parameters.
In Study 3002, four subjects developed low haemoglobin values [information redacted]. In two subjects the reduction in haemoglobin values was clinically significant with nadir values of 88 and 90 g/L respectively. In three of the cases the low haemoglobin values were associated with reduction in mean corpuscular volume. Three of the cases were reported as AEs of anaemia. These were assessed as being not related to rIX-FP. No further discussion of these cases was included in the study report.
In Study 3003 there were no clinically significant changes in haematology parameters in 4 subjects participating in the surgical sub study.
8.4.5. [bookmark: _Toc310668186]Markers for activation of coagulation
[bookmark: _Toc272414674][bookmark: _Toc290846312]In Study 2001 markers for activation of coagulation (D-dimer, prothrombin fragment 1+2 [F1+2] and thrombin-antithrombin [TAT]) were measured pre-infusion and at 30 minutes and 6 h post-infusion. One subject showed elevation of TAT and F1+F2 at 30 minutes and 6 hours. D-dimer was also elevated at 30 minutes. This subject also had elevation of TAT and F1+F2 after infusion of his prior recombinant FIX product. There were no clinical signs of thrombosis. 
In Study 3001, D-dimer, F1+F2 and TAT were measured (during the PK assessment) pre-infusion and at 30 minutes and 24 h post-infusion. No abnormal values were observed.
8.4.6. [bookmark: _Toc310668187]Urinalysis
[bookmark: _Toc272414675][bookmark: _Toc290846313]In Studies 2001 and 2004, there were no clinically significant changes in urinalysis parameters.
Urinalysis was not performed in Studies 3002 and 3003.
8.4.7. [bookmark: _Toc310668188]Electrocardiograph
[bookmark: _Toc272414676][bookmark: _Toc290846314]ECGs were not recorded in any of the clinical studies.
8.4.8. [bookmark: _Toc310668189]Vital signs
[bookmark: _Toc272414677][bookmark: _Toc290846315]In Studies 2001, 2004, 3001 and 3002, there were no clinically significant changes in mean systolic or diastolic blood pressure, pulse rate or temperature.
In Study 3003 there were no clinically significant changes in mean systolic or diastolic blood pressure, pulse rate or temperature in individuals participating in the surgical sub study.
8.5. [bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc310668190][bookmark: _Toc485219870][bookmark: _Toc485295747]Post-marketing experience
No post-marketing data were included in the submission.
8.6. [bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc310668191][bookmark: _Toc485219871][bookmark: _Toc485295748]Safety issues with the potential for major regulatory impact
8.6.1. [bookmark: _Toc272414681][bookmark: _Toc290846319][bookmark: _Toc310668192]Liver toxicity
There was no evidence of severe hepatotoxicity in the submitted studies. However, further details of the results of liver function tests performed in Study 3001 should be sought from the sponsor.
8.6.2. [bookmark: _Toc272414682][bookmark: _Toc290846320][bookmark: _Toc310668193]Haematological toxicity
There was no evidence of severe haematological toxicity. As described above there were 4 cases of anaemia in Study 3002 which are unexplained. Further information on these cases should be sought from the sponsor. 
8.6.3. [bookmark: _Toc272414683][bookmark: _Toc290846321][bookmark: _Toc310668194]Serious skin reactions
No serious skin toxicity was observed in the submitted studies.
8.6.4. [bookmark: _Toc272414684][bookmark: _Toc290846322][bookmark: _Toc310668195]Cardiovascular safety
No cardiovascular toxicity was observed in the submitted studies.
8.6.5. [bookmark: _Toc241374323][bookmark: _Toc272414685][bookmark: _Toc290846323][bookmark: _Toc310668196]Unwanted immunological events
Immunogenic AEs, including the development of inhibitors, have been summarised in section Adverse events; Immunogenic events and hypersensitivity events in section Adverse events; Hypersensitivity reactions. Overall there was a low incidence of unwanted immunological events.
8.7. [bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc310668197][bookmark: _Toc485219872][bookmark: _Toc485295749]Evaluator’s overall conclusions on clinical safety
The total number of subjects exposed to rIX-FP in the submitted clinical studies was approximately 110. The clinical safety database for the product is therefore small, but meets the EU guideline requirements for extent of exposure for FIX products for the treatment of haemophilia B.
The major safety issue with FIX products is the development of inhibitors. No cases of inhibitor development were observed in the submitted studies of rIX-FP. However, only previously treated subjects at low risk of inhibitor development were enrolled in the submitted studies. The sponsor is conducting a study in previously untreated subjects, which will provide further information on this risk. Only one hypersensitivity reaction was observed. The symptoms and signs of this event appeared minor and there were no features of anaphylaxis. There were no thromboembolic AEs and monitoring of markers of activation of the coagulation system did not suggest any increased risk of such events compared to other FIX products.
