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[bookmark: _Toc351718900][bookmark: _Toc355338635][bookmark: _Toc404074069]Introduction
This is a full submission to register the product as a new chemical entity.
Eftrenonacog alfa is a fusion protein in which a recombinant factor IX (rFIX) molecule is covalently linked to the Fc fragment of an immunoglobulin G1 (IgG1) molecule.
The proposed indication is:
ALPROLIX is a long-acting anti-haemophilic factor (recombinant) indicated in adults and children (≥ 12 years) with haemophilia B (congenital factor IX deficiency) for:
Control and prevention of bleeding episodes;
Routine prophylaxis to prevent or reduce the frequency of bleeding episodes;
Perioperative management (surgical prophylaxis).
In the submitted documentation, eftrenonacog alfa is referred to by the abbreviations ‘rFIXFc’ or ‘FIXFc’. The abbreviation FIXFc will be used in this report.
[bookmark: _Toc404074070]Orphan drug designation
The product was granted orphan drug status by the TGA on 20 September 2012. The orphan indication granted was:
‘... the control and prevention of haemorrhagic episodes in patients with haemophilia B (congenital factor IX deficiency or Christmas disease), including the control and prevention of bleeding in surgical settings.’
The indication proposed for registration is narrower than that granted in the orphan designation, in that children aged less than 12 years have been excluded.
The Haemophilia Foundation of Australia estimates that there are approximately 2,800 subjects with haemophilia in Australia (4). Approximately 15-20% of haemophilia subjects have haemophilia B (5) and therefore the prevalence of the condition in Australia would be approximately 420 – 560 subjects.
[bookmark: _Toc404074071]Clinical rationale
The current standard treatment of congenital factor IX (FIX) deficiency is based on the use of replacement FIX therapy. Two replacement therapy products are currently registered in Australia:
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).
The FIX contained in these products has a half-life of approximately 24 h (1,2). For the treatment of bleeding episodes and for surgical prophylaxis it is recommended that dosing be repeated every 12 to 24 h. For routine prophylaxis, dosing is recommended twice per week.
The rationale for the development of eftrenonacog alfa (Alprolix) is that combining the FIX molecule with the Fc fragment of the IgG1 molecule will result in a prolonged half-life, with less frequent dosing required. The draft PI states that eftrenonacog alfa has an elimination half-life of 82 h and the recommended dosage interval for the treatment of bleeding episodes and surgical prophylaxis is up to 48 h. The recommended initial dosage interval for routine prophylaxis is up to 14 days.
The prolonged half life of the molecule occurs because of binding of the Fc fragment with the neonatal Fc receptor for IgG (FcRn). FcRn derives its name through its role in the transfer of IgG from mother to foetus. However, it is also expressed in several adult human tissues and is believed to bind with the Fc fragment of IgG and prevent IgG degradation. FcRn is therefore believed to be responsible for the prolonged half-life of IgG compared to other endogenous proteins (3).
Currently registered products that are fusion proteins combining the Fc fragment of an IgG1 molecule with another active molecule include romiplostim and etanercept.
[bookmark: _Toc272414609][bookmark: _Toc290846231][bookmark: _Toc242109028][bookmark: _Toc404074072]Guidance
The following EMA guidelines, which have been adopted by the TGA, are considered relevant to the current application.
Guideline on the Clinical Investigation of the Pharmacokinetics of Therapeutic Proteins (CHMP/EWP/89249/2004); 2007 (6).
Points to Consider on Application with 1. Meta-Analyses; 2. One Pivotal Study (CPMP/EWP/2330/99); 2001. (7)
Note for Guidance on the Clinical Investigation of Recombinant Factor VIII and IX Products (CPMP/BPWG/1561/99); 2000 (8).
In Europe, the 2000 guideline on recombinant Factor VIII and IX products has been superseded by a new guideline specific for Factor IX products:
Guideline on clinical investigation of recombinant and human plasma-derived factor IX products (EMA/CHMP/BPWP/144552/2009); 2011 (9).
This later guideline came into effect in Europe in February 2012, but has not yet been formally adopted in Australia.
Compliance with these guidelines will be considered in the relevant sections of this report.
[bookmark: _Toc404074073]Contents of the clinical dossier
[bookmark: _Toc404074074]Scope of the clinical dossier
The submission contained the following clinical information:
Module 2
Clinical overview, summary of biopharmaceutic studies and analytical methods, summary of clinical pharmacology, summary of clinical efficacy and summary of clinical safety.
Module 5
A full study report of one open-label, Phase I/IIa study (SYN-FIXFc-07-001) that examined the safety and pharmacokinetics (PK) of escalating single doses of FIXFc in a total of 14 subjects with haemophilia B.
A full study report of one open-label, Phase III pivotal efficacy and safety study (998HB102) that examined the PK, efficacy and safety of FIXFc in a total of 123 subjects with haemophilia B.
One population pharmacokinetic analysis of PK data collected in the above two studies.
Brief safety reports from two ongoing studies (9HB02PED and 9HB01EXT). These reports included limited information regarding serious adverse events and adverse events of special interest.
Literature references.
[bookmark: _Toc404074075]Paediatric data
The pivotal study in the submission included previously treated patients (PTPs) aged 12 years and over and the indication sought by the sponsor is restricted to this group. One of the ongoing studies (9HB02PED) is a trial of the product in PTPs aged less than 12 years. It is planned to enrol at least 20 subjects and completion is expected by June 2015. Another study is planned in previously untreated patients (PUPs) aged less than 18 years, with completion expected in June 2019.
Comment: The European Medicines Agency (EMA) guideline on recombinant Factor VIII and IX products (8), which has been adopted by the TGA, indicates that the submission of paediatric data can be delayed until after initial marketing approval. The absence of data on children aged less than 12 years of age in this submission is therefore not considered a deficiency in the application.
[bookmark: _Toc404074076]Good clinical practice
[bookmark: _Toc241374282]The study reports for the completed studies included assurances that they had been conducted in accordance with applicable guidelines including the International Conference on Harmonisation (ICH) Guideline on Good Clinical Practice and the ethical principles outlined in the Declaration of Helsinki.
[bookmark: _Toc355338639][bookmark: _Toc404074077]Pharmacokinetics
[bookmark: _Ref271017296][bookmark: _Ref271018924][bookmark: _Ref271018934][bookmark: _Toc272414614][bookmark: _Toc290846238][bookmark: _Toc242109035][bookmark: _Toc404074078]Studies providing pharmacokinetic data
Pharmacokinetic data were collected in both SYN-FIXFc-07-001 and 998HB102, and a population PK analysis was also conducted on these data. Summaries of the PK studies are presented below.
None of these PK studies had deficiencies that excluded their results from consideration. Both studies were conducted in subjects with FIX deficiency (haemophilia B) and hence there were no studies in healthy volunteers.
[bookmark: _Ref269118175][bookmark: _Toc272414616][bookmark: _Toc290846239][bookmark: _Toc242109036][bookmark: _Toc404074079]Summary of pharmacokinetics
The information in the following summary is derived from conventional PK studies unless otherwise stated.
[bookmark: _Toc272414617][bookmark: _Toc290846240][bookmark: _Toc242109037]Physicochemical characteristics of the active substance
The following information is derived from the Sponsor’s summaries in Module 2. FIXFc is a fusion protein combining human coagulation factor IX and the Fc domain of a human IgG1 antibody. It contains 867 amino acids and has a molecular weight of approximately 98 kilodaltons. It is produced by recombinant DNA technology in a human embryonic kidney (HEK) cell line.
[bookmark: _Ref271189106][bookmark: _Ref271189143][bookmark: _Toc272414618][bookmark: _Toc290846241][bookmark: _Toc242109038]Pharmacokinetics in haemophilia B subjects
[bookmark: _Toc272414619][bookmark: _Toc290846242][bookmark: _Toc242109039]Absorption/bioavailability
FIXFc is only administered intravenously (IV) and by definition has 100% absorption and bioavailability. Tmax occurred immediately after the completion of the infusion.
Incremental recovery
The incremental recovery of FIXFc was 0.92 IU/dL for every 1.0 IU/kg administered (Table 1). In the same study, the incremental recovery of BeneFIX was 0.95.
Table 1: Study 998HB102 – Comparison of PK (FIX activity) after single doses of 50 IU/kg of BeneFIX and FIXFc (2-compartmental analysis)
[image: Table 1: Study 998HB-102 – Comparison of PK (FIX activity) after single doses of 50 IU/kg of BeneFIX and FIXFc (2-compartmental analysis)]
Comment: Factor IX replacement products generally have an incremental recovery of approximately 1.00 IU/dL for every 1.0 IU/kg administered (5). The value of 0.92 for FIXFc is consistent with this. However, BeneFIX is considered to have a lower recovery than plasma-derived FIX (10). The value for incremental recovery in adults quoted in the Australian PI for BeneFIX is 0.72 IU/dL for every 1.0 IU/kg administered. As the recovery values for FIXFc and BeneFIX in this study were comparable, FIXFc may also have a lower recovery than plasma-derived FIX.
Dose proportionality
Mean Cmax and AUC increased in an approximately dose proportional manner for both FIX activity and FIXFc antigen, over the dose range of 25 to 100 IU/kg.
Table 2: Phase I/IIa Study (SYN-FIXFc-07-001) – FIX activity PK Parameters (Mean ± SD)
[image: Table 2: Phase I/IIa Study (SYN-FIXFc-07-001) – FIX activity PK Parameters (Mean ± SD) ]
Table 3: Phase I/IIa Study (SYN-FIXFc-07-001) – rFIXFc anitgen PK Parameters (Mean ± SD)
[image: Table 3: Phase I/IIa Study (SYN-FIXFc-07-001) – rFIXFc anitgen PK Parameters (Mean ± SD)]
PK during multiple-dosing
There was no alteration in the PK of FIXFc after 26 weeks of dosing using a prophylaxis regimen (Table 4).
Table 4: Study 998HB102 – Comparison of PK (FIX activity) after single doses of 50 IU/kg of FIXFc at baseline and 26 weeks (2-compartmental analysis)
[image: Table 4: Study 998HB-102 – Comparison of PK (FIX activity) after single doses of 50 IU/kg of FIXFc at baseline and 26 weeks (2-compartmental analysis)]
[bookmark: _Toc241374288][bookmark: _Toc272414621][bookmark: _Toc290846244][bookmark: _Toc242109040]Distribution
Volume of distribution
In the conventional PK studies, the volume of distribution at steady state (Vss) varied between 227 and 314 mL/kg (16 to 22 L for a 70 kg individual). In the population PK analysis the estimated Vss was 271 mL/kg.
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 (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 absence of data on other distribution parameters is not considered a deficiency in the submission.
[bookmark: _Toc272414622][bookmark: _Toc290846245][bookmark: _Toc242109041]Metabolism and excretion
Routes of metabolism and excretion
There were no clinical data in the submission regarding the routes of metabolism and excretion of FIXFc.
Comment: According to the guideline on PK of therapeutic proteins, the elimination of large proteins can be predicted to occur through catabolism by proteolysis.
Clearance
Following a single intravenous dose of FIXFc, clearance was measured as 3.19 mL/hr/kg (Table 1 above). This equates to 3.72 mL/min for a 70 kg individual.
Half-life
In the same study, half-life (of FIX activity) was measured as 82.1 h (Table 1 above). The half-life of FIXFc antigen was longer (up to 145 hours), probably due to the greater sensitivity of the FIXFc antigen assay compared to the FIX activity assay.
[bookmark: _Toc241374291][bookmark: _Toc272414624][bookmark: _Toc290846247][bookmark: _Toc242109042]Intra- and inter-individual variability of pharmacokinetics
Both inter-individual and intra-individual variability in PK parameters appeared modest. In the population PK analysis, weight was the only covariate that demonstrated an effect on the PK of FIXFc. All the dosage regimens proposed by the sponsor are weight adjusted.
[bookmark: _Toc241374293][bookmark: _Toc272414626][bookmark: _Toc290846249][bookmark: _Toc242109043]Pharmacokinetics in other special populations
[bookmark: _Toc272414627][bookmark: _Toc290846250][bookmark: _Toc242109044]Pharmacokinetics in subjects with impaired hepatic function
There were no clinical data on the effect of impaired hepatic function on the PK of FIXFc.
[bookmark: _Toc272414628][bookmark: _Toc290846251][bookmark: _Toc242109045]Pharmacokinetics in subjects with impaired renal function
There were no clinical data on the effect of impaired renal function on the PK of FIXFc.
Comment: Renal clearance is unlikely to be significant for large proteins such as FIXFc. Hence the absence of PK data in subjects with renal impairment is not considered to be a deficiency in the submission.
[bookmark: _Toc272414629][bookmark: _Toc290846252][bookmark: _Toc242109046]Pharmacokinetics according to age
In the population PK analysis, age did not affect the PK of FIXFc.
[bookmark: _Toc272414630][bookmark: _Toc290846253][bookmark: _Toc242109047]Pharmacokinetics related to genetic factors
In the population PK analysis, race, blood type or FIX genotype did not affect the PK of FIXFc.
[bookmark: _Toc241374294][bookmark: _Toc272414632][bookmark: _Toc290846255][bookmark: _Toc242109048]Pharmacokinetic interactions
The submission contained no clinical data on interactions.
[bookmark: _Toc241374296][bookmark: _Ref269982040][bookmark: _Ref271018704][bookmark: _Ref271018755][bookmark: _Toc272414635][bookmark: _Toc290846258][bookmark: _Toc242109049][bookmark: _Toc404074080]Evaluator’s overall conclusions on pharmacokinetics
The PK of FIXFc have been adequately characterised, given the rarity of haemophilia B and the fact that FIXFc is a large protein. In addition, the data generated meet the requirements for PK data laid down in the 2012 EMA haemophilia B guideline.
[bookmark: _Toc404074081]Pharmacodynamics
FIX activity was measured in both the submitted studies. In haemophilia studies this is generally considered to be a pharmacokinetic endpoint and results have therefore been described in section 4 of this report.
In Study 998HB102, global haemostasis assays were performed, including an exploratory thrombin generation assay and, in some sites, whole blood rotation thromboelastometry (ROTEM). The results were not included in the submitted study report.
No other pharmacodynamic data were submitted.
[bookmark: _Toc404074082]Dosage selection for the pivotal studies
The doses chosen for prophylaxis and episodic treatment arms of the pivotal study (see section 7.1.1.3 below) were based on the results of the phase I/IIa study (SYN-FIXFc-07-001). The target threshold of the prophylaxis and episodic treatment arms was to maintain FIX activity above 1% for at least 7 days. Based on the results from the Phase I/IIa study, the mean and median FIX activity on Day 7 with 50 IU/kg would be 2.55% and 1.89% above baseline, respectively. Also, over 70% of the population would have FIX activity of 1% above baseline on Day 7.
Doses selected for treatment for bleeding episodes in all arms and for use during surgery were based on clinical practice guidelines for patients with severe haemophilia (5, 11, 12).
[bookmark: _Toc404074083]Clinical efficacy
[bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274][bookmark: _Toc242109053][bookmark: _Toc404074084]Pivotal efficacy study
Only one of the submitted studies (998HB102, also known as the B-LONG study) contained efficacy data.
[bookmark: _Ref243301615][bookmark: _Ref271040927][bookmark: _Ref271040932][bookmark: _Toc272414653][bookmark: _Toc290846275][bookmark: _Toc242109054]Study 998HB102 (B-LONG)
[bookmark: _Toc242109055]Study design, objectives, locations and dates
This study was an open-label, Phase III trial, with 4 arms. The design is summarised in Figure 1. It was conducted in previously treated patients (PTPs) aged 12 years and older.
[bookmark: _Ref240438229][bookmark: _Ref240438195][bookmark: _Toc242109199]Figure 1: Design of Study 998HB102
[image: Figure 1: Design of Study 998HB-102]
In Arm 1 of the study, subjects underwent an initial PK assessment after a dose of 50 IU/kg of FIXFc. They were then treated with a prophylaxis regimen, with a dose of FIXFc given at a fixed interval of once every 7 days at a dose indicated by the subject’s baseline PK assessment that ensured a target trough of 1% to 3% above baseline or higher, as clinically indicated.
A subgroup of patients in Arm 1 (referred to as the ‘sequential PK subgroup’) also underwent a PK comparison of FIXFc versus BeneFIX, and a PK comparison of initial FIXFc PK versus FIXFc PK after 26 weeks.
In Arm 2, subjects underwent an initial PK assessment after a dose of 100 IU/kg of FIXFc. They were then treated with a prophylaxis regimen, with a fixed dose of 100 IU/kg FIXFc given at a dose interval indicated by the subject’s baseline PK assessment that ensured a target trough of 1% to 3% above baseline or higher, as clinically indicated.
In Arm 3, subjects underwent an initial PK assessment after a dose of 50 IU/kg of FIXFc. They were then treated with an on demand regimen, at a dose of 20 to 100 IU/kg rFIXFc, or the dose indicated by the subject’s baseline PK to target a plasma FIX activity level of 20% to 100%, as needed for the treatment of episodes of mild to severe bleeding.
Arm 4 enrolled subjects scheduled for surgery. Subjects underwent an initial PK assessment prior to surgery following a dose of 50 IU/kg of FIXFc. They were then treated with doses of 40 to 100 IU/kg rFIXFc, as needed for surgical prophylaxis (perioperative management) and the treatment of bleeding episodes.
The PK results for the study are summarised in Table 1 above; Tables 5 to 7 below.
Table 5: Study 998HB102 – Comparison of PK (FIXFc Antigen) after single doses of 50 IU/kg of FIXFc at baseline and 26 weeks (compartmental analysis)
[image: Study 998HB-102 – Comparison of PK (FIXFc Antigen) after single doses of 50 IU/kg of FIXFc at baseline and 26 weeks (compartmental analysis)]
Table 6: Study 998HB102 – PK results (FIX activity) for other arms (2-compartmental analysis)
[image: Study 998HB-102 – PK results (FIX activity) for other arms (2-compartmental analysis)]
Table 7: Study 998HB102 – PK results (FIXFc Antigen) for other arms (compartmental analysis)
[image: Study 998HB-102 – PK results (FIXFc Antigen) for other arms (compartmental analysis)]
The primary objectives of the study were as follows:
To evaluate the safety and tolerability of FIXFc.
To evaluate the efficacy of FIXFc in all treatment arms.
To evaluate the effectiveness of prophylaxis over on demand (episodic) therapy by comparing the annualised number of bleeding episodes between subjects receiving FIXFc on each prevention (prophylaxis) regimen (Arm 1 and Arm 2) and subjects receiving FIXFc on an episodic regimen (Arm 3).
The secondary objectives of the study were as follows:
To evaluate and assess the PK parameter estimates of FIXFc and BeneFIX at baseline in the sequential PK subgroup as well as FIXFc at Week 26.
To evaluate subjects’ response to treatment.
To evaluate FIXFc consumption.
The study was a multinational trial that enrolled subjects from 50 centres in 17 countries (Australia, Belgium, Brazil, Canada, China, France, Germany, Hong Kong, India, Italy, Japan, New Zealand, Russia, South Africa, Sweden, the United Kingdom, and the United States). The study commenced in January 2010 and ended in July 2012. The study report was dated 14 December 2012. The study does not appear to have been published other than in conference abstract form.
[bookmark: _Toc242109056]Inclusion and exclusion criteria
Inclusion criteria are as follows:
1. Able to understand the purpose and risks of the study and to provide signed and dated informed consent and authorization to use protected health information in accordance with national and local subject privacy regulations. If the subject was younger than 18 years of age, then a parent or guardian was to have signed the ICF and the subject was to have signed the assent form as consistent with local authorities.
Male, 12 years of age or older, and weighing at least 40 kg.
Severe hemophilia B, defined as ≤ 2 IU/dL (≤ 2%) endogenous FIX activity, as determined from the central laboratory at the time of screening. If the screening result was > 2%, then the severity of hemophilia B was to have been confirmed by documented historical evidence from a certified clinical laboratory demonstrating ≤ 2% factor IX coagulant activity, by the medical record, or by a documented genotype known to produce severe hemophilia B.
A PTP, defined as having at least 100 prior EDs to any recombinant or plasma derived FIX product (fresh frozen plasma treatment was not to be considered in the count of the documented EDs).
Bleeding events and/or treatment with FIX during the prior 12 weeks, as documented in the subject’s medical records.
Greater than or equal to 8 bleeding episodes in the 52 weeks prior to enrolment in the study, if treating with an on-demand (episodic) regimen.
A platelet count ≥ 100,000 cells/µL.
Immunocompetent, as determined by the Investigator’s review of the subject’s medical history.
Viral load of < 400 copies/mL, if HIV antibody positive.
An international normalized ratio < 1.40, as defined by the testing laboratory’s normal range.
Subjects entering directly into Arm 4 (Surgery) were to have met all other eligibility criteria AND required major elective surgery.
Exclusion criteria are as follows:
2. Prior history of, or currently detectable inhibitor, as defined by the reporting laboratory (family history of inhibitors was not to be used to exclude the subject) with a positive inhibitor value ≥ 0.6 BU/mL (≥ 1.0 BU/mL only for laboratories with a historical lower sensitivity cut-off for inhibitor detection of 1.0 BU/mL).
Presence of any other coagulation disorder in addition to hemophilia B.
Prior history of anaphylaxis associated with any FIX or IV immunoglobulin administration.
Abnormal renal function, defined as serum creatinine > 2.0 mg/dL.
Active hepatic disease defined as an aspartate aminotransferase (AST) or alanine aminotransferase (ALT) greater than 5 times the upper limit of normal.
For Sequential PK subgroup receiving BeneFIX, an allergy to Chinese hamster proteins.
Any concurrent clinically significant major disease that, in the opinion of the Investigator, made the subject unsuitable for enrolment.
Inability or unwillingness to refrain from taking additional prophylactic doses of FIX prior to sports activity or increased physical activity.
Concurrent systemic treatment with immunosuppressant drugs within the last 12 weeks prior to the study entry (exceptions: ribavirin, treatment of HCV and HIV and/or systemic steroids [a total of 2 pulse treatments within 7 days ≤1 mg/kg] and/or inhaled steroids).
Current enrolment (within the past 30 days) in any other clinical study involving investigational drugs.
Inability to enter accurate and timely information regarding injections and bleeding episodes into an eDiary and inadequate parental/caregiver support to manage this (per the Investigator’s judgment)
