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	Abbreviation
	Definition

	6MWT
	6-minute walk test

	ADA
	Anti-drug antibody

	AE
	Adverse event

	AESI
	Adverse events of special interest

	ALP
	Alkaline phosphatase

	ALT
	Alanine aminotransferase

	AST
	Aspartate aminotransferase

	BMC
	Bone mineral content

	BOT-2
	Bruininks-Oseretsky Test of Motor Proficiency, Second Edition

	BPI-SF
	Brief Pain Inventory-Short Form

	BSID-III
	Bayley Scales of Infant and Toddler Development, Third Edition

	Cavg,ss
	Average steady-state concentration

	CBRG
	Cambridge Biomedical Research Group

	CHAQ
	Child Health Assessment Questionnaire

	CI
	Confidence interval

	CL
	Clearance

	CL/F
	Apparent clearance

	CMC
	Chemistry, Manufacturing and Controls

	CNS
	Central nervous system

	CSR
	Clinical Study Report

	DEXA
	Dual Energy X-ray Absorptiometry

	eGFR
	Estimated glomerular filtration rate

	EMA
	European Medicines Agency

	E-R
	Exposure-response

	FDA
	United States Food and Drug Administration

	GCP
	Good Clinical Practice

	HHD
	Hand-held dynamometry

	HPP
	Hypophosphatasia

	IAR
	Injection-associated reactions

	ICH
	International Conference on Harmonisation

	Ig
	Immunoglobulin

	ISR
	Injection-site reactions

	IV
	Intravenous

	JP
	Japanese Pharmacopeia

	KM
	Kaplan-Meier

	LEFS
	Lower Extremity Functional Scale

	LSD
	Lifesaving Drugs Program , Australian Department of Health

	MCID
	Minimally clinically important difference

	NAb
	Neutralising antibody

	NOAEL
	No observed adverse event level

	PD
	Pharmacodynamics

	Ph. Eur.
	European Pharmacopoeia

	PK
	Pharmacokinetic

	PL
	Pyridoxal

	PLP
	Pyridoxal-5’-phosphate

	Pop PK
	Population PK

	POSNA PODCI
	Paediatric Orthopaedic Society of North America’s Paediatric Outcomes Data Collection Instrument

	PPi
	Inorganic pyrophosphate

	PY
	Patient year(s)

	QOL
	Quality of life

	RGI-C
	Radiographic Global Impression of Change

	RSS
	Rickets severity scale

	SAE
	Serious adverse event

	SC
	Subcutaneous

	SD
	Standard deviation

	TNSALP
	Tissue-nonspecific alkaline phosphatase

	TSAC
	Total sialic acid content

	WML
	within normal limits

	USP
	United States Pharmacopeia


[bookmark: _Toc351718900][bookmark: _Toc355338635][bookmark: _Toc455144219]Introduction
Asfotase alfa (rch) is a human recombinant tissue nonspecific alkaline phosphatase‑Fc‑deca‑aspartate fusion protein, produced by recombinant DNA technology using mammalian Chinese hamster ovary cell culture. It is a newly registered chemical entity indicated for long-term enzyme replacement therapy in patients with paediatric onset hypophosphatasia.
Asfotase alfa under the brand name Strensiq has been registered for supply as a sterile aqueous solution for subcutaneous administration containing 40 or 100 mg/mL asfotase alfa in 25 mM sodium phosphate and 150 mM sodium chloride to be supplied in a 2 mL glass vial.
The proposed dosage regimen is 2 mg/kg of body weight administered three times per week, with a maximum injection volume of 1 mL or 1 mg/kg of body weight administered six times weekly. Strensiq must be administered as subcutaneous injection. It is not to be administered intravenously or intramuscularly. The maximum volume of medication per injection site should not exceed 1 mL. Should more than 1 mL be required, multiple injections may be administered at the same time.
[bookmark: _Toc455144220]Clinical rationale
Hypophosphatasia (HPP) is a rare, serious, and potentially fatal genetic disorder that manifests generally in childhood with bone mineralisation defects as well as other systemic effects including inadequate respiratory function, seizures, muscle weakness, craniosynostosis and calcification in the kidneys (nephrocalcinosis). HPP is caused by loss of function mutation(s) in the gene encoding Tissue Non Specific Alkaline Phosphatase (TNSALP) leading to the primary biochemical defect, a deficiency of TNSALP enzymatic activity.
TNSALP is expressed throughout the body, but primarily in the liver, kidney, and bone tissues. In the bone tissue, TNSALP is localized on the entire cell surface of pre-osteoblasts, as well as the basolateral cell membrane of osteoblasts. It is also localized on hypertrophic cells in cartilage. In addition, TNSALP is anchored at the membrane of matrix vesicles released by osteoblasts and growth plate chondrocytes (Morris et al., 1992; Bernard, 1978).
The disorders are usually suspected because of the finding of a low serum alkaline phosphatase on routine testing of bone and mineral metabolites or because of the finding of characteristic radiographic findings in skeletal X-rays.
In reality there is a wide age of onset of symptoms sufficient to result in referral for diagnosis. Nevertheless a number of presentations (clinically recognised disorders) all with mutations in the TNSAP gene are generally described:
Perinatal onset: in utero resulting in stillbirth or severe illness in the newborn period, usually resulting in death from respiratory compromise
Perinatal benign: manifest in utero bowing, suggesting perinatal HPP, but with spontaneous skeletal improvement after birth. Both autosomal recessive and autosomal dominant modes of inheritance are recorded. The latter is more characteristic of Adult (onset) Hypophosphatasia
Infantile: onset post‐natal to 6 months
Juvenile: onset 6 months to 18 years
Adult onset: onset after 18 years.
Elevations in extracellular pyrophosphate (PPi) inhibit bone mineralisation by blocking hydroxyapatite crystal formation, causing a pronounced accumulation of unmineralised bone matrix. Failure to mineralise bone matrix results in osteomalacia (softening of bones) in patients of all ages and skeletal deformities of rickets (abnormal mineralised bone) with striking radiographic changes at the end of tubular bones. In addition, there are dysplastic long bones and ribs, and growth abnormalities in infants and children.
TNSALP also dephosphorylates pyridoxal-5’-phosphate (PLP) into pyridoxal (PL), allowing it to cross the plasma membrane into the central nervous system (CNS). Deficiency in TNSALP results in vitamin B6 deficiency in the CNS, potentially leading to seizures. Progressive multisutural craniosynostosis is a relatively common feature of HPP and is particularly found in survivors of infantile and early juvenile HPP. Neurosurgical monitoring and in many cases intervention is needed. It is a serious complication.
Following puberty the growth plates at the centre ends of long bones mature and close over so that there is bone continuity. Deformities which may have developed during childhood or adolescence remain. There are patients who have primarily adult onset disease who may have had a history of mild rickets or premature loss of deciduous teeth. These patients manifest hypophosphatasia characterised by recurrent poorly healing stress fractures. These are a particular nuisance in the feet but pseudo fractures may occur in various other areas of the skeleton particularly long bones. These non-healing stress fractures are also known as ‘pseudo fractures’ (or Looser zones). Adult HPP may be associated with debilitating chronic bone pain.
Severe functional deficits may also be present including ambulation difficulties, weakness, shortened stature, and inability to carry out activities of daily living. In addition, osteomalacic changes in the chest including non-healing stress fractures leads to the inability of the rib cage to support normal respiratory function and risk of ventilator dependence and premature death.
No approved treatment for HPP is currently available. Symptomatic treatment is the mainstay of patient management, though it does not prevent disease progression and the majority of patients experience significant morbidity. HPP is characterised by interdependent clinical manifestations, emanating from a failure to mineralise bone matrix due to elevated concentrations of the TNSALP substrates, including inorganic PPi and PLP.
There have been attempts over many years to trial purified natural TNSALP in the treatment of the bone disease, but these attempts have not been successful.
Comment: Asfotase alfa is a bone targeted enzyme replacement therapy designed to address the underlying cause of HPP, a deficiency of TNSALP activity, by replacing the defective enzyme and preventing or reversing the mineralisation defects of the skeleton, thereby preventing serious patient morbidity, risk of ventilator dependence and premature death.
[bookmark: _Toc272414607][bookmark: _Toc290846229][bookmark: _Toc433805018][bookmark: _Toc455144221]Orphan drug designation
Asfotase was granted orphan drug designation by the TGA on 26 October 2015 for the treatment of hypophosphatasia (HPP).
Comment: The indication encompasses a broad spectrum of severity. Given the childhood mortality of the perinatal presentation group and the usually mild involvement of patients with truly adult onset, the Indication lacks some specificity for what severity of disease in an affected should be treated i.e. there are no Inclusion Criteria for treatment or Exclusion criteria offered.
Given the higher mortality of babies with the perinatally lethal form resulting from chronic pulmonary hypoplasia of prenatal onset in some a question should be asked whether it is indicated to treat these infants.
Prevalence: The clinical syndromes of Hypophosphatasia are extremely rare in Australia. The prevalence must be less than the Sponsor’s North American estimate of 1:200,000 given the rarity of requests for consultation in Centres of Expertise in Australia. Mornet and colleagues 2011 give a European Estimate of between 1:300,000 and 1:100,000. The evaluator’s 30 year experience in Australia is that the Perinatal presentation includes affected infants who have severe pulmonary hypoplasia (small lungs) not compatible with long term survival and a subset that blend into Infantile Hypophosphatasia. There are occasional juvenile and adult patients most of whom have had mild skeletal involvement. On the other hand Odontohypophosphatasia is a relatively common disorder (in this one centre) but it is not associated with systemic symptoms or bone disease in childhood.
The sponsor’s submission applies to a narrower subgroup that is, Paediatric Onset Hypophosphatasia.
[bookmark: _Toc455144222]Contents of the clinical dossier
[bookmark: _Toc455144223]Scope of the clinical dossier
The submission contained the following clinical information:
1 population PK analysis
1 renal function clearance report that may be related to the pop PK Study
8 clinical studies that cover efficacy, safety, tolerability, PK and PD.
The submission also contains clinical overview, clinical summaries; including biopharmacology, clinical efficacy, clinical pharmacology, clinical safety, synopses of individual studies: nonclinical overview, nonclinical summaries; including pharmacology, pharmacokinetics, toxicology, clinical pharmacology and literature references.
[bookmark: _Toc455144224]Paediatric data
The submission includes paediatric pharmacokinetic / pharmacodynamics / efficacy / safety data which is as extensive as can be provided for an extremely rare genetic disorder.
[bookmark: _Toc455144225]Good clinical practice
[bookmark: _Toc355338639]The studies were conducted in accordance with the principles of good clinical practice (GCP), as defined by the International Conference on Harmonisation the clinical studies in the submission complied with CPMP/ICH/135/95 Note for Guidance on Good Clinical Practice (ICH).
[bookmark: _Toc455144226]Pharmacokinetics
Table 1. Submitted pharmacokinetic studies for asfotase alfa
	PK topic
	Subtopic
	Study ID

	PK in special populations
	Target population §Single dose
	NA

	
	Multiple dose
	ENB-001-08 (FIH) 

	
	
	ENB-002-08/ENB-003-08 (extension of ENB-002-08

	
	
	ENB-006-09/ ENB-008-10 (extension of ENB-006-09)

	
	
	ENB-009-10

	
	
	ENB-010-10

	
	Neonates/infants/ children/adolescents
	ENB-002-08/ENB-003-08 (extension of ENB-002-08

	
	
	ENB-006-09/ ENB-008-10 (extension of ENB-006-09)

	
	
	ENB-009-10

	
	
	ENB-010-10

	
	Adolescents/Adults
	ENB-001-08 (FIH)

	
	
	ENB-009-10

	Population PK analyses
	Healthy subjects
	N/A

	Population PK analyses
	Target population
	ENB-001-08 (FIH) 

	
	Target population
	ENB-002-08/ENB-003-08 (extension of ENB-002-08

	
	
	ENB-006-09/ ENB-008-10 (extension of ENB-006-09)

	
	
	ENB-009-10

	
	
	ENB-010-10


† Bioequivalence of different formulations. § Subjects who would be eligible to receive the drug if approved for the proposed indication.
None of the pharmacokinetic studies had deficiencies that excluded their results from consideration.
Asfotase alfa is a soluble fusion glycoprotein of 726 amino acids, comprised of two identical polypeptide chains. Each polypeptide chain contains the catalytic domain of human TNSALP, the human immunoglobulin (Ig) G1 Fc domain, and a deca-aspartate peptide domain used for bone targeting. The two polypeptide chains are connected by two inter chain disulphide bonds in the hinge region. Asfotase alfa is expressed in an engineered Chinese hamster ovary (CHO) cell line that maintains endogenous folding, sorting, disulphide bridging, and N-linked glycosylation. The novelty of the preparation is the fusion with a deca-aspartate peptide domain which facilitates bone targeting as it has been developed to treat a rare genetic disorder of the skeleton (bone) known as Hypophosphatasia. Historical attempts to treat this disorder with untargeted enzymes have been suboptimal.
The representation of the overall physical structure of asfotase alfa is shown in Figure 1:
Figure 1. Representation of the asfotase alfa physical structure
[image: ]
[bookmark: _Toc241374292][bookmark: _Ref271189131][bookmark: _Ref271189136][bookmark: _Toc272414625][bookmark: _Toc290846248][bookmark: _Ref294271108][bookmark: _Toc433805031][bookmark: _Ref271189106][bookmark: _Ref271189143][bookmark: _Toc272414618][bookmark: _Toc290846241][bookmark: _Toc433805030][bookmark: _Toc455144227]Pharmacokinetics in healthy subjects
Not applicable.
[bookmark: _Toc455144228]Pharmacokinetics in the target population
Human PK data across studies were pooled and analysed using Pop PK analysis methods due to the following: asfotase alfa PK were found to be impacted by intrinsic (body weight, immunogenicity) and extrinsic (formulation specific activity and total sialic acid content (TSAC)) factors. These factors were time variant in nature. In addition, patients received different doses and regimens over the duration of the treatment.
The terminal monosaccharaides of N-linked complex glycans of recombinant glycoproteins produced in mammalian cell lines (for example chinese hamster ovary cells) are typically occupied by sialic acid. The presence of sialic acid may affect the structural, physical and chemical properties of glycoproteins including charge, sites available for proteolytic degradation and/or for interactions with ligands and receptors. Variations in TSAC have been reported to impact absorption, distribution and elimination of therapeutic proteins (Bork K et al., 2009; Liu L et al., 2013; and Richter WF et al 2012). The proposed mechanisms of impact of TSAC on PK profiles include:
interactions with asialoglycoprotein receptors in the liver;
variations in FcRn binding;
charge driven variations in interactions with extracellular matrices during lymphatic absorption or distribution and
differences in sites exposed for systemically and/or pre systemically proteolytic degradation during absorption.
The most commonly used dose of asfotase alfa was 6 mg/kg/week, administered SC in divided doses. The doses used in the clinical studies were chosen based on 2 to 6 week pharmacodynamic (PD) nonclinical studies in Akp2‑/‑ mice, toxicology studies in rat and monkey and a clinical safety and tolerability Study in adults with HPP (ENB-001-08 CSR). A pooled pharmacokinetic (PK) exposure versus response (PK PD) modelling analysis examining multiple parameters was conducted to determine the appropriate dose for patients with paediatric onset HPP. The results of this modelling analysis support the administration of 6 mg/kg/week asfotase alfa for the treatment of HPP as the lowest dose which provides near maximal efficacy for most patients.
In studies ENB-001-08 and ENB-002-08, patients were initially administered a dose of asfotase alfa via intravenous infusion for the assessment of pharmacokinetics and safety. In Study ENB- 006-09, patients were randomised to a starting dose of 6 mg/kg/week or 9 mg/kg/week. For all patients who completed Study ENB-006-09, participation in extension Study ENB-008-10 was offered and the starting dose in the extension Study of 3 mg/kg/week was later increased to 6mg/kg/week.
[bookmark: _Toc241374293]The pharmacokinetic (PK) properties of intravenous (IV) and subcutaneous (SC) asfotase alfa have been studied in paediatric and adult patients with HPP. The absolute bioavailability of SC asfotase alfa ranged from 46% to 98%. Mean clearance in L/day (CL) and volume of distribution (V) values ranged from 7.90 to 11.4 mL/min (11.4 to 16.4 L/day) and 39.7 to 71.0 L respectively. Median times of maximum concentration in the dosing interval (Tmax) values were 24 to 48 hours after SC injection. The maximum concentration in the dosing interval (mass units/volume) (Cmax) (U/L) and the AUC0-168 (U/h/L) of asfotase alfa increased in a dose-proportional manner from 1 mg/kg to 2 mg/kg following SC injection. After SC dosing, asfotase alfa exhibits flip-flop kinetics, where the effective half-life (t½) is rate limited by the relatively slower absorption kinetics. The elimination t½ after IV dosing was 59 to 73 hours and was independent of dose, while the effective t½ after SC dosing was 112 to 135 hours and was also independent of dose (Kramer, 2009).
[bookmark: _Toc433805032][bookmark: _Toc455144229]Bioequivalence of clinical trial and market formulations
Two batch sizes were evaluated in clinical trials: 2 K and the 20 K. The 20 K batch size used in clinical trials will also be the marketed formulation batch size. A change to a 20K batch size resulted in a slightly lower bioavailability relative to the 2 K Batch size, that is, relative bioavailability F2 K approximate batch size 20 K of 0.869 or 86.9%, yielding an absolute bioavailability of 0.523 or 52.3% (0.602 x 0.869) for the 20 K Batch size. The bioavailability of 20 K batch size relative to 2 K batch size had a 90% CI of 80.0 to 94.3% which was within the default bioequivalence goal-posts of 0.80 to 1.25. These results reflect PK comparability between clinical and to-be-marketed batches. Sialic acid content (TSAC) had a significant impact on CL such that lower clearances were seen at higher TSAC levels.
The Pop PK model identified sialic acid content (TSAC), body weight and immunogenicity status as significant covariates. Over the range of TSAC content of the formulation lots used in the clinical trials, the range of the estimated steady-state of asfotase alfa exposures (expressed as Cavg,ss) was approximately 3 fold. The overall impact of immunogenicity on asfotase alfa PK was less than 20%, and hence it does not substantially impact exposure. Other covariates such as age, sex, renal function and liver function tests (AST and ALT) along with bioanalytical method for measuring PK of asfotase alfa as activity were not found to be significant.
In Study ENB-001-08 absolute bioavailability was assessed in HPP patients. In addition, absolute bioavailability for asfotase alfa clinical formulation and relative bioavailability for asfotase alfa clinical formulation versus the, to be marketed formulation were estimated in HPP patients using population PK (pop PK) analysis).
[bookmark: _Toc433805033]Bioavailability during multiple-dosing
The assessment of absolute bioavailability and formulation factors affecting pharmacokinetic (PK) was studied using data from five clinical studies (ENB-001-08, ENB-002-08/ENB-003-08, ENB-006-09/ENB008-10, ENB-009-10 and ENB-010-10). Extension studies ENB-003-08 and ENB-008-10 were listed with their primary studies (ENB-002-08 and ENB-006-09 respectively).
As dose administration for both IV and an extravascular route (SC) were in the modelling dataset, the absolute bioavailability for asfotase alfa and relative bioavailability between 2 batch sizes following SC administration was estimated.
The absolute bioavailability of asfotase alfa after the first and third SC administration ranged from 45.8% to 98.4%, and was calculated based on non compartmental analysis of data from Study ENB-001-08 (ENB-001-08 CSR). In addition, absolute bioavailability was estimated within the framework of pop PK analysis using data across all 5 studies by accounting for the other covariate effects such as total sialic acid content (TSAC), body weight and immunogenicity. By this approach, the absolute bioavailability following SC administration was 60.2% (95% confidence interval (CI): 56.7 to 63.8%) per day for the lots used in the clinical trials that were manufactured at 2000 (L) scale (2K L).
[bookmark: _Toc433805034]Distribution
Volume of distribution
The central (V2, 70 kg) and peripheral (V3, 70 kg) volumes of distribution (and 95% CI) were 5.66 (2.76, 11.6) L and 44.8 (33.2, 60.5) L, respectively. These results indicate that asfotase alfa is initially distributed in the intravascular space and then distributes to the extravascular space.
Plasma protein binding
Plasma protein binding studies were not conducted. Plasma protein binding, if any, was not expected to influence the systemic exposures measured as enzyme activity and therefore such assessment was neither conducted nor summarised.
Tissue distribution
Asfotase alfa, a fusion protein with molecular weight of approximately 200 kDa (as a dimer in circulation) and a native ALP epitope with high affinity for its substrate, preferentially partitions into the osteoid tissue, which also is its site of action. The PK of asfotase alfa were expressed as enzyme activity.
From the Pop PK analysis, the central (V2, 70kg) and peripheral (V3, 70kg) volumes of distribution (and 95% CI) were 5.66 (2.76, 11.6) L and 44.8 (33.2, 60.5) L, respectively. These results indicate that asfotase alfa is initially distributed primarily in the intra-vascular space and then distributes to the extra-vascular space reflecting asfotase alfa’s ability to partition into tissues likely including skeletal tissue.
[bookmark: _Toc433805035]Metabolism
In vitro or in vivo metabolism studies were not conducted based on current regulatory guidance which indicates that the classical biotransformation studies performed for small molecules are not warranted for protein biologics (ICH guideline S6 (R1)).
[bookmark: _Toc433805036]Excretion
Routes and mechanisms of excretion
The effects of bodyweight, sialic acid content, and immunogenicity on asfotase alfa clearance were well characterised and estimated with precision. Based on examination of simulated average concentration during the dosing interval at steady-state (Cavg,ss), sialic acid content was the most influential of these three time-varying covariates. Over a range of TSAC of 1.0 to 3.0 mol/mol, Cavg,ss is expected to range from 967 U/L to 3,149 U/L, within fixed assumptions about other covariates such as weight. The presence of anti-drug antibodies increased asfotase alfa clearance by a factor of 1.09 (95%CI: 1.04 to 1.13). The presence of neutralising antibodies increased clearance by a factor of 1.20 (95% CI: 1.07 to 1.34) relative to the negative anti-drug antibody state. This magnitude of clearance change is unlikely to have clinically meaningful impact on asfotase alfa clinical activity.
Renal clearance
Renal function assessment, as measured by estimated glomerular filtration rate (eGFR) using age appropriate equations, showed that 6 of 53 HPP patients had a lowest eGFR value below 60 mL/min/1.73 m2, and 15 of 53 HPP patients had a lowest eGFR value of between 90 and 60 mL/min/1.73m2. Based on the population PK analysis of these available data, renal function was not found to influence asfotase alfa clearance.
[bookmark: _Toc272414626][bookmark: _Toc290846249][bookmark: _Toc433805037][bookmark: _Toc455144230]Pharmacokinetics in other special populations
[bookmark: _Toc272414627][bookmark: _Toc290846250][bookmark: _Ref292103375][bookmark: _Toc433805038]Pharmacokinetics in subjects developing immunogenicity
Immunogenicity and PK data in HPP patients were collected for a period of up to 3 years to allow testing for asfotase alfa PK immunogenicity interaction. The impact of immunogenicity was investigated using model based and visual assessment approaches.
To assess the impact of antibody development, patients were assigned to groups according to immunogenicity information about their seroconversion (or the development of asfotase alfa ADA and Nab). The impact of immunogenicity on PK was then assessed by examining differences in PK among these subgroups.
To capture more detail regarding the time varying nature of immune response, immunogenicity was determined for each patient at each of their PK sampling times. Each PK sample was then assigned to one of 3 possible subgroups: ADA‑ (negative for anti-drug antibody, no NAb measured), ADA+/NAb+ (ADA+ and positive for neutralising antibody), and ADA+/NAb- (ADA+ but negative for neutralising antibody). This is the same grouping definition used in the Pop PK analysis.
Table 2 summarises immunogenicity at a population level (% of patients and samples when grouped). Of the 58 patients treated with asfotase alfa, 78% had one or more measurements that were ADA+ during treatment. Most patients were NAb‑ (71%). A total of 582 samples were collected throughout the development program and tested for ADA and NAb status, and only 15% were found to be ADA+/NAb+. The immunogenicity rates in Table 2 were based on data collected up to 28 January 2013, agreed with the EMA asfotase alfa Rapporteur Meeting with MHRA26 and FDA Meeting Minutes ID 345208227. Additional data up to November 2013 based on the request from EMA (Asfotase alfa Presubmission Meeting with EMA28) are included in the integrated analysis. Studies ENB-00308, ENB-010-10, ENB-008-10 and ENB-009-10 are still ongoing.
Table 2. ADA+/- subgroup breakdown of immunogenic response
[image: ]
While the data supports the presence of immunogenicity during prolonged treatment with asfotase alfa, its impact appears mild compared to other factors influencing exposure, for example sialic acid content. A Pop PK model was developed that accounted for the possible types of immunogenicity status providing the ability of the model to account for the time varying nature of immunogenicity.
[bookmark: _Toc272414628][bookmark: _Toc290846251][bookmark: _Ref293756923][bookmark: _Toc433805039]Pharmacokinetics in exposure-response relationship
Two product specifications for the manufacture of asfotase alfa that impact the exposure response relationship are sialic acid content (mol/mol protein) and specific activity (U/mg, drug potency). Based on a covariate sensitivity analysis performed using the developed Pop-PK model (see Figure 2), sialic acid was identified as having a significant impact on exposure in HPP patients, (or increasing sialic acid content results in increasing exposure).
Figure 2. Simulated Cavg (or Cavg,ss) changes to different covariate combinations
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[bookmark: _Toc241374296][bookmark: _Ref269982040][bookmark: _Ref271018704][bookmark: _Ref271018755][bookmark: _Toc272414635][bookmark: _Toc290846258][bookmark: _Toc433805040][bookmark: _Toc455144231]Evaluator’s overall conclusions on pharmacokinetics
The PK of asfotase alfa in humans was derived from 5 interventional clinical studies (ENB-001-08, ENB-002-08/003-08, ENB-006-09/008-10, ENB-009-10 and ENB-010-10. One clinical trial was completed (ENB-001-08). Study ENB-003-08 is the extension phase of Study ENB-002-08 and Study ENB-008-10 is the extension phase of Study ENB-006-09. Study ENB-011-10 was a natural history Study used as control for the perinatal/infantile subgroup patient population.
Extensive preclinical studies of the pharmacokinetics, pharmacodynamics and immunogenicity of asfotase alfa are reported and analysed in depth and extrapolated to the treatment of human subjects particularly infants and young people. Mammalian species including mice, rats, rabbits and monkeys shares a high protein sequence TNSALP homology (ranging from 86 to 97%) compared with the naturally occurring human sequence based on the alignment (performed using UniProt.
The final step from preclinical studies in experimental animal models was to simulate a dose to achieve the anticipated range of efficacious concentrations in humans using the available clinical asfotase alfa PK data from Study ENB-001-08.
For the first Phase II Study in perinatal and infantile disease onset HPP subjects (Study ENB‑002-08) a starting SC dose of 1 mg/kg SC thrice weekly was chosen as it was determined that this dose was expected to provide serum asfotase alfa concentrations in the lower portion of the anticipated range of efficacious concentrations. Given the expected risk/benefit in that patient population, this study included an initial IV dose of 2 mg/kg. Based on the available toxicological data and PK/safety data from Study ENB-001-08, a dose titration scheme centred on efficacy assessment was constructed.
The starting dose for SC injections was 1 mg/kg. In the Phase II Study ENB-002-08, after one month of treatment, the SC dose could be increased to 2 mg/kg for lack of efficacy defined as two of the three following outcomes:
Failure to show radiographic improvement in rickets
Deterioration of pulmonary function
Worsening of failure to thrive.
In Study ENB-006-09, children (age ≥ 5 and ≤ 12 years) with open growth plates at the time of enrolment) with HPP were treated with asfotase alfa. The doses selected in this study were 2 mg/kg and 3 mg/kg SC thrice weekly based on the available clinical PK data. These doses were expected to provide serum asfotase alfa concentrations in the anticipated range of efficacious concentrations. The subsequent experience with clinical efficacy and clinical safety established that the dose 6 mg/kg/week given as 6 daily divided doses subcutaneous injections 1 mg/kg is safe and efficacious in children and young people prior to growth plate closure. The Study ENB‑008-10 is ongoing and PK data are being collected using a sparse sampling schedule.
[bookmark: _Toc455144232]Pharmacodynamics
Table 3 below provides details the pharmacodynamic studies used in the evaluation of asfotase alfa and how each study satisfies evaluation of different pharmacodynamic topics.
Table 3 – Submitted pharmacodynamics studies and relationship to relevant pharmacodynamics topic.
	PD Topic
	Subtopic
	Study ID