Pyrexia was reported very commonly among children in Study 3002. However, none of these events were assessed as being related to rIX-FP. The only treatment-related AE that occurred in more than one subject was headache.
Overall the safety profile of rIX-FP is considered acceptable.
9. [bookmark: _Toc485219873][bookmark: _Toc485295750]First round benefit-risk assessment
9.1. [bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc310668199][bookmark: _Toc485219874][bookmark: _Toc485295751]First round assessment of benefits
The benefits of rIX-FP in subjects with haemophilia B are:
· Restoration of plasma factor IX activity. The duration of plasma FIX activity is prolonged when compared to conventional FIX products (either plasma-derived or recombinant);
· A reduction in the incidence of bleeding episodes when prophylaxis regimen is used;
· Control of bleeding episodes, usually with 1 or 2 injections only;
· Adequate control of bleeding during surgical procedures.
9.2. [bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc310668200][bookmark: _Toc485219875][bookmark: _Toc485295752]First round assessment of risks
The risks of rIX-FP in subjects with haemophilia B are:
· Potential risk of inhibitor development and hypersensitivity reactions;
· Other minor adverse events (such as headache).
9.3. [bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290846333][bookmark: _Toc310668201][bookmark: _Toc485219876][bookmark: _Toc485295753]First round assessment of benefit-risk balance
The benefit-risk balance of rIX-FP is favourable, for the treatment of bleeding episodes and for prophylactic treatment. 
Experience with the use of rIX-FP in major surgical procedures is limited and may not justify the proposed indication of ‘Control and prevention of bleeding in the perioperative setting’. 
10. [bookmark: _Toc485219877][bookmark: _Toc485295754]First round recommendation regarding authorisation
It is recommended that the application be approved. Approval of the perioperative setting indication should be dependent upon the sponsor’s response to questions below. As discussed in section Evaluator’s conclusions on efficacy, it is recommended that use of a prophylaxis regimen with a 14 day dosage interval in adults and adolescents should be restricted to subjects who have previously achieved very good control with a 7 day dosage interval. The 14 day dosage interval should not be approved for use in children aged < 12 years.
11. [bookmark: _Toc485219878][bookmark: _Toc485295755]Clinical questions
11.1. [bookmark: _Toc272414704][bookmark: _Toc290846344][bookmark: _Toc310668208][bookmark: _Toc485219879][bookmark: _Toc485295756]Efficacy
The EU guideline requires that efficacy in the surgical setting should be studied in at least 10 major surgeries (in at least 5 separate individuals). Although efficacy of rIX-FP has been studied in 15 surgeries in total, many of these appeared to be fairly minor procedures, and it seems unlikely that the EMA minimum requirements have been met. Please identify which of the 15 procedures are considered to be ‘major’ together with a definition of what constitutes major surgery.
Please provide a summary of efficacy data for any additional major surgical procedures that have been conducted with rIX-FP since data cut-off for the submission.
11.2. [bookmark: _Toc272414705][bookmark: _Toc290846345][bookmark: _Toc310668209][bookmark: _Toc485219880][bookmark: _Toc485295757]Safety
The report for Study 3002 included brief narratives for subjects who developed clinically significant abnormalities on laboratory testing (haematology and biochemistry). The sponsor needs to provide similar details for subjects who developed clinically significant abnormalities in Study 3001(haematology, biochemistry and urinalysis).
In Study 3002, four of 27 subjects (14.8%) developed low haemoglobin values. In two subjects the decreases were clinically significant with nadir values of 88 and 90 g/L respectively. In three of the cases the low haemoglobin values were associated with reduction in mean corpuscular volume. Three of the cases were reported as AEs of anaemia and these were assessed as being not related to rIX-FP. Is the sponsor able to provide any information on the cause of anaemia in these cases? 
Please provide a summary of any available data on inhibitor development and hypersensitivity events in previously untreated patients treated with rIX-FP.
12. [bookmark: _Toc485219881][bookmark: _Toc485295758]Second round evaluation of clinical data submitted in response to questions
12.1. [bookmark: _Toc485219882][bookmark: _Toc485295759]Efficacy 
12.1.1. Question 1