Comment: The inclusion and exclusion criteria are generally consistent with those required by the relevant EMA guidelines for an initial study in PTPs. The EMA guidelines define a PTP as a subject who has had more than 150 exposure days (EDs) whereas the inclusion criteria specified only more than 100 EDs.
[bookmark: _Ref241206471][bookmark: _Toc242109057]Study treatments
In Arm 1, subjects received a prophylaxis regimen involving an infusion of FIXFc at a fixed dosing interval of once every 7 days. The dose was 50 IU/kg initially but this dose was adjusted (based on each subject’s baseline PK assessment) to ensure a target trough level of 1 to 3% above baseline (or higher if clinically indicated). Subjects were to be treated for up to 52 weeks.
In Arm 2, subjects received a prophylaxis regimen involving an infusion of FIXFc at a fixed dose of 100 IU/kg. The dose interval was every 10 days initially, but this interval was adjusted (based on each subject’s baseline PK assessment) to ensure a target trough level of 1 to 3% above baseline (or higher if clinically indicated). Subjects in Arm 2 were to have up to 50 rFIXFc exposure days before completing the study.
In Arm 3, subjects received episodic treatment with FIXFc (that is, only at the time of bleeding episodes) involving an infusion of 20 to 100 IU/kg FIXFc, or the dose required (based on each subject’s baseline PK assessment) to ensure a target level of 20 to 100% FIX activity. Subjects were to be treated for up to 52 weeks.
For all treatment arms, the following served as a guide for treating bleeding episodes with rFIXFc:
Minor bleeding episodes (superficial, early haemorrhages, early haemorrhages into joints, haematuria, mucous membrane, epistaxis): 20 to 30 IU/kg (20% to 30% FIX level), to be repeated at 48 hours if needed.
Moderate to major bleeding episodes (haemorrhages into muscles, haemorrhages into the oral cavity, definite haemarthroses, known trauma, minor surgical procedures, epistaxis): 25 to 50 IU/kg (25% to 50% FIX level), or (haemarthroses, with limited motion) 40 to 80 IU/kg (40% to 80% FIX level), to be repeated at 48 hours if needed.
Major to life threatening bleeding episodes (epistaxis, pharyngeal, retropharyngeal, intrathoracic, gastrointestinal, central nervous system [CNS], intra-abdominal, or retroperitoneal bleeding, or iliopsoas sheath): 50 to 100 IU/kg (50% to 100% FIX level) (80 to 100 IU/kg, or 80% to 100% FIX level, for CNS bleeding episodes), to be repeated at 24 to 48 hours as needed.
In Arm 4, subjects received surgical prophylaxis with FIXFc involving an infusion of 20 to 100 IU/kg FIXFc, as required.
All subjects (except those participating exclusively in Arm 4) who completed the study or were still enrolled when the sponsor ended the study were to be offered the option of entering an extension study (under a separate protocol, Study 9HB01EXT).
All infusions of FIXFc were administered over approximately 10 minutes.
Medications that were prohibited during the trial were:
Blood products, such as red blood cells, platelets, and fresh frozen plasma, except as required during a surgery or acute clinical care.
Aspirin or ibuprofen (other non-steroidal anti-inflammatory drugs were permitted).
Any other FIX product (excluding BeneFIX during the sequential PK portion of Arm 1).
[bookmark: _Toc242109058]Efficacy variables and outcomes
Subjects used an electronic patient diary (eDiary) during the study to record details of FIXFc administration, bleeding episodes and responses to rFIXFc treatment. Scheduled clinic visits for Arms 1, 2 and 3 were at screening (Visit 1), baseline (Visit 2), Week 4 (Visit 3), Week 16 (Visit 4), Week 26 (Visit 5), Week 39 (Visit 6) and Week 52 (Visit 7). Scheduled visits for Arm 4 were at screening (Visit 1), baseline (Visit 2), the day of surgery (Visit 3), 1 week post-operative (Visit 4), and 1 week post recovery (Visit 5).
The main efficacy variables were:
The number of bleeding episodes.
The response to treatment with FIXFc for bleeding episodes.
The number and frequency of FIXFc infusions for the treatment of bleeding episodes.
Quality of Life (QoL).
The primary efficacy outcome was the annualised bleeding rate during ‘the efficacy period’. Further explanation of this endpoint is given below. The rates observed in the two prophylaxis arms (Arms 1 and 2) were to be compared with the rate observed in the episodic treatment arm (Arm 3).
[bookmark: _Toc242109157]Annualised bleeding rate (Primary endpoint):
The number of bleeding episodes was annualised for each subject using the following formula:
Annualised bleeding rate =	[(Number of bleeding episodes during the efficacy period) / (Total number of days during the efficacy period)] x 365.25
Efficacy period
In Arms 1 and 2, the efficacy period started with the date and time of first prophylactic dose following a completed PK sampling period and ended with the last dose administered (for prophylaxis or a bleeding episode) as recorded in the eCRF or eDiary. The efficacy period was interrupted for the repeat PK period in Arm 1 (sequential PK subgroup) and for all surgical/rehabilitation periods (for both major and minor surgeries) in Arms 1 and 2. The efficacy period continued up to the last dose (for prophylaxis or treatment of a bleeding episode) before the repeat PK dose or up to the last dose (for prophylaxis or treatment of a bleeding episode) before the start of a surgical/rehabilitation period, and then resumed at the next prophylactic dose following the end of the PK or surgical/rehabilitation period.
In Arm 3, the efficacy period started 1 minute following the last PK sampling timepoint and ended with either the date of last contact or the date of the last entry into the eDiary, whichever was later. The efficacy period was interrupted 1 minute before the start of a surgical/rehabilitation period and restarted at 00:01 the day following the end of the surgical/rehabilitation period.
Exploratory sensitivity analyses of the primary efficacy endpoint
Sensitivity analyses were performed for annualised bleeding rate:
based on all bleeds as recorded by the subject.
excluding subjects with major protocol deviations potentially impacting the primary efficacy endpoint.
for the last 6 months on study for subjects with at least 9 months on study, and for the last 3 months on study for subjects with at least 6 months on study.
by the prophylactic dose compliance rate (< 80%, ≥ 80%, Arms 1 and 2), by the prophylactic dosing interval compliance rate (< 80%, ≤ 80%, Arms 1 and 2), and by the overall prophylactic dose and dosing interval compliance rate (< 80%, ≥ 80%, Arms 1 and 2).
Exploratory subgroup analyses of the primary efficacy endpoint
Subgroup analyses were performed for annualised bleeding rate:
by prestudy treatment
by severity of hemophilia at baseline (estimated bleeds in the prior 12 months; 0, 1 to 11, 12 to 23, 24 to 35, ≥ 36).
by the number of target joints (none present, ≤ median of the number present, >median of the number present).
by age (12 to 17 years, 18 to 64 years, 65 years and older).
Secondary efficacy outcomes included:
Subject’s assessment of response to FIXFc injection using a 4 point bleeding response scale
Physician’s global assessment of response to FIXFc injection using a 4 point bleeding response scale
Total annualised FIXFc consumption per subject
Annualised bleeding rate by type (traumatic versus spontaneous) and location of bleeding episode.
Time from last injection of FIXFc to the bleeding episode.
Number of injections and dose of FIXFc to resolve a bleeding episode.
Quality of life (in adult subjects) using a haemophilia specific instrument (Haem-A-QoL) was also used. It was also intended to use a paediatric haemophilia specific QoL instrument (Haemo-QoL) in adolescents, however, too few responses were obtained, and this endpoint will not be discussed further.
Information was provided on the endpoints used to assess efficacy in the surgical prophylaxis setting (Arm 4).
Comment: The efficacy endpoints were appropriate for establishing efficacy in haemophilia B, and were generally consistent with those recommended in the EMA guidelines.
[bookmark: _Toc242109059]Randomisation and blinding methods
Subjects were not randomised to the four treatment arms. They were to be assigned to treatment arms ‘according to the standard of care and investigator decision, following discussion with each subject’.
Subjects receiving a prophylaxis treatment regimen prior to study start were to join Arms 1 or 2 only. Subjects receiving on-demand (episodic) treatment prior to study start were to be allowed to enrol in Arm 1, 2, or 3. Subjects could enrol into Arm 4 either from any of the other treatment arms or as new subjects scheduled for major surgery that required surgical prophylaxis.
All treatment arms were open label. There was no blinding.
Comment: The use of an open-label design without blinding and without a comparator is consistent with the recommendations of the EMA haemophilia guidelines.
[bookmark: _Toc242109060]Analysis populations
The ‘All-Enrolled Analysis Set’ was defined as subjects who were registered as enrolled and assigned a unique subject identification number. The ‘Full Analysis Set’ (FAS) was defined as subjects who received at least 1 dose of rFIXFc. The analysis of efficacy was performed in this population. Subjects in Arm 1 who received a dose of BeneFIX, but did not receive any rFIXFc were not included in this population.
The ‘Safety Analysis Set’ was defined as subjects who received at least 1 dose of BeneFIX or at least 1 dose of rFIXFc. The analysis of safety was performed in this population.
[bookmark: _Toc242109061]Sample size
Sample size was based mainly on clinical considerations rather than statistical ones. The 2000 EMA guideline (8) recommended that the initial study in PTPs should include 20 subjects and 5 subjects undergoing surgery. According to the sponsor the FDA requires that the incidence of inhibitor development should be no more than one in 50 subjects treated for 50 exposure days.
The sponsor also calculated the sample size necessary to demonstrate superiority of prophylaxis (Arm 1) over episodic treatment (Arm 3). Assuming that:
the minimum of follow-up time for subjects is 48 weeks in Arm 1 and 26 weeks in Arm 3;
the true annualised bleeding rate for subjects in Arm 3 is at least 8 bleeds per subject per year, and a 50% reduction in this rate with prophylaxis would be clinically important;
the retention rate would be 80%;
then a sample size of 40 subjects in Arm 1 and 16 subjects in Arm 3 would give the study a 95% power at the 2 sided 0.05 level of significance.
The sponsor chose to enrol a total of 100 subjects, with 50 subjects in Arm 1, 25 subjects in Arm 2, 20 subjects in Arm 3 and 5 subjects in Arm 4.
[bookmark: _Toc242109062]Statistical methods
For the primary endpoint of annualised bleeding rate, the statistical analysis plan described the planned statistical methods as follows:
‘The comparison of annualised bleeding rates between the 2 prevention regimens (Arms 1 and 2) and the on-demand regimen (Arm 3) will be performed in a hierarchical, step-down fashion as follows:
The analysis will proceed by comparing annualised bleeding rates between Arm 1 (Prevention Regimen, Fixed-Weekly Interval) and Arm 3 (On-demand Regimen). A Poisson regression model will fit treatment arm as a covariate (Arm 1 or Arm 3). If the treatment factor in the Poisson regression model fails to show statistical significance at the 2-sided 5% level, then testing will stop and the study will have failed to demonstrate a difference between any prevention regimen and the on-demand regimen. If the estimated ratio of annualised bleeding episodes is less than 0.5 for Arm 1:Arm 3, then clinical importance of the fixed weekly interval prevention regimen will have been demonstrated. If the treatment factor in the model is significant at the 2-sided 5% level testing will proceed to the comparison of Arm 2 (Prevention Regimen, Individualized Interval) with Arm 3 (On-demand Regimen) in the same fashion. If the treatment factor in the model for Arm 2 versus Arm 3 is significant at the 2-sided 5% level and the estimated ratio of annualised bleeding episodes is less than 0.5 for Arm 2:Arm 3, then clinical importance of the individualised-interval prevention regimen will have been demonstrated.
A dispersion test will be conducted to check the model fit. If no over-dispersion can be detected at the 2-sided 5% level of significance, results of the Poisson regression will be used to interpret the comparison between regimens. Otherwise, a negative binomial regression model will be applied to the data.
Test results will be tabulated by treatment arm along with the annualised bleeding rate ratios and their 95% confidence intervals”.
Descriptive statistics were used to summarise data on the secondary endpoints.
[bookmark: _Toc242109063]Participant flow
A total of 123 unique subjects were enrolled in the study: 63 in Arm1, 29 in Arm 2, 27 in Arm 3 and 4 in Arm 4. There were 8 subjects who participated in both Arm 4 and one of the other arms, giving a total of 12 subjects who participated in Arm 4. A total of 115 subjects (93.5%) completed the study.
[bookmark: _Toc242109064]Major protocol violations/deviations
Four subjects had major protocol deviations that could possibly impact on the analysis of the primary endpoint. Two subjects were non-compliant with dosing; one subject administered excessive doses of FIXFc and one subject received a non-study FIX product. A sensitivity analysis of the primary endpoint, which excluded these subjects, was conducted.
Other major protocol deviations were considered unlikely to affect the analysis and included consent issues (28 subjects), incorrect dosing (3 subjects) and use of excluded medications (11 subjects).
[bookmark: _Toc242109065]Baseline data
Baseline demographics are shown in Table 8. All subjects were male. Baseline disease characteristics are shown in Table 9. All subjects had severe haemophilia B, with baseline FIX levels < 2%, and the majority having levels < 1%. Prior to enrolment, 60% of subjects had been on an episodic dosage regimen and 40% on a prophylaxis regimen. The median number of bleeding episodes in the previous 12 months was 12.0.
[bookmark: _Ref241295659][bookmark: _Toc242109164]Table 8: Study 998HB102 – Baseline Demographics
[image: Table 8: Study 998HB-102 – Baseline Demographics]
[bookmark: _Ref241296000][bookmark: _Toc242109165]Table 9: Study 998HB102 – Baseline Disease characteristics
[image: Table 9: Study 998HB-102 – Baseline Disease characteristics]
[bookmark: _Toc242109066]Results for the primary efficacy outcome
Results for the annualised bleeding rate in Arms 1, 2 and 3 are summarised in Table 10. The rate was analysed using negative binomial regression, as the test for overdispersion in the Poisson model had indicated greater variability than would be expected from a Poisson distribution.
The annual bleeding rate was 3.12 in Arm 1, 2.40 in Arm 2 and 18.67 in Arm 3. The bleeding rate was statistically significantly lower (p < 0.001) in both prophylaxis arms when compared to Arm 3.
The various sensitivity analyses conducted on annualised bleeding rate gave comparable results to the primary efficacy analysis. The lower bleeding rates with prophylaxis were also observed in all the pre-specified subgroup analyses. Figure 2 illustrates the results of the subgroup analyses for subjects in Arm 1.
[bookmark: _Ref241380869][bookmark: _Toc242109166]Table 10: Study 998HB102 – Results for annualised bleeding rate (Primary endpoint)
[image: Study 998HB-102 – Results for annualized bleeding rate (Primary endpoint)]
[bookmark: _Ref241382601][bookmark: _Toc242109200]Figure 2 - Study 998HB102 – Subgroup analyses for annualized bleeding rate (Arm 1)
[image: Study 998HB-102 – Subgroup analyses for annualized bleeding rate (Arm 1)]
Table 11 compares the on-study bleeding rate with the number of bleeds experienced in the preceding 12 months prior to study entry. It shows that subjects that switched from an episodic regimen of FIX to a prophylaxis regimen of FIXFc had a marked reduction in bleeding rate. Those that continued with a prophylaxis or episodic regimen had no notable change in bleeding rate.
[bookmark: _Ref241384910][bookmark: _Toc242109167]Table 11 - Study 998HB102 – Number of bleeding episodes in the prior 12 months compared with the on-study annualised bleeding rate by pre-study FIX regimen
[image: Study 998HB-102 – Number of bleeding episodes in the prior 12 months compared with the on-study annualised bleeding rate by pre-study FIX regimen]
[bookmark: _Toc242109067]Results for secondary efficacy outcomes (Arms 1, 2 and 3)
Subject’s assessment of response
The results for the subjects’ assessment of response following a bleeding episode showed Response was rated as ‘excellent’ or ‘good’ on 82.0% of occasions.
Physician’s global assessment of response
The results for the physicians’ assessment of response following a bleeding episode showed Responses were rated excellent or effective on 98.8% of occasions.
Comment: The above two endpoints are subjectively assessed and the trial design did not include a comparator for efficacy. The MonoFIX-VF PI states that in a trial of 11 subjects, “the product was considered to be effective by the patient or his guardian in 98% of administrations”. The BeneFIX PI states that, in a trial of 20 patients: “Response was rated excellent or good for 85% of infusions”. It is not clear whether this statement relates to subject or physician assessment.
Total annualised FIXFc consumption per subject
Results for total annualised FIXFc consumption are shown in Table 12. Consumption was greater in the prophylaxis arms.
[bookmark: _Ref241390710][bookmark: _Toc242109170]Table 12: Study 998HB102 – Results for total annualised FIXFc consumption – IU/kg (Secondary endpoint)
[image: Study 998HB-102 – Results for total annualised FIXFc consumption – IU/kg (Secondary endpoint)]
Annualised bleeding rate by type and location of bleeding episode
Results are shown in Table 13. In all three Arms, haemorrhages most commonly occurred into joints. Spontaneous haemorrhages were more common than those due to trauma.
[bookmark: _Ref241391441][bookmark: _Toc242109171]Table 13: Study 998HB102 – Results for annualised bleeding rate by type and location of bleeding episode (Secondary endpoint)
[image: Study 998HB102 – Results for annualised bleeding rate by type and location of bleeding episode (Secondary endpoint)]
Time from last injection of FIXFc to the next bleeding episode
Results are shown in Table 14. The number of days between the last dose of FIXFc (to treat a bleeding episode) and the next bleeding episode was greater in the prophylaxis arms, as might be expected.
[bookmark: _Ref241392070][bookmark: _Toc242109172]Table 14: Study 998HB102 – Results for number of days from last injection of FIXFc to the next bleeding episode (Secondary endpoint)
[image: Study 998HB102 – Results for number of days from last injection of FIXFc to the next bleeding episode (Secondary endpoint)]
Number of injections and dose of FIXFc to resolve a bleeding episode
A total of 636 bleeding episodes occurred in Arms 1, 2 and 3; 575 (90.4%) of these episodes resolved after a single injection of FIXFc. The median total dose of FIXFc required to resolve bleeds was 46.99 IU/kg, with a range of 7.9 to 263.9 IU/kg.
Quality of life
Adults participating in Arms 1 and 2 completed the Haem-A-QoL instrument. This was administered at baseline, 26 weeks and 52 weeks. A total of 58 subjects aged 18 or older completed the questionnaire at baseline, Week 26, and/or Week 52. There were 38 from Arm 1 and 20 from Arm 2.
The Week 26 results are shown in Table 15, with results presented by subjects’ pre-study regimen (prophylaxis or on-demand). There were small decreases in scores (implying improved quality of life) in total score and in various domains. Results at 52 weeks were similar.
[bookmark: _Ref241400359][bookmark: _Toc242109175]Table 15: Study 998HB102 – Results for Haem-A-QoL – Arms 1 and 2 pooled (Secondary endpoint)
[image: Study 998HB-102 – Results for Haem-A-QoL – Arms 1 and 2 pooled (Secondary endpoint)]
Comment: The submission did not contain any information on what is considered a clinically significant change in score for this instrument. Most of the changes were small (less than 10 points on a scale of 0 to100) and may not have been clinically meaningful. Furthermore, in the absence of a control group it is not possible to conclude that any improvements in QoL were due to FIXFc administration.
[bookmark: _Toc242109068]Dosing in prophylaxis arms (Arms 1 and 2)
In Arm 1, subjects were treated on a once weekly prophylaxis regimen. The initial dose was 50 IU/kg and subsequent doses were adjusted based on PK data or clinical need, with the once weekly dosing interval being maintained. The actual dosages used over the duration of the study are summarised in the dossier. The mean (± SD) weekly dose over the course of the study was 46.26 (±11.30) IU/kg. The median weekly dose was 45.17 IU/kg and the range of values was 25.0 to 74.3 IU/kg. The median number of dose changes made was 1.0 (range 0 to 5).
Comment: These data support the proposed once weekly dosage regimen, with a starting dose of 50 IU/kg and subsequent adjustment of dose as required.
In Arm 2, subjects were treated with a fixed dose of 100IU/kg and an initial dosage interval of 10 days, with subsequent adjustment of the dosage interval based on PK data or clinical need. The actual dosage intervals used in the study are summarised in the dossier. Over the whole study, the mean dosage interval was 12.17 (± 2.02) days. The median dosage interval was 12.53 days with a range of 7.8 to 15.9 days. The median number of dose changes made was 2.0 (range 0 to 5).
If the analysis of dosing intervals used in Arm 2 is restricted to the last 3 months of the study (and to only those subjects that had at least 6 months on study), the mean dosing interval was increased to 12.99 days (median 14.00) and a range of 7.7 to 20.8 days.
For proportion of patients who achieved an average dosing interval of at least 14 days: Only a small proportion of patients (11.5%) achieved an average dosing interval of at least 14 days over the whole period of the study. However, if the analysis is restricted to the last 3 months of the study (and to only those subjects that had at least 6 months on study), a total of 53.8% of subjects achieved a dosing interval of at least 14 days. This suggests that the dosing interval can be increased over time in some patients, based on PK data or clinical experience.
Comment: The draft PI states that one of the recommended prophylaxis regimens is 100 IU/kg given every 10 to 14 days, with subsequent adjustment as required. This implies that patients can be commenced on a 14 day dosage interval, which was not the strategy used in the pivotal study[footnoteRef:1]. It would be prudent for the PI to recommend that patients be commenced on 100 IU/kg every 10 days, with subsequent titration of the dosage interval based on experience. The number of patients who were managed with a dosage interval greater than 14 days was very small (n = 5). Until further experience with longer intervals is available it would be prudent to restrict the maximum dosage interval to 14 days. [1:  Sponsor clarification: Pivotal study 998HB102 allowed a 14 day or longer interval.] 