	PD endpoints*
	Biomarkers, plasma PPi and PLP
	ENB-001-08 (FIH) 

	
	
	ENB-002-08/ ENB‑003-08 (extension of ENB‑002-08

	
	
	ENB-006-09/ ENB‑008-10 (extension of ENB‑006-09)

	
	
	ENB-010-10

	Gender other genetic and Age-Related Differences in PD Response
	Effect of gender
	N/A

	
	Effect of age of disease onset*
	ENB-001-08 (FIH) 

	
	
	ENB-002-08/ENB-003-08 (extension of ENB-002-08

	
	
	ENB-006-09/ ENB‑008-10 (extension of ENB-006-09)

	
	
	ENB-010-10

	Population PD and PK PD analyses
	Healthy subjects
	N/A

	
	Target population § ‡
	ENB-001-08 (FIH)

	
	
	ENB-002-08 (plus ENB-003-08 extension) 

	
	
	ENB-006-09 (plus ENB-008-10 extension) 

	
	
	ENB-010-10


*Indicates the primary aim of the Study. §Subjects who would be eligible to receive the drug if approved for the proposed indication. ‡Includes adolescents if applicable.
None of the pharmacodynamic studies had deficiencies that excluded their results from consideration.
[bookmark: _Ref269119989][bookmark: _Toc272414639][bookmark: _Toc290846261][bookmark: _Toc433805043][bookmark: _Toc455144233]Summary of pharmacodynamics
Pharmacodynamics were assessed along with safety and efficacy in 4 clinical studies ENB‑001‑08 (FIH), ENB-002-08 (plus ENB-003-08 extension), ENB-006-09 (plus ENB-008-10 extension) and ENB-010-10. Standalone human PD studies in healthy volunteers were not conducted as such data would lack of relevance for the understanding of PD in HPP patients, which is the target disease population.
[bookmark: _Toc241374299][bookmark: _Toc272414640][bookmark: _Toc290846262][bookmark: _Toc433805044]Mechanism of action
HPP is attributed to lack of functional TNSALP. The mechanism of action of asfotase alfa in HPP is to restore the missing TNSALP activity as asfotase alfa is an enzyme replacement therapy. Clinical trials collected response data to assess the effectiveness of asfotase alfa treatment.
The scientific basis for the mode of action of asfotase alfa was confirmed by the drug induced reductions in key enzyme substrates of alkaline phosphatase including plasma PPi and PLP. The benefit of reduction in key enzyme substrates was evident from the data from HPP patients in which biopsies could be performed (Study ENB-006-09/008-10) that showed drug treatment normalising osteoid volume and thickness indicating improved bone mineralisation.
The continuum of interdependent clinical endpoints (Table 4 below) further extended to the normalization of radiographic evidence of rickets measured via radiographic global impression of change (RGI-C) and rickets severity score (RSS).
Table 4. Characterisation of measured responses from the HPP clinical development program used in clinical pharmacology assessment
[image: ]
PPi and PLP are substrates of TNSALP. The PD measures for the biomarkers, plasma PPi and PLP were collected in studies where applicable.
[bookmark: _Toc433805045]Pharmacodynamic effects
Study ENB-001-08
Exploratory objectives included assessment of the PD of asfotase alfa and the effect of asfotase alfa on the clinical signs and symptoms of HPP following repeated dosing.
Six adult patients were recruited. Cohort 1 (n = 3) received asfotase alfa 3 mg/kg IV the first week followed by 3 doses at 1 mg/kg SC at weekly (QW) intervals from weeks 2 to 4. Cohort 2 (n = 3) received asfotase alfa 3 mg/kg IV the first week followed by 3 doses at 2 mg/kg SC at weekly intervals from weeks 2 to 4. Intensive PK samples for asfotase alfa concentrations measured as activity and PD samples for plasma PPi and PLP concentrations were collected over the duration of the study.
Data for plasma PPi are not reported as the method of collection was not optimized for samples containing asfotase alfa, which require a TNSALP inhibitor in blood collection tubes.
Plasma PLP decreased following asfotase alfa administration in 5 of 6 patients while the change in the sixth patient could not be quantified.
Study ENB-002-08/ ENB-003-08
Study ENB-002-08/ ENB-003-08 was a multicentre, open-label study (and its extension) of the safety, tolerability and pharmacology of asfotase alfa in severely affected patients with infantile hypophosphatasia (HPP).
PPi levels were assessed in 8 patients at Baseline. Of those 8, PPi was elevated in 4 patients (median (min/max) = 5.170 µM (2.91, 10.48); normal levels range from 1.33 to 5.71 µM. However, by Week 12, mean PPi levels had fallen to within normal limits (WNL) or below for all 8 patients (median (min/max) = 2.580 µM (1.00, 4.39), with a mean change from Study ENB‑002-08 Baseline of ‑3.200. PPi levels remained within or below normal limits for the remaining assessments before the analysis cut-off date, with the exception of isolated cases for individual patients (one patient: Week 168; another patient: Week 18, and a third patient: Weeks 144 and 168).
PLP levels were assessed in 9 patients at Baseline and were elevated in all 9 patients (mean = 380.022; median (min/max) = 421.000 ng/mL (100.00, 880.00); normal levels on assays performed by Biotrial ranged from 11.76 to 68.37 ng/mL. Median PLP levels dropped to WNL by Week 24 (n = 10; median 47.550 ng/mL (min/max = 16.40/ 1,510.00); the maximum of 1,510.00 ng/mL driven by one outlier result for a single patient), and remained WNL with the exception of Weeks 72 and 120. However, mean levels remained above normal limits, driven mainly by intermittent above normal results in Patients [information redacted] (range 128 to 960 ng/mL), [information redacted]( range95.0 to 428 ng/mL) and [information redacted] (range 81.7 to 391 ng/mL) over the course of study participation through their last assessments. The 1 patient who had a study duration of up to 216 weeks as of the analysis cut-off date for this report [information redacted] was WNL (44.400 ng/mL) at the last assessment.
Study ENB-006-09/ ENB-008-10
Study ENB-006-09/ ENB-008-10 was a multicentre, open label study (and its extension) of the safety, tolerability and pharmacology of asfotase alfa in HPP Patients between the ages of 5 and 12 Years (infantile onset and juvenile onset HPP Patients).
Study ENB 006-09 included a 24 week treatment period. Study ENB‑008-10, an extension study for patients who completed ENB 006-09, includes an additional 36 months (144 weeks) of asfotase alfa treatment. A total of 13 patients were randomised in ENB‑006-09 to receive either 2 or 3 mg/kg asfotase alfa SC thrice a week (either 6 or 9 mg/kg/week) for 24 weeks. In the extension Study, ENB‑008-10, the starting dose of asfotase alfa was 3 mg/kg/week for all patients (n = 12) and was subsequently increased to a total of 6 mg/kg/week. The mean patient age (± SD) was 8.8 (± 2.2) years old.
Analysis of the PD data demonstrated marked reductions in plasma PPi and PLP levels with asfotase alfa treatment. Mean PPi concentrations (5.01 µM) were at the higher end of the normal range (0.75 to 5.71 µM; reference range age dependent). At Weeks 6 and 12, mean PPi concentrations had decreased to the lower end of the normal range (2.15 and 2.50 µM, respectively). Mean PLP concentrations were above normal at Baseline at 214.42 ng/mL (normal range = 5.74 to 61.15 ng/mL). At Week 6, mean PLP concentrations decreased to 12.62 ng/mL. Both PPi and PLP mean concentrations increased slightly at later time points in the study but remained within normal limits.
Study ENB-009-10
Study ENB-009-10 was a randomized, open-label, multicentre, multinational, dose ranging, concurrent control study of the safety, efficacy, and pharmacokinetics of ENB-0040 (human recombinant tissue nonspecific alkaline phosphatase fusion protein) in adolescents and adults with hypophosphatasia (HPP).
The study primarily assessed the safety, tolerability, and pharmacology of asfotase alfa in adolescent (n = 6) and adult (n = 13) patients ages 13 to 66 years. Patients were initially randomized to 1 of 3 treatments for a24 week duration. Upon completion of the 24 week primary treatment period (PTP), all patients were eligible to continue in the open label extension treatment period (ETP) of this study.
PK samples for measuring asfotase alfa activity, sparse PD samples for measuring PPi and PLP and sparse immunogenicity samples for measuring anti-drug antibody (ADA) were collected over the duration of trial.
The primary analysis was the change from Baseline to Week 24 for the co primary endpoints of PPi and PLP compared between the combined treatment group and the untreated control group. Treatment with asfotase alfa significantly reduced PLP levels compared to controls at Week 24 (p = 0.0285). While treated patients experienced an approximately 2 fold greater decrease in PPi than controls at Week 24 (mean change of ‑2.100 µM in treated versus ‑1.052 µM in control patients), this difference did not achieve significance (p = 0.0715) most likely because a control patient who received a high dose of Vitamin D and had a high Baseline PPi value (12.1 µM) experienced a decrease in PPi. However, a subsequent analysis of the FA set excluding this patient demonstrated a significantly greater reduction in PPi in the treated patients (p = 0.0044). Importantly, observed decreases in PPi and PLP were maintained after 48 and 96 weeks of exposure. Results of analyses performed using the PP set were supportive of those obtained in the FA set.
Study ENB-010-10
Study ENB-010-10 was a multicentre, open label study of the safety, efficacy, and pharmacokinetics of asfotase alfa in infants and children ≤ 5 years of age with hypophosphatasia (HPP).
The mean (± SD) age at enrolment was 115 (119) weeks old. Patients (n = 15) were required to have perinatal/infantile onset HPP, defined as onset of HPP signs/symptoms prior to 6 months of age.
Analysis of the PD data suggested that asfotase alfa treatment markedly reduced PPi and PLP levels; the largest reductions were observed during the initial weeks of treatment. Mean PPi levels were elevated at Baseline (6.821; normal range = 1.33 to 5.71 µM), fell to within the normal range by Week 6, and remained there for the remainder of the Study, despite rising slightly above the Week 6 mean from Weeks 24 on. Mean PLP levels were also elevated at Baseline (5,083.32 ng/mL; normal range = 11.76 to 68.37 ng/mL) dropped considerably by Week 6 (424.15 ng/mL), and remained below Baseline levels for the remainder of the study despite rising above the Week 6 mean later in the study. Vitamin B6 supplementation for multiple patients in the study is most likely the reason for the elevation observed in mean PLP levels, since a sensitivity analysis removing these patients showed that mean PLP levels remained within normal limits throughout the study.
[bookmark: _Toc290888803][bookmark: _Toc433805046]Time course of pharmacodynamic effects
Five clinical trials were conducted where HPP patients were treated with asfotase alfa (ENB‑001-08, ENB-002-08/003-08, ENB-006-09/008-10, ENB-009-10 and ENB-010-10) and PK, PD, immunogenicity, safety and efficacy data were collected. These studies as well as historical control Study ENB011-10 are summarized in Table 5 below. Data from these studies were used in the pooled population analysis of the clinical trials.
The purpose of ENB-011-10, a global, non interventional, retrospective, epidemiologic study with respect to the asfotase alfa clinical development program was to gain additional information on the aetiology, range of manifestations, and clinical progression of HPP in patients with severe perinatal/infantile onset HPP. This information, as appropriate, was used in the interpretation of data collected in the open-label clinical trials (ENB-002-08, ENB-003-08, and ENB-010-10) evaluating patients with perinatal/infantile onset HPP treated with asfotase alfa. Data collected from ENB-011-10 served as the non concurrent control group for the combined analysis of patients from Study ENB-002-08 and its extension Study ENB-003-08, and Study ENB-010-10 that match the inclusion criteria for Study ENB-011-10.
Table 5. Study design attributes for clinical studies with asfotase alfa in patients with HPP
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[bookmark: _Toc433805047]Biomarker (PPi and PLP) modelling
A population PK and pooled pharmacokinetic pharmacodynamic (PK PD) analysis were conducted to characterise independent exposure versus response relationships for change in biomarkers such as plasma PLP and PPi. The objective of Pop PK and PK PD modelling was to support dose and regimen selection for asfotase alfa in the target population, HPP patients with perinatal/infantile or juvenile subgroup onset.
The observation times for the simulated endpoints were as follows: PPi, 7 and 24 weeks; PLP, 24 weeks. These time points were selected to demonstrate the exposure response at a relevant time point for the endpoint.
Data for the biomarker PPi were derived from 60 individuals (see studies listed in Table 5 above), giving rise to 598 PPi observations. Of those, 26 that were below the lower limit of quantification (BLQ) were dropped, 4 points were excluded as outliers, and 87 points were identified as potentially unreliable due to bioanalytical assay problems. This resulted in 481 PPi observations available for analysis. Patients in all studies, across all ages and phenotypes, contributed PPi data. The final PPi analysis data included 60 individuals and 481 observations.
Repeated measures data for the pharmacodynamic biomarker plasma PPi revealed a robust response to initiation of asfotase alfa therapy. The response time profile was characterised by a rapid onset, with nadir occurring within 6 to 8 weeks followed by an increase in plasma PPi concentrations, which generally stayed within the normal range. In some cases the increases resulted in plasma PPi returning to near baseline.
The model based prediction of continuous asfotase alfa activity time course was linked to indirect pharmacodynamic response model, where the feedback effect modulated the zero order production of PPi, while the asfotase alfa effect was mediated as a stimulation of PPi degradation. The observed characteristics in the PPi data and the ability of the model to describe the PPi data can be seen in Figure 3 below.
Figure 3. Model performance for predicting PPi observations
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For the PLP biomarker, a total of 58 individuals contributed 655 observations (Figure 4 below). Vitamin B6 supplementation, which dramatically increases the plasma concentration of PLP, was noted for 7 of these individuals, but exact doses and timing were not available. These 7 individuals and 63 associated data points were excluded from the PLP analysis data.
Repeated measures data for the PLP biomarker revealed a robust response to initiation of asfotase alfa therapy, with a rapid drop in baseline concentrations in both vitamin B6 treated and untreated patients. Baseline PLP levels varied considerably across patients but were generally greater in vitamin B6 treated patients. The response time profile was characterised by a rapid onset with nadir occurring within 6 to 8 weeks.
The simple indirect PD response model (with a zero order production of PLP with a stimulatory effect of asfotase alfa on the first order degradation of PLP) provided an adequate description of the observed data. The model based prediction of continuous asfotase alfa PK exposure time course was linked to an indirect pharmacodynamic response model. (Note: patients receiving vitamin B6 were excluded due to an inconsistency generated in model estimates).
Figure 4. Model performance for predicting PLP observations
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[bookmark: _Toc272414645][bookmark: _Toc290846267][bookmark: _Toc290888804][bookmark: _Toc433805048]Relationship between drug concentration and pharmacodynamic effects
The objective of pop PK and PK PD modelling was to support dose and regimen selection for asfotase alfa in the target HPP patient population with perinatal/infantile and juvenile onset of disease. Once developed, the models were used to perform simulations exploring exposure-response (E-R) relationships for each response endpoint. Together these independent relationships across response endpoints informed the dose for asfotase alfa in HPP patients.
The E-R models were used to conduct simulations and construct a projected response for variables of interest (for example change from baseline for plasma PLP and PPi, histomorphometric variables such as RGI-C and RSS, and function efficacy variables such as percent predicted 6MWT and BOT2 scores) over time for a dose regimen of 2 mg/kg/three times a week. Figure 5 below demonstrates that a dose of 6 mg/kg/week provides meaningful changes in PK and the continuum of measured responses.
Figure 5. Simulated time course for PK and PD responses over 72 weeks for the 2 mg/kg, 3 x per week regimen
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[bookmark: _Ref269983272][bookmark: _Toc272414648][bookmark: _Toc290846270][bookmark: _Toc433805049][bookmark: _Toc455144234]Evaluator’s overall conclusions on pharmacodynamics
The scientific basis for the mode of action of asfotase alfa was confirmed by the drug induced reductions in key enzyme substrates of alkaline phosphatase including plasma PPi and pyridoxal 5-phosphate (PLP). The benefit of reduction in key enzyme substrates was evident from the data from HPP patients in which biopsies could be performed (Study ENB-006‑09/ Study ENB-008-10) that showed drug treatment normalised osteoid volume and thickness in a dose dependent direction indicating improved bone mineralisation.
[bookmark: _Toc455144235]Dosage selection for the pivotal studies
Dosage selection for the pivotal studies resulted from a sequential process of preclinical studies in animal models which permitted an in depth study of the pharmacokinetics and pharmacodynamics and Phase I/II dose ranging studies in volunteer adults (4 females and 2 males with Hypophosphatasia (see below HPP (ENB-001-08)) and the study in severely affected infants and children ≤ 36 months old with onset of HPP signs prior to 6 months of age (ENB-002-08).
[bookmark: _Toc433805051][bookmark: _Toc455144236]Preclinical studies for human dose selection
The following pre-clinical and toxicology data were used to support dose selection for Study ENB-001-08 and subsequently for other HPP studies.
Pre-clinical efficacy and PK PD modelling studies in Akp2‑/‑ mice
4-week GLP intravenous (IV) and 4 week GLP subcutaneous (SC) toxicity studies in juvenile rats
4-week GLP IV and 6 month GLP SC toxicity studies in juvenile monkeys.
A dose response relationship with respect to improvements in the bone mineralisation defects was established using the preclinical pharmacology efficacy studies in Akp2‑/‑ mice. Based on the dose response modelling (sigmoidal Emax model) the dose to achieve 85% of response (baseline unadjusted; internal consensus at preclinical level); ED85 was 1,451 units/kg/day as illustrated in Figure 6 below:
[bookmark: _Toc433805193]Figure 6. Dose-Response Relationship of ENB-0040 in Akp2-/- Mice after Daily SC Dosing
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Based on this assessment a steady-state concentration range of ~650 to 1000 Units/L was considered to be therapeutically effective in humans. Notably, in animals receiving less frequent (once every 3 days) SC dosing at 207 to 13390 Unit/kg of asfotase alfa, skeletal mineralisation defects were also effectively prevented. Early PK modelling of human data from Study ENB-001-08 suggested a dose of asfotase alfa of 1 mg/kg/day SC or 2.3 mg/kg SC 3x weekly would provide serum asfotase alfa concentrations (activities) of ~1,000 Unit/L, the upper range of concentration predicted as therapeutically effective using the Akp2-/- mouse model.
[bookmark: _Toc433805052][bookmark: _Toc455144237]First in human studies
The First in Human (FIH) study in adults with HPP was Study ENB-001-08. The starting dose for this FIH trial of asfotase alfa was selected based on sub-chronic (4 week) and chronic (6 month) toxicity studies in juvenile rats and cynomolgus monkeys. These species were selected because of similar protein sequence of tissue nonspecific alkaline phosphatase (TNSALP, the target enzyme) for these species and humans and the mechanism of action and biologic activity of TNSALP (enzymatic activity on several substrates, including PPi and PLP) are species independent. Comparing the findings from the 2 toxicity species evaluated, rat was considered to be the more sensitive species with the no observed adverse event level of 30 mg/kg/dose after IV administration.
Based on these toxicology data, regimens consisting of an IV dose of 3 mg/kg followed by 3 weekly SC doses of either 1 or 2 mg/kg were considered to have adequate safety margin and were used in the FIH trial for asfotase alfa in HPP patients. Six adult subjects (4 females and 2 males) were studied for 3 weeks, in two cohorts receiving either 1mg/kg or 2mg/kg to assess safety and efficacy, PK and bioavailability of asfotase alfa.
[bookmark: _Toc433805053]Study ENB‑002‑08 was the first study in severely affected infants and children ≤ 36 months old with onset of HPP signs prior to 6 months of age. The dose selection for Study ENB-002-08 was developed in a step-wise approach:
First, data from 6 preclinical pharmacology efficacy studies in Akp2-/- mice were used to characterise the pre-clinical target effective dose.
Then, a steady-state concentration range for the pre-clinical target effective dose was estimated based on the 2 nonclinical mouse studies conducted, a single dose PK study and a multiple repeated dose study. This preclinical steady-state concentration range was defined as the anticipated range of efficacious concentrations for human trials
As the final step, a dose to achieve the anticipated range of efficacious concentrations in humans was simulated using the available clinical asfotase alfa PK data from Study ENB-001-08.
The most commonly used dose of asfotase alfa was 6 mg/kg/week, administered SC in divided doses. The doses used in the clinical studies were chosen based on 2- to 6-week PD nonclinical studies in Akp2-/- mice, toxicology studies in rat and monkey and a clinical safety and tolerability study in adults with HPP (Study ENB-001-08). A pooled PK-PD modelling analysis examining multiple parameters was conducted to determine the appropriate dose for patients with paediatric-onset HPP. The results of this modelling analysis supported the administration of 6 mg/kg/week asfotase alfa in daily divided doses SC for 6 days per week for the treatment of HPP as the lowest dose that provides near maximal efficacy for most patients.
In Studies ENB-001-08 and ENB-002-08, patients were initially administered a dose of asfotase alfa via intravenous infusion for the assessment of pharmacokinetics and safety. In Study ENB- 006-09, patients were randomised to a starting dose of either 6 mg/kg/week or 9 mg/kg/week. For all patients who completed Study ENB-006-09, participation in extension Study ENB-008-10 was offered, and the starting dose in the extension study of 3 mg/kg/week was later increased to 6 mg/kg/week. In Study ENB-009-10, patients were randomised to a starting dose of either 2.1 or 3.5 mg/kg/week, escalating then to 3.5 mg/kg/week, and eventually 6 mg/kg week in the first and second parts of the extension. Dose adjustments were permitted in all studies for changes in body weight and for reasons of safety and efficacy. Dose increases to optimize efficacy were common among patients < 5 years of age. The most commonly used doses were between 6 and 9 mg/kg/week. The highest dose of asfotase alfa used in clinical studies was 28 mg/kg/week (for example, 4 mg/kg per dose administered 7 times weekly).
[bookmark: _Toc433805054][bookmark: _Toc455144238]Dose selection summary
The most commonly used dose of asfotase alfa was 6 mg/kg/week, administered SC in divided doses for 6 days per week. The results of the modelling analysis support the administration of 6 mg/kg/week asfotase alfa SC for the treatment of HPP as the lowest dose which provides near maximal efficacy for most patients.
Clinical Pharmacology studies of Total Sialic Acid content (TSAC) of the product’s CMC (Chemistry, Marketing and Controls) specification for TSAC (1.2 to 3.0 mol/mol) and specific activity (620 to 1250 U/mg) should provide sufficient exposure at 6 mg/kg/week dose to see an efficacious change from baseline for the functional response of 6MWT consistent to that observed in the clinical trials. This range of exposure is also representative of the exposures associated with efficacy based on other response variables (plasma PPI, plasma PLP, X-ray, RGI-C, RSS, and BOT-2) across the entire studied HPP patient population.
[bookmark: _Toc455144239]Clinical efficacy
[bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274][bookmark: _Toc433805057][bookmark: _Toc455144240]Pivotal efficacy studies
Pivotal open-label studies include ENB-002-08 and its extension ENB-003-08 (extension ongoing); ENB‑010-10 (study ongoing); and ENB-006-09 and its extension ENB-008-10 (extension ongoing).
The sponsor initiated 6 efficacy and safety studies of asfotase alfa, including 4 original and 2 extension studies, in patients of all ages and in paediatric and adult onset HPP subgroups:
Pivotal open label clinical Study ENB-002-08 and its extension ENB-003-08 enrolled paediatric onset patients ≤ 3 years of age with onset of symptoms < 6 months of age (infantile onset subgroup)
Pivotal open label clinical Study ENB-010-10 (ongoing and open for enrolment) enrolled paediatric onset patients ≤ 5 years of age with onset of symptoms <  6 months of age (infantile onset subgroup)
Pivotal open label clinical Study ENB-006-09 and its extension ENB-008-10 enrolled paediatric onset patients 5 through to 12 years of age
A controlled, open label, supportive clinical Study ENB-009-10 enrolled adolescent and adult patients (13 to 66 years of age) regardless of age of symptom onset (paediatric and adult onset).
In addition to these interventional studies, a global, retrospective and epidemiological study (Study ENB‑011-010) examining the natural history of patients with perinatal/infantile onset HPP has been completed. Historical control data from this Study were used for comparison to survival and invasive ventilator free survival results obtained in asfotase alfa treated patients.
All asfotase alfa studies were open label. Given the very high unmet medical need, the serious morbidity and mortality risk, the potential for irrevocable harm, and the absence of any alternative disease modifying treatments, no placebo or active comparator controls were used in the studies in infants and children. Nevertheless historical controls were used for evaluating selected endpoints in Studies ENB-002-08/ENB-003-08, ENB-010-10, and ENB-006-09/ ENB‑008-10.
Study ENB-011-10 was a retrospective, non interventional, epidemiological study of the natural history of patients with severe perinatal/infantile onset HPP. Data was abstracted from medical records of qualifying children with perinatal/infantile HPP up to 5 years of age and served as the non‑concurrent control group for survival analyses in perinatal/infantile HPP patients in Studies ENB-002-08/ENB-003-08 and ENB-010-10.
Study ENB-006-09/ENB-008-10 included historical control patients who had skeletal radiographic data available for the determination of rickets severity scoring. Study ENB-009-10, which was conducted in older patients, included a parallel untreated control group for the first 24 weeks. At 24 weeks, patients in the control group initiated asfotase alfa treatment and continued in the study.
Figure 7 below provides a visual guide to the endpoints across clinical studies and how different endpoints along the timeline relate to one another:
Figure 7. Continuum of inter-related endpoints in clinical studies of patients with paediatric onset HPP
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A summary of the efficacy findings is included with the individual study description below but detail is provided in the pooled analysis.
[bookmark: _Ref243301615][bookmark: _Ref271040927][bookmark: _Ref271040932][bookmark: _Toc272414653][bookmark: _Toc290846275][bookmark: _Ref294275055][bookmark: _Ref294277937][bookmark: _Toc433805058]Studies: ENB-002-08/ENB-003-08
Study design, objectives, locations and dates
Study ENB-002-08 was a Phase II, 6 month, international, multicentre, open label study in up to 10 patients to assess the safety, tolerability, and pharmacology of asfotase alfa, bone targeted, human recombinant enzyme replacement therapy, in severely affected infants and young children ≤ 36 months of age with infantile onset HPP (onset of symptoms prior to 6 months of age). Severe HPP was defined in Study ENB-002-08 inclusion criteria. Study ENB-003-08 is an ongoing open label extension of Study ENB-002-08 in patients who were compliant with and completed the initial study.
Primary objectives
ENB-002-08
To determine the following:
The efficacy of asfotase alfa in treating the skeletal manifestations of infantile HPP
The safety and tolerability of asfotase alfa given intravenously (IV) in a single dose and subcutaneously (SC) in repeat doses.
ENB-003-08
To determine the following:
The long-term tolerability of SC asfotase alfa
The long-term efficacy of asfotase alfa in treating rickets in infants and young children with HPP.
Secondary objectives
ENB-002-08
To evaluate the following:
The pharmacokinetics (PK) of asfotase alfa given IV as a single dose and SC in repeated doses
The bioavailability of SC asfotase alfa.
ENB-003-08
To evaluate the following:
The long-term pharmacodynamics (PD) of SC asfotase alfa
The effect of SC asfotase alfa on growth and development, mortality, and other clinical signs and symptoms of HPP in infants and young children.
Exploratory objectives
ENB-002-08
To evaluate the effects of asfotase alfa on the following:
The PD of asfotase alfa given IV and SC
The effect of asfotase alfa on mortality and other clinical signs and symptoms of infantile HPP
ENB-003-08
Study ENB-003-08 had no exploratory objectives.
Locations
At the time of the Clinical Study Report 11 patients from 10 enrolling investigational sites (6 sites in the United States of America (USA), 2 in the United Kingdom (UK), 1 in Canada, and 1 in the United Arab Emirates (UAE)) met the criteria for inclusion in the interim analysis.
Dates
Date first patient enrolled ENB-002-08: 06 October 2008
Last patient completed ENB-002-08: 21 May 2010
First patient enrolled ENB-003-08: 01 April 2009
Analysis cut-off date: 16 November 2012.
Inclusion and exclusion criteria
Male and female patients ≤ 36 months of age with a documented diagnosis of severe infantile onset HPP who were otherwise medically stable (patient may have been on ventilator support) were eligible to participate in Study ENB-002-08. Patients must have had onset of HPP symptoms prior to 6 months of age. Patients who were compliant with and completed Study ENB-002-08 and provided informed consent were eligible to participate in the extension Study ENB-003-08.
Inclusion criteria
Patients had to meet all of the following inclusion criteria for enrolment in Study ENB-002-08:
1. Legal guardian(s) must have provided informed consent prior to any Study procedures
2. Documented diagnosis of severe HPP as indicated by:
Total serum ALP at least 3 standard deviations (SDs) below the mean for age
PLP at least 4 times the upper limit of normal
Radiographic evidence of HPP, characterised by:
Flared and frayed metaphyses
Severe, generalized osteopenia
Widened growth plates
One or more HPP-related findings:
History or presence of:
Non-traumatic post-natal fracture
Delayed fracture healing
Elevated serum calcium
Functional craniosynostosis with decreased head circumference growth
Nephrocalcinosis
Respiratory compromise
Rachitic chest deformity and/or vitamin B6-dependent seizures
Failure to thrive
Onset of signs prior to 6 months of age
Age ≤ 36 months
Patient was otherwise medically stable (patient may have been on ventilator support)
Legal guardian(s) was/were willing to comply with the study
In addition, to be eligible to continue treatment in Study ENB-003-08, patients were required to meet the following criteria:
3. The patient completed Study ENB-002-08 in a compliant and satisfactory manner (in the opinion of the sponsor and investigator)
4. The patient’s parent or other legal guardian provided written informed consent prior to any study procedures being performed
5. The patient’s parent or other legal guardian was willing and able to comply with study requirements.
Exclusion criteria
Patients were excluded from enrolment in Study ENB-002-08 if they met any of the following exclusion criteria:
6. History of sensitivity to any of the constituents of the study drug
7. Current or prior clinically significant cardiovascular, endocrinologic, hematologic, hepatic, immunologic, metabolic, infectious, urologic, pulmonary, neurologic, dermatologic, renal condition, and/or other major disease which, in the opinion of the investigator, precluded study participation
8. Treatment with an investigational drug within 1 month prior to the start of study drug administration
9. Current enrolment in any other study involving an investigational new drug (IND), device, or treatment for HPP (for example: bone marrow transplantation)
10. Low serum calcium, phosphate, or 25-(OH)(serum 25-hydroxy)-Vitamin D
11. Current evidence of a treatable form of rickets
12. Prior treatment with a bisphosphonate.
In addition, to be eligible to continue treatment in Study ENB-003-08, patients could not meet any of the following criteria:
13. The patient had a history of sensitivity to any asfotase alfa constituents
14. The patient had a clinically significant disease that precluded study participation, in the investigator’s opinion
15. The patient had been enrolled in any study involving an investigational drug, device, or treatment for HPP (for example: bone marrow transplantation).
Study treatments
Patients received an initial single IV infusion of 2 mg/kg asfotase alfa followed by regular administration of SC injections of 1 mg/kg asfotase alfa 3 times/week (total 3 mg/kg per week). Dose adjustments could be made for changes in weight and/or for safety concerns or for lack of efficacy after 1 month (up to 2 mg/kg, 3 times/week) and again after 3 months (up to 3 mg/kg, 3 times/week), up to a maximum of 40 mg per SC injection. Patients could receive asfotase alfa treatment for up to 24 weeks (6 months).
For patients enrolled in Study ENB-003-08, the initial asfotase alfa dose was the same dose being administered at the patient’s Week 24 visit in Study ENB-002-08. Study ENB-003-08 allows patients to receive SC asfotase alfa for 60 months (including the initial 6 months completed in Study ENB-002-08).
Efficacy variables and outcomes
Efficacy was evaluated by examining changes in skeletal manifestations of HPP in children with infantile onset from Baseline to Week 24 (6 months), based on skeletal radiographs measured by the Radiographic Global Impression of Change (RGI-C). Radiographs were assessed by 3 separate readers to derive the average patient score at each assessment. Responder rates were also determined from these scores.
The primary outcome further classified patients as responders or no responders. A patient was considered a responder if the mean of their RGI-C scores at Week 24 was equal to 2 or greater.
Secondary and other efficacy variables included the RGI-C over time through Study ENB-003-08, the Rickets Severity Scale (RSS) (a 10 point scale that evaluates the severity of rickets); respiratory support status; overall survival; growth measurements; and gross motor, physical functioning, and development over time (as measured by the Bayley Scales of Infant and Toddler Development, Edition III (BSID-III)).[footnoteRef:1] [1:  Bayley Scales of Infant Development (BSID III = Current version). Standard series of measurements used in assessment of the development of infants and toddlers aged 1 to 42 months] 

Study ENB-003-08 also included the Peabody Developmental Motor Scales, Second Edition (PDMS-2)[footnoteRef:2], as age appropriate for evaluation of physical functioning and development; dental assessments; nutritional assessments; and physical therapy assessments (as needed based upon the individual needs of the patient). [2:  Peadbody Development Motor Scales (PDMS-2 = Current version). Six subtest measurement tool used in assessment of gross and fine motor skills in children from birth through five years of age] 

Randomisation and blinding methods
Study ENB-002-08 and the ongoing extension Study ENB-003-08 were/are open label studies. No placebo control group was included because of the potentially life threatening nature and significant morbidity associated with HPP, especially in patients with onset of signs in the first 6 months of life. No alternative control treatments were used because no approved therapies for HPP exist. The radiologists who were completing the Radiographic Global Impression of Change (RGI-C) assessments and the expert who was completing the Rickets Severity Scale (RSS)[footnoteRef:3] assessments based on patient radiographs were unblinded to Baseline images but for all subsequent imaging they were blinded to patient, clinical status, and the order in which the follow-up images were taken. [3:  Ricketts Severity Scale. 10 point eadiographic scoring method for the assessment of the severity of nutritional rickets] 