The EU guideline requires that efficacy in the surgical setting should be studied in at least 10 major surgeries (in at least 5 separate individuals). Although efficacy of rIX-FP has been studied in 15 surgeries in total, many of these appeared to be fairly minor procedures, and it seems unlikely that the EMA minimum requirements have been met.
Please identify which of the 15 procedures are considered to be ‘major’ together with a definition of what constitutes major surgery.
Sponsor response
Major surgery is defined in CSLB clinical study protocols as a surgical procedure that involves anaesthesia (general, spinal, epidural, or regional block) or respiratory assistance.
For patients with haemophilia, procedures including dental extractions may constitute major surgery depending on the setting, the type of anaesthesia and the duration of procedure.
In the initial submission, 15 surgeries were reported in 13 patients, 11 of which meet the criteria for major surgery (including 2 dental procedures [multiple tooth extraction]); therefore, the minimum number of major surgeries outlined in the EMA guideline was exceeded. Table 3-12 from Module 2.7.3 [not in this document] has been annotated to include a column denoting major or minor surgery and is presented in Table 29.
Please note that the sponsor discussed the surgical requirements of the European Guideline on FIX Products (2011) with EU in a pre-submission meeting on 05 December 2014. EU confirmed that the sponsor had met the requirements of the guideline. The sponsor was encouraged to continue collecting surgery data, and is currently doing so, in the extension study among the current study subjects. Furthermore, the surgery data was accepted by the CHMP during the Marketing Authorization Application (MAA) evaluation in EU.
Table 29: Peri-operative haemostatic response with rIX-FX
[image: ]
Note: dashes represent assessments that were not reported by the investigator. Subject identifiers have been deleted from this table.
Evaluation of response
The sponsor’s response is satisfactory.
12.1.2. Question 2
Please provide a summary of efficacy data for any additional major surgical procedures that have been conducted with rIX-FP since data cut-off for the submission.
Sponsor response:
Since the data cut-off date of 09 January 2015 for the Australian submission, one additional data cut for Study 3003 was performed on 28 July 2015.
Collectively, with the 15 surgeries in 13 patients submitted in the original application, data are now available.
Of these, joint replacements have been performed in subjects across the clinical program.
Evaluation of response: 
The additional events of six major operations and the reported haemostasis responses are noted.
12.2. [bookmark: _Toc485219883][bookmark: _Toc485295760]Safety 
12.2.1. Question 3
The report for Study 3002 included brief narratives for subjects who developed clinically significant abnormalities on laboratory testing (haematology and biochemistry). Please provide similar details for subjects who developed clinically significant abnormalities in Study 3001 (haematology, biochemistry and urinalysis).
Sponsor response:
In Study 3001, 11 subjects had laboratory values that were noted by the investigator as clinically significant for at least one study time-point. None of the clinically significant values were reported as adverse events (AEs) related to rIX-FP. The following section provides details for subjects with treatment emergent clinically significant abnormalities in laboratory parameters.
Six subjects had clinically significant abnormalities at screening only.
· Five subjects [information redacted] all had clinically significant bilirubin at screening and medical history of Gilbert’s syndrome.
· Subject [information redacted] had clinically significant ALT elevations at screening only.
· Five subjects reported clinically significant abnormalities at study time-points other than screening.
· Subject [information redacted] had clinically significant low erythrocytes, haematocrit, and haemoglobin at Week 44, and mean corpuscular volume (MCV), erythrocytes, haematocrit and haemoglobin at Week 60. The AEs of ‘deterioration of reflux esophagitis’ and decreased haemoglobin were reported on the Week 44 visit date [information redacted]. The decreased haemoglobin was moderate and not related to rIX-FP as the investigator determined the cause to be related to the GI reflux. Concomitant medication was added for the reflux, and both AEs of reflux and decreased haemoglobin resolved.
· Subject [information redacted] had elevations in liver enzymes aspartate aminotransferase (AST) and alanine aminotransferase (ALT) that were determined by the investigator to be clinically significant at various time-points throughout the study (AST: Screening, Week 28, Week 60 and end of study; ALT: Week 12, Uns, Week 28, Week 60, and end of study). At Week 60, alkaline phosphatase was also clinically significant. The subject had a medical history of alcoholic liver disease and the AE of aggravated alcoholic liver disease was ongoing during the study. The subject also had ongoing hepatitis C and HIV infections which were recorded in his medical history.