[bookmark: _Toc242109069]Results for secondary efficacy outcomes (Arm 4 - surgery)
A total of 14 major surgical procedures were performed in the total of 12 subjects who participated in Arm 4. Using the 4 point assessment scale the patient’s response was assessed as ‘excellent’ for 13 procedures and ‘good’ for 1 procedure. The mean estimated blood loss was 80.4 mL during surgery and 58.1 mL postoperatively.
Two subjects required blood products. A 43 year old who underwent repair of a large abdominal fistula had diffuse oozing from the wound and received packed cells and fresh frozen plasma. A 30 year old who had a total knee replacement was found to be anaemic postoperatively, despite an intraoperative blood loss of only 250 mL. He received packed cells on day 3.
A total of 15 minor surgeries were performed in 13 subjects. Haemostasis was rated as excellent or good for 11 and as fair for 1. Response was not recorded for the other 3 subjects.
Comment: The EMA guidelines (8, 9) require that efficacy be assessed in a least 5 subjects undergoing at least 10 major surgical procedures. The data generated by the sponsor meets this requirement.
[bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290846281][bookmark: _Toc242109070][bookmark: _Toc404074085]Analyses performed across trials (pooled analyses and meta-analyses)
Not applicable.
[bookmark: _Toc242109071][bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290846282][bookmark: _Toc404074086]Evaluator’s conclusions on clinical efficacy
The PK data generated in the Phase III study demonstrate that the administration of FIXFc restores plasma FIX activity levels in subjects with FIX deficiency. The degree to which FIX activity is restored (as measured by Cmax and incremental recovery) is comparable to that achieved with the registered recombinant FIX product BeneFIX when the two products are administered at the same dose. The half-life and AUC of FIXFc were approximately double those observed with BeneFIX. It would therefore be reasonable to expect that FIXFc should have comparable clinical efficacy to BeneFIX and that a longer dosage interval should be possible.
The data from the pivotal study establish that FIXFc is effective in the treatment of bleeding episodes. Subjects rated the response to FIXFc treatment as ‘excellent’ or ‘good’ on 82.0% of occasions. Physicians rated responses as ‘excellent’ or ‘effective’ on 98.8% of occasions. A total of 90.4% of bleeding episodes resolved after a single injection of FIXFc. The dosages used for the treatment of bleeding episodes in the study (see section 7.1.1.3) are considered appropriate.
The study also established that use of a prophylaxis regimen was superior to use of an on-demand/episodic regimen. The two prophylaxis regimens tested resulted in reductions in annual bleeding rate of 83% and 87% respectively. The two dosage regimens supported by the study are:
A regimen using a fixed once weekly interval with a starting dose of 50 IU/kg and subsequent adjustment of the dose; or
A regimen using a fixed dose of 100 IU/kg with an initial dosing interval of 10 days and subsequent adjustment of the dosing interval. The maximum dosing interval should be no more than 14 days[footnoteRef:2]. [2:  See approved PI for finally approved dosage regimen, which recommends starting regimens of either 50 IU/kg once weekly or 100 IU/kg once every 10 days. Either regimen may be adjusted based on patient response.] 