Analysis populations
There were 3 analysis sets for this interim analysis: the Full Analysis (FA) set, the Per Protocol (PP) set, and the Safety set. The FA set was referred to as Intent-to-Treat (ITT) in both protocols and was equivalent to the Safety population described in the Study ENB-003-08 protocol.
Sample size
Up to 10 patients were planned for enrolment.
ENB-002-08: Enrolled: 11 patients; Completed: 10 patients.
ENB-003-08: Enrolled: 10 patients; Completed 30 months (36 months total): 9 patients.
All 11 (100.0%) patients were included in the Full Analysis and Safety sets; 7 patients were included in the Per Protocol (PP) set.
Statistical methods
Final 24 week (6 months) data from the completed Study ENB-002-08 are presented and, where applicable, are pooled with the interim data from the ongoing Study ENB-003-08 to provide an integrated analysis of Studies ENB-002-08/ENB-003-08, that is a total follow up of 36 months.
There were 3 analysis sets for this interim analysis: the Full Analysis (FA) set, the Per Protocol (PP) set, and the Safety set. The FA set was referred to as Intent to Treat (ITT) in both protocols and was equivalent to the safety population described in the Study ENB-003-08 protocol.
The FA set was an ITT population, including all patients who received any asfotase alfa treatment, regardless of whether they were lost to follow up or dropped out of the trial.
The PP set includes all patients who received any asfotase alfa treatment and did not have any major protocol deviations deemed to potentially influence treatment effect. This set was determined prior to database lock.
All efficacy analyses were performed primarily on the FA set; some were repeated on the PP set.
In the transition from Study ENB-002-08 to Study ENB-003-08, the last visit on the first protocol typically served as the baseline for the second; however, in some cases study procedures were repeated. Thus, 2 time points were shown for this period: the last visit on Study ENB-002-08 and the record that served as baseline for Study ENB-003-08 (typically the same record). The principal analysis for each outcome used the Study ENB-002-08 baseline; however, most analyses were repeated for the Study ENB-003-08 time points using the Study ENB-003-08 baseline.
In general, descriptive statistics (n, mean, median, SD, minimum, and maximum) were provided for each quantitative variable, and frequencies and percentages were provided for each qualitative variable.
Major protocol violations/deviations
Table 6. Studies ENB-002-08/ENB-003-08: Protocol deviations across all patients
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Baseline data
At Baseline, 5 patients (45.5%) required respiratory support: 3 required mechanical ventilation, 1 required CPAP, and one patient was on O2 via nasal cannula. The mean RSS score of 8.25 was indicative of severe rickets, consistent with an underlying diagnosis of HPP. The patients also had notably low Z scores for length/height and weight at Baseline, with mean Z scores ‑4.14 (0.00 percentile) and ‑3.40 (0.03 percentile). These low growth parameters are consistent with a severe HPP phenotype with severe rickets and failure to thrive.
Change in rickets severity from baseline to week 24
The results of the interim analyses indicate that treatment with asfotase alfa was associated with improvements in rickets, respiratory function, growth, and clinically important developmental milestones. Statistically significant results in the primary efficacy endpoint were met (change in rickets severity from Baseline to Week 24, based on assessment of skeletal radiographs using the RGI-C (p = 0.0039, Full Analysis (FA) set)).
The majority of patients in the FA set (7 out of 11; 63.6%) achieved RGI-C scores of 2 to < 3 at Week 24, indicative of at least ‘substantial healing of HPP associated rickets’ compared to Baseline radiographs. None of the patients achieved a score of ‘3’ (complete or near complete healing) by Week 24.
A majority of the patients 4 out of 7; 57.1%) in the PP set had positive changes from Baseline radiographs with RGI-C scores in the 2 to < 3 range, the median RGI-C score was 2 and the Wilcoxon signed rank test p value was 0.0625.
RGI-C responder analysis at week 24
The primary efficacy endpoint was further examined by classifying patients as responders or non responders. Patients with RGI-C scores of 2 (indicative of ‘substantial healing of rickets’) or higher (complete healing) were considered responders. Consistent with the primary efficacy results described previously, 7 of 11 patients (63.6%) were considered responders. One patient had a mean RGI-C score of 0 and was classified as a non responder; another patient with no post baseline assessment was also classified as a non responder.
Results for other efficacy outcomes
Similar results were observed in the secondary endpoints. RGI-C scores demonstrated improvements in rickets severity as early as Week 12 (median: 1.17; min, max: ‑1.00, 2.00; p value = 0.0313). By Week 48, 8 of 9 patients (88.9%) had RGI-C scores ≥ 2 (substantial and/or complete or near complete healing of HPP associated rickets) and were therefore considered responders, and 3 of those 8 had achieved the highest score of 3. Six patients maintained scores of ≥ 2 at Week 144, suggesting that further improvements are achieved with ongoing asfotase alfa treatment.
Consistent with these results, improvements from a mean Baseline RSS score of 8.25 (indicative of severe rickets) were also observed; the mean (SD) change from Baseline was ‑3.67 (2.634) at Week 24 (p = 0.0156), and ‑5.78 (3.212) at Week 48 (p = 0.0078).
Table 7. Changes in rickets severity scale (RSS): ENB-002-08 baseline to each visit in full analysis set
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The improvements in the skeletal manifestations of HPP, including the rib cage, were accompanied by benefits in respiratory status. Prior to entry into Study ENB-002-08, 9 of 11 patients had required some form of respiratory support. At Baseline, 5 of 11 patients were receiving respiratory support (ranging from invasive ventilation to only needing supplemental O2). During Studies ENB-002-08/ENB-003-08, 10/11 patients required some form of respiratory support at various time points. At the last patient assessments before the analysis cut-off date, out of 9 evaluable patients, 1 patient had needed no respiratory support at any time and 7of 8 patients who had required support had eventually transitioned off respiratory support (including 2 patients who went from invasive mechanical ventilation to no support). Lastly, 1 of 8 patients who required respiratory support was weaned from invasive mechanical ventilation and only required supplemental O2 at the last assessment. This represents a clinically significant improvement for the patients who required respiratory support before and/or during Studies ENB-002-08/ENB-003-08.
Patients also showed evidence of growth and functional improvement with asfotase alfa treatment. Mean and median length/height and weight Z scores tended to increase over the course of treatment, reflecting improvements in growth relative to healthy peers. Results of the BSID-III assessments indicated substantial improvements in gross motor, fine motor, and cognitive functioning over time. Regardless of Baseline status, all patients with serial assessments (9 of 9) showed increases from their first assessment in age equivalent scores on all 3 tests over time, indicating the acquisition of new skills and abilities following initiation of asfotase alfa therapy (see Table 8 below).
Table 8. BSID-III gross motor, fine motor and cognitive scaled and age equivalent scores over time: ENB-002-08 all patients
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Moreover, more than half of these patients (5 of 9, 56%) also showed increases in scaled scores, (Tables 8 and 9) indicating acquisition of new gross motor, fine motor, and cognitive skills at a faster rate than healthy age matched peers.
Table 9. Changes from baseline in length, weight, body mass index and head circumference z-scores: ENB-002-08/ENB-003-08 in full analysis set
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[bookmark: _Ref294278220][bookmark: _Toc433805059]Studies ENB-010-10
Study ENB-010-10 was an open label, multicentre, multinational study of the safety, efficacy, and PK of asfotase alfa in infants and children up to and including 5 years of age with HPP. Patients were required to have perinatal/infantile onset HPP, defined as onset of HPP signs/symptoms prior to 6 months of age, and hereafter referred to as infantile onset HPP.
Primary objectives
The primary objectives of ENB-010-10 were to determine the following:
Effect of asfotase alfa treatment on skeletal manifestations of HPP as measured by radiographs using a qualitative Radiographic Global Impression of Change (RGI-C) scale for all treated patients
Safety and tolerability of repeated SC injections of asfotase alfa for all treated patients.
Secondary objectives
The secondary objectives of ENB-010-10 were to evaluate the following:
For patients who were not mechanically ventilated at the time of enrolment, the percentage who were alive and ventilator free after receiving asfotase alfa as compared to an age matched historical control group
Effect of asfotase alfa treatment on respiratory function as measured by ventilator status, time on respiratory support (including time on ventilator or supplemental oxygen), ventilator rate or oxygen volume, ventilator pressures, and fraction of inspired oxygen (FiO2) for all treated patients
Effect of asfotase alfa treatment on physical growth as measured by body weight, length, arm span, head circumference, and chest circumference for all treated patients
Pharmacokinetic properties of asfotase alfa
Effect of asfotase alfa on plasma PPi and plasma PLP
Effect of asfotase alfa treatment on tooth loss for all treated patients
Effect of asfotase alfa on serum parathyroid hormone (PTH).
Exploratory objectives
The exploratory objectives of ENB-010-10 were to evaluate the effects of asfotase alfa on the following:
Gross motor, fine motor, and cognitive development as measured by the Bayley Scales of Infant and Toddler Development, Third Edition (BSID-III), the Peabody Developmental Motor Scales, Second Edition (PDMS-2), and/or the Bruininks-Oseretsky Test of Motor Proficiency, Second Edition (BOT-2), depending on the patient’s age and functional abilities
Gross motor development as documented using a gross motor milestone checklist developed by the sponsor.
Locations
This is an international multicentre study. As of 22 November 2013, 28 enrolled patients from 10 investigational sites met the inclusion criteria and were included in the interim analysis.
Dates
Date first patient enrolled: 22 July 2010.Analysis cut-off Date: 22 November 2013.
Inclusion and exclusion criteria
Inclusion criteria
Patients had to meet all of the following inclusion criteria for enrolment in this study:
16. Parent or legal guardian(s) must provide written informed consent prior to any study procedures being performed and must be willing to comply with all study required procedures.
17. Documented diagnosis of HPP as indicated by:
a. Total serum ALP below the lower limit of normal for age
b. Plasma PLP above the upper limit of normal (unless patient is receiving pyridoxine for seizures).
18. Radiographic evidence of HPP, characterised by:
a. Flared and frayed metaphyses
b. Severe, generalized osteopenia
c. Widened growth plates
d. Areas of radiolucency or sclerosis.
19. Two or more of the following HPP related findings:
a. History or presence of:
i. No traumatic postnatal fracture
ii. Delayed fracture healing
b. Nephrocalcinosis or history of elevated serum calcium
c. Functional craniosynostosis
d. Respiratory compromise or rachitic chest deformity
20. Vitamin B6 responsive seizures
21. Failure to thrive
22. Onset of symptoms prior to 6 months of age
23. Chronological age (or adjusted age for premature infants born ≤ 37 weeks gestation) of ≤ 5 years
24. Otherwise medically stable in the opinion of the investigator and/or the sponsor
Exclusion criteria
Patients were excluded from enrolment in this Study if they met any of the following exclusion criteria:
25. Clinically significant disease that precludes study participation, in the opinion of the investigator and/or the sponsor
26. Serum calcium or phosphate levels below the normal range
27. Serum 25-hydroxy (25OH)-vitamin D below 20 ng/mL
28. Current evidence of treatable form of rickets
29. Prior treatment with bisphosphonates
30. Treatment with an investigational drug within 1 month prior to the start of asfotase alfa treatment
31. Current enrolment in any other study involving an investigational new drug, device, or treatment for HPP (for example: bone marrow transplantation) The protocol for the German site specifies that for the first criterion above, ‘clinically significant disease’ includes diseases ‘such as, but not limited to, hepatitis C virus (HCV)/human immunodeficiency virus (HIV)/hepatitis B virus (HBV) that precludes Study participation, in the opinion of the investigator and/or the sponsor.’
The protocol for the German site also includes 3 additional exclusion criteria, as follows:
Intolerance to the study drug or any of its excipients
Previous participation in the same study
Close relation to the investigator.
Note: Historical values for PLP may have been used to determine patient eligibility. Patients with low 25(OH) vitamin D levels were eligible for study participation after correction of levels with vitamin D supplementation.
Study treatments
Patients received a total of 6 mg/kg/week of asfotase alfa administered by SC injection, either 1 mg/kg asfotase alfa 6 times per week or 2 mg/kg asfotase alfa 3 times per week, at the discretion of the investigator and the sponsor. The maximum volume of asfotase alfa per injection was 1 mL. The protocol for the German site further specified that the dose received could not exceed 9 mg/kg/week.
Efficacy variables and outcomes
Efficacy was evaluated by examining changes in rickets severity (as measured by RGI-C and Rickets Severity Scale (RSS) scores), respiratory status, overall survival, growth measurements, dental assessments, and motor and cognitive function (as measured by the BSID-III, PDMS-2 and/or the BOT-2) over time.
Randomisation and blinding methods
ENB-010-10 was open label; thus, all Study staff and participating patients were aware that asfotase alfa was being administered.
Analysis populations
The analysis populations include:
Full analysis (FA) set ;includes all patients who received at least 3 months of asfotase alfa treatment; treated patients who discontinued were included regardless of time on treatment.
Per protocol (PP) set; includes all patients in the FA set that did not have any major protocol deviations deemed to potentially influence treatment effect. Safety set; includes all patients who received any asfotase alfa treatment, regardless of whether they were lost to follow-up or dropped out of the trial.
Safety analyses had no imputation performed.
Sample size
The study planned to enrol approximately 60 patients aged ≤ 5 years of age with HPP. For the interim analysis, 28 patients enrolled at 10 sites were included in the Full Analysis (FA) and Safety sets; 24 patients were included in the Per Protocol Set (PP).
Statistical methods
The primary analysis was the change in rickets severity from Baseline to Week 24, as measured by the RGI-C. Patients were assigned the mean of the RGI-C scores assigned by 3 independent radiologists who were aware of which radiographs had been obtained at Baseline, but were blinded to all other patient information and study visits. The primary analysis consisted of a Wilcoxon signed-rank test using a 2 sided alpha of 0.05. If the p value was less than 0.05 and the median RGI-C score was positive, significant positive change from Baseline would be claimed.
Additionally, the primary outcome was examined by classifying patients as responders or non responders. A patient was considered a responder if the mean of their RGI-C scores at Week 24 was 2 or greater (a score of ‘2’ on the RGI-C corresponds to ‘substantial healing (much better, such as substantial healing of HPP associated rickets)). Changes in rickets severity based on skeletal radiographs were also assessed from Baseline to Week 48 as a specific endpoint requested by the European Medicines Agency (EMA).
Major protocol violations/deviations
Table 10. Study ENB-010-10: Protocol deviations across all patients
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Baseline data
The patients in this study were, on average, 118.24 weeks of age (range: 0.1 to 309.9) at Screening. Approximately half of the patients were female (16 out of 28; 57.1%), and the majority were White. Six patients (21.4%) were Asian; of these, 5 patients were Japanese.
In total, 12 patients were receiving respiratory support at Baseline. Of these, 10 patients required mechanical ventilation at Baseline (9 patients (32.1%) on invasive mechanical ventilation and 1 patient (3.6%] on non-invasive nasal CPAP). Two of the patients (7.1%) were receiving supplemental oxygen. The mean RSS score at Baseline was 5.33, suggesting moderate rickets, consistent with an underlying diagnosis of HPP. The patients also had below normal length/height and weight, consistent with another common symptom of HPP, failure to thrive. The mean Z scores for length/height and weight at Baseline were ‑3.28 and ‑3.84, placing these patients in the 0.05 and 0.01 percentiles for these parameters, respectively. Also consistent with a diagnosis of HPP, levels of PPi and PLP, both substrates of TNSALP, were elevated. Mean Baseline levels of PPi were 6.821 µM, while normal levels range from 1.33 to 5.71 µM (CRL Study 315304) and mean Baseline levels of PLP were 5,083.3 ng/mL, while normal levels range from 11.76 to 68.37 ng/mL.
Results for the primary efficacy outcome: Change in rickets severity and responder analysis at week 24
The primary endpoint of the study was the change in rickets severity from Baseline to Week 24, as measured by the RGI-C. At Week 24, the median RGI-C scores for both the FA and PP sets showed statistically significant improvement (RGI C = 1.67 (p < 0.0001) and 1.83 (p < 0.0001), respectively). The majority of evaluable patients included in the primary efficacy analysis (21 of 28 patients, 75% of the FA set) achieved RGI-C scores of 1 or greater, indicative of at least ‘minimal healing of rickets’, while 13 of 28 patients (46.4%) had RGI-C scores of 2 or greater, indicative of ‘substantial healing of rickets’, and 4 of 28 patients (14.30%) achieved scores of 3, indicating ‘complete or near complete healing of rickets’. Patients with evaluable data who received asfotase alfa for 48 weeks continued to achieve high RGI-C scores (FA set: median = 2.00, p < 0.0001; PP set: median = 2.00, p = 0.0001). All but 1 of the 15 patients with Week 48 data (excluding imputed scores: 14 of 15 patients, 93.3%) showed at least substantial improvement in HPP-associated rickets (RGI-C score of 2) and were considered responders. RGI-C scores achieved at Week 48 were, in general, maintained throughout later study time points.
Results for other efficacy outcomes
Similar positive results were seen for the secondary endpoints. Overall, the magnitude of the mean (median) change from Baseline in the RSS score increased throughout the study, from ‑0.94 (‑1.00) at Week 12 and ‑1.86 (‑1.00) at Week 24, to ‑4.46 (‑4.00) at Week 48, with radiographs of the patients showing decreasing rickets severity as the study progressed.
Analyses of the respiratory data were generally consistent with a positive effect of asfotase alfa on respiratory function. Twelve of 28 enrolled patients (42.8%) required some respiratory support at Baseline: 10 required mechanical ventilation and 2 required only supplemental oxygen. Of the 10 patients who began the study on invasive mechanical ventilation, 2 patients transitioned completely off of respiratory support and a third patient transitioned to supplemental oxygen at Week 24; Patient [information redacted] was withdrawn from the study and subsequently died (see Safety results). Of the 16 patients who were free of respiratory support at Baseline, the majority (12 of 16; 75%) remained free of respiratory support over the course of the study. Two patients required temporary support but were able to wean back off and were free of respiratory support at the time of their last assessment, while a third patient who was in respiratory distress at Baseline but not on respiratory support at enrolment, began respiratory support early and had transitioned to supplemental oxygen by the Week 60 visit.
Patient [information redacted] required respiratory support due to pneumonia from Week 15 until his death. With respect to growth, overall the patients increased in length/height and weight, more closely approaching the mean values of the general population during the study, as measured by Z-scores.
The majority of patients also showed evidence of functional improvement with asfotase alfa treatment.
Measureable improvements from Baseline (or first assessment) in age equivalent scores were observed for most patients for BSID-III, the PDMS-2, and/or the BOT-2 over time, indicating the acquisition of new skills and abilities following initiation of asfotase alfa therapy.
[bookmark: _Ref294277973][bookmark: _Toc433805060]Studies ENB-006-09/ENB-008-10
Study ENB-006-09 was a 24 week, randomised, international, multicentre, dose ranging, open label study to assess the safety, efficacy, PK, and PD of asfotase alfa in patients 5 to 12 years in age with infantile or juvenile onset HPP.
Study ENB-008-10 is an ongoing, open label extension study of asfotase alfa in 12 patients who previously received treatment under clinical Study ENB-006-09 and completed the study.
Primary, secondary and exploratory objectives
Table 11. ENB-006-09 and ENB-008-10 study objectives
	Primary Objectives
	Secondary Objectives
	Exploratory Objectives

	ENB-006-09

	32. To assess the efficacy of asfotase alfa in treating HPP-related rickets (as assessed by skeletal radiographs of the wrists and knees) as compared with historical controls using a qualitative Clinical Global Impression of Change (CGI-C) scoring system
33. To determine the safety and tolerability of asfotase alfa administered subcutaneously (SC) thrice weekly
	34. To assess the change in osteomalacia (as measured by transiliac crest bone biopsy)
To assess the change in height (z-scores)
To assess the PK of asfotase alfa
To assess the change in biomarkers of asfotase alfa activity as measured by plasma inorganic pyrophosphate (PPi) and pyridoxal-5’-phosphate (PLP)
To compare the safety, PK, and PD of 2 doses of asfotase alfa
	35. Weight and head circumference (z-scores)
Bone mineral density and content as measured by DEXA
Osteopenia of the jaw (panorex radiographs)
Walking ability and cardiovascular endurance, measured by 6MWT with energy expenditure index (EEI)
Muscle weakness, measured by HHD
Gross motor function, measured by BOT-2
Pulmonary function testing (PFT), measured by forced vital capacity (FVC)
Disability and pain, measured by POSNA PODCI and CHAQ
Differences between the 2 asfotase alfa doses on all efficacy outcomes

	ENB-008-10

	36. To assess the long-term tolerability of SC asfotase alfa
To assess the proportion of asfotase alfa-treated patients showing radiographic change in rickets severity (as assessed by skeletal radiographs of the hands/wrists and knees) from the Baseline of ENB-006-09 relative to the End of Study visit in ENB-008-10 using an ordinal Radiographic Global Impression of Change (RGI-C) scale score
	37. To evaluate the long term PK of SC asfotase alfa
38. To evaluate the effect of SC asfotase alfa on reduction in PPi and PLP
39. To assess the effect of SC asfotase alfa on:
Height (z-scores)
Walking ability as measured by the Six Minute Walk Test (6MWT)
Gross motor function as measured by the Bruininks-Oseretsky Test of Motor Proficiency, Second Edition (BOT-2)
Muscle strength as measured by hand held dynamometry (HHD)
Body mass index (BMI) and arm span (z-scores)
Bone mineral density and content as measured by dual energy X-ray absorptiometry (DEXA)
Disability and pain as measured by the Paediatric Orthopaedic Society of North America (POSNA) Paediatric Outcomes Data Collection Instrument (PODCI) and Child Health Assessment Questionnaire (CHAQ)
	none