· Subject [information redacted] had clinically significant low erythrocytes, MCV, haematocrit and haemoglobin at Week 92. An AE of anaemia was reported the same day at Week 92. The investigator reported the AE as mild and a side effect of the subjects hepatitis C therapy that was ongoing (sofosbuvir and ribavirin). No action was taken and the AE resolved.
· Subject [information redacted] had clinically significant low MCV, erythrocytes, haematocrit and haemoglobin at the Week 12 visit, and MCV, haematocrit and haemoglobin at the end of study visit. No AEs were reported during this time.
· Subject [information redacted] had clinically significant elevations in ALT and AST at the end of study visit. The subject had a medical history of hepatitis C and an ongoing AE of exacerbation of chronic hepatitis C at the time the elevations in liver enzymes were recorded.
In conclusion, of the 11 subjects with clinically significant abnormalities in laboratory testing, the majority had alternative explanations (eg, medical history or concomitant medications) for the lab abnormalities. Review of these abnormal laboratory findings by the Independent Data Review Committee did not identify any new safety concerns for rIX-FP.
Evaluation of response
The description of events does not yield any additional safety concerns.
12.2.2. Question 4
In Study 3002, four of 27 subjects (14.8%) developed low haemoglobin values. In two subjects the reduction in haemoglobin values was clinically significant with nadir values of 88 and 90 g/L respectively. In three of the cases the low haemoglobin values were associated with reduction in mean corpuscular volume. Three of the cases were reported as AEs of anaemia and these were assessed as being not related to rIX-FP. Is the sponsor able to provide any information on the cause of anaemia in these cases?
Sponsor response:
Further information for the 3 subjects for whom the AE of anaemia was reported during
Study 3002 ([information redacted]) is summarised below.
For Subject [information redacted], the AE of tongue injury was reported 2 weeks prior to the AE of anaemia. The AE of tongue injury (06 March 2014) was moderate in intensity and required 3 procedures (06, 10 and 13 March) with multiple stitches. CSLB considers that the AE of deep tongue injury may have contributed to the AE of anaemia reported shortly thereafter. The AE of anaemia resolved 02 June 2014. The subject is currently enrolled in Study 3003 with no AE of anaemia reported to date.
For subject [information redacted], the AE of anaemia was reported from 24 January 2014 to 07 March 2014, and assessed as mild in severity. No further information about the cause of anaemia was provided by the investigator. This AE resolved without treatment. This subject is currently enrolled in Study 3003, and while no Month 12 haematology was collected for this subject.
For subject [information redacted], several laboratory values were noted as clinically significant by the investigator for this subject: low haematocrit and haemoglobin at Week 24; clinically significant low MCV, erythrocytes, haematocrit, and haemoglobin at the End-of-study visit.
All 3 subjects are currently enrolled in Study 3003 and are being monitored for haematology testing results within the scope of the study and local standard of care.
Evaluation of response:
The information presented by the sponsor is limited, but does not provide any substantial safety concern for Idelvion use.
12.2.3. Question 5
Please provide a summary of any available data on inhibitor development and hypersensitivity events in previously untreated patients treated with rIX-FP.
Sponsor response:
As of the 28 July 2015 data cut, previously untreated patients (PUPs) were enrolled in Study 3003. Two of the three subjects were not dosing as of 28 July 2015. 
Evaluation of response
The information is noted.
13. [bookmark: _Toc485219884][bookmark: _Toc485295761]Second round benefit-risk assessment
In addition to the already demonstrated efficacy and safety, the sponsor has satisfactorily demonstrated sufficient use in patients undergoing major surgery to permit approval in the peri-operative setting.
14. [bookmark: _Toc485219885][bookmark: _Toc485295762]Second round recommendation regarding authorisation
It is recommended that the application be approved for the indication:
Idelvion is indicated for the treatment and prophylaxis of bleeding in patients with haemophilia B (congenital factor IX deficiency), including the peri-operative setting. Idelvion can be used in all age groups.
Therapeutic Goods Administration
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¢ APoisson distribution is assumed.
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Routine Prophylaxis Treatment