The study also established efficacy of the product when used in the surgical prophylaxis setting, with response rated as ‘excellent’ or ‘good’ in 100% of major surgeries, and modest blood loss.
The submitted data generally meet the requirements laid down by the EMA guidelines (7, 8, 9).
Overall it is concluded that the efficacy of product has been satisfactorily established for use in PTPs aged 12 years or older.
[bookmark: _Toc404074087]Clinical safety
[bookmark: _Toc272414659][bookmark: _Toc290846284][bookmark: _Toc242109073][bookmark: _Toc404074088]Studies providing evaluable safety data
[bookmark: _Ref268776745]The following studies provided evaluable safety data:
Pivotal (Phase III) efficacy study (998HB102)
In the pivotal (Phase III) study, the following safety data were collected:
General adverse events (AEs) were assessed at each study visit and again at 30 days after completion of the study (by telephone) for Arms 1, 2 and 3. For Arm 4 AEs were assessed at each study visit.
Vital signs were measured at every study visit in early versions of the protocol but were only measured at screening and baseline in later versions.
The following laboratory tests were performed:
Haematology: white blood cell (WBC) count with differential, red blood cell (RBC), haemoglobin, haematocrit, and platelet count; (at screening, baseline, Week 26 and Week 52 in Arms 1 to 3 and at screening, baseline, the day of surgery and 1 week post recovery in Arm 4).
Biochemistry: sodium, potassium, chloride, carbon dioxide, glucose, total protein, albumin, direct bilirubin, indirect bilirubin, AST, ALT, alkaline phosphatase, blood urea nitrogen (BUN), and serum creatinine (at screening, baseline, Week 26 and Week 52 in Arms 1 to 3 and at screening, baseline, the day of surgery and 1 week post recovery in Arm 4).
Total IgG and IgG1, IgG2 IgG3, IgG4 were measured at each study visit in all arms.
Coagulation parameters: fibrin degradation products (F1+2), thrombin-antithrombin complexes (TAT), and D-dimer were assessed in subjects in the Arm 1 Sequential PK subgroup at screening, at predosing and at 1, 6, and 24 h following the BeneFIX injection; at pre-dosing and at 1, 6 and 24 h following rFIXFc injection on Day 1 and Week 26; and at predosing for the Week 52 rFIXFc injection. Prothrombin time (PT) was assessed in subjects in the Arm 1 Sequential PK subgroup at screening, and at predosing and 6 and 24 h following the BeneFIX injection and the first rFIXFc injection on Day 1.
Nijmegen modified Bethesda assay for inhibitors, and an assay for anti-FIXFc antibodies were taken at each study visit for all Arms;
Urinalysis and ECG monitoring were not performed.
The schedule for safety monitoring in Arms 1, 2 and 3 is summarised in Table 16.
[bookmark: _Ref240001101][bookmark: _Toc242109180][bookmark: _Ref269204367]Table 16: Safety monitoring for Study 998HB102 (B-LONG)
[image: Safety monitoring for Study 998HB-102 (B-LONG)]
Clinical pharmacology study (SYN-FIXFc-07-001)
Study SYN-FIXFc-07-001 was the first-in-man dose escalation study, which examined safety and PK of FIXFc. The PK data have been summarised in section 4. Subjects only received single doses of FIXFc, over the dose range 1 IU/kg to 100 IU/kg and were monitored daily after the infusion up to Day 11 and had a final study visit on Day 30.
In this study, the following safety data were collected:
General adverse events (AEs) were assessed at each visit.
For the two initial dosing regimens (1.0 and 5.0 IU/kg), vital signs (blood pressure [BP], pulse, respiratory rate, oral temperature [0C], height, and weight) and electrocardiograms (ECGs) were monitored at each visit. For the higher doses, vital signs and ECGs were monitored on the day of the infusion and at Day 30.
The following laboratory tests were performed:
Haematology (at screening and Day 30): WBC count with differential, RBC, haemoglobin, haematocrit, and platelet count.
Biochemistry (at screening and Day 30): sodium, potassium, chloride, carbon dioxide, glucose, total protein, albumin, direct bilirubin, indirect bilirubin, AST, ALT, alkaline phosphatase, BUN, and serum creatinine.
Urinalysis (at screening and Day 30): pH, appearance, color, specific gravity, protein, and glucose.
Coagulation studies  (at screening, Day 1 and on Day 30): prothrombin time (PT), activated partial thromboplastin time (aPPT), d-dimer, thrombin-antithrombin (TAT) complex.
Bethesda assay for inhibitors and anti-FIXFc antibodies - taken at screening, just prior to FIXFc administration on Day 1, at 1 time point within 7 to 10 days after FIXFc, and at Day 30.
Information was provided on the schedule for safety monitoring.
Other studies
The submission included brief reports from two ongoing studies:
Study 9HB02PED. This is an open label multicentre study of the PK, efficacy and safety of FIXFc in paediatric (age < 12) PTPs. The study planned to enrol at least 20 subjects with severe haemophilia B, and at least 50 previous exposure days, to receive a weekly prophylaxis regimen for approximately 50 weeks. Safety assessments included monitoring of AEs including AEs of special interest (inhibitor development, allergic reactions, thrombotic events), and laboratory testing (haematology, biochemistry, Nijmegen modified Bethesda assay for inhibitors, and an assay for anti-FIXFc antibodies).
The first patient was enrolled in June 2012. The cut off date for data to be included in the report was 15 October 2012 and the report itself was dated 12 December 2012. By the cut off date 12 subjects had been enrolled but only 4 subjects had received at least one dose of FIXFc. The submitted report was brief (11 pages) and provided information on serious AEs (SAEs) and AEs of special interest only.
Study 9HB01EXT. This is an open label extension study for subjects previously enrolled in either the pivotal phase III study (998HB102) or the paediatric study (9HB02PED). It is an open label multicentre study of the long term efficacy and safety of FIXFc. The study expected to enrol approximately 120 subjects from the Phase III study and approximately 20 subjects from the paediatric study. Treatment could be either an episodic or a prophylaxis regimen. Treatment would continue for up to 4 years or until the product became commercially available. Safety assessments included monitoring of AEs including AEs of special interest (inhibitor development, allergic reactions, thrombotic events), and laboratory testing (haematology, biochemistry, Nijmegen modified Bethesda assay for inhibitors).
The first patient was enrolled in December 2011. The cut-off date for data to be included in the report was 9 October 2012 and the report itself was dated 12 December 2012. By the cut off date 87 subjects from the phase III study had been enrolled and all had received at least one dose of FIXFc. No subjects from the paediatric study had been enrolled. The submitted report was brief (12 pages) and provided information on serious AEs (SAEs) and AEs of special interest only.
The studies contributing to the safety database are summarised in Figure 3.
Figure 3: Summary of studies contributing to the safety database
[image: Summary of studies contributing to the safety database.]
[bookmark: _Ref271195835][bookmark: _Ref271195841][bookmark: _Toc272414660][bookmark: _Toc290846285][bookmark: _Toc242109074][bookmark: _Toc404074089]Pivotal studies that assessed safety as a primary outcome
There were no pivotal studies that assessed safety as a primary outcome[footnoteRef:3]. [3:  Sponsor clarification: A primary objective of Study 998HB102 was “To evaluate the safety and tolerability of rFIXFc”] 