Locations
A total of 13 patients were enrolled in ENB-006-09 at 2 investigational sites (1 each in the United States of America (USA) and Canada). A total of 12 patients completed the 24 week treatment period in the ENB-006-09 study and subsequently enrolled in ENB-008-10, the ongoing extension study to ENB-006-09 (note: 1 patient dropped out after 1 month in ENB-006-09 for pre-planned elective surgery).
Dates
Date first patient enrolled ENB-006-09: 30 Sep 2009
Date last patient completed ENB-006-09: 29 Jul 2010
Date first patient enrolled ENB-008-10: 12 Apr 2010
Data analysis cut-off date ENB-008-10: 22 Jan 2013.
Inclusion and exclusion criteria
Inclusion criteria
To qualify for participation in ENB-006-09, patients were required to meet the following criteria:
40. Parent or legally authorised guardian(s) must have provided informed consent prior to performing any study related procedures
41. Patients ≥ 5 and ≤ 12 years of age with open growth plates at time of enrolment
42. Tanner stage of 2 or less indicating prepubescence
43. Documented history of HPP as evidenced by:
a. Presence of HPP related rickets on skeletal X-rays
b. Serum ALP activity below the age adjusted normal range
c. Plasma PLP level at least twice the upper limit of normal serum 25-hydroxy (25(OH)] vitamin D level ≥ 20 ng/mL
Ability of patient and patient’s parent(s) or legal guardian(s) to comply with the study protocol
To be eligible to continue treatment in ENB-008-10, patients were required to meet the following criteria:
44. The patient completed Study ENB-006-09 in a compliant and satisfactory manner (in the opinion of the sponsor and investigator)
45. The patient’s parent or other legal guardian provided written informed consent prior to any study procedures being performed
46. The patient’s parent or other legal guardian was willing to comply with study requirements
Exclusion criteria
To qualify for participation in ENB-006-09, patients could not meet any of the following criteria:
47. History of sensitivity to any of the constituents of the study drug
48. A medical condition, serious inter-current illness, or other extenuating circumstance that, in the opinion of the investigator, may have significantly interfered with study compliance, including all prescribed evaluations and follow up activities
49. Treatment with an investigational drug within 1 month prior to the start of study drug administration
50. Current enrolment in any other study involving an investigational new drug, device, or treatment for HPP (for example: bone marrow transplantation)
51. Serum calcium or phosphorus levels below the age adjusted normal range
52. Current evidence of a treatable form of rickets
53. Prior treatment with bisphosphonates
54. Bone fracture or orthopaedic surgery within the past 12 months that, in the opinion of the investigator, would interfere with the ability of study patients to comply with the study protocol
55. A major congenital abnormality other than those associated with HPP
To be eligible to continue treatment in ENB-008-10, patients could not meet any of the following criteria:
56. The patient had a clinically significant disease that precluded study participation, in the investigator’s opinion
57. Treatment with an investigational drug other than asfotase alfa
58. The patient had been enrolled in any study involving an investigational drug, device, or treatment for HPP (for example: bone marrow transplantation)
Study treatments
Upon initial enrolment in ENB-006-09, patients were randomised to receive SC injections of 2 or 3 mg/kg asfotase alfa (a total of 6 or 9 mg/kg/week) 3 times weekly for 24 weeks. The total amount of asfotase alfa was adjusted every 6 weeks to account for changes in body weight. Dose adjustments (including increased frequency of dosing or dose reduction) were also permitted for safety related concerns. The decision to adjust the dosage of asfotase alfa was made by the investigator in consultation with the sponsor’s Medical Monitor.
In the extension, Study ENB-008-10, per protocol, enrolled patients received a total of 3 mg/kg/week of asfotase alfa, followed by 6 mg/kg/week per study wide dose adjustment under Protocol Amendment 4 (issued 01 February 2011), administered by SC injection for at least 42 months or until the product was registered and available to treat patients diagnosed with HPP (in accordance with country specific regulations). Patients received asfotase alfa 3 to 6 times per week at the discretion of the investigator and sponsor. The total amount of asfotase alfa was adjusted every 3 months during the first 48 weeks of the study and every 6 months thereafter to account for changes in body weight. Additional dose adjustments were also considered for lack of efficacy or in response to safety concerns.
Efficacy variables and outcomes
Efficacy was evaluated by examining changes in rickets severity (as measured by RGI-C and Rickets Severity Scale (RSS) scores), bone mineralisation assessed by DEXA and bone biopsy, growth measurements, walking ability, muscle strength, motor function, pain and disability over time, and FVC by PFT.
The primary efficacy analysis in Protocol ENB-006-09 was the change in rickets severity, as measured by RGI-C, from Baseline to Week 24 based on skeletal radiographs of the wrists and knees. Both asfotase alfa-treated patients and historical controls were assigned the mean of the RGI-C scores determined by 3 independent radiologists.
For the 16 historical controls, radiographs were taken from ages 5 to 12 years (inclusive). Each set of radiographs was compared with the subsequent set of radiographs; if multiple sets of follow up radiographs were available, the set closest to a 24 week interval was used. A pair of X-rays was evaluable for determination of RGI-C scores if they were taken no more than approximately 2 years apart. Based on the time interval of the X-rays available for the historical controls, the primary analysis and all related sensitivity analyses could be repeated for another time point if it more closely matched the time interval of the X-rays from historical controls.
The mean RGI-C score was summarised with descriptive statistics for each of the 2 treatment groups and historical controls. The median RGI-C score was compared between the pooled treatment group and historical control group using a Wilcoxon rank sum test. Additionally, the shift in mean score and 95% confidence interval between the pooled treatment group and historical control group was reported using the Hodges-Lehman-Sen estimate and the Moses confidence limits. If the p value was less than 0.05 and the Hodges-Lehman-Sen estimate favoured asfotase alfa, superiority over the historical disease progression was claimed.
Randomisation and blinding methods
Both of these studies were open label; thus, all study staff and participating patients were aware that they were receiving asfotase alfa. However, in ENB-006-09, investigational study staff and participating patients were blinded to dose (2 or 3 mg/kg) until study eligibility was confirmed. After confirmation of eligibility, sequentially enrolled patients were randomised to a dose group for ENB-006-09 through the electronic data capture (EDC) system for the study.
Analysis populations
The analysis populations include:
Full analysis (FA) set, which included all randomised patients that received any treatment with asfotase alfa and historical controls, where appropriate, even if they discontinued or were lost to follow up during the conduct of the clinical trial
Per protocol (PP) set included all patients that received any asfotase alfa treatment and did not have any major protocol deviations deemed to potentially influence treatment effect
Safety set included all patients who received any asfotase alfa treatment.
Sample size
13 patients were randomised to asfotase alfa treatment at 2 study sites in Study ENB‑006-09, and 12 patients completed the study and were enrolled in the extension Study ENB-008-10. 16 historical control patients, selected from a natural history database of patients with HPP maintained at Shriner’s Hospitals for Children, St. Louis, Missouri, were also included and were in the Full Analysis set for skeletal radiographic assessments. All 13 (100.0%) asfotase alfa treated patients were included in the Full Analysis and Safety sets; 10 patients were included in the Per Protocol set.
Statistical methods
All efficacy analyses were performed primarily on the FA set, which consisted of all 13 asfotase alfa treated patients. Where noted, these analyses may have been repeated on the PP set, which consisted of 10 (76.9%) patients. Three were excluded from the PP set since they did not meet the entry criteria for vitamin D levels. All 3 patients received vitamin D supplements at various times throughout the study and were excluded from the PP set.
Analyses of exposure and other safety parameters were performed on the Safety set, which was identical to the FA set.
Major protocol violations/deviations
Table 12. Studies ENB-006-09/ENB-008-10: Protocol deviations across all patients
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Baseline data
The 11 males and 2 females (n = 13) enrolled in ENB-006-09 ranged from 6 to 12 (mean = 8.8) years of age at Baseline. All patients were White, except for 1 who was of Hispanic/Latino ethnicity. The median age of onset of HPP symptoms was 12 months (range 1 to 22 months). Five patients had infantile onset HPP (defined as onset of HPP signs/symptoms < 6 months) and 8 had juvenile (childhood) onset HPP (onset of HPP signs/symptoms ≥ 6 months and < 18 years).
The majority of patients had a history of unusual gait (100%), premature tooth loss (100%), delayed walking (84.6%), knock knees (76.9%), muscle weakness (61.5%), and high phosphorous levels (53.8%). In addition, approximately half of the patients (46.2%) had a disease history that included abnormally shaped chest, bone pain (severe enough to limit activities), difficulty eating/swallowing, difficulty gaining weight, hypermobility (extremely flexible joints), joint pain, and muscle pain.
Results for the primary efficacy outcome
Change in rickets severity, as measured by RGI-C from Baseline to Week 24.
Efficacy data demonstrated that asfotase alfa treatment in patients aged 5 to 12 years at study entry with infantile or juvenile onset HPP, results in improvement in the radiographic appearance of rickets. Both measures of rickets severity used in this study (the 7 point RGI C and the 10 point RSS) indicated substantial healing of rickets in the wrists and knees after 24 weeks of asfotase alfa treatment with sustained radiographic improvement over time compared to historical controls.
At Week 24, median RGI-C scores were +2.00 and 0.00 for asfotase alfa treated patients and historical controls, respectively (p = 0.0007). The majority of asfotase alfa treated patients (9 of 13 patients (69%)) achieved RGI-C scores of +2 or greater at Week 24, indicative of ‘substantial healing of rickets’, compared to 1 of 16 (6.3%) historical controls demonstrating this same level of improvement. There were no differences in efficacy between the 2 dose groups at Week 24. Consistent with the RGI-C results, total RSS scores decreased over time and the mean change from Baseline was statistically significant at all time points when compared to values observed in the historical control group (see Table 13 below).
Table 13. Study ENB-006-09 /ENB-008-10. Radiographic global impressions of change (RGI-C) scores at Week 24 in full analysis set
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The primary efficacy endpoint was further examined by classifying patients as responders or no responders. Patients with average RGI-C scores of + 2 (indicative of ‘substantial healing of rickets’) or higher were considered responders. Consistent with the primary efficacy results described above, 9 of 13 (69.2%) asfotase alfa patients were considered responders at Week 24 compared to 1 of 16 (6.3%) historical controls (p = 0.0010).
Results for other efficacy outcomes
The change in rickets severity from Baseline to all post baseline visits for asfotase alfa treated patients, as measured by the RGI-C scale, was a secondary efficacy endpoint. Median RGI-C scores demonstrated significant improvement in rickets severity from Week 6 on, with scores increasing up to Week 24 and maintained over time. Average RGI-C scores obtained at each visit closely resembled estimates produced by a repeated measures linear mixed model analysis. Similar results were obtained when these analyses were repeated for the PP set.
Changes in rickets severity over time were also evaluated using the RSS, a 10 point rating scale of the growth plate abnormalities at the wrists and knees, in which a score of 10 represents severe rickets, a score of 0 represents an absence of rickets, and improvements are indicated by decreasing scores. Total RSS scores decreased over time and the median change from Baseline was statistically significant at all time points when compared to values observed in the historical control group.
Table 14. Studies ENB-006-09/ENB-008-10. Radiographic global impression of change (RGI-C) scores over time in full analysis set
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Consistent with the radiographic findings, asfotase alfa treated patients demonstrated marked improvement in bone mineralisation as evidenced by improvement in DEXA parameters, and improvements on trans iliac crest bone biopsies. Importantly, the observed improvements in bone health were supported by measurable improvements in parameters of growth, motor function, strength, agility and pain and disability.
Growth parameters (height, weight and BMI) all increased over the course of treatment with asfotase alfa with respect to healthy, same aged peers. From Baseline to Week 96, there were statistically significant changes in mean Z-scores for height (+0.38; p = 0.0078), weight (+0.82; p = 0.0003), and BMI (+0.54; p = 0.0035).
Asfotase alfa treated patients showed increases in gross motor function as demonstrated by statistically significant and clinically meaningful improvements in ambulation as measured by the 6MWT (reflected in % predicted values) (see Table 15 below), and marked changes in running speed and jumping distance as well as other strength measures as evaluated by the Running Speed and Agility and the Strength subscales of the BOT-2. The magnitude of change from Baseline in mean standard scores and mean percentile ranks indicated that the asfotase alfa treated patients acquired physical skills at a greater rate than would be expected in normal development, and continued to demonstrate improvement throughout the study. Of note, mean increases from Baseline in Strength and Agility Composite Standard scores were statistically significant at every assessment from Week 12 through to Week 144, as were mean increases from Baseline in corresponding percentile rank scores.
Improvements in effort dependent functional tests were supported by parent reported changes in pain and disability as measured by the CHAQ and various types of physical function as measured by the POSNA PODCI.
Table 15. Studies ENB-006-09 / ENB-008-10. Six minute walk test change from Baseline in full analysis set
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The differences from Baseline in these assessments were clinically meaningful as assessed by the ability to perform activities of daily living and consistent in the asfotase alfa treated patients. The improvements in clinical outcomes suggest increased independence and improved quality of life.
[bookmark: _Ref294278199][bookmark: _Toc433805061]Studies ENB-009-10
Study ENB-009-10 is an ongoing, international, multicentre, open label, concurrent control study to assess the safety, efficacy, and pharmacology of asfotase alfa, a bone targeted, human recombinant enzyme replacement therapy, in adolescent and adult patients ages 13 to 65 years with infantile, juvenile, or adult onset HPP, depending on the patient’s age at diagnosis.
The overall study objectives were to evaluate the efficacy, safety, and pharmacokinetics (PK) of asfotase alfa (formerly known as ENB-0040) in adolescents and adults with HPP. The objectives outlined below were those stipulated in the protocol.
Primary objectives
The primary objectives of ENB-009-10 were the following:
To evaluate the effect of asfotase alfa on reduction in plasma inorganic pyrophosphate (PPi) and plasma pyridoxal-5’-phosphate (PLP)
To assess the tolerability of daily subcutaneous (SC) injections of asfotase alfa.
Secondary objectives
To evaluate the effects of asfotase alfa on the following:
Change in HPP related osteomalacia as measured by trans iliac crest bone biopsy
Change in bone mineral content and density as measured by dual energy X-ray absorptiometry (DEXA)
Change in walking ability as measured by the Six Minute Walk Test (6MWT).
Exploratory
To evaluate the effects of asfotase alfa on the following:
Change in HPP related skeletal abnormalities as measured by skeletal radiographs
Change in muscle strength as measured by handheld dynamometry (HHD)
Change in gross motor function as measured by a modified version of the Bruininks-Oseretsky Test of Motor Proficiency – Second Edition (BOT-2)
Change in self-reported functional disability as measured by the Lower Extremity Functional Scale (LEFS)
Change in self-reported pain as measured by a modified version of the Brief Pain Inventory-Short Form (BPI-SF)
Change in pulmonary function as measured by forced vital capacity (FVC) using pulmonary function testing (PFT) with standard spirometry
Tooth count
Growth (as measured by height, arm span, and weight) in adolescent patients only
Disease burden as measured by the Hypophosphatasia Patient Impact Survey (HIPS) version 2.0 (performed at the Screening visit only) (NOTE: The Hypophosphatasia Outcomes Study Telephone (HOST) survey was administered instead of HIPS)
Differences between the 2 asfotase alfa doses with respect to safety, efficacy, PK, and pharmacodynamics (PD) outcomes.
Sites
A total of 19 patients were enrolled in ENB-009-10 at 3 investigational sites (2 in the United States of America (USA) and 1 in Canada).
Date first patient enrolled: 29 June 2010, Analysis cut-off Date: 29 January 2013.
Inclusion and exclusion criteria
Inclusion criteria
To qualify for participation in ENB-009-10, patients were required to meet the following criteria:
59. Patients or their legal representative(s) must have provided written informed consent prior to any study procedures
60. Patient must have been ≥ 13 and ≤ 65 years of age of study enrolment
61. Female patients of childbearing potential and sexually mature males must have agreed to use a medically acceptable form of birth control; for the purposes of this study, females were considered of non childbearing potential if they were surgically sterile (had undergone a total hysterectomy, bilateral salpingo-oophorectomy, or tubal ligation) or were postmenopausal, defined as having complete cessation of menstruation for at least 1 year after 45 years of age
Patients must have had a pre-established diagnosis of HPP as indicated by:
Serum ALP below the age adjusted normal range
Plasma PLP at least twice the upper limit of normal (no vitamin B6 administered for at least 1 week prior to determination)
Evidence of osteopenia or osteomalacia on skeletal radiographs
Patients must have had osteomalacia on bone biopsy with a MLT Z-score of + 2 or more (results from Study ENB-001-08 were used, when applicable)
Patients must have been willing to comply with study procedures and the visit schedule
Exclusion criteria
Patients were excluded from participation in the study if they met any of the following exclusion criteria:
62. Women who were pregnant or lactating
63. History of sensitivity to tetracycline
64. Serum calcium or phosphate levels below the normal range
65. Serum 25(OH) vitamin D below 20 ng/mL
66. Serum creatinine or parathyroid hormone (PTH) levels above the normal range
67. Medical condition, serious inter current illness, or other extenuating circumstance that, in the opinion of the investigator, may have significantly interfered with study compliance, including all prescribed evaluations and follow up activities
68. Orthopaedic surgery within 12 months prior to study entry that may have interfered with the ability to perform functional assessments of the study
69. Prior treatment with bisphosphonates within 2 years of study entry for any length of time or for more than 2 years at any time point; for patients with prior bisphosphonate use that was allowed, the bone resorption markers serum C-telopeptide and urine N-telopeptide or urine dexoxypyridinoline must also have been within the normal range or elevated in order for the patient to have participated in the study
70. Treatment with PTH within 6 months prior to the start of asfotase alfa administration
71. Participation in an interventional or investigational drug study within 30 days prior to study participation.
Study treatments
Patients were randomised to 1 of 3 treatment groups for the PTP: a daily SC dose of 0.3 mg/kg of asfotase alfa (a total of 2.1 mg/kg/week), a daily SC dose of 0.5 mg/kg of asfotase alfa (a total of 3.5 mg/kg/week), or no treatment (hereinafter referred to as the untreated control group).
In the ETP, all patients received 0.5 mg/kg/day of asfotase alfa (a total of 3.5 mg/kg/week) for approximately 24 weeks following the primary treatment period after which time the dose was increased to 1 mg/kg 6 times per week (a total of 6 mg/kg/week) for an additional 48 weeks or until commercial availability of the drug, provided they did not have suppressed PPi levels. Due to the timing for implementation of protocol amendments, some patients received the 3.5 mg/kg/week dosage regimen for 24 to 48 weeks.
Dose adjustments could be made per protocol every 3 months based upon changes in weight in order to maintain the weekly target dose. The maximum daily dose of asfotase alfa was not to exceed 80 mg during the PTP or ETP unless otherwise specified by the investigator and Medical Monitor prior to implementation.
The interim Clinical Study Report (CSR) included all available data from all consented patients who had received asfotase alfa treatment on or before 29 January 2013. Patients received treatment for 24 weeks during the PTP. Upon completion of the PTP, they were eligible to continue in the open label ETP.
Efficacy variables and outcomes
The primary efficacy analyses focused on the pharmacodynamic effect of asfotase alfa on biochemical substrates of TNSALP, PPi and PLP. The efficacy variables included changes in plasma PPi and PLP levels, bone biopsy results, ambulation as measured by the 6MWT, DEXA results, growth measurements (adolescents only, including Tanner staging) motor function, strength, disability, and pain (as measured by the BOT-2, HHD, LEFS, and BPI-SF, respectively), pulmonary function (FVC), dental assessments, and skeletal abnormalities (namely skeletal radiographs) over time.
Randomisation and blinding methods
This study was open label; thus, all study staff and participating patients were aware that they were either receiving asfotase alfa or were in the control group. There was no placebo in this study.
Analysis populations
The analysis populations include:
Full analysis (FA) set: includes all patients that were randomised; patients were to be analysed by the treatment that they were randomised to receive, although in practice all patients received the treatment to which they were randomised
Per protocol (PP) set: includes all patients who received asfotase alfa treatment, had post treatment data, and did not have any major protocol deviations deemed to potentially influence treatment effect
Safety set: includes all patients who received any asfotase alfa treatment, regardless of whether they were lost to follow up or dropped out of the trial. Safety analyses had no imputation performed. Patients were to be analysed by the treatment that they actually received, although in practice all patients received the treatment to which they were randomised.
Sample size
Twenty two adolescent and adult patients with HPP were planned to be enrolled in the study and randomised to one of the 3 treatment groups. Nineteen patients were enrolled at 3 sites. All 19 (100.0%) patients were included in the Full Analysis and Safety sets; 17 were included in the Per Protocol Set. As of the time of this interim report, all 19 patients had completed the primary treatment period and at least 48 weeks of treatment in the extension period; and 13 patients (all except patients from the untreated control group in the PTP) had completed at least 96 weeks of treatment during the extension period. Four patients who were previously enrolled in and completed the Phase I Study ENB-001-08 were enrolled in this study.
Statistical methods
The primary efficacy analyses examined the pharmacodynamic effect of asfotase alfa on tissue nonspecific alkaline phosphatase (TNSALP). Substrate parameters PPi and PLP were co primary endpoints. The primary analyses were the change in plasma PPi from Baseline to Week 24 and the change in plasma PLP from Baseline to Week 24 of the primary treatment period (PTP) comparing all patients randomised to either dosage of asfotase alfa with the control group. Each of the endpoints was compared between the pooled asfotase alfa group and the control group using an exact Wilcoxon rank sum test for each parameter using a two sided alpha of 0.05. If p values were less than 0.05 and the Hodges-Lehman-Sen estimate favoured asfotase alfa (for example, it had a negative sign indicating the between group differences in change from baseline favoured treated patients, then superiority over control was claimed. The primary analysis was repeated within each asfotase alfa group compared with the control group.
Major protocol violations/deviations
Table 16. study ENB-009-10: Protocol deviations in the full analysis set
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Baseline data