TR PR Treatment frequency: cvery 7 days and as necded
 Previous FIX § P{rX-FP 50 10ke[ >

Treament period: = 11 months

Surgery Substudy: Al eligible subjects

Abbreviations: PK. pharmacokinetics; f1X-FP. recombinant fusion protein linking coagulation factor IX with
albumin: WFH, World Federation of Hemophilia.
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Age <6 years Age6to<lzyears  Total

N (%) N (%) N(%)
Screened 1 5 »
Screening failures 2 0 2
‘Enrolled population n 15 7
Safety population 12(1000) 15 (100.0) 27(1000)
PK population 12(1000) 15 (100.0) 27(1000)
‘Efficacy population 12(1000) 15 (100.0) 27(1000)
‘PP population 12(1000) 15 (100.0) 27(1000)
Subjects with surgeries 0 2(133) 2074
Completed study 12(1000) 15 (100.0) 27(1000)
Discontinued from study 0 0 0

‘Note- Percentages are based on the mumber of subjects in the Safety population.
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Age <6 vears Age6to<l2years Total
-1 19 -2
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treatment
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1 0r2 infusions’ 45(100.0) 58(95.1) 103(972)
‘Probability of success® NC 951 972
95% CI for probability of success _ NC (867.983) (©20.90.0)

‘Abbreviations: C1 = confidence interval; Max = maximum; Min = minimum; NC = ot calculable; Q = quartile;
+TX-FP = recombinant fsion protein linking coagulation factor IX with albumin.
* Success — bleeding event was successfully treated with 1 or 2 infusions; failure = more than 2 infssions

were required to treat the bleed.

® Probability of success is derived from a repeated measures model (expressed as percentages) and is defined.
s the probability of achieving hemostasis with 1 or 2 infusions.
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Abbreviations: Max = maximuny. Min = minimuny. Q = quartile; IX-FP = recombinant fusion protein liking.
‘coagulation factor IX with albumin; SD = standard deviation.
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1U = Interational Unit(s); PK = pharmacokinetic(s); PTP = previously teated patient; PUP
1IX-FP = recombinant usion profein linking coagulafon factor IX with albumin.

= previously untreated patient;

* Only subjects 218 years of age with =6 months of prophylaxis reatment with a 14-day treatment interval may switch to

221-day treatment interval, after PK evaluation with 2 single dose of 100 Uk rTX-FP.

® Subjects fom Arms 1 and 2 who require minor or major non-emergency surgery and subjects fom Am 4 who require

‘minor non-emergency surgery may also partcipate in the surgery substudy.
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Assessment of hemostasis

Number of
Tesponse TIX-FP
Wound injections
closure 72hours or  during surgical
Surgical procedure Subject number (0 hours) discharge * period
‘Excision of pigmental nevus — Notreported  Excellent 3
‘Iumbal area
‘Rhinoplasty, subnmcosal resection, Excellent Excellent 4
and inferior turbinectomy
‘Endoscopic mucosal resection Excellent Excellent 4
Root canal Not reported ©  Not reported © 3
Right ankle arthroplasty Excellent Excellent 6
‘Total knee replacement, left Good Not reported 6
‘Total knee replacement, right Excellent Excellent 7
IX-FP = recombinant fussion protein linking coagulation factor IX with albumin.
*  Whichever occurred first.