[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc242109075][bookmark: _Toc404074090]Patient exposure
In the studies included in the submission, a total of 141 separate subjects[footnoteRef:4] received at least one dose of FIXFc as summarised in the following table. [4:  Sponsor clarification: These subjects were not necessarily unique as there is a possibility of overlap of subjects from Phase I/IIa to Phase III. The sponsor suggested the total included more than 130 unique subjects exposed to rFIXFc.] 

[bookmark: _Toc242109151]Table 17: Exposure to FIXFc in clinical studies.
	Study
	Number of Subjects

	Study 998HB102
	123

	Study SYN-FIXFc-07-001
	14

	Study 9HB02PED
	4

	Total
	1414


Comment: A total of 87 subjects from 998HB102 continued into the extension study 9HB01EXT and are not included in the table as they are not separate individuals. Subjects in SYN-FIXFc-07-001 received only one dose of FIXFc and the only data provided for the 4 subjects from 9HB02PED related to SAEs and AEs of special interest. Therefore assessment of the safety of FIXFc relies almost entirely on the data generated in study 998HB102.
The most recent EMA guideline on FIX products (9) states that: “The number of patients typically needed to be enrolled into the preauthorisation clinical trials is 40.
The extent of exposure in Study 998HB102 in terms of the number of weeks on FIXFc is summarised in Table 18. A total of 115 subjects were on FIXFc for at least 26 weeks, and 56 subjects for at least 52 weeks. The extent of exposure in terms of exposure days and number of injections is summarised in Table 19. The median number of exposure days was 49.0 and the median number of injections was 50.0.
[bookmark: _Ref241554731][bookmark: _Toc242109182]Table 18: Study 998HB102 - Extent of exposure by number of weeks on FIXFc
[image: Study 998HB102 - Extent of exposure by number of weeks on FIXFc]
[bookmark: _Ref241555090][bookmark: _Toc242109183]Table 19: Study 998HB102 - Extent of exposure by number of exposure days and number of injections
[image: Study 998HB102 - Extent of exposure by number of exposure days and number of injections]
[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc242109076][bookmark: _Toc404074091]Adverse events
The overall incidence of AEs, SAEs etc. in the phase III study is summarised in Table 20.
[bookmark: _Ref241555730][bookmark: _Toc242109184]Table 20: Study 998HB102 – overall incidence of AEs / SAEs etc.
[image: Study 998HB-102 – overall incidence of AEs / SAEs etc.]
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc242109077]All adverse events (irrespective of relationship to study treatment)
[bookmark: _Toc242109078]Study 998HB102
Over the whole study period AEs occurred in 76.4% of subjects. Common AEs that occurred in Arms 1, 2 and 3 are shown in Table 21.
[bookmark: _Ref241556366][bookmark: _Toc242109185]Table 21: Study 998HB102 – Common AEs (incidence > 3%) in Arms 1, 2 and 3
[image: Study 998HB-102 – Common AEs (incidence > 3%) in Arms 1, 2 and 3]
Comment: As the study was designed without a comparator arm, it is difficult to implicate FIXFc in the causality of any of these AEs. Most of the common AEs would be expected to occur in a population of subjects followed for any length of time (infections, headache). Others (arthralgia, musculoskeletal pain) would be expected in a haemophilia population.
Hypertension was reported in 6 subjects (5.0%). Only 2 of these subjects had a prior history of hypertension. Investigators rated severity as mild or moderate in all cases, however treatment was required in 3 of the subjects. The investigators considered that the hypertension was unrelated or unlikely to be related to FIXFc treatment.
Of the 12 subjects who underwent major surgery (Arm 4), 10 (83.3%) reported AEs. A wide variety of AEs were reported, consistent with a population of patients that had undergone major surgery.
[bookmark: _Toc242109079]Study SYN-FIXFc-07-001
AEs experienced in the phase I/IIa study: A total of 16 AEs were experienced by a total of 7 patients. Two AEs were considered moderate in severity (1 subject with abdominal adhesions and 1 subject with gastroenteritis). The remaining AEs were reported as mild in severity. The only adverse events that occurred in more than 1 subject were sinusitis (n = 2) and increased TAT complex (n = 2). The elevated TAT complex levels are discussed below in section 8.5.5.
[bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303][bookmark: _Toc242109080]Treatment related adverse events (adverse drug reactions)
[bookmark: _Toc242109081]Study 998HB102
Treatment related AEs occurred in 8.1% of subjects. Those occurring in Arms 1, 2 and 3 are shown in Table 22. The only events that occurred in more than one subject were headache and oral paraesthesia. None of the AEs that occurred in Arm 4 were considered treatment related.
[bookmark: _Ref241567154][bookmark: _Toc242109187]Table 22: Study 998HB102 – Treatment-related adverse events (in Arms 1, 2 and 3)
[image: Study 998HB-102 – Treatment-related adverse events (in Arms 1, 2 and 3)]
[bookmark: _Toc242109082]Study SYN-FIXFc-07-001
One of the 14 subjects experienced altered taste and headache considered related to the FIXFc infusion. Both were rated as mild. None of the other AEs were considered related to FIXFc.
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304][bookmark: _Toc242109083]Deaths and other serious adverse events
[bookmark: _Toc242109084]Study 998HB102
There were no deaths in this study.
Serious AEs (SAEs) occurring in Arms 1, 2 and 3. There were two SAEs of cellulitis. Otherwise there were single reports of various event terms. Only one of the SAEs was assessed as being related to FIXFc (a case of renal colic due to clot in the setting of haematuria).
For serious AEs occurring in Arm 4: None of these were assessed as being related to FIXFc.
[bookmark: _Toc242109085]Study SYN-FIXFc-07-001
There were no deaths in this study. Two SAEs were reported.
An 18 year old male developed abdominal pain 1 day after infusion of 50 IU/kg. He had a past history of laparotomy and excision of an intra-abdominal mass. CT scan revealed a small bowel obstruction that settled with conservative management. The SAE was considered not related to FIXFc.
A 20 year old male with a history of bipolar disorder was hospitalised for increasing depression two weeks after infusion of 100 µg/kg. The event was considered unrelated to FIXFc.
[bookmark: _Toc242109086]Study 9HB02PED
There were no deaths or serious adverse events reported in the 4 subjects enrolled to date in the paediatric study.
[bookmark: _Toc242109087]Study 9HB01EXT
There were no deaths reported in the open extension study. A total of 4 SAEs in 4 subjects had been reported by the time of data cut off. None of the events were considered related to FIXFc.
[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc242109088]Discontinuation due to adverse events
[bookmark: _Toc242109089]Study 998HB102
Two subjects were discontinued from FIXFc following an AE.
A 50 year old male developed an infected knee replacement prosthesis while travelling overseas. He was hospitalised and underwent a surgical procedure to treat the infection. It was not possible to conduct the surgery using FIXFc, as the drug could not be imported. The drug was therefore discontinued.
A 19 year old male sustained renal and head injuries following a motorbike accident while travelling in another country. He was hospitalised and underwent surgery. It was not possible to conduct the surgery using FIXFc, as the drug could not be imported. The drug was therefore discontinued.
Neither of these AEs was considered related to FIXFc.
Comment: Neither of these subjects was truly discontinued due to an AE. In both cases discontinuation was due to inability to access FIXFc while overseas.
[bookmark: _Toc242109090]Study SYN-FIXFc-07-001
No patients were discontinued due to AEs in this study.
[bookmark: _Toc242109091]Adverse events of special interest
Three adverse events of special interest were inhibitor development (discussed in Section 7.5.7), allergic reactions and thrombotic adverse events.
There were no AEs suggestive of serious allergic reactions or thrombotic adverse events in any of the four studies.
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306][bookmark: _Toc242109092][bookmark: _Toc404074092]Laboratory tests
[bookmark: _Toc272414669][bookmark: _Toc290846307][bookmark: _Ref241652973][bookmark: _Ref241653005][bookmark: _Toc242109093]Liver function
[bookmark: _Toc242109094]Study 998HB102
There were six subjects who experienced clinically significant elevations of LFTs (transaminases > 3 times upper limit of normal or bilirubin ≥ 34.2 µmol/L). The individual patient data on these six patients have been reviewed. Four of the six patients had hepatitis C infection at baseline (one of whom also had hepatitis B infection). All these four subjects had abnormal transaminases at screening and/or baseline. None had significant elevations of bilirubin during the study.
One of the other 2 subjects also had abnormal transaminases at screening and/or baseline and developed a clinically significant elevation of AST at Week 26, which returned to normal at Week 52. He had no significant elevations of bilirubin. The other subject had minor elevation of bilirubin at screening and baseline and a clinically significant reading (44 µmol/L) at Week 52. He had no abnormalities of AST or ALT at any stage.
Comment: The pattern of elevated LFTs observed in this study is not consistent with drug induced hepatotoxicity. A large proportion of patients enrolled in the study (56.9%) were hepatitis C positive at baseline.
[bookmark: _Toc242109095]Study SYN-FIXFc-07-001
No clinically significant changes from baseline were recorded.
[bookmark: _Toc272414670][bookmark: _Toc290846308][bookmark: _Toc242109096]Kidney function
[bookmark: _Toc242109097]Study 998HB102
For incidence of clinically significant elevations in urea and creatinine: One subject (a 46 year old white male) developed clinically significant elevations of creatinine and urea. His urea was elevated at screening (10.7 mmol/L), normal at baseline and elevated at Week 26 (15.7) and Week 52 (16.1). His creatinine was borderline at screening (118 µmol/L), normal at baseline and elevated at Week 26 (255) and week 52 (158). The subject had a number of medical conditions at baseline: morbid obesity (187 kgs), type II diabetes, hypertension, high cholesterol and bipedal oedema.
Comment: The development of renal impairment in this subject does not appear to have been reported as an adverse event and the study report does not comment on the case. The sponsor should be asked if any further information exists on this subject to exclude a nephrotoxic effect of FIXFc[footnoteRef:5]. [5:  The sponsor provided information about this subject in the response to a TGA request for further information, and concluded that a nephrotoxic effect of rFIXFc treatment is unlikely based on chemistry data from non-clinical toxicology studies and the Phase III study, and further review of data for this subject demonstrating multiple factors potentially contributing to his renal insufficiency.] 

[bookmark: _Toc242109098]Study SYN-FIXFc-07-001
No clinically significant changes from baseline were recorded for urea or creatinine.
[bookmark: _Toc272414671][bookmark: _Toc290846309][bookmark: _Toc242109099]Other clinical chemistry
[bookmark: _Toc242109100]Study 998HB102
For incidence of clinically significant elevations in other biochemistry parameters: Clinically significant elevations in glucose (> 9.71 mmol/L) occurred in five patients. The sponsor argues that only random blood glucose levels were measured and these do not allow for adequate assessment and interpretation of results. Clinically significant abnormalities in other biochemistry parameters were infrequent.
[bookmark: _Toc242109101]Study SYN-FIXFc-07-001
No clinically significant changes from baseline were recorded on other biochemistry tests.
[bookmark: _Toc272414672][bookmark: _Toc290846310][bookmark: _Ref241653146][bookmark: _Toc242109102]Haematology
[bookmark: _Toc242109103]Study 998HB102
Clinically significant changes in haematology parameters: Clinically significant changes in white cells (total WBC, neutrophils or lymphocytes) occurred in 8 subjects. In these subjects abnormalities were often present at baseline or were abnormal at one time point only. Six had pre-existing medical conditions (such as HIV, hepatitis, or advanced hepatic disease) and/or were on concomitant medications (for example, sulfamethoxazole and trimethoprim, lamivudine, and famotidine) that may have affected WBC counts.
One subject developed a clinically significant low platelet count (75 x 109/L) at Week 26. He had low counts at screening and baseline (105 and 110) and the count recovered to 140 at Week 52.
Comment: The pattern of reduced white cells and platelets in these subjects did not suggest a myelotoxic effect of FIXFc. There were no cases of agranulocytosis.
[bookmark: _Toc242109104]Study SYN-FIXFc-07-001
No clinically significant changes from baseline were recorded on haematology testing.
[bookmark: _Ref240348568][bookmark: _Toc242109105]Coagulation parameters
[bookmark: _Toc242109106]Study 998HB102
Fibrinogen fragments (F1+F2), TAT complex and d-dimer were measured in subjects in the Arm 1 sequential PK subgroup, before and after BeneFIX and before and after FIXFc at baseline and Week 26. Prothrombin time was measured before and after BeneFIX and before and after FIXFc at baseline. Three subjects had elevations of d-dimer, but these were also elevated prior to dosing. No other trends were apparent.
[bookmark: _Toc242109107]Study SYN-FIXFc-07-001
No clinically significant changes from baseline were recorded for PT, aPPT or d-dimer.
In this study, levels of TAT complex were also measured. TAT levels are an indicator of activation of the blood clotting system, and the normal value for the assay used was < 5.1 ng/mL. Two subjects developed elevated TAT levels post infusion of FIXFc.
Subject 200007 was a 27 year old black male who developed elevated levels (up to 22.1 ng/mL) on days 1 and 2, after infusion of 50 IU/kg.
Subject 200011 was a 32 year old white male who developed elevated levels on day 1 (up to 43.1 ng/mL) and again on day 4 (15.4 ng/mL) after infusion of 100 IU/kg.
The sponsor concluded that these elevations were not due to in vivo activation of the clotting system caused by the infusion of FIXFc. Neither patient developed elevated d-dimer levels or had clinical evidence of thrombosis. The two patients came from the same centre (and were the only patients treated at this centre) and elevated TAT levels were not observed at any other centre. The sponsor states that elevated TAT levels may be caused by prolonged use of tourniquets (for example, ≥ 3 minutes or even earlier), difficult venepuncture, an inadequately mixed sample, a sample containing clot or by strenuous exercise. There was also no clear correlation between FIX activity levels and TAT levels in these patients.
Comment: The sponsor’s explanation for the elevated TAT levels in these two patients is considered acceptable.
[bookmark: _Toc242109108]Serum Immunoglobulin concentrations
[bookmark: _Toc242109109]Study 998HB102
No clinically significant changes were observed on testing for total immunoglobulin G or IgG subclasses.
[bookmark: _Ref241819906][bookmark: _Ref241824047][bookmark: _Toc242109110]Inhibitor development / antigenicity.
[bookmark: _Toc242109111]Study 998HB102
Plasma samples were tested for FIX inhibitors at a central laboratory using the Nijmegen modified Bethesda assay. Formation of an inhibitor was defined as a value of ≥ 0.6 Bethesda Units/mL. Samples were collected at screening, baseline and at each study visit. No subject developed an inhibitor during the study. For subjects who received at least 1 dose of the 15,000 L bioreactor scale FIXFc product and who had a valid inhibitor test (n = 121) the estimated inhibitor development rate was 0% (95% confidence interval 0% to 3.00%). If the analysis was restricted to subjects who had at least 50 exposure days to FIXFc (n=55), the estimated inhibitor development rate was 0% (95% confidence interval 0% to 6.49%).
Samples were also tested for anti-FIXFc antibodies using a validated electrochemiluminescence based bridging ELISA (ECLA). Three subjects had a weakly positive test at baseline (prior to any FIXFc administration) but reverted to negative during the study.
One other subject had borderline negative tests at screening, baseline and every study visit until Day 338, when he had a borderline positive result. His FIX activity level at Day 338 was 15.4%, which was consistent with that predicted by his baseline PK profile (13.5%), suggesting that the antibody did not alter the PK of FIXFc. The patient did not experience any adverse events suggestive of loss of efficacy or allergic reactions.
[bookmark: _Toc242109112]Study SYN-FIXFc-07-001
In this study, plasma samples were tested for FIX inhibitors at a central laboratory using the Nijmegen modified Bethesda assay. Samples were collected at screening, just prior to FIXFc administration on Day 1, at 1 time point within 7 to 10 days after FIXFc, and at Day 30. All inhibitor tests were negative (< 0.7 BU/mL).
Samples were also tested for anti-FIXFc antibodies using a validated ECLA. No patient tested positive.
[bookmark: _Toc242109113]Study 9HB02PED
There were no inhibitors detected in the 4 subjects enrolled to date in the paediatric study.
[bookmark: _Toc242109114]Study 9HB01EXT
There were no inhibitors detected in the extension study.
Comment: The major safety issue associated with FIX replacement products is the development of inhibitors. These develop in less than 5% of haemophilia B patients overall, but in 9 to 23% of patients with severe FIX deficiency (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 to 180 EDs) (14). As FIXFc is a novel molecule, 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 results of the inhibitor testing in the phase III study are reassuring. However, this study only enrolled subjects who had already had at least 100 prior EDs and it excluded subjects with a history of inhibitors. This population would have a low risk of inhibitor development.
The sponsor is conducting a study in previously treated children. However, enrolment is restricted to subjects with at least 50 EDs and no history of inhibitor. In order to reliably document the rate of inhibitor development associated with FIXFc it would be necessary to conduct a study in PUPs. The new EMA guideline on FIX products (9) requires that a study in PUPs be conducted for novel proteins, but suggests that it can be submitted after initial marketing approval. The sponsor has indicated in Module 1 of the submission that it plans to undertake such a study, which will not be completed until 2019.
[bookmark: _Toc272414675][bookmark: _Toc290846313][bookmark: _Toc242109115]Electrocardiograph
[bookmark: _Toc242109116]Study 998HB102
ECGs were not monitored during the pivotal study.
[bookmark: _Toc242109117]Study SYN-FIXFc-07-001
There were no clinically significant ECG changes observed in this study.
[bookmark: _Toc272414676][bookmark: _Toc290846314][bookmark: _Toc242109118]Vital signs
[bookmark: _Toc242109119]Study 998HB102
There was no consistent pattern in the incidence of alterations of pulse, BP and temperature during the trial.
[bookmark: _Toc242109120]Study SYN-FIXFc-07-001
No clinically significant changes from baseline were observed.
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc242109121][bookmark: _Toc404074093]Post-marketing experience
As the product had not been approved for marketing in any jurisdiction at the time of submission, the submission did not include any post-marketing data.
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc242109122][bookmark: _Toc404074094]Safety issues with the potential for major regulatory impact
[bookmark: _Toc272414681][bookmark: _Toc290846319][bookmark: _Toc242109123]Liver toxicity
As described in section 8.5.1 liver function testing did not suggest any evidence of drug induced hepatotoxicity.
[bookmark: _Toc272414682][bookmark: _Toc290846320][bookmark: _Toc242109124]Haematological toxicity
As described in section 8.5.4 haematology testing did not suggest any evidence of drug induced haematological toxicity.
[bookmark: _Toc272414683][bookmark: _Toc290846321][bookmark: _Toc242109125]Serious skin reactions
There were no serious AEs involving the skin reported.
[bookmark: _Toc272414684][bookmark: _Toc290846322][bookmark: _Toc242109126]Cardiovascular safety
One subject developed an SAE of worsening of angina pectoris during the trial. He had a prior history of ischaemic heart disease including angina pectoris and myocardial infarction. There were no other notable cardiovascular events.
[bookmark: _Toc241374323][bookmark: _Toc272414685][bookmark: _Toc290846323][bookmark: _Toc242109127]Unwanted immunological events
There were no SAEs related to the immune system. Inhibitor development/antigenicity has been discussed.
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc242109128][bookmark: _Toc404074095]Evaluator’s overall conclusions on clinical safety
The overall safety database included a total of 141 subjects[footnoteRef:6], which is well in excess of the number required by the most recent EMA guideline. The extent of safety testing is therefore considered acceptable. [6:  Sponsor clarification: These subjects were not necessarily unique as there is a possibility of overlap of subjects from Phase I/IIa to Phase III. The sponsor suggested the total included more than 130 unique subjects exposed to rFIXFc.] 