Patient age ranged from 13 to 66 years. The mean age at enrolment was 40.9 years at Baseline, but was imbalanced between the control and treated patients. The median age of the control group was much lower than the combined asfotase alfa treatment group (21.0 years (range: 13, 58) versus 55 years (range: 14, 66), respectively). Most patients were white (94.7%), female (63.2%) adults aged ≥ 18 years (68.4%; 13 adults total: 3 in control group and 5 each in the treatment groups). Enrolment was not restricted by age at HPP symptom onset (HPP phenotype), and age at symptom onset ranged from 0 to 36 years with a mean of 4.9 years. The majority of patients (12 out of 19) had juvenile juvenile-onset HPP; 4 patients had infantile onset HPP; and 2 had adult onset HPP (1 had unknown age of onset).
Mean (SD) Baseline PPi and PLP levels were 5.781 (2.1261) µM and 422.98 (427.466) ng/mL, respectively. Mean (SD) Baseline ALP was 22.6 (7.97) U/L. The percent predicted distance on the 6MWT at Baseline was variable, with 16.7% of control patients walking between 25% and 75% predicted distance compared with 57.1% and 33.3% of patients in the 0.3 mg/kg and 0.5 mg/kg asfotase alfa treatment groups, respectively. However, percent predicted distance wasnot calculated for 3 out of 6 control patients, because they did not walk for the full 6 minutes at Baseline. The majority of patients were ≥ 18 years of age at Baseline; of the 6 adolescent patients Tanner Stage at Baseline was Stage 1 (1 patient), Stage 4 (3 patients), and unknown (2 patients).
Results for the primary efficacy outcome
PPi and PLP analysis:
The primary analysis was the comparison between the combined treatment group and the untreated control group in the change from Baseline to Week 24 for the co primary endpoints of PPi and PLP (both substrates of alkaline phosphatase). The analysis was performed in the FA set using an exact Wilcoxon rank-sum test with a two sided p-value and last observation carried forward (LOCF) for missing data. Treatment with asfotase alfa significantly reduced PLP levels compared to controls at Week 24 (p = 0.0285). While treated patients experienced an approximately 2 fold greater decrease in PPi than controls at Week 24 (mean change of ‑2.100 µM in treated versus ‑1.052 µM in control patients), this difference did not achieve significance (p = 0.0715), most likely because a control patient [information redacted], who received a high dose of vitamin D and had a high Baseline PPi value (12.1 µM), experienced a decrease in PPi. A subsequent analysis of the FA set excluding this patient demonstrated a significantly greater reduction in PPi in the treated patients (p = 0.0044). Observed decreases in PPi and PLP were maintained after 48 and 96 weeks of exposure. After 48 and 96 weeks of asfotase alfa, PPi levels had decreased by ‑1.417 µM and ‑2.349 µM, while PLP levels had decreased by ‑342.76 ng/mL and ‑432.05 ng/mL, respectively. Results of analyses performed using the PP set were supportive of those obtained in the FA set.
Results for other efficacy outcomes
Secondary and exploratory endpoints
Consistent with a diagnosis of HPP, patients in all 3 groups had marked elevations in osteoid volume per bone volume and mineralisation lag time at Baseline. Baseline values of osteoid thickness were more variable among the patients. While no statistical analyses were performed, treated patients showed small improvements in all 3 histomorphometric parameters after 48 weeks of exposure compared to the untreated control group. No clear differences between treated and control patients in DEXA results were observed, perhaps due to high variability in Baseline values. However, treated patients did show modest, but statistically significant improvements from Baseline in lumbar spine bone mineral density (BMD) after 24, 48, and 96 weeks of asfotase alfa exposure.
Trends toward greater clinical improvement in treated versus control patients were generally observed on measures of function and disability, which were secondary and exploratory endpoints. On the 6MWT, patients in the combined asfotase alfa group demonstrated a median improvement of 35.0 metres at Week 24 compared with a median decline of 6.5 metres in the untreated control group. Consistent with the observed trend toward improvement in ambulation in asfotase alfa treated patients, the combined treatment group also showed greater improvements on the BOT-2 Running Speed and Agility test (mean change score at Week 24 of 4.3 in the treated versus ‑0.5 in controls patients) and in strength (median change at Week 24 in percent predicted hip abduction values of 11.10 in treated versus 6.70 in control patients and median change at Week 24 in percent predicted hip extension values of 7.95 in treated versus ‑1.90 in control patients). Treated patients also had slightly greater improvements on the LEFS measure of disability compared to untreated controls. In contrast, there were no clear differences between the treated and untreated control groups on the BOT-2 Strength test or the BPI pain assessment at Week 24.
Adults and adolescents subgroup analyses
When a pre specified statistical analysis of asfotase alfa’s effects on adult (n = 13) and adolescent (n = 6) patients was performed, the results in the adult subgroup were generally consistent with the overall results. For the adults, statistically significant reductions in both PPi and PLP were observed at Week 24 in the combined treatment group compared with the untreated control group. In addition, change from Baseline to Week 24 on the 6MWT was greater in the combined treatment group than the control group. Adult patients in the combined treatment group also showed a trend toward greater improvements on the BOT-2 Running Speed and Agility Test, in strength of the proximal muscles of the hip (as measured by HHD), and in lower extremity function (as measured by the LEFS) compared with the untreated control patients. Results in the adolescent subgroup were difficult to interpret due to the small sample size.
Individual patient changes
Although there was considerable variability among the treated patients in terms of response, several patients demonstrated marked clinical effects after treatment with asfotase alfa. Most notably, 5 patients, 2 of whom were predominantly non ambulatory at Baseline, were able partially or completely wean off of assistive devices (wheelchairs, walkers, or canes) following therapy with asfotase alfa. As of the last study assessment prior to analysis cut off, 4 of these patients (80%) not only were no longer using an assistive device, but were also able to walk between 98 and 217 metres more than their pre-treatment Baseline; the 5th patient had graduated from a wheeled walker to a cane, but walked slightly fewer meters (10) than they had at Baseline. The two patients who were largely unable to walk at Baseline were able to walk over 150 metres each (one patient; and 157 metres for another patient) at the last assessment prior to analysis cut off using no assistive devices.
[bookmark: _Toc290888818][bookmark: _Toc433805062][bookmark: _Toc455144241]Analyses performed across trials (pooled analyses and meta-analyses)
To examine the efficacy of asfotase alfa across the range of ages and HPP subgroups occurring in the proposed target population, ‘patients with paediatric onset HPP,’ efficacy data from 71 treated patients, who had onset of symptoms anywhere from in utero through adulthood, and who initiated asfotase alfa between the ages 1 day to 66 years of age, were examined using 2 different approaches. Efficacy was examined by age at initiation of treatment with asfotase alfa, taking advantage of the fact that the individual studies comprising the asfotase alfa clinical development program enrolled patients of different ages (namely Study ENB-002-08 enrolled patients ≤ 3 years, ENB-010-10 enrolled patients ≤ 5 years, ENB-006-09 enrolled patients 5 through 12 years, and ENB-009-10 enrolled patients > 12 years). Next, the data were pooled across studies and examined by age at symptom onset; for these analyses, efficacy for the 2 paediatric onset subgroups, infantile and juvenile. In addition the effects of asfotase alfa in treated patients versus untreated control patients were examined for selected endpoints.
[bookmark: _Toc433805063]Baseline characteristics
[bookmark: 4.3.2.2._Skeletal_System][bookmark: 4.3.2.1._Biochemical_Parameters][bookmark: 4.3.2._Efficacy_Results_by_Endpoint][bookmark: Table_7:_TNSALP_Biochemical_Substrates_(]Skeletal system
Skeletal deformities of rickets: metaphyseal flaring, varus, valgus deformities and bowing of the long bones
Elevated osteoid indices (osteoid volume and thickness) confirming the presence of unmineralised bone matrix and reduced bone mineral content
Abnormally shaped chest
History of fractures/delayed fracture healing
Below normal Z-scores for height and weight
Arthritis and joint destruction in adolescent and adult patients
Physical Function, Ambulation and Strength; Disability and Pain; Quality of Life
Difficulty gaining weight/failure to thrive/difficulty eating/swallowing
Gross motor delays
Delayed/impaired walking
Use of supportive devices (such as walker, wheelchair or braces) for ambulation
Pain
Impairments in the ability to perform activities of daily living
Respiratory Status and Survival
Respiratory compromise (up to and including respiratory failure)
Other
Nephrocalcinosis
Seizures in the youngest patients (≤ 5 years of age).
[bookmark: _Toc433805064]Pooled efficacy variables
In the pooled analysis, the main efficacy variables were:
Biochemical Parameters:
Substrates of TNSALP
Skeletal System (mineralisation, structure and growth:
Bone mineralisation (histomorphometry, DEXA)
Rickets severity (RGI-C, RSS)
Growth (length, height, weight)
Physical Function, Ambulation and strength:
Function and strength (BSID-III, BOT-2)
Ambulation (6MWT)
Strength (HDD)
Disability/Quality of Life:
Pain/disability (CHAQ, POSNA PODCI, LEFS, BPI-SF).
[bookmark: _Ref296951679][bookmark: _Toc433805065]Pooled efficacy outcomes
Biochemical parameters
The activity of asfotase alfa in patients with paediatric onset HPP was confirmed through asfotase alfa induced reductions in TNSALP substrates PPi and PLP at 24 weeks, the primary efficacy period. The results were consistent, regardless of age at treatment initiation, and reductions in mean/median PPi and PLP plasma concentrations were sustained through at least 96 weeks of treatment (see Table 17 below).
Table17. TNSALP biochemical substrates (PPi and PLP): changes from baseline, patients with paediatric onset HPP ≤ 12 years of age (n = 52)
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Skeletal system
Bone mineralisation
Both bone biopsies and bone densitometry studies were performed on paediatric onset patients (age 5 to 12 years). Significant improvements from Baseline in osteoid thickness were observed with asfotase alfa treatment, as median osteoid thickness at Baseline of 14.0 µM decreased ‑5.450 µM (p = 0.0097) at Week 24.
Substantial improvements from Baseline in median osteoid volume/bone volume (%) were observed with asfotase alfa treatment (Figure 8A). At Week 24, median osteoid volume/bone volume was reduced from a Baseline value of 13.9% to 5.75% (p = 0.0269), an approximately 2 fold reduction.
Significant improvements from Baseline in whole body bone mineral content (BMC) by dual energy X-ray absorptiometry (DEXA) were observed with asfotase alfa treatment, as Baseline BMC DEXA of 557.6 g increased by median change from Baseline of 68.26 g (p< 0.0001) at 24 weeks. These improvements were sustained through Week 96 with continued increase from Baseline in BMC of 285.35 g (p< 0.0001) at 96 weeks.
Results in the infantile onset and juvenile onset HPP subgroups for osteoid indices and DEXA (Figure 8B) were generally similar to the paediatric onset patient population as a whole. Across the paediatric onset HPP subgroups, asfotase alfa treatment was associated with significant reductions in osteoid volume and increases of whole body BMC over the course of treatment in both the infantile onset and juvenile onset populations.
Figure 8A and 8B. Osteoid volume/bone volume (%): baseline and week 24 values, in paediatric onset HPP patients (infantile and juvenile onset subgroups) ≤ 12 years of age
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Rickets severity
The primary assessment of bone structure at the macroscopic level was RGI-C. Values > 2 by definition represent ‘substantial’ improvement in rickets. The RGI-C was the primary efficacy variable for the pivotal efficacy studies (ENB-002-08/ENB-003-08, ENB-010-10 and ENB‑006‑09/ENB-008-10) in paediatric onset HPP patients.
Significant improvements in median RGI-C scores compared with Baseline were achieved for paediatric onset HPP patients in all pivotal efficacy studies at Week 24 (p < 0.005), the primary analysis period for each study.
Improvements in RGI-C scores with asfotase alfa treatment were generally rapid and markedly improved from Baseline, and observed as early as 12 weeks after treatment initiation (Figure 9).
A median RGI-C score of 2 or higher was noted as early as Week 24, indicating ‘substantial healing of rickets,’ and was sustained through Week 240, indicating maintenance of effect.
The RGI-C results in the infantile onset and juvenile onset HPP subgroups (Figure 9) were similar to the paediatric onset patient population as a whole. Both infantile onset and juvenile onset HPP subgroups showed rapid onset of improvement in rickets severity and ‘substantial improvements of rickets’ which were maintained throughout the duration of treatment.
Figure 9. Changes in rickets severity (RGI-C) in paediatric onset HPP patients (infantile and juvenile onset subgroups) ≤ 12 years of age
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Figure 9 (continued). Changes in rickets severity (RGI-C) in paediatric onset HPP patients (infantile and juvenile onset subgroups) ≤ 12 years of age.
[image: ]
[image: ]
Growth
In patients with paediatric onset HPP, asfotase alfa induced improvements in bone mineralisation and radiographic findings translated into measurable improvements in growth (Figure 10). Growth measurements (height and weight) were collected in all pivotal efficacy studies.
Figure 10. Length/Height Z-Scores: change from baseline, in paediatric onset HPP patients (infantile and juvenile onset subgroups) ≤ 12 years of age: A (top) = Paediatric onset HPP (n = 52) and B.(a) = Paediatric onset HPP subgroups
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Physical function, ambulation and strength: BSID-III Gross Motor Scale
The BSID-III Gross Motor scale was used to assess strength, developmental milestones and function in paediatric onset HPP patients up to approximately 42 months of age. The BSID-III specifically tests the acquisition of new skills and the development of motor milestones.
Rapid, clinically meaningful, and sustained increases from Baseline were observed with asfotase alfa treatment in mean and median age equivalent scores on the BSID-III Gross Motor Scale, indicating improvements in gross motor function and the acquisition of new skills (such as rolling from side to back, sitting, squatting, and walking without support).
Significant improvements from Baseline were noted as early as 12 weeks with continued improvement (namely, acquisition of new skills) throughout the treatment period.
Six Minute Walk Test (6MWT)
The 6MWT was conducted as a routine physical function assessment in paediatric onset patients 5 to 12 years of age.
Rapid, clinically meaningful and sustained improvements in 6MWT from Baseline were demonstrated with asfotase alfa treatment in actual distance walked (in meters). Mean improvements from Baseline by Week 120 for paediatric onset HPP subgroups were 189 meters.
Rapid, clinically meaningful and sustained improvements in 6MWT from Baseline were demonstrated with asfotase alfa treatment in percent predicted values observed as early as Week 12 and was sustained through Week 192.
Normalization of ambulatory capacity was also noted across the paediatric onset HPP subgroups. The mean improvement from Baseline in both infantile and juvenile onset HPP patients by Week 24 was over 100 meters. The improvements in both subgroups were clinically meaningful. With ongoing asfotase alfa treatment, 6MWT percent predicted values were ≥ 84% for Weeks 72, 120, 144, and 192 (infantile onset) and Week 48 through Week 192 (juvenile onset). (Henricson 2012)
BOT-2
The Bruininks-Oseretsky Test of Motor Proficiency, Second Edition (BOT-2) is a widely used, standardized test of motor proficiency that employs engaging, goal directed activities to measure a wide array of skills in normal children and youth from 4 to 21 years of age as well as in those with moderate deficits. It is based on a normative sample of 1,520 individuals in 38 states and possesses strong psychometric properties. Analyses focused on those subtests that evaluate functions most affected by HPP, including the Running Speed and Agility test, and the Strength test:
The Running Speed and Agility subtest includes the following items: shuttle run, stepping sideways over a balance beam, one legged stationary hop, one legged side hop, and two legged side hop.
The Strength subtest includes the following items: standing long jump, knee or full push ups, sit ups, wall sit, and V-up.
The primary source for BOT-2 results is from the ENB-006-09/ENB-008-10 studies, since the other studies included patients who were too young to conduct the BOT-2 at Baseline.
Clinically meaningful and sustained improvements compared with Baseline were demonstrated with asfotase alfa treatment in BOT-2 Running Speed and Agility age equivalent scores, and BOT-2 Strength age equivalent scores. By Week 120 of treatment, patients had achieved a BOT-2 Running and Agility score within 1 SD of normal.
BOT-2 results in the infantile onset and juvenile onset subgroups (Figure 10B) were similar to the paediatric onset patient population as a whole. Both infantile onset and juvenile onset HPP subgroups experienced a rapid onset of improvement which continued throughout the duration of treatment.
Disability/Quality of life
Key assessment tools
The Child Health Assessment Questionnaire (CHAQ) is one of the most widely studied and validated scales for paediatric patients with musculoskeletal disorders. The CHAQ disability index is composed of 30 items in 8 subscales (dressing, grooming, arising (for example, get up from low chair or floor, get in and out of bed), eating, walking, reach, grip, and activities). Disability scores range from 0 to 3, with higher scores indicating greater disability.
The Paediatric Orthopedic Society of North America’s Paediatric Outcomes Data Collection Instrument (POSNA PODCI) designed to assess general health problems (specifically bone and muscle conditions) in children and adolescents ages 2 through 18 years; scales include assessment of upper extremity and physical function, transfer and mobility tasks, sports/physical functioning, and pain/comfort, as well as a global function scale comprised of the mean of the ‘mean of items’ values for each of these scales. Standardized scores range from 0 to 100, with lower scores indicating greater disability.
Lower Extremity Functional Scale (LEFS): a self-reported measure designed to assess functional disability in the lower extremities.
Brief Pain Inventory Short Form (BPI-SF): a self-report questionnaire designed to assess the severity of pain and the impact of pain on daily function. It consists of 11 items that utilize a numeric rating scale to assess pain severity (4 items) and pain interference (7 items) in the 24 hours prior to questionnaire administration. Lower pain scores are associated with less pain.
The functional gains associated with asfotase alfa treatment resulted in sustained reductions in disability, and corresponding improvements in the ability to perform activities of daily living.
In summary there was:
Improvement in CHAQ Disability Scores (reflecting improvements in tasks involved in dressing and grooming, feeding, arising, and walking) and in PODCI Transfer and Basic Mobility Scores (reflecting improvements in tasks such as getting out of the bed or bath) in patients 5 through 12 years of age
Improvement in LEFS score in patients 13 through 66 years of age
Ability to partially or completely wean off of assistive devices (wheelchairs, walkers, and canes) in patients 13 through 66 years of age
Consistently greater survival in asfotase alfa-treated patients compared to controls regardless of the number of risk factors for mortality and morbidity.
Improved survival time and invasive ventilator-free survival time in asfotase alfa treated patients when analyses were adjusted for 2 major sources of bias: period/year of diagnosis of control patients and age of treated patients at enrolment.
Other efficacy variables
Assessment of overall and invasive ventilator free survival
The effects of asfotase alfa on survival (overall and invasive ventilator free) were examined in patients with infantile onset HPP at high risk of premature death, in comparison to data obtained from a group of comparable untreated historical control patients. The asfotase alfa treated patients included patients in Studies ENB-002-08/ENB-003-08 and ENB-010-10. The untreated non-concurrent historical control patients were from Study ENB-011-10, a global, retrospective, epidemiological study of the natural history of patients with perinatal/infantile onset HPP.
Asfotase alfa treatment was associated with significantly greater overall survival and invasive ventilator-free survival in patients with infantile onset HPP at risk for premature death compared with untreated historical control patients. Survival was consistently increased in asfotase alfa treated patients compared with controls regardless of the number of risk factors for mortality and morbidity. Asfotase alfa treatment was also associated with improved survival and invasive ventilator-free survival after analyses were adjusted for 2 major sources of bias: period/year of diagnosis of control patients and age of treated patients at enrolment.
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Most of the results were pooled due to small sample sizes.
[bookmark: _Toc433805067]Pharmacokinetic: Pharmacodynamic relationships
Table 18 describes the selection basis for each of the PKPD endpoints in terms of it pharmacologic rationale, how the endpoint informs dose selection, and clinical phenotypes characterised by the endpoint.
Table 18. Endpoint selection rationale
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Exposure response and dose regimen
Simulation methods were used to elaborate the exposure response relationship for asfotase alfa and biomarkers, X-ray endpoints, and functional endpoints. Additionally, simulations were used as a basis for comparing the effect of two regimens of asfotase alfa 1 mg/kg given six times per week and 2 mg/kg given three times per week.
For the exposure response simulations, a template dataset was created that contained subcutaneous administration of 0.02, 0.1, 0.25, 0.3, 0.5, 0.75, 1, and 2 mg/kg given seven times per week, 1 mg/kg given six times per week, and 2 mg/kg given three times per week. In the template, one dose regimen was given to one patient repeatedly until the observation time for the endpoint. Half of these regimens were studied in the clinical investigations; half were selected to interpolate or extrapolate exposure data to provide a more extensive understanding of exposure response. The observation times for the simulated endpoints were as follows: PPi, 7 and 24 weeks; PLP, 24 weeks; RSS, RGI-C, BOT-2, and 6MWT, 72 weeks. These time points were selected to demonstrate the exposure-response at a relevant time point for the endpoint. For example, Week 72 was chosen for radiologic endpoints as demonstrable and clinically meaningful response is expected to take more time to achieve than a biomarker such as PPi or PLP.
Data from 60 total patients with HPP were included in the population PK data assembly process. Of that group, 57 individuals contributed a total of 1,318 PK observation records, with 130 below the lower limit of quantification (BLQ) observations ignored (resulting in effectively removing 4 additional subjects), 5 PK observations dropped for data inconsistencies, and 1,183 observations remaining for the population PK analysis. Three individuals had no PK observations (BLQ or otherwise), but contributed dosing records, covariate information, and PD observations to the data set.
Table 19. Flowchart of the PK data disposition
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Longitudinal, repeated measures PD biomarker and efficacy endpoint data were also included in the population PK PD data set.
The X-ray imaging efficacy endpoints RGI-C and RSS were included in the PK PD analyses. In addition to imaging-based efficacy endpoints, the functional efficacy endpoints 6MWT and BOT‑2, were included in the PK PD analyses.
Data were available for both endpoints from studies ENB-006-09, ENB-008-10, and ENB-009-10. Although functional endpoint data were available from a larger subset (32 individuals for 6MWT and 34 individuals for BOT-2), all analyses were limited to the juvenile phenotype (20 individuals for each endpoint), as specified in the Modelling and Simulation Plan (MSP).
The 6MWT analysis data were comprised of 20 individuals and 161 observations, after eliminating 1 missing value. The BOT-2 data were restricted to 11 individuals with ages from 4 years old to less than 22 years old, as this is the clinically relevant population for this instrument. After excluding missing data values, 71 observations remained. One individual was eliminated from the analysis resulting in a final total of 10 individuals and 64 observations for the BOT-2 analysis.
Data were also collected and assembled for an exploratory population exposure-response analysis of osteoid thickness data. The changes from Baseline to week 24 osteoid thickness data were available from 5 individuals of infantile phenotype and 13 individuals of juvenile phenotype. At week 48, the changes from Baseline data were available from 3 individuals of infantile phenotype and 6 individuals of juvenile phenotype.