® including preoperative dose and doses after surgery are counted for the 14 days

All doses, including

(336 hours) following surgery.

Only an overall assessment of hemostasis response (excellent) was reported.

Note: Data based on cutoff of 09 January 2015. Final results will be reported in the final clinical study report.

<
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Study 2004 Study 3001 Study 3002 ‘Overall Safety Population” Study 3003°

=17 N=63) =2 =107 =80

‘Exposure davs (EDs)"

‘Mean (SD) 0501728 648Q727) 6191263 605 (38.64) 23053)

‘Median (min, max) 500(12,59) 710(,103) 5802, 94) 630(1,158) 2101,48)

<S0EDs,n(%) 1#@2 204 32099 30(1000)

250EDs 0 (%) 9629) 49718) 25026 7501 0

Z75EDs n (%) [ 2468 0 33608) 0

=100 EDs,n.(%) [ 262) [ 16(150) 0

Total number of EDs ™m 4080 1672 11 Ne
Study duration (days)

‘Mean (SD) 283.1(8145) 550.6 (193.96) 3974 (77.36) 483.429193) 2065 (73.11)

‘Median (min, max) 3260(119,340) 617042, 344) 3820087, 5549 4690 (25, 986) 1955 (44,338)
Study duration (months)

‘Mean (SD) Ne 18.1637) 131058 159959 68040

‘Median (min, max) Ne 20304,217) 1260,18) 154008.324 64(14,111)
Total subject-ears* Ne Ne NC 1416 NC
Number of injections

‘Mean (SD) Ne Ne 610(1258) 606 (8.6 Ne

‘Median (min, max) Ne Ne 57041,9%) 630(1,158) Ne
Total IU administered

‘Mean (SD) Ne 247884 (136653 5) 79971 (42796.5) 190257 (1855573) 2834 (48743.9)

‘Median (min, max) Ne 253683 (97589, 6623530) 66942223320, 1984918) 126810 (19000,9990514) 86186 (7580.0,256195.0)
Total IU / injection

‘Mean (SD) Ne Ne 12906 (580.0) 31460 (1653.7) Ne

Median (min, max) Ne Ne 10640 2500, 3190.0) 30000 (1389, 105700) NC

‘Abbreviations: ED. expostre day, H. IS, fi. munminy, NC. nof calculated; sIX.FP, fecombinant fusion protein finking coagulation factor IX vath
albumin: SD, standard deviation.

* The Overall Safety population includes subjects from studies 2001, 2004, 3001, and 3002. Note: exposure data from Study 2001 are not included a5 a separate
‘column because the study was a dose-escalation study in which subjects received only 1 (a-= 18) or 2 (n.=7) doses of TX-FP.

" Exposure as of the 09 Janary 2015 cut-off date.

© An exposue day is any day that the subject receives an injection of rTXFP regardless of the mumber of injections on that day or the mumber of injections.

4 Subject-years = (last visit day on study — first injection day) / 365.25.
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Study 2001 Study 2004 Study 3001 Study 3002 ‘Study 3003
=25 N=17) (N=63) =27 N=80)

n®% E n®%) E nC) E ne®% E n% E nC) E
Any TEAE. 13(20) 2 14(824) 46 54§57 347 26 (963) 12 04@79) 579 29063 7
Any related TEAE 310 4 0 0 509 1 0 0o 805 15 0 o
Any TESAE 0 (] 0 2(6) 2 48 6 666 8 2025 2
Any related TESAE 0 (] o 0 [ o o o 0 0
Any TEAE leading to withdrawal 0 (] 0 26 2 0 0 209 2 o
Any fatal TEAE 0 (] o 0 [ o o o 0 0
Any TEAE within 72 howsofdose 7 (280) 11 12 (706) 27 44 (@8 111 2 (815 50 7501 213 15(188) 22

‘Abbreviations: E, events; NR_not reported: TEAE, treatment-emergent adverse event; TESAE, treatment-emergent serious adverse event.