Known safety issues associated with FIX replacement therapy products include inhibitor formation and allergic/anaphylactic reactions. The submitted data were essentially limited to previously treated patients aged 12 or over, with no prior history of inhibitors. There were no reports of inhibitors or allergic reactions suggesting that the incidence of these adverse effects is acceptably low, in this population. The submitted data also suggest that the product is not associated with significant thrombotic adverse events.
The only treatment related adverse events that occurred in more than one patient were oral paraesthesia and headache. Neither of these was considered serious. Monitoring of biochemistry, haematology and coagulation parameters and vital signs did not suggest any unexpected toxicities.
[bookmark: _Toc404074096]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc242109130][bookmark: _Toc404074097]First round assessment of benefits
The benefits of FIXFc in the proposed indication are:
Efficacy in the control of bleeding episodes.
Efficacy in the prevention of bleeding episodes when administered as routine prophylaxis.
Efficacy in the management of bleeding associated with surgical procedures.
A reduced frequency of dosing when compared to currently available FIX replacement products.
A decreased risk of viral transmission compared to plasma derived FIX.
[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc242109131][bookmark: _Toc404074098]First round assessment of risks
The risks of FIXFc in the proposed indication are:
A possible risk of inhibitor development, vascular thrombotic events and allergic reactions. The available data suggest that the incidence of these effects in the proposed population is acceptably low.
[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290846333][bookmark: _Toc242109132][bookmark: _Toc404074099]First round assessment of benefit-risk balance
The benefit-risk balance of FIXFc, in previously treated subjects aged 12 years or over, is considered favourable. The submitted data support use for episodic (on demand) therapy, routine prophylaxis and surgical prophylaxis when the product is given by bolus infusion.
The current data do not support use of the product:
in children aged less 12 years.
in previously untreated patients.
by continuous infusion in surgery.
for immune tolerance induction (ITI) in patients with FIX inhibitors.
The sponsor is not seeking approval for use in these situations at the current time.
[bookmark: _Toc404074100]First round recommendation regarding authorisation
It is recommended that the application for registration be approved.
[bookmark: _Toc404074101]Clinical questions
[bookmark: _Toc242109139][bookmark: _Toc404074102]General
Question 1.
Please provide an assurance that the lyophilised product proposed for registration in Australia is identical to that used in the pivotal phase III study (with respect to formulation and manufacturing processes).
[bookmark: _Toc272414705][bookmark: _Toc290846345][bookmark: _Toc242109140][bookmark: _Toc404074103]Safety
Question 2.
One subject in Study 998HB102 developed clinically significant elevations of creatinine and urea. His urea was elevated at screening (10.7 mmol/L), normal at baseline and elevated at Week 26 (15.7) and Week 52 (16.1). His creatinine was at a borderline level at screening (118 µmol/L), normal at baseline and elevated at Week 26 (255) and Week 52 (158). It is noted that the subject had a number of medical conditions at baseline including morbid obesity (187 kg), type II diabetes, hypertension, high cholesterol and bipedal oedema. The development of renal impairment in this subject does not appear to have been reported as an adverse event and the study report does not comment on the case. Is the sponsor able to provide any further information or comment in relation to this subject to exclude a nephrotoxic effect of FIXFc[footnoteRef:7]? [7:  The sponsor provided information about this subject in the response to a TGA request for further information, and concluded that a nephrotoxic effect of rFIXFc treatment is unlikely based on chemistry data from non-clinical toxicology studies and the Phase III study, and further review of data for this subject demonstrating multiple factors potentially contributing to his renal insufficiency.] 

[bookmark: _Toc404074104]Second round evaluation of clinical data submitted in response to questions
Not applicable.
[bookmark: _Toc404074105]Second round benefit-risk assessment
Not applicable.
[bookmark: _Toc404074106]Second round recommendation regarding authorisation
Not applicable.
[bookmark: _Toc404074107]References
3. Therapeutic Goods Administration. MonoFIX-VF Product Information [online]. December 2010 [viewed 3 September 2013].
4. Therapeutic Goods Administration. Benefix Product Information [online]. 15 August 2013 [viewed 3 September 2013].
5. Roopenian DC, Akilesh S (2007). FcRn: the neonatal Fc receptor comes of age. Nat Rev Immunol.  7(9):715-25.
6. Haemophilia Foundation Australia (2013). Haemophilia [online]. July 2013 [viewed 21 September 2013].
7. Srivastava A, Brewer AK, Mauser-Bunschoten EP et al. (2013). Treatment Guidelines Working Group The World Federation Of Hemophilia. Guidelines for the management of hemophilia. Haemophilia. 2013 Jan; 19(1): e1-e47
8. European Medicines Agency (2007). Guideline On The Clinical Investigation Of The Pharmacokinetics Of Therapeutic Proteins (CHMP/EWP/89249/2004).
9. European Medicines Agency (2001). Points to Consider on Application with 1. Meta-Analyses; 2. One Pivotal Study (CPMP/EWP/2330/99).
10. European Medicines Agency (2000). Note for Guidance on the Clinical Investigation of Recombinant Factor VIII and IX Products (CPMP/BPWG/1561/99).
11. European Medicines Agency (2011). Guideline on clinical investigation of recombinant and human plasma-derived factor IX products (EMA/CHMP/BPWP/144552/2009).
12. Franchini M, Frattini F, Crestani S et al. (2013). Treatment of hemophilia B: focus on recombinant factor IX. Biologics: Targets and Therapy.  (7) 33–38.
13. Roberts HR, Eberst ME (1993). Current management of hemophilia B.  Hematol Oncol Clin North Am. 7(6): 1269-80.
14. Wiedel J, Stabler S, Geraghty S, et al. (2010). Joint replacement surgery in hemophilia. Treatment of Hemophilia [Internet]. No. 50.
15. DiMichele D. Inhibitor development in haemophilia B (2007): an orphan disease in need of attention. Br J Haem. 138 (3), 305–315.
16. M. Chitlur M, Warrier I, Rajpurkar M et al. (2009). Inhibitors in factor IX deficiency a report of the ISTH-SSC international FIX inhibitor registry (1997–2006). Haemophilia. 15 (5) 1027–1031.
17. Shapiro AD, Ragni MV, Valentino LA, et al. (2012). Recombinant factor IX-Fc fusion protein (rFIXFc) demonstrates safety and prolonged activity in a Phase 1/2a study in hemophilia B patients. Blood. 119(3): 666-672.

Therapeutic Goods Administration

Therapeutic Goods Administration

	Document title, Part #, Section # - Section title
V1.0 October 2010
	Page 3 of 60



	Submission PM-2013-00745-1-4 Extract from the Clinical Evaluation Report for eftrenonacog alfa/Alprolix
	Page 3 of 46




	Copyright
© Commonwealth of Australia [add year]

This work is copyright. Apart from any use as permitted under the Copyright Act 1968, no part may be reproduced by any process without prior written permission from the Commonwealth Copyright Administration, Attorney General’s Department, National Circuit, Barton ACT 2600 or posted at  http://www.ag.gov.au/cca

Confidentiality
All submissions received will be placed on the TGA’s Internet site, unless marked confidential. Any confidential material contained within your submission should be provided under a separate cover and clearly marked “IN CONFIDENCE”. Reasons for a claim to confidentiality must be included in the space provided on the TGA submission coversheet.

For submission made by individuals, all personal details, other than your name, will be removed from your submission before it is published on the TGA’s Internet site.

In addition, a list of parties making submissions will be published. If you do not wish to be identified with your submission you must specifically request this in the space provided ib the submission coversheet.

	Document title, Part #, Section # - Section title
V1.0 October 2010
	Page 1 of 60  



	Therapeutic Goods Administration

	PO Box 100 Woden ACT 2606 Australia
Email: info@tga.gov.au  Phone: 1800 020 653  Fax: 02 6232 8605
http://www.tga.gov.au



image3.png
Geometric mean for
rFIXFc baseline PK

Geometric mean for
BeneFIX PK

Geometric mean of intra
-subject ratio (95% CI)

PX parameter (a) (958 c1) (958 ¢1) (p-value [b])
Cmax (10/dL) 22 40.81 (33.60, 48.58) 43.08 (36.€9, 50.59) 0.85 (0.81, 1.11)
AUC/dose (IU*h/dL per IU/kg) 22 31.32 (27.88, 35.18) 15.77 (14.02, 17.74) 1.99 (::;2} 2.17)
t1/2 alpha (h) 22 5.0279 (3.2032, 7.8919) 2.4113 (1.6183, 3.5930) 2.09 ?g:gg} 3.68)
€1/2 beta (h) 22 82.12 (71.39, 94.46) 33.77 (20.13, 38.15) 2.43 (g:g;f 2.02)
CL (mL/h/kg) 22 3.193 (2.843, 3.587) €.340 (5.637, 7.131) 0.50 Tgiggf 0.55)
MRT (h) 22 98.60 (88.16, 110.29) 41.19 (35.98, 47.15) 2.39 ?gzgg} 2.711)
Vss (xL/kg) 22 314.8 (277.8, 336.8) 261.1 (222.9, 305.9) 1.21 73:32} 1.38)
Incremental Recovery (IU/AL 22 0.8211 (0.7710, 1.1004) 0.9451 (0.8148, 1.0861) 0.97 (g:g:,a 1.12)
per 10/kg) 0.713

Time to 1% FIX Activity (d) 22 11.224 (10.200, 12.350) 5.087 (4.579, 5.651) 2.21 (2.04, 2.39)
Time to 3% FIX Activity (d) 22 5.7€7 (5.0€6, €.5€5) 2.832 (2.568, 3.123) 2.04 :S:EE; 2.21)

<o0.

NOTE 1: Time to 1% FIX activity = Estimated time after dose when

approximately 1 IU/dL above baseline.

2: Time to 3% FIX activity = Estimated time after dose when

approximately 3 IU/L above baseline

: The intra-subject ratio is calculated as Baseline rFIXFc / BeneFIX.
(a) Includes subjects who have evaluable PK profiles for both BeneFIX and baseline rFIXFc

(b) p-value from an ANOVA model including factors of treatment (BeneFIX vs rFIXFc) and subject.