The population data set included multiple covariate effects, such as the time dependent variables: age, height, body weight (WT), tanner stage, serum alanine transaminase in U/L (ALT), serum aspartate transaminase in U/L (AST), serum creatinine (SCR), anti-drug antibody, and neutralising antibody status; and the time-independent variables: sex, race, HPP phenotype (DIAG), and concomitant presence of B6, vitamin D, and calcium supplements.
Inferences about appropriateness of dose and regimen selection were supported by trial outcomes and the model based exposure response relationship. Although no specific clinical target exposure range had been defined for asfotase alfa it was evident that a SC dosing regimen of 2 mg/kg, administered three times per week achieved average steady-state concentrations that were above concentrations associated with efficacy in nonclinical studies. Furthermore, when viewed in the context of the exposure-response relationship, this dosing regimen achieved responses that were consistent with near maximal efficacy.
In younger children, where the mg/kg dosing regimen leads to slightly lower steady state exposure than in adolescents and adults, predicted response is still near maximal efficacy, and consistent with findings based on trial outcomes. No further dose adjustment, beyond mg/kg dosing, is likely necessary in these younger individuals. Due to the small sample size necessitated by this ultra-rare disorder, further evaluation of very young patients may be warranted.
Radiographic global impression of change (RGI-C)
Availability of RGI-C data from a historical control group allowed for the evaluation of the natural disease progression in select HPP age ranges and disease onset. Repeated measures data for the historical control group were paired within an individual to match a baseline value to a post-baseline value. The natural disease progression of changes in RGI-C was not included as part of the RGI-C PK PD model for both the Infantile and Juvenile subgroup patients. Therefore, any relation between exposure and RGI-C response is reflective of drug efficacy. For the PK PD analysis, only the active treatment patients within the age range defined by the patients in the historical control group (4 or older and younger than 13) were considered as over this range the disease progression was ruled out.
The simple indirect PD response model provided an adequate description of the observed data as seen in the VPC for RGI-C (Figure 11). The model was characterised by zero order increase in RGI-C with a stimulatory effect of asfotase alfa on Kin.
Figure 11. Model performance for describing RGI-C observations
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Rickets severity score (RSS)
The analysis of repeated measures RSS data was accomplished by dividing the total score variable into its 2 additive components, RSS wrist and RSS knee. The lower the RSS score, the better improvement in patient conditions. For the PK-PD analysis, only the active treatment patients within the age range defined by the patients in the historical control group (4 or older and younger than 13) were considered as over this range the disease progression was ruled out.
Indirect PD response models were implemented, with asfotase alfa concentration inhibiting production of response (for example, inhibitory Emax model on Kin). The additive effects of infantile subgroup on R0, relative to juvenile subgroup, were small and the 95% CI included zero, indicating minimal differences between subgroups in the RSS data sets. This model provided a reasonable fit to the individual data. (see Figure 12 below)
Figure 12. Model performance for describing RSS-wrist and RSS-knee observations
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Bruininks-Oserestsky Test of Motor Proficiency, Second Rendition (BOT-2) and Percent-predicted 6-Minute Walk Test (6MWT)
Repeated measures data for the functional efficacy endpoint, BOT-2, revealed a time dependent increase in the strength and agility composite standard score throughout the duration of asfotase alfa therapy. A score of 60 was consistent with the normal range for this instrument, indicating a lack of disease related BOT-2 impairment for this particular individual at the start of the study. For that reason, this patient was excluded from the PK PD analysis.
Repeated measures data for the functional efficacy endpoint, 6MWT, revealed a time dependent increase in the percent of normal response throughout the duration of asfotase alfa therapy. The majority of the treatment population exhibited a baseline 6MWT of approximately 60% of predicted normal, while 2 individuals had baseline values near zero (ENB-009-10-01-04 and ENB-009-10-01-09). This was explained by differences in baseline inclusion criteria across studies (see Figure 13 and 14 below).
Although though BOT-2 and 6MWT data were collected from both infantile and juvenile subgroup patients, only juvenile subgroup patients were used for the PK PD modelling as the primary functional endpoint for infantile disease onset patients was survival.
Figure 13. Model performance for predicting BOT-2 observations
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Figure 14. Model performance for predicting 6MWT observations[image: ]
Integrated exposure response across doses
Simulation results for the PD-endpoints (PPi, PLP, X-ray based efficacy endpoints, RGI-C and RSS, and functional efficacy endpoints, BOT-2 and 6MWT) were summarised across asfotase alfa doses and regimens for the Infantile or Juvenile subgroup (Figure 15, Figure 16, Figure 17, Figure 18 and Figure 18). This integrated view of dose regimen-exposure-response revealed consistent trends that overall support a weekly dose of 6 mg/kg as an appropriate dose for the HPP patients. No discernible differences were noted in simulated PD responses across dosing regimens (6 mg/kg/week administered as 3 mg/kg thrice a week versus 1 mg/kg six times a week) for PPi, PLP, RGI-C, RSS-wrist, RSS-knee, percent predicted 6MWT, and BOT-2.
Figure 15. Simulate PD responses across dosing regimens (6 mg/kg/week administered as 3 mg/kg thrice a week versus 1 mg/kg/week six times a week) for PPi, PLP, RGI-C, RSS‑wrist, RSS-knee, percent predicted 6MWT, and BOT-2
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Figure 16. Simulate PD responses across dosing regimens (6 mg/kg/week administered as 3 mg/kg thrice a week versus 1 mg/kg/week six times a week) for PPi, PLP, RGI-C, RSS‑wrist, RSS-knee, percent predicted 6MWT, and BOT-2
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Figure 17. Simulated exposure versus response relationship for PPi (Week 7) and PLP (Week 24)
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Figure 18. Simulated exposure versus response relationship for RGI-C (Week 72) and RSS (Week 72)
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Figure 19. Simulated exposure versus response relationship for BOT-2 (week 72) and 6MWT(week 72)
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Exposure response relationship for overall survival in perinatal/infantile disease onset subgroup HPP patients
The pop PK model was translated from the analytical algebraic prediction routine to a system of differential equations to allow for numerical integration of continuous PK histories and the derivation of average concentration since first dose, calculated as the cumulative area under the concentration-time curve (AUCcumulative)/time since first dose (Cavg, over the entire study) for each individual. These individual Cavg values were analysed as a continuous covariate along with ‘Year of Diagnosis’ as predictors in a Cox proportional hazard model.
Patients from studies ENB-002-08/ENB-003-08 and ENB-010-10 who met the entry criteria for Study ENB-011-10 (natural history study) and who had drug concentration data available were included. Treated patients who had not died were censored at the time of their last recorded assessment. Historical control patients who had not died were censored at the time of data abstraction. Historical control patients whose status was unknown at the time of data abstraction were censored at the time of last known contact. The average drug concentration of Historical Controls was set to 0 (U/L). Year of diagnosis was used for the Historical Control patients and year of enrolment was used for Treated Patients, because the year of diagnosis was not available for Treated Patients.
For each unit increase in (U/L) of asfotase alfa PK activity the hazard for overall survival was scaled proportionally and statistically significantly (p = 0.0104) by a coefficient of -0.002. The Hazard Ratio for one unit increase in Cavg (95% CI) was 0.998 (0.996 to 0.999) (Table 20). Based on this analysis for overall survival, exposures associated with 6 mg/kg weekly (given either as 2 mg/kg three times weekly or 1 mg/kg six times weekly) is expected to improve the odds for overall survival significantly.
Table 20. Overall survival using Cox proportional hazards model with average drug concentration and year of diagnosis as predictors of HPP Phenotype (Perinatal/Infantile)
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It is important to note the limitations of this survival analysis. The relationship of increased survival with increased asfotase alfa PK activity (Cavg) may be confounded by the fact that more events took place in the Natural History arm, which was assigned a Cavg = 0 U/L. In addition, the analysis was complicated by the fact that life expectancy was assumed to be similar between historical controls and patients from the clinical trials. A survival analysis using data only from patients treated with drug was not performed as a Cox proportional hazard model with only 2 events (based on the data cut used for this analysis) would not provide meaningful information on the effect of Cavg.
[bookmark: _Toc433805068]Summary of exposure versus efficacy relationships from the pooled-analysis
As discussed previously asfotase alfa was shown to be efficacious across the range of ages and HPP subgroups occurring in the proposed target population, ‘patients with paediatric onset HPP,” efficacy data from 71 treated patients, who had onset of symptoms anywhere from in utero through adulthood, and who initiated asfotase alfa between the ages 1 day through 66 years of age, were examined using 2 different approaches. Efficacy was examined by age at initiation of treatment with asfotase alfa, taking advantage of the fact that the individual studies comprising the asfotase alfa clinical development program enrolled patients of different ages (therefore Study ENB-002-08 enrolled patients ≤ 3 years, ENB-010-10 enrolled patients ≤ 5 years, ENB-006-09 enrolled patients 5 through 12 years, and ENB-009-10 enrolled patients > 12 years). Next, the data were pooled across studies and examined by age at symptom onset. For these analyses, efficacy for the 2 paediatric onset subgroups, infantile and juvenile. In addition the effects of asfotase alfa in treated patients versus untreated control patients were examined for selected endpoints.
Significant PK PD relationships were demonstrated for the biomarker (PPi and PLP) and efficacy (RSS, RGI-C) data in the perinatal/infantile subgroup HPP patient population. There was increased survival with increasing asfotase alfa PK activity (Cavg) as demonstrated using a Cox hazard proportional analysis (see above). This relationship was confounded because more events took place in patients from Natural History Study.
Significant PK-PD relationships were demonstrated for the biomarker (PPi and PLP), and efficacy (RSS, RGI-C, BOT-2, and % predicted 6MWT) data in the juvenile subgroup HPP patient population.
[bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290846282][bookmark: _Ref299720303][bookmark: _Toc433805069][bookmark: _Toc455144242]Evaluator’s conclusions on clinical efficacy for Hypophosphatasia (HPP)
Asfotase alfa is a particularly effective treatment to reverse the biochemical abnormalities arising from tissue non–specific alkaline phosphatase deficiency, showing rapid correction of the abnormalities in pyrophosphate (PPi) and calcium metabolism and the mineralisation defects in the skeleton of the growing child.
Asfotase alfa also demonstrated a favourable benefit profile in the treatment of patients over the age of thirteen years with non perinatally lethal paediatric onset HPP. Asfotase alfa lowered TNSALP substrates, PPi and PLP, consistent with its intended biological activity. In addition, treated adolescent and adult patients showed small improvements in histomorphometric parameters (osteoid volume, % osteoid thickness, and mineralisation lag time) after 48 weeks of exposure compared to the untreated control group. While there were no clear differences between treated and control patients in DEXA results, treated patients did show modest, but statistically significant improvements from Baseline in lumbar spine bone mineral density (BMD) after 24, 48, and 96 weeks of asfotase alfa exposure. Across the population studied, this biologic effect was associated with a trend toward improvement in strength, ambulation, and physical function. More importantly, a subset of patients with significant HPP disease burden at Baseline experienced a clinically significant response, being able to come off of assistive devices for ambulation. Consequently, they markedly increased their functional capacity in a manner directly relevant to ambulation and the ability to conduct activities of daily living.
In human studies, not all patients have the profound deficiency of alkaline asfotase which is characteristic of patients with homozygous null gene mutations (contrasted with the akp2-/- mouse). Accordingly, there is a wide spectrum of severity grading from historical studies ranging from infants with prenatal onset and perinatally lethal Hypophosphatasia through to infants with perinatal presentation but who are nevertheless ventilator independent. The spectrum continues to include patients with infantile onset, who were not ventilator dependent, and patients with juvenile and adult onset, who present with a broad range of severities. The definitions have been somewhat arbitrary but have served bone and mineral clinicians for several decades in decision making about management. The dramatic improvement in radiographic findings in the chest and growing centres reported in the clinical Study ENB-0040 which formed the report in the New England Journal of Medicine in 2012 (Whyte et al 2012) shows an extreme severity in patient 6 in that report which would have been regarded as Perinatally lethal. In the study report in the New England Journal of Medicine 2012, 5 out of 11 patients were diagnosed as perinatal onset and 9 out of 11 patients had significant respiratory failure at baseline.
In the pivotal study reports, there are a number of patients who show rapid healing of mineralisation defects after 24 weeks of therapy. For example a radiograph from Study ENB-006-09 (see Figure 20) illustrates a marked reversal of the mineralisation defects in the growing centres. It is evident that the treatment for this patient with the diagnosis of Juvenile HPP, shows healing of dysplastic lesions in wrist bones. The efficacy is mirrored in the progressive improvement in the functional assessment by the parent reported of this child PODCI (Paediatric Outcomes Data Collected Instrument).
Figure 20. X-ray of patient in Study 002/003 from Study ENB-006-09-02: left wrist and knee film (baseline) (LHS) compared with film at 6 months (centre) and 36 months (RHS)
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Asfotase alfa is, with some qualifications (see below), an effective therapy for skeletal involvement of young patients with HPP. The evidence for clinical efficacy in selected patients is very strong. A regimen of 1 mg/kg 6 times per week or 2 mg/kg 3 times per week, normalises mineral chemistry, increases whole body mineral content and results in radiographic evidence of healing rickets. This is true across the age groups from the perinatal period (those surviving the newborn period) through Infantile and Juvenile Presentations.
[bookmark: _Toc433805070]Qualifications on the selection of patients and efficacy
Validity of the comparator case study of severe perinatal/infantile onset HPP
The Comparator study has a number of limitations. It is not strictly an ‘epidemiologic study’ despite the title. It is a voluntary notification cohort study which has cases reported from multiple centres in different countries. The report of the study is more a case study of subjects from multiple sites from around the world and their characteristics. How representative they are of paediatric onset Hypophosphatasia in various regions of the world is questionable. The cohort of 15 Canadian patients (all Mennonite with a common mutation) with perinatal HPP, appears to be a homogeneous cohort in which HPP was uniformly fatal and all patients died by 9 months of age. Only 1 Asian patient was included in the comparator study although there is known to be common mutations in East Asian subjects and possibly a higher frequency of Hypophosphatasia in East Asian populations. Thus this historic cohort is unlikely to be unrepresentative even in North America.
Furthermore, the limitations of this multi-centre, multinational retrospective chart review reflect a restricted physician base and did not include birth defect registers, skeletal dysplasias registers in centres other than the International Skeletal Dysplasia Register in Los Angeles and Skeletal Dysplasia patient management services patients in other centres around the world.
The studies which have been undertaken encompass a small number of patients in each of the pivotal studies and some these patients have also been included in Study ENB-011-10 which was a retrospective, non-interventional, ‘epidemiological’ study of the natural history with patients with severe perinatal/infantile onset HPP. ENB -011-10 is the study which is put forward as the comparator for all the other studies. It is not strictly an ‘epidemiologic study’ but a case finding study from a limited number of sites in United States, Canada (only Mennonite patients), Germany, Australia and single patients from Spain, Switzerland and Taiwan, European and other sites around the world. It is not analysed by radiographic severity grading at diagnosis nor by mutation and predicted phenotype extrapolated from mutation type and known structure function correlations. Mutation analysis was only determined for 35.4% of cases in the ENB-011-10 case series. It is even more disconcerting that 10out of 48 (21%) cases included did not have radiographic confirmation.
The studies reported in ENB-011-10 encompass a small number of subjects with diverse disease severities. The largest group of patients is from a perinatal/infantile onset with age of onset under 5 years of age. These patients are survivors of a large group of infants born but in whom the mortality is exceedingly high. In this case series, of those in whom there was documentation of prenatal evidence of HPP 14 out of 29 (48%) cases were documented as having signs of prenatal HPP. It is not made clear in the conclusions of the study that these infants would almost all have had the diagnosis of perinatally lethal HPP in whom the mortality is exceedingly high. Not only would they have rarely survived for treatment, these infants would have needed invasive ventilatory support. In addition these infants were at high risk for Vitamin B6-responsive seizures, a group with a virtually 100% probability of death with none (0 out of 11) surviving at > 3 to 5 years and often marked disturbance of mineral metabolism.
In the prospective asfotase alfa interventional studies, craniosynostosis developed in 11.3% of subjects. The Comparator group (ENB-011-10) had a frequency of craniosynostosis in the Decease group of 52.6% and the Alive group of 75% but was not strictly comparable give a high frequency of cases ascertained with severe even prenatal onset disease.
Perinatal onset
The perinatal group includes a sub group of patients who have prenatal onset with marked skeletal abnormalities. Radiographic studies in those patients show missing skeletal elements, skeletal deformity, extremely severe mineralisation defects and retarded in utero growth. There is respiratory distress at birth and the majority of these babies would not survive without invasive chronic ventilation. There is good evidence that the same effect seen across the genetic skeletal dysplasias on the maturation of lungs as a result of poor growth of the chest as well as the muscular weakness which accompanies Hypophosphatasia, results in an immaturity in the development of the bronchio alveolar system.
If these infants are sustained on chronic ventilation, these pathological lung features cannot always be reversed despite restoration of bone strength and development. Those infants who have persistent pulmonary immaturity may require tracheostomy for long term airway management. This sub group may have pulmonary outcomes similar to those described by Langston and Bishop in their review of Diffuse Lung Disease in Infancy, 2009. See discussion above on Study ENB-011-10 an international multicentre case study which suggested that the very high mortality in the perinatal/infantile group ascertained historically is biased by inclusion of a large proportion of babies with pulmonary immaturity and bariatric lung damage from attempts at chronic ventilation. On the other hand there are infants with a perinatal presentation who are somewhat milder and may be ascertained because of their skeletal features or seizures in the first 2 years of life. While there is continuum in the severity of these skeletal phenotypic effects, there is clinical discontinuity because of the known historic outcomes prior to the development of an innovative therapy such as asfotase alfa.
Non perinatally lethal Infantile and juvenile patients of ≤ 18 years of age
These children with HPP have skeletal changes of variable severity. The evidence for clinical efficacy is very strong in this group of patients. A regimen of 1 mg/kg 6 times per week or 2 mg/kg 3 times per week, normalises mineral chemistry, increases whole body mineral content and results in radiographic evidence of healing rickets. A sub group of children have very mild changes and do not appear to be included in these study groups. As previously noted this group includes a relatively large group of children in Australia who have odontohypophosphatasia who have no evidence of generalised skeletal disease assessed with skeletal radiology and bone densitometry yet have premature loss of deciduous teeth. At present it is not proposed that this latter group will need therapy. It is important to note that the ‘long term’ natural history of patients with odontohypophosphatasia is not known. In particular, it is not known whether these patients (all children) will develop symptomatic adult onset osteomalacia.
Adult patients
The growing centres of the long bones are closed at puberty and in adult life. These patients have persistent Osteomalacia and propensity to pain and debilitating stress fractures. The case definition of Paediatric onset Hypophosphatasia is not precise.
Asfotase alfa in the adolescent and adult case series with HPP (ENB-009-10) demonstrated a favourable benefit profile series. In this trial, patients were randomised to one of two dosage regimens (2.1 or 3.5 mg/kg/week) for the first 24 weeks only. Following the primary treatment period, the dose was increased to the 6 mg/kg/week. Most functional outcomes were obtained after the 24 week period on the 6 mg/kg/week dosing. This observation foreshadows the question about asfotase alfa authorisation and whether a firm recommendation can be made for an adult dosage regimen.
Should ‘Long Term’ be included in the indication?
When a firm clinical diagnosis with the full range of signs and symptoms and radiographic findings is made in childhood, it is inevitable that the disorder will have ‘long term’ clinical consequences. Once patients reach adult life, it is not clear whether therapy should be ceased. Nor is it clear what the indications will be for continuing therapy and what the dose and frequency of administration of asfotase alfa should be. It is reported that some patients have remissions of their symptoms and signs in young adult life but the usual course historically is one of fluctuating bone pain and episodic stress fractures (Whyte 2012). Historically younger and older adults prior to asfotase alfa therapy have required complex orthopaedic surgeries and have required protracted rehabilitation. The population prevalence in post-pubertal subjects is unknown.
Therapy commenced at any stage of childhood will need to be reviewed when patients reach adult life and perhaps be continued for life. There is very little documentation and evaluation of asfotase alfa therapy, its dose, frequency and monitoring requirements in subjects over the age of 18 and insufficient data to continue therapy without review of the need for ongoing therapy indications. Study ENB-009-10 would suggest that a regimen clearly needs to be derived from the available studies. As with other biopharmaceuticals introduced for disorders treated from childhood, guidelines are needed for a change in dosage at puberty if paediatric dosing can be reduce which is indicated as the trials undertaken by the sponsor indicate the dosage regimens 2.1 mg/kg/week or 3.5 mg/kg/week were both efficacious.
Given the different genetic structure of world populations, the potential for endogamy in some populations and the variability in mutations and phenotypes as listed in the International TNSAP register (Mornet, 2013), it will be important that centres of expertise offering clinical management for patients with HPP, establish their own national or state wide databases of the patterns of the mortality, morbidity and natural history of these disorders. With some assistance from the organisers of a proposed Post marketing Surveillance Program as outlined (ALX-HPP -501) it would be possible for local state based registers to harmonise with this post marketing (PM) surveillance database (included in proposed Risk Manage Plan).