* The Overall Safety population includes subjects from studies 2001, 2004, 3001, and 3002.

® Adverse events do not include AFs that were ongoing prior to study entry.

© One subject in Study 3003 had an AE that was ongoing in Study 3001, prior to entering Study 3003. In Study 3003, the AE was considered by the Investigator
to be treatment-related, and eventually led to study withdrawal Because the AE was not considered a TEAE in Study 3003, the AF was not counted as an AE
leading to withdrawal




image32.png
Study 2000 Study 3001 Swdy 02 Ovrallsafey Sl 3003
Populaion
System Organ Class -1 -6 -1 &-1) o550
Piterre 500 Enew E_ n0w E__a00 E_ a0 E
T TEAE @9 6 S® W Keey) 151 W@E9) 55 B0y A
Infecionsand Infesaions 435 6 M09 9 8@ £ 60 9 1By 16
Naptanneins 6059 38 4045 6 2009 46 609 8
prey a0 - sy - -
Upperrepintory actinfecion 2019 4 509 7 204 say B - -
Gutoenns == B ) 569 1 - -
Brochis - = 59 s say o - -
Pharmgts 169 1 509 s 204 sa9 5 - -
Touslis 169 1 - -0 -0 2 C
Eaifecion - - I N T
Vialnecion - - - a9 3 - - -
Ut — [ oI agy > - T T
Musculoskelta W) T @ @ 99 10 BRI ST 8GO 10
Commectes T Dcordors
Rrivaga. 54 1wy 1 4wy 5 WA 0 - -
Backpan - - sey s - - say w - -
Sypors 169 2 4ey 7 - - S
Painin vy - - =T - 2a9 2 669 1 - -
Bonepain 169 1 - - B -
Chondropay 169 1 - [ oo oo
ot g of moton decreaed 1 (59) 1 - - - - - - - -
Misce spass 169 1
NevowsSysemDiorders 439 4 2G40 8 3aly 5 2000 # - -
Headace 3079 3 @Y M 200 4 2@ M - -
Dizaness 169 1 463 s R B
Sty 2004 Sy 3001 Swdy3  OvealSaery Sty 3003
Populaion”
‘System Organ Class. -1 -6 -1 =107 =30
Preferred Term 509 _E w09 E_ w09 E w9 E__uew E
Tnjur. Poisoning and 7@ 5 2eW W W00 B B@e WA 1
Procedural Complicarions
Haod Fractae 2y 2 - - - - - - -
Laccation raiy 2 - - - - 669 & - -
Limb ey 169 1 609 s - - wey w - -
Contuson 169 1 463 8 5089 9 00y 1w - -
Head mury 169 1 =TS a3 - B
Iy 169 1 - - 208 4 B B
Radus e 169 1 P P o -
General Disorders and 3076 5 10059 1 9 15 10 09 15 460 S
Adminisration Site Condiions
Inecion e swelling 169 3 - - - - - - - -
Tnction s xthena 169 1 - - - B
Incinsichenontage 1 69) 1 ooz - B I
Pyesa - - - - my U wEey 5 - -
GamiwetmlDiorders 1 (69 1 A@Y ® 0@ 15 W@D 15769 1
Duntea ST - sas s 2a9 2 169 - -
Dypepsia 169 1 - B S -
Denaldsomfort. - 2 2ae 2 - I
Toatacte - - sa9 s 209 2 7169 7 - -
Vomatiog - - ST - 2ae 2 - B
Repiraory, Thorace and - - ewy v e 0 769 7 - -
Medinstinal Disorders
Cough - - - - amy o4 1Ey 1 - -
Oroparyngeatpin - - - - 208 2 STl -




image33.png
Swb I Swh Sl Smhiwl | Ownllsaley  Sudy ey
Populaion’