FIX activity has declined to

FIX activity has declined to
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Dose | n | Cax | AUGw | CL Vi MRT th tap X Time1% | Time3%
TUkg TUAL | hIUAL | mL/Wkg | mL/kg b b b TU/AL per days days
TU/kg
25 1 204 766 356 271 762 0612 535 0771 734 381
50 s | 415 1700 344 262 770 331 576 0870 101 628
£129 | +548 | 20833 | =542 | =680 | +313 | +827 | 0214 158 111
100 5 | 985 4020 284 183 659 103 565 102 123 853
£784 | +986 | 20657 | =279 | =103 | =564 | =141 0113 249 158
Mean | 11 | Na NA 318 227 719 NA 567 0930 NA NA
20745 | £571 | £9.66 £104 | 0179

"AUCa: = area under the plasma activity fime curve from time zero {o infinity. CL = clearance; Cou, = MaXimmm concentration or activity. FIX = factor IX:
‘mean residence time: 11— number of subjects

‘evaluated; NA = not applicable (parameters are not dose-independent); PK = pharmacokinetics; SD = standard deviation: t; = distribution half life;

U = international unit; K — incremental recovery (calculated as baseline subtracted Coss observed/dose): MRT

1= elimination half.life; Time 1% —

time after dose when FIX activity has declined to 1 TU/dL above baseline; Time 3% = model-predicted.
time after dose when FIX activity has declined to 3 TU/dL above baseline: V.. — volume of distribution at steady state.
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Dose | n Cane AUCus cL Vi MRT taa tug
TUkg ng/mL hpg/mL mL/kg mLkg h b b
125 1 167 913 250 245 982 212 107
25 1 273 144 314 273 871 13 710
50 5 7512248 408739 | 22820374 | 259%785 1122215 1312477 1102265
100 5 154£396 897206 21120464 | 238521 1142171 1212233 958111
Mean 12 NA NA 230£0464 | 250582 1102185 132£395 101£209

AU Car = area under the plasta activity fime curve from time zero 10 infinity: CL = Clearance; Coss = MAXIIII CORCEntration of activity. 1U — ifernational unit.
MRT — mean residence time: n — number of subjects evaluated: NA = not applicable (parameters are not dose-independent): PK — pharmacokinetics:
elimination balf-fife; Vs = volume of

FIXFe = recombinant coagulation factor IX Fc fusion protein; SD = standard deviation: : = distribution half Jife: t.

distribution at steady state.
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Geometric Mean for Geometric Mean for Geometric Mean of

n IFIXFC baseline PX IFIXFC repeat K intra-subject ratio
K parameter (@) (95% c1) (958 c1) (8% c1)

Cmax (1U/dL) 21 41.23 (33.64, 50.53) 38.46 (34.76, 44.79) 1.04 (0.87, 1.26)
AUC/dose (IU*R/L per IU/kg) 21 31.40 (27.79, 35.48) 34.44 (30.48, 38.89) 0.91 (0.82, 1.02)
£1/2 alpha (h) 21 4.8843 (3.0526, 7.8151) 5.6960 (3.7083, 8.74%6)  0.86 (0.46, 1.60)
©1/2 beta (B) 21 82.25 (70.99, 95.30) 88.37 (75.12, 103.9€) 0.93 (0.76, 1.14)
CL (mL/h/kg) 21 3.185 (2.818, 3.599) 2.904 (2.571, 3.280) 1.10 (0.98, 1.22)
MRT (B) 21 98.85 (87.87, 111.19)  106.49 (94.56, 119.93) 0.83 (0.81, 1.07)
vss (nl/kg) 21 314.8 (276.0, 358.1) 308.2 (268.1, 356.6) 1.02 (0.91, 1.13)

Incremental Recovery (IU/dL 21 0.9274 (0.76%€, 1.117€) 0.8024 (0.8077, 1.0081) 1.03 (0.88, 1.21)
per 10/kg)

Time to 1% FIX Activity (d) 21  11.237 (10.162, 12.426) 12.248 (11.156, 13.447)  0.92 (0.83, 1.02)

Time to 3% FIX Activity (d) 21 5.765 (5.030, €.606) €.234 (5.552, 7.000) 0.82 (0.83, 1.03)

NOTE 1: Time to 1% FIX activity = Estimated time after dose when FIX activity has declined to
approximately 1 IU/dL above baseline.
2: Time to 3% FIX activity = Estimated time after dose when FIX activity has declined to
approximately 3 IU/dL above baseline
3: The intra-subject ratio is calculated as baseline rFIXFc / repeat rFIXEc.
(2) Includes subjects who have evaluable PK profiles for both baseline and repeat rFIXFc
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Non-sequential IFIXEe
PK subgroup S Toe
Am 1 | singleDose
Penten | (PK Sampling) FIXFe 50 TU/g? every 7 days B3
~ “"1‘5"%3“” BeneFIX TFIXEC IphREDETS 5 z
5010/kg 50 IU/kg
Seq“m—m> Single Dose  [* Single Dose
pecdientialy| P Sampiing) | | (PK sampiing)
Arm2
Prevention EIXEe TFIXFc 100 TU/kg every 10 days® | BQ
Screening |5 Regimen = ———f sﬁ‘.?&i%"é%e > g D
Up to 8 weeks (Individualized E ) Minimum of 26 weeks and up to S0 EDs | £ 5.
WUpo 16 weoks Inferval) ampl =
% direct
i s T T PR
Am3 for the treatment of ble 8
= on‘Demand Single Dage T g
(PK sampling) Minimum of 26 and up to 52 (+1) weeks | & Z
FIXEc, TFIXFc 40-100 IU/ke. as required , |3,
5 Amm 4 Sso gIlU/[l§§ for the treatment of blegding episodes® £ ko
Surgery [ SingleDose |
e (PK sampling) As required, based on type of surgery || & Z

'PK subgroup (minimum of 16 subjects) was to repeat rFIXFc PK profiling at Week 26 (+1 week) with a single dose of tFIXFc.

*Dosing regimen (dose for Arm 1, dosing interval for Arm 2) was to be adjusted based on the baseline PK assessment to ensure a target trough of 1%-3% above

baseline or higher, as clinically indicated.

*Dose selection was to be based on the Investigator’s standard practice and clinical practice guidelines for patients with severe hemophilia [Roberts and Eberst

1993; Srivastava 2012; Wiedel 2010].

*For new subjects participating in Arm 4 only. New subjects planning to continue study in Arms 1-3 following surgery to undergo rFIXFc PK profiling specific

to that treatment arm. Subjects coming info Arm 4 from Arms 1-3 did not need to repeat PK profiling if already completed in one of the other arms.
SAt least 10 surgeries were to be performed in at least 5 subjects.
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AUC/Dose t128 | MRT |CL Vss ‘Cmax/Dose
Visit | Statistics (G pgml
ey @ | | @ | @ | Y
N 20 20 20 20 20 20
Mean 580 128 145 199 262 115
SD 327 616 60.5 0.671 825 102
2 ‘Geometric Mean | 537 116 135 186 251 980
CV% 419 487 305 419 305 511
95% CI Lower 445 931 113 154 219 782
95% CI Upper 648 143 161 225 289 123
N 20 20 20 20 20 20
Mean 778 145 184 150 237 105
SD 363 958 108 0539 614 3.00
Vs ‘Geometric Mean | 714 126 164 140 230. 102
CV% 24 539 478 24 254 260
95% CI Lower 501 9.1 133 116 205 903
95% CI Upper 864 159 203 1.69 259 115
N 20 20 20 20 20 20
Mean 0.782 1 0918 | 138 116 108
SD 0232 0.766 | 0468 | 0373 0418 0.739
V2V5 | Geometric Mean | 0.752 0920 | 0821 133 1.09 0963
CV% 288 692 513 288 365 450
95% CI Lower 0.659 0.687 |0655 |117 0926 0.788
95% CI Upper 0858 123 103 152 129 118

‘Camax: Model-predicted maximmm concentration; AUC: Area under the curve (fom fime zero fo infinity): CL
Clearance; Vss: Volume of distribution at steady state: MRT: Mean residence time: t1/2B: Elimination half life;
SD: Standard deviation; CT: Confident Interval; CV%: coefficient of variation of geometric mean
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AR N 00|73 sn [0 |35 |osn |es  |oms |33 |12
ed oterval
Geometic | gg ) 385 994 946 26 260 235 108 154 925
v |5 |0 54 |30 |262 |200 B ED
~ N B ENENE FEE 3 3
Mew |51 |13 3% o6 |wo |38 36 |oss o |se
ARM34
on s ns |4 335 |11 |17 |oss |33 |oaw |1 1o
g e
Suwgery Geometic | 415 | 265 2w |eo w7 |3m s o |ess  [sn
R ETER EEENEEE sz |32 |Bs s

‘Conax Model-predicted maximum activity: AUC: Area under the curve (from time zero to infinity); CL: Clearance; V- Volume of distribution at steady state:

'MRT: Mean residence time; t,,- Distribution half-lfe; t,oy: Elimination half-1ife; K: Incremental recovery = Observed Cmax/Dose; Time 1%: Model-

‘predicted time after dose when FIX activity has declined to 1 IU/dL above baseline; Time 3%: Model-predicted time after dose when FIX activity has declined

03 TU/dL above baseline; SD: Standard eviation: CV%: coefficient of variation of geometric mean
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Nominal Cmax | AUCIDose | t12a | 1128 | MRT | cL Vs | CmaxDose
Am Drug | Visit Statstcs e oL
W per
g gml) | e gy | @0 [ @0 | @O | (lheke) | @mlke) | oy
N 3 |38 38 [38 |38 |38 FEE)
Mean 768 |57 11 |13 | 126 [ 199 250|106
ARMINen | axre | V2 |50 sD 218|114 520 |31 320 |04 |80 [303
Sequential PK ©
Geometric Mean_| 740__| 516 920 [108 |122 | 194 371|102
% 78 |21 s1s 287 |245 |221 341 |27
N EED B ENERE EED
Mean 173 |6s 148|151 |15 | 155 2 |19
ARM2
Individulized | FIXFe | V2 100 |sD D 506 |71 710 [037 |85 258
Interval
Geometric Mean | 169 | 64 136|130 |144 [151 7 17
v 200|240 560 384 | 349 |249 323|200
N EEE PEEEENE PEE
Mean 756 | st 682 [107 [132 |216 3 [104
A aon oy | TFIXEC | V2 |50 sD I E 511|841 [927 [ose7 01 [388
GeometricMean | 700 | 483 460|913 |16 |207 0. |976
% 368|318 122 [s39 [483 [318 a8 |364

Cmax: Model-predicted maxinmm activity. AUC: Area under the curve (om fime zero fo infinity); CL: Clearance; V. Volume of Gistribution at steady state
Distribution halflfe; t,25* Elimination half-life: MRT: Mean residence time; SD: Standard deviation: CV%: coefficient of variation of geometric mean
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Black 7L 2 (ess) 1308 2 ey 10 (6%
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NOTE 1: Pezcentages are based on the mumber of subjects with nonmissing data in each am or overall.
Subjects in the suzgery arm (Amm 4) who also participated in another am are counted in both the
suzgery am and the other treatment arm. Each subject is counted only once in the total column.
: Eurcpe includes Belgium, Germany, France, Great Britain, Italy, Poland, Russia, and Sweden.
Noreh America includes Canada and the United States. Other countries include Australis, Brazil,
China, Hong Fong, India, Japan, and South Africa.
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hem 1 w2 nem 3 A g Total

wmen) =) =) tm12) =123
Baseline FIx level (a)
By S0/63 ((79.48) 22/25 (75.58) 26/27 (S6.3%) S/12 (75.08) 100/123 ( £L.38)
T 13/63 (20l68) /28 (24118) 127 ( 3% /12 (2slow) 23133 (
B o/es o028 o021 onz o123
Genotype (a)
Missense mutation 34763 ( 19/28 ( 65.5) 14/27 (S1.8%) €/12 (S0.0%) €8/123 ( 55.3%)
Nonsense mutation 163 ( /25 (2074) €27 (22124) 1733 ( 8.3%) 23/133 (18.7%)
Frameshife e ( 28 (T3lan) 127 (308 232 (1€l 923 (703
‘Unknown 2/63 ( o028 €27 (2228 132 (slaw) 9133 ( 7.3
Splice musation e 228 (esm 027 o2 8123 ( 6.59)
Zarge deletions 3763 ( o028 0/21 213 (1678 4133 (3038
Fartial gene delevion e ( w2 ( 3.4m 027 nz 2123 ( 1ley)
Est. bleeds prior 12 mths () 10.5 (0,70)  10.0 (0,00) 18.0 (5,50)  11.0 (0,40)  12.0 (0,100)
33/62 (53.29) 15/28 (SL7%) 027 512 497122 ( 30.28)
26/62 ( 608%) 14/28 (3803) 27/27 oo.ow) /32 73/122 ( 59.8%)
571 target joint (a) 38/63 (57.18) /25 (27.68) 14/27 (SL.ey) /12 627123 ( 50.48)
Family history of imhibicor (a) 0/€3 orzs 221 (14w onz 2123 (1.8
IV posiave (a) S/63 ( 7.8%) 1/28 ( 3.8%) 2/27 ( 7.9 2/12 (16.7%) /123 ( 1.3%)
HCV posicave (a) 38/63 ( 60.3) 15/28 ( SLITa) 13/27 (S118%) /12 (5813%) 70/123 ( s6.8)

SOTE 11 Subjects in the suzgery amm (Am 1) who also paricipated in another am are cownted in bach the
surgery sm and che othes treatment am. Each subject ie counted cace in che total column.
(8) Statistics are n/m (3) where m io the mumber of subjects with nommissing data.
(b) Statistics are median (ninimum, maximum).
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Arm1 Arm2 Arm3
™N=63) ™=29) =27

“Total number of bleeding episodes per
subject, n(%)

2 61 2 7

0 14(23.0%) 11(423%) 0

1 11(18.0%) 2(77%) 0

2 6( 9.8%) 1(38%) 1(3.7%)

3 10(16:4%) 5(192%) 0

n 8(13.1%) 2( 77%) 2( 74%)

5 3(49%) 1(38%) 0

5 9(14.8%) 4(154%) 24/(88.9%)
‘Total number of bleeding episodes 167 67 402
Total subject-years followed* 536 25 219
Mean subject-years followed 038 110 081
Annualized bleeding rate®

Mean (SD) 30708M)  245(.021) 1870 (10033)

Median 205 138 17.60

25" 75" percentile: 101,435 000,343 1077,2324

Min, max 00128 00,89 22416
Annualized bleeding rate (segative binomial 312 240 1867
‘model) 246,395 167,347 1401,2489
95% confidence interval
Bleeding rate ratio © (percentage reduction) 0.17(83%) 0.13 (87%)
95% confidence interval 011,024 008,020
Pvalue <0.001 <0.001

'SD = standard deviation.