Systom Organ Clss o1 () Jany) &-1m) L)
Preerd Torm w09 E n0w E_ w09 E_ _at9 E a9 E
e Dierders a2 - - 208 2 e
Conmctvits 169 1 - N oo Dz
Erepin 169 1 - - oo Dz
Iavestigations 169 1 46y 4 - oo DL
Wegh derewed 169 1 P oo Dz
Stinsnd Sebcusaeons Tiswe 1 69 1 10059 1 3a1n 7 oo DL
Dborders

Rt ol 169 1 - - - -
Blod and LymphatcSytem -~ - ey 4 669 s - -
Diorders

o - - - 209 2 669 6 - -
Peychiamic Disorders - - a6y 4 - - s

F T ———.
e vl Sty pouiain s st o s 01 2004, 01, 204 302
> Adhesecvetsdo ot ke nghng TEAES iomeadn s
ot Dt e shown fo A reported o % of bty sody e Overal] ety popuion A st st e AEwas epord < 5% of
bects n e resecive sty Oveall Sty Pl Advece eves epred S0y 200 e et resnied sy bt d .
e Overal Satey popiation.




image34.png
systes Organ Class
Preterted Tem

TonT
aion
]

[P ——

NERIODS SYSTEM DISORDERS.
HEROACEE
Drzzmss

GENEZAL DISORDERS AND AMMINISTRATION SITE CONDITIONS
FEELING HoT
‘TRECTIon SITe RyTAEG,
IRECTION SITE BDATON:

pey
oz

GASTROINTESTINGL DISORDERS
CORSTIERTION

THONE SYSTEM DISORDERS
HYPERSENSITIVITY

1

oyl uston

Eovae o Sampects i) et mest o ewnes (-

Lt s s whe shvescigutar,





image35.png
Nunber with >=1 subject assessment 52
Total number of subject assessments 591

Subject Assessment of Tolerability

Hone 5458 ( 97.6)
Very slight 110 ( 2.0
Mild 15 ( 0.3)
Moderate 6 ( 0.1)
Severe 2 ( 0.0)

Nunber with >=1 Investigator assessment 103
Total number of Investigator assesaments 776

Investigator Assessment of Erythema
None. 774 (89.7)
Very Slight (Barely Perceptible)
Well-defined
Moderate to Severe
Severe (Beet Redness) to Slight Eschar

Fomations (Injuries in Depth)

Studies Pooled: 2001, 2004, 3001, and 3002.

Notes: Table presents number and percentage of subjects (n(%)) and number of events (E). Percentages are based on the total
number of assessments.
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Assessment of Hemostasis Response

argical Procedures Majoror  StudyNumber;  Wound .
Surgical Procedures Misor  SubjectNumber  Closre  Showrs/  EOS/
(Obous  Dixbarze®  POD14
Double mastectomy Major Excellent  Excelleat  Excellent
Total knee replacement Major Excellent  Excellent  Excellent
‘Total knee replacement Major Excellent  Excellent  Excellent
‘Hemonhoidectomy Major Excellent  Excellent  Excelleat
Wisdom tooth (1)" Minor Excellent Good Excellent
exraction
Tooth (1) extraction Minor Excellent - Excellent
Teeth (9 extractiondueto Major - - Good
abscesz
Teeth (2) extraction Major Excellent - Excellent’
Excirion of igmental nevus  Minor - Excellent -
Rhinoplasty and submmcozal  Major Excellent  Excellent -
resection inferior
turbenectomy
Right azkle atbroplasty Major Excellent  Excellent -
‘Exdoscopic mucozal Major Excellent  Excellent -~
resection
Total knee replacement Major Good - -
Total knee replacement Major Excellent  Excellent  Excelleat
Root cazal Minor - - ‘Excellent’

Abbreviations: EOS, end of study; POD, postoperative day; 1TX-FP, recombinant fusion protein linking.
coagulation factor IX with albumin.

* 72 howrs or hospital discharge, if prior to 72-hour evaluation.

" Numbers in parenthesis are mumber of teeth extracted.

© Aszessment of hemostasis response provided on POD 7.

4 Overall assessment of hemostasis response; timing of assessmext not available.
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