* Total subject-years is the cumulative sum of ime in years that subjects were followed during the efficacy period

® Summary statistics are based on annualized bleeding rates for each subject.
© Rate ratio and p-values relate to pairwise comparisons of Arm 1 to Arm 3 and Arm 2 to Arm 3.
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‘Pre-study FIX regimen Arm1 Arm2 Arm3
™N=63) ™=29) =27

‘Prophylaxis

n 3 bty 0

Baseline median 25 20

On-study median 21 00

Median difference 00 06

Episodic

2 o » 27

Baseline median 20 250 180

On-study median 25 19 7

Median difference 185 5 13

=31 on sudy for mumber of subjects included i the on-sfudy anmualized bleeding rale
® 110 on study for number of subjects included in the on-study anmalized bleeding rate
126 on study for mumber of subjects included in the on-study annualized bleeding rate
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Aem 1 - w2 - Ao 3 -

Fixed weekly ndividualized  On demand Total
fhcerval inserval
) =2e) =27 eiie)
ovezall (all subjects)
o & 26 2 114
sean 268698 aL.e2 536.70 220.63
) 825,368 64960 81,768 11320087
sedsan 284711 356,77 26126 2135.78
25¢h, 75¢h percentile 2085.00, 3130.87 2920.50, 3886.07  576.2L, 1301.23 1718.40, 3150.10
sin, v 1366, S7esle 248300, 0633 13i.e, 222116 1336, 7694
NOTE 1: Consumption is calculated for the efficacy pericd. The efficacy period in Ams 1 and 2 begins wi
£irat prophylactic dose of SFIXFc and ends with the last dose (segardiess of reason for dostng).
The efficacy period in Am 3 begins at the time of last FK SFINFe sampling fimepoint and ends at
the date of the last study visit. Periods of PK evaluations and surgery/rehabilitation are not
included in the sfficacy period.
2: Overall units (1U/kg) of annualized TFIXFc consumption = [Total rFIXFc I0/kg received during the

efficacy period / no. of days in efficacy period] x 365.25.
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Am 1 Am 2 2m 3
(v=€3) (v=29) (v=27)
Number of swbjects G B3 27
Overall 2.85 (0.0, 12.8) 1.38 (0.0, 8.9) 17.69 (2.2, 41.6)
Joint 1.11 (0.0, 12.8) 0.36 (0.0, 7.8) 13.58 (1.0, 41.6)
Spentancous 0.9 (0.0, 10.8) 0.00 (0.0, 6.2) 5.11 (0.0, 40.3)
Traumatic 0.00 (0.0, 4.3) 0.00 (0.0, 7.5) 1.31 (0.0, 20.4)
Muscle 0.00 (0.0, 6.3) 0.00 (0.0, 3.3) 3.96 (0.0, 16.6)
Spentancous 0.00 (0.0, 6.3) 0.00 (0.0, 2.6) 1.02 (0.0, 15.5)
Traumatic 0.00 (0.0, 3.3) 0.00 (0.0, 2.2) 1.11 (0.0, 5.4)
Internal 0.00 (0.0, 3.3) 0.00 (0.0, 2.2) 0.00 (0.0, 3.8)
Spentancous 0.00 (0.0, 2.2) 0.00 (0.0, 1.1) 0.00 (0.0, 1.4)
Traumatic 0.00 (0.0, 1.2) 0.00 (0.0, 0.0) 0.00 (0.0, 1.8)
Skin/Mucosa 0.00 (0.0, 4.3) 0.00 (0.0, 2.2) 0.00 (0.0, 15.0)
Spentancous 0.00 (0.0, 2.1) 0.00 (0.0, 0.0) 0.00 (0.0, 13.7)
Traumatic 0.00 (0.0, 2.1) 0.00 (0.0, 1.1) 0.00 (0.0, 1.4)

NOTE: Summary statistics are median (Minimum, maximm).
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NOTE 1: The efficacy period in Ams 1 and 2 begins with the farst prophylactic dose of TFIXFC and ends

(@

)

@

with the last dose (regazdless of Teason for dosing). The efficacy period in Am 3 begins at the
Sine of last PR TFIXFe sampling timepoint and ends at the dace of the last scudy visie. Periods
< P evaluations and surgery/sehabiiitation aze not ncluded in the efficacy pericd.

A folloumup injection administered o7 hours After the most recent imjection given to treat &
bleed s considered s new bleed at the same locacion and s classified as typasUnknown.

= mumber of evaluable bleeding episodes. Blesding episodes of Sype=Unknown will not have an
associated sime of cnset and hence aze not evalusble. The first bleed for each subject can not
be included in this analysis since there is no previous bleed from which to measure time. Four
additional bleeds are not evaluable for this analysis, 2 due ©o missing bleed daces/cines

(2 Am 2, 1 Am 3) and 2 due %o incompatible bleed and treatment dates/times (Arm 3).

The musbir of days from the last injection to treat & bleed o a new blesding episods is averaged
aczoss all evalusble blesding episodes per subject. Descriptive scatiscics are displayed

Zor the per-subject average time.

5= mumber of subjects with at least 1 evalusble bleeding episode
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Pre-study Regimen

Frophylaxis On-demand
N Change Ezom baseline N Change £rom baseline
=3
Total score 27 -6.82 (-22.8, 6.1) 26 —€.25 (-25.5, 12.8)
Domains, during the last month
1. Physical health 27 -10.00 (-45.0, 20.0) 31 -15.00 (-60.0, 15.0)
2. Feeling 27 0200 (-£3.8, 50.0) 31 0000 (~43.6, €2.5)
3. View of yourself 27 -5.00 (-25.0, 15.0) 30 -5.00 (-35.0, 25.0)
4. sports and leisure 22 -7.50 (-70.0, 25.0) 21 -20.00 (-40.0, 35.0)
5. Work and school 22 0.00 (-31.3, 52.1) 25 —€.25 (-31.3, 18.8)
6. Dealing with hemophilia 27 0.00 (-100.0, 100.0) 31 -8.33 (-66.7, 75.0)
7. Treatment 27 -6.25 (-18.8, 18.8) 31 0.00 (-53.1, 37.5)
Domains, recently
8. Future 26 -5.00 (-25.0, 10.0) 30 0.00 (-30.0, 20.0)
S Family planning 15 0.00 (-28.2, 12.5) 13 0.00 (-23.8, 25.0)
10. Partnership and sexuality 2 0200 (-50.0, &€.7) 20 0.00 (-25.0, 25.0)

NOTE: Summazy statistics are median (minimum, maximam) .
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™ Forsubect i A 2, since e on oy could vary (sisinsan of 36 weeks) d some subjcts might reach
26 weekssooner than s, subyecs could contzue inthe sty ast 26 weeks fo up o approiaily 50 EDs.
Vit S a0d 6 wee o be epeaied alfmately at 13-weekiferval uni O EDs had occared (o e Sponscr
ended the ) when Visit 7 was o be erformed. Visits e tobe folloed scconing 10t oa sty

® Subjects who competed the tudy bad e ption o contive reatmeat with tFIXFC i the exieasion
sty SHBOTEXC, in which cas.saety monioring was 0 be oagoing and the Fllow-Up Telepbone Call was ot
sequied. For any subjec who dd not comiue inthe exension sudy. e fsal Follow-Up was made 30 (+7) days
afc the subjctsast doe of FIXFe by ekcphone to2scss hissaus.

< On dosingdays, vial signs were taken 10 (=) mimutes afe the end f the ijection.

* For Am 1 Sequental PK subgioup oy Th sampe or Fi, D-dimer, and TAT was deawn i 10 the BeoeFIX
ijecion 20d 1 1 o (415 mimes), & bours (=15 minutes), 20d 24 (2) boursfollwingthe end of the BeneFIX
imection. These assssents weresepateda e same tiepoiats with the st dose of FIXFe a0 at Week 26

 For Amn 1 Sequential PK subgroup: The sampe for PT was drawn prior o te BeneFIX njcton, a0d 31 6 hows
(215 miuies) 200 24 (=) boursfollowing the o of the BeocFTX iecion. The assessments wee repeaed at
e same tanepoits with e st dos of FIXFe. For otber reatmeat ams: The samplefo PT was v prics
fothe fFIXFC

‘Note: Notallof e tmeposis applyfo A 4. Subjects in Arn 4 who e fo o efered oo Ars 1,2, or 3
afc thes o surgey,followed the schedule for A 1,2 or 3 affes heir 1-week post surery asessests.
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‘Phase 3, pediatric study, ongoing

‘Repeated-dose. safety, PK_ and efficacy in previously
treated pediatric subjects (<12 years)

‘Preliminary data listing for SAEs and AE of special interest

SHBOIEXT
‘Phase 3, extension study, ongoing

Long:term safety and efficacy in pediatric and adult subjects|
who completed Study 998HB102 or 9HBO2PED

‘Preliminary data lsting for SAEs and AE of special inferest
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2m 1 am 2 2m 3 am ¢ Total
(v=e3) (w=29) v=27) (w=12) (w=123)
Cummulative number of weeks
on rFIXFC (a)
At least 13 weeks €1 (1 96.83) 28 ( 96.6%) 27 (100.0%) 4 (33.3%) 118 ( 95.9%)
At least 26 weeks 58 (92.13) 28 ( 96.68) 27 (100.0%) 4 (33.3%) 115 ( 93.5%)
At least 39 weeks 58 (92.13) 26 (89.7%) 25 ( 92.6%) 2 ( 16.78) 111 ( 90.2%)
At least 52 weeks 30 (47.63) 20 ( €9.0%) 5 (18.5%) ) 56 ( 45.5%)
Total weeks on rFIXFc
o =) 20 27 12 123
Mean 49.1 59.1 441 15.2 49.7
sp 13.24 20.65 €.31 16.71 15.85
Median 516 58.3 0.9 a8 51.4
Min, Max <1, 97 <1, 126 28, 5¢ 1, 49 <1, 126

NOTE 1: Percentages are
am or overall.

2: Subjects in the
surgery am and

the efficacy period for Ams 1, 2, 3, and the Total.

Based on the mumber of subjects who received SK and/or ISK fFIXEC in each treatment

surgery am (Arm 4) who also participated in ancther arm are counted in both the
the other treatment am. Each subject is counted only once in the total column.
3: Time on rFIXFc refers to the length of time from the first rFIXFc PK dose through the last day of

4: Exposure to at least 4 injections of IFIXFC was required prior to surgery for subjects who entered

the study into Arm 4.

is limited to the surgical/rehabilitation period.
the Total column.
(a) A subject can appear in more than one category.

This period is not included in Amm 4 tabulations since Amm 4 exposure
However this pre-surgery exposure is included in
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Am 1 am 2 am 3 amm ¢ Total

(w=€3) (v=29) (v=27) v=12) (w=123)
Total exposure days (a)

<50 8 (12.7%) 25 (86.28) 27 (100.0%) 11 ( 91.7%) €3 ( 51.2%)
>=50 55 ( 87.3%) 4 (13.83) o 1( 8.33) 60 ( 48.8%)
S = 20 27 12 123
Mean s3.2 38.4 18.8 25.8 a8
s 14,41 13.51 .49 22.73 19.41
Median 55.0 38.0 16.0 18.5 29.0
Min, Max 1, 105 1, 71 4, 35 € 83 1, 105

Total number of injections
per subject

o &3 20 27 12 123
Mean 54.0 38.9 19.2 295 2.6
s 14.08 13.50 .58 23.28 19.79
Median 55.0 39.0 17.0 27.0 50.0
Min, Max 1, 108 1, 73 4, 37 7, 88 1, 108

Tercentages are based on the nmumber of subjects in cach treatment amm of overall.
Subjects in the surgery am (Arm 4) who also partcipated in another am are counted in both the
surgery am and the other treatment am. Each subject is counted only once in the total column.
3: Exposure to at least 4 injections of FIXFC was required prior to surgery for subjects who entered
the study into Arm 4. This period is not included in Amm 4 tabulations since Am 4 exposure is
Linited to the surgical/rehabilitation period. However this pre-surgery period is included in
the Total column.
(a) &n exposure day is a 24-hour period in which ome or more rFIKFC injections are given. All
injections using the SK and 15K product over the study course are counted.
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Arm 1 (N=6€3)

Am 4 Total
BeneFIX (a) IFIXFc Am 2 Am 3 (®) *FIXFc
(¥=23) (¥=€3) (¥=29) (¥=27) (¥=12) (¥=123)
Subjects with at least one TEAE
n (%) 2 (8.7%) 45 (71.48) 23 (79.3%) 20 (74.1%) 10 (83.3%) 94 (76.4%)
Subjects with at least one related
TEAE (c)
n (%) ] S (7.9%) 4 (13.8%) 1 (3.7%) 0 10 ( 8.1%)
Subjects who discontinued treatment
and/or the study due to an AE
n (8) 0 1(1.65) 0 1(3.7%) 0 2 (1.6%)
Subjects with at least one TESAE
n (8) 0 5 (7.9%) 4 (13.8%) 4 (14.8%) 3 (25.0%) 1€ (13.0%)
Subjects with at least one related
TESAE (c)
n (8) 0 [ 1(3.48) 0 0 1 (0.8%)
Number of deaths
n (3) 0 0 0 0 0 0

NOTE 1: Abbreviations: TESAE=CIeatment emeIgent serious adverse event

2: Percentages are based on the number of subjects exposed to the respective treatment in each am or
overall.

(a) For sequential K subjects, AEs emergent between the first on-study BeneFIX injection and the first on-
study rFIXFc injection are separated from those emergent after the first rFIXFC injection.

(b) Includes AEs emergent during the surgical/rehabilitation period; these AEs are not included in Arms 1,
2, or 3 for subjects in Amm 4 who participated in one of those arms.

(c) Related includes related, possibly related and AEs with the relationship missing.
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Zrm 1 zFIXFC am 2 am 3 Total rFIXFc

Preferred tem (v=€3) (v=29) (v=27) (~=118)
Total Number of TEAEs 158 76 52 286

Number of subjects with at least one 45 (71.4%) 23 ( 79.3%) 20 ( 74.1%) 88 (73.9%)
TEAE

Nasopharyngitis 13 ( 20.6%) 4 (13.8%) 1( 3.7 18 (15.1%)
Influenza 5 ( 7.9%) ) 4 (14.8%) s ( 7.6%)
Arthralgia 6 ( 9.5%) 2 ( 6.0y o 8 ( €.7%)
Upper respiratory tract infection 4 ( €.3%) 2 ( €.y 1( 3.79) 7 ( s.9%)
Headache 2 ( 323 2 ( 6.9y 2( 7.4 6 ( 5.08
Hypertension 3 ( 4.8 2 ( 6.9y 1 3.7 6 ( 5.0%
Dizziness 3 ( 4.8 2 ( 6.9y o 5 ( 4.28)
Sinusitis 3 ( 4.8 2( 6.9y o 5 ( 4.28)
Diarrhoca 3 ( 4.8 1( 3.3 o s ( 3.8
Musculoskeletal pain 2 ( 3.2% 2 ( e.0%) o 4 3.3%)
Rhinitis 3 ( 4.8 1 3.8y o FREENT

Percentages are based on the mumber of subjacts treated with IFIXFC in each amm of overall:
Using the MedDRA Version 15.0 dictionary.

3: Subjects are counted once if they report multiple events in the same preferred tem.

Does not include AEs emergent during the surgical/rehabilitation period.
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N=l19

MedDRA System Organ Class MedDRA Preferred Term ‘Number of Subjects
n (%)
Headache 207
‘Nervous system disorders Dizziness 1(0.8)
Dysgeusia 1(0.8)
Paresthesia oral 207
GI disorders
Breath odor 108)
General disorders and Fatigue 1(08)
administration site conditions Infusion site pain 108
Cardiac disorders Palpitations 108)
Renal and urinary disorders Obstructive uropathy 108)

Vascular disorders Hypotension 108)
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