Evidence for the age ranges of patients
Perinatal age range
This age range encompasses children with HPP with perinatally lethal HPP who almost universally will have underdevelopment of the lungs of prenatal onset and subsequent failure to wean from invasive ventilation because of irreversible lung damage. It will be important to establish comprehensive assessment and recommended exclusion criteria where hypoplasia of the lungs is irreversible and the prospect for weaning to invasive ventilator free ventilation is achievable.
Transition from juvenile to adult pharmaceutic responsiveness
As with many therapies primarily trialled in affected children particularly those where the therapy may be life extending, care will need to be taken to determine the effective therapeutic dose post-puberty. ENB-009-10 had a study design which was case controlled and did not have a major bias. Doses of 2.1 mg/kg/weekly and 3.5 mg/kg weekly in 7 SC divided doses gave a favourable response. The evaluator would recommend that the commencing adult dose be 2.1 mg/kg weekly with an option to increase to 3.5 mg/kg weekly if an increase is needed.
Adults with paediatric onset of HPP
Special consideration must be given to indications for treatment of adults given that inclusion/exclusion criteria for adults will need to be quite specific. Study ENB-009-10 included dosing studies to determine minimum effective doses and confirmed that this may be lower for adults compared to the paediatric dose. ENB-009-10 had a study design which was case controlled and did not have a major bias. Doses of 2.1 mg/kg/weekly and 3.5 mg/kg weekly in 7 SC divided doses gave a favourable response.
Adults without paediatric onset but with clinically proven HPP and osteomalacia
There will be the temptation to use asfotase alfa with adults with symptoms and complications of osteomalacia but with a questionable paediatric history of involvement. Future trials in adults with symptomatic osteomalacia need to be undertaken but commencing at the lower 2.1/kg weekly dose.
[bookmark: _Toc455144243]Clinical safety
[bookmark: _Toc272414659][bookmark: _Toc290846284][bookmark: _Toc433805072][bookmark: _Toc455144244]Studies providing evaluable safety data
The following studies provided evaluable safety data:
ENB-001-08
ENB-002-08/ENB-003-08
ENB-006-09/ENB-008-10
ENB-009-10
ENB-010-10.
[bookmark: _Toc433805073]Pivotal efficacy studies
In the pivotal efficacy studies, the following safety data were collected:
Spontaneously reported adverse events (AEs)
Infusion and injection associated reactions (IARs)
Laboratory assessments (chemistry, haematology, urinalysis, calcium and phosphorus, and 25(OH) vitamin D)
Vital signs
Physical examinations (including funduscopic examinations)
12-lead electrocardiograms (ECGs)
Clinical laboratory tests
Anti-asfotase alfa antibody testing were assessed for changes from Baseline.
[bookmark: _Toc433805074]Pivotal studies that assessed safety as a primary outcome
The following were studies that assessed safety as a primary outcome:
ENB-001-08
ENB-002-08/ENB-003-08
ENB-006-09/ENB-008-10
ENB-009-10
ENB-010-10.
Methodology for evaluation of asfotase alfa safety and tolerability were comparable across the clinical trials. As part of continuous AE assessment, investigators were instructed to monitor patients for potential signs of asfotase alfa-related reactions, both systemic and localised. Clinical studies also included routine renal ultrasounds and eye examinations, including fundoscopy, to monitor for potential ectopic calcifications as these are known to be influenced by disturbances in calcium homeostasis associated with HPP. Considering that asfotase alfa is an exogenous protein, monitoring for the development of anti-asfotase alfa antibodies and neutralising antibodies was also routinely performed. Other common safety assessments performed in clinical trials of asfotase alfa included physical examinations, vital signs, and routine clinical laboratory testing (that is haematology, blood chemistries, and urinalysis). Any clinically significant changes from Baseline in safety assessments, including worsening of pre-existing conditions(s) from Baseline, were to be reported as AEs.
Clinical trials contributing safety data for the integrated safety analyses are described and displayed in Table 21 and Figure 21, respectively. The 6 clinical trials that contributed safety data to the integrated safety analyses (ENB-002-08, ENB-003-08, ENB-006-09, ENB-008-10, ENB-009-10, and ENB-010-10) enrolled patients across a wide age range (1 day to 66 years) and spectrum of disease.
Table 21. Overview of HHP onset categories and studies included for pooling of safety data
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Figure 21. Flow of patient from clinical studies into the pooled safety data set
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The initial identification of both injection-associated reactions (IARs) and injection-site reactions (ISRs) was undertaken by clinical investigators and reported in the electronic case report form assignment by investigators, where applicable. Clinical review of all AE verbatim terms and Medical Dictionary for Regulatory Activities (MedDRA) coded preferred terms by Alexion Medical Monitoring and Pharmacovigilance staff also occurred to ensure a comprehensive analysis.
The integrated safety analyses (n = 71) included paediatric onset HPP patients (68 of 71 (95.8%] patients), 2 patients with adult onset HPP and 1 patient with undetermined disease onset. For this reason, data summaries and presentations provided in this clinical safety overview are focused on the overall population. Safety observations relevant to infantile onset and juvenile onset subgroups of paediatric onset HPP patients are provided, where appropriate.
Because the initial dose of asfotase alfa (3 mg/kg) in Study ENB-001-08 was administered IV and subsequent treatment (1 or 2 mg/kg SC) was administered less frequently over a shorter duration (once weekly for 3 weeks) compared with other studies, data were excluded from the integrated safety analyses and are also excluded from data summaries and presentations provided in this clinical safety overview. Safety observations for this study were also generally consistent with safety observations for the overall population included in the integrated safety analyses.
The most common safety observations associated with SC administration of asfotase alfa were local ISRs including, but not limited to, injection site erythema, injection site pain, injection site discolouration, injection site pruritus, injection site macule, injection site swelling, lipohypertrophy, injection site atrophy, injection site bruising, injection site induration, injection site reaction (not otherwise specified), and injection site nodule. By definition, these events were localized to the site of study drug administration, were assessed by the investigator as being related to study drug, and occurred at any time during study participation. In addition, IARs were reported, including systemic signs/symptoms (such as pyrexia, chills). By definition, IARs had temporal relationship to study drug administration and were assessed by the investigator as being related to study drug. Approximately 95% of related TEAEs were ISRs or IARs. The majority of TEAEs were assessed as non serious and mild or moderate in intensity.
The majority of serious adverse events (SAEs) occurred in patients with infantile onset HPP, and most were in patients < 5 years of age. These events were generally consistent with the manifestations and complications of underlying HPP, were typical of what has been described for patients with infantile onset HPP, and were assessed as being unrelated to asfotase alfa.
Serious adverse events assessed by the investigator as being treatment-related included craniosynostosis, chronic hepatitis, conductive deafness, and pneumonia. Serious adverse events of chills (also reported as rigors), fever, headache, numbness of the lips, and pain in the extremities were also reported in association with injections of asfotase alfa in 2 patients.
AEs of particular interest
Adverse events of special interest were identified based on the mechanism of action of asfotase alfa, the natural history of HPP, and review of the safety data; additional safety analyses for these events were performed to assist in characterization of the safety profile of asfotase alfa.
Predefined adverse events of special interest (AESIs) were IARs and ISRs (as defined above), lipohypertrophy (as a subset of ISRs), ectopic calcification, pancreatitis, pneumonia/respiratory distress, chronic hepatitis, conductive deafness, and craniosynostosis.
[bookmark: _Toc433805075]Dose response and non pivotal efficacy studies providing safety data
Study ENB-001-08: A multicentre, open label, dose escalating study of the safety, tolerability, and pharmacology of human recombinant tissue nonspecific alkaline phosphatase fusion protein (ENB-0040) in adults with hypophosphatasia. This dose response and non pivotal efficacy study provided safety data, as follows:
Safety assessments included spontaneously reported adverse events (AEs), infusion /injection associated reactions (IARs), vital signs, physical examinations, 12 lead electrocardiograms (ECGs), clinical laboratory tests, anti-ENB-0040 antibody tests, and change in concomitant medications and therapies.
ENB-001-08 was a 1 month, multicentre, open label, dose escalating, first in human (FIH) study of asfotase alfa in adults with HPP. The primary objective was to assess the safety and tolerability of asfotase alfa when administered by a single IV infusion followed by repeated SC injections. The 6 enrolled Caucasian patients, 4 were female and 2 were male. The mean age and weight (± standard deviation (SD)) were 44.8 (12.6) years old and 70.6 (16.5) kg, respectively. Age at diagnosis of HPP ranged from birth to adulthood. All patients had a history of HPP related clinical symptoms.
The dosing and sampling schedules:
Cohort 1 (n = 3) received asfotase alfa 3 mg/kg IV the first week followed by 3 doses at 1 mg/kg SC at weekly (QW) intervals from Weeks 2 to 4.
Cohort 2 (n = 3) received asfotase alfa 3 mg/kg IV the first week followed by 3 doses at 2 mg/kg SC at weekly intervals from Weeks 2 to 4. Intensive PK samples for asfotase alfa concentrations measured as activity and PD samples for plasma PPi and PLP concentrations were collected over the duration of the study.
[bookmark: _Toc433805076][bookmark: _Toc455144245]Pivotal studies that assessed safety as a primary outcome
Studies ENB-002-08/ENB-003-08, ENB-006-09/ENB-008-10, ENB-009-10 and ENB-010-10 were pivotal studies that assessed safety as a co-primary outcome.
[bookmark: _Toc433805077]Studies ENB-002-08/ENB-003-08
Pivotal open label clinical Study ENB-002-08 and its extension, ENB-003-08 (ongoing), enrolled paediatric onset patients ≤ 3 years of age with onset of symptoms < 6 months of age (infantile onset subgroup).
[bookmark: _Toc433805078]Safety variables and outcomes
Safety parameters, including spontaneously reported adverse events (AEs, including injection/infusion associated reactions (IARs) and injection site reactions (ISRs)), vital signs, physical examination findings (including funduscopic examinations), laboratory assessments (chemistry, haematology, urinalysis, calcium and phosphorus, and 25(OH) vitamin D), renal ultrasound, and anti-asfotase alfa antibody testing were assessed for changes from Baseline.
Concomitant medications and therapies were recorded and reviewed at each visit.
[bookmark: _Toc433805079]Results for primary safety outcomes
Asfotase alfa was generally well tolerated by the 11 patients included in Studies ENB-002- 08/ENB-003-08. Only 2 patients were discontinued from Studies ENB-002-08/ENB-003/08 (1 because of IV infusion-associated reactions on Day 1 of treatment and 1 due to disease progression); the patient with disease progression was the only death in either study (sepsis, unrelated to study drug), after approximately 7.5 months of participation. A majority of the treatment emergent adverse event (TEAEs) were either mild (73.2%) or moderate (20.9%) in severity and unrelated (82.0%) to study drug, though 8out of 11 (72.7%) patients were reported to have 31 severe TEAEs overall. The most common TEAEs were upper respiratory tract infection and localized ISRs such as erythema, swelling, and haematoma. All ISRs were mild in severity, with the exception of 6 ISRs in 2 patients that were moderate in severity. All 10 of the patients who continued in Study ENB-003-08 were reported to have at least 1 serious adverse event (SAE) each (64 events total), but only 3 of the SAEs were considered to be related to asfotase alfa (craniosynostosis and conductive deafness (both in 1 patient), and chronic hepatitis (in 1 patient)). The majority of SAEs could be attributed to the underlying disease characteristics of HPP. All but 2 SAEs in continuing patients resolved (chronic hepatitis and craniosynostosis, in 1 patient each, ongoing as of the analysis cut-off date for this CSR). Other SAEs reported in ≥ 10% of patients but considered to be unrelated to study drug were craniosynostosis (5 (45.5%] patients), pneumonia (3 (27.3%] patients) and respiratory distress, convulsion, intracranial pressure increased, and hypoxia (2 (18.2%] patients each).
Safety assessments, including clinical laboratory parameters, funduscopic examinations, renal ultrasound, vital signs, physical examinations, and anti-asfotase alfa antibody testing, revealed no additional clinically significant issues as a result of asfotase alfa treatment, including any results that would indicate patients are at risk for ectopic calcifications.
[bookmark: _Toc433805080]Studies ENB-006-09/ENB-008-10
Pivotal open label clinical Study ENB-006-09 and its extension ENB-008-10 (ongoing), enrolled paediatric onset patients 5 through 12 years of age with onset of symptoms between 6 months and 18 years of age (infantile- and juvenile onset subgroups).
[bookmark: _Toc433805081]Safety variables and outcomes
Safety was monitored by collecting adverse events (AEs), including injection associated reactions (IARs) and injection site reactions (ISRs). Additionally, vital signs, physical examinations, laboratory assessments including substrates (PPi and PLP), and anti-asfotase alfa antibody testing results were assessed. Funduscopic examinations were conducted; renal ultrasounds were performed to assess the presence of nephrocalcinosis.
Safety variables collected over the course of the study included AEs (including ISRs and IARs), deaths, laboratory tests (including vitamin D levels), vital signs, physical examinations, funduscopy examinations, renal ultrasounds, and anti-drug antibody measurements.
[bookmark: _Toc433805082]Results for primary safety outcomes
All patients experienced at least 1 treatment emergent adverse event (TEAE), almost all of which were either mild (392 out of 456 (86%)) or moderate (63 out of 456 (13.8%)) in severity
Half of the TEAEs (229 out of 456 (50.2%)) were assessed by the investigator as related to study drug; most of these (220 out of 229) were ISRs reported in 12 patients
The most common TEAEs were localized ISRs such as injection site erythema (70 out of 220 (31.8%)) and injection site macule (63 out of 220 (28.6%)). All ISRs were assessed by the investigator as mild to moderate in severity. Some patients received pre-treatment and/or acute treatment for ISRs, primarily antihistamines, anti-inflammatory medications, and/or analgesics
Four patients experienced IARs (10 total events); all were assessed by the investigator as mild in severity. No serious or systemic IARs were observed during the period covered by the study report
There were no serious adverse events (SAEs), deaths or withdrawals due to TEAEs during the period covered by the study report
Clinical laboratory parameters were carefully monitored over the course of the study to ensure the safety of the patients. Some patients experienced out of range chemistry, haematology, and/or urinalysis parameters at one or more time points over the duration of study treatment; however, changes observed from Baseline were transient in nature and minor
Ectopic calcification was observed in 4 patients; all 4 events were conjunctival deposits found on eye examination (slit lab examination, could not be seen on routine inspection), assessed by the investigator as mild and not clinically significant
Five patients had 13 events of lipohypertrophy (subcutaneous fat deposition near the site of asfotase alfa injection); none of the events were considered serious or severe. There were no dose adjustments in any of the 5 patients in response to the events
Twelve of 13 (92%) patients tested positive for anti-asfotase alfa antibodies (median 2.7.6 peak titres for the combined asfotase alfa group ranged from 2 to 20 by visit), with 2 of 12 (16.7%) patients testing positive for neutralising antibodies at one or more time points.
[bookmark: _Toc433805083]Studies ENB-009-10
A controlled, open label, supportive clinical Study ENB-009-10 (ongoing), enrolled adolescent and adult patients (13 through 66 years of age) regardless of age of symptom
[bookmark: _Toc433805084]Safety variables and outcomes
The safety variables included adverse events (AEs) (including injection-associated reactions (IARs) and injection site reactions (ISRs)), clinical laboratory assessments, vital signs, physical examinations, funduscopic examinations, renal ultrasounds, prior and concomitant medications, 12 lead electrocardiograms (ECGs), nutritional assessments, and anti-asfotase alfa antibody testing results were assessed.
Safety was evaluated by the incidence of AEs and changes in clinical laboratory parameters (including chemistry, haematology, and urinalysis), vital signs, ECG parameters, physical examinations, funduscopic examinations, renal ultrasounds, and anti-drug antibody measurements.
[bookmark: _Toc433805085]Results for primary safety outcomes
Asfotase alfa was generally well tolerated by all 19 treated patients throughout the course of the study. All patients experienced at least 1 treatment emergent adverse event (TEAE); the majority of events were mild in intensity. Most TEAEs were ISRs, including injection site erythema, injection site haematoma, injection site pain, injection site pruritus, injection site discolouration, and injection site swelling. Four treated patients experienced a total of 6 serious adverse events (SAEs), all of which were unlikely or unrelated to study drug, and did not require dose adjustment. The majority of SAEs resolved without sequelae. Importantly, the occurrence of SAEs did not appear to increase with cumulative exposure to asfotase alfa. No TEAEs led to withdrawal from the study and there were no deaths; however, one patient withdrew from the study voluntarily. Six patients presented with a TEAE of ectopic calcification (verbatim term); all of these events were considered by the investigator to be mild in intensity and possibly or probably related to study drug treatment. Safety assessments, including clinical laboratory parameters, funduscopic examinations, renal ultrasound, vital signs, physical examinations, ECGs, and anti-asfotase alfa antibody testing, revealed no additional clinically significant safety issues as a result of asfotase alfa treatment. Fifteen of 19 (78.9%) evaluable patients tested positive for anti-asfotase alfa antibodies, with a maximum titre across patients of 256; 2 out of 19 (10.5% evaluable patients) tested positive for neutralising antibodies.
[bookmark: _Toc433805086]Studies ENB-010-10
The pivotal open-label clinical Study ENB-010-10 (ongoing and open for enrolment) enrolled paediatric onset patients ≤ 5 years of age with onset of symptoms < 6 months of age (infantile onset subgroup).
[bookmark: _Toc433805087]Safety variables and outcomes
Safety variables collected over the course of the study included dosing levels (when available), AEs (including ISRs and IARs), deaths, laboratory tests (including vitamin D levels and calcium: creatinine ratios), vital signs, physical examinations, funduscopic examinations, renal ultrasounds, and anti-drug antibody measurements.
[bookmark: _Toc433805088]Results for primary safety outcomes
Asfotase alfa was generally well tolerated by the 28 patients included in this interim CSR. All patients experienced at least 1 treatment-emergent adverse event (TEAE), most of which were either mild (557 out of 796 (70.0%)) or moderate (185 out of 796 (23.2%)) in severity. Fifty-four of the 796 TEAEs (6.8%) reported were severe, and occurred in 12 patients; the most common severe AEs reported were respiratory disorder, dyspnoea, pneumonia, and apnoea. The majority of TEAEs were assessed as unrelated to study drug (602 out of 796 (75.6%)). The vast majority of related events were injection site reactions (ISRs: 180 out of 194 events (92.8%)), which were reported in 15 patients (53.6%), and 3 patients experienced IARs. Two of the 3 patients with IARs had a single event which was assessed as mild in severity and possibly/ probably related to study drug, and one patient had 2 IAR events assessed as moderate, serious, and possibly related to study drug. The dose was not changed for any of the events. Seventeen (60.7%) patients experienced SAEs; 3 of 105 total SAEs (< 3%) were considered related to study drug (1 report of pneumonia and 2 reports of IARs).
One patient was consented for the study but failed screening and died of respiratory failure 2 days later before receiving any treatment with study drug. Three enrolled patients who received treatment died during the study. One of these patients had experienced seizures complicated by hypoxic episodes just prior to receiving his first dose of asfotase alfa and was withdrawn from the study by family/medical consensus after 2 doses of study drug when a brain magnetic resonance imaging scan (MRI) showed hypoxia induced lesions and encephalopathy (assessed by the investigator as an SAE unlikely related to study drug and likely related to the underlying disease). The patient died less than a week later of ‘respiratory failure and cerebral death’, again assessed as unrelated to study drug. Another patient required intubation with continuous invasive mechanical ventilation at birth, began receiving asfotase alfa treatment the day after he was born, and remained hospitalized throughout his lifetime. During the course of the study, the patient had experienced multiple serious adverse events, including reports of arrhythmia, atelectasis, pneumothorax, and pulmonary hypertension with multiple episodes of acute respiratory failure. At the time of their death, the patient had received treatment with asfotase alfa for approximately 16 months (62 weeks). In the 2 weeks prior to the death, the patient experienced 3 separate episodes of severe acute respiratory failure with severe bradycardia and cardiopulmonary arrest requiring cardiopulmonary resuscitation (CPR). The patient died of cardiac arrest on study Day 436, which was assessed by the investigator as not related to study drug. The third deceased experienced viral pneumonia and rotavirus gastroenteritis approximately 13 weeks after starting the study and was hospitalized for these events. Over the subsequent 4 months, the patient continued to experience adverse events including cyanosis, respiratory arrest, lung crackles, hypercalcemia, and elevated blood eosinophil count, and he remained on CPAP throughout the 4 months. He was returned to the hospital the day before he died for agitation, observed for 6 hours, treated for constipation, and sent home with close phone contact. The following day the patient’s mother called and stated that part of the oxygen apparatus was broken. The patient was noted to have desaturation of blood oxygen content and was in cardiac arrest by the time he reached the hospital. Although he was resuscitated successfully and admitted to the Intensive Care Unit (ICU), he died later that day from another cardiac arrest. The investigator reported that the SAE of severe pneumonia resulted in chronic pulmonary insufficiency, probably due to fibrosis. The initial impression of the investigator was the event of pneumonia was unrelated to asfotase alfa; however, the relationship was later changed to possible, with investigator impression the patient had a steroid dependent respiratory condition. An autopsy was not performed.
Clinical laboratory parameters were carefully monitored over the course of the study to ensure the safety of the patients. Six patients had abnormal chemistry or haematology results post-Baseline that were assessed as clinically significant by the investigator: 1 patient, low glucose level only at Week 6; 2 patients, elevated alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels at 1 assessment (1 patient at Week 24 and 1 patient at Week 48); 1 patient, elevated calcium at Week 120; 1 patient, low haematocrit and haemoglobin levels associated with multiple TEAEs of anaemia, and 1 patient elevated serum calcium levels, elevated blast/leukocytes, and elevated eosinophil/leukocyte ratios. There were no clinically significant abnormalities in serum levels of vitamin D. Eleven patients (39.3%) had normal renal ultrasounds throughout the study period.
While 17 patients had evidence of nephrocalcinosis on renal ultrasound during the study, 16 of the 17 patients had a nephrocalcinosis at Baseline prior to initiation of asfotase alfa. Four patients had findings assessed as clinically significant on eye examination including a needle puncture (1 patient), papilledema (2 patients), and ectopic calcification (1 patient). Twenty two of 28 (78.6%) patients tested ever positive for anti-asfotase alfa antibodies post Baseline (ADA) and 13 out of 28 (46.4%) tested ever positive for treatment emergent neutralising antibodies. Of note, ADA antibody titres were generally low (≤ 128) for most patients, with a maximum titre across patients of 1,024. There was no clear relationship between the presence of ADAs and AEs, nor were there any AEs suggestive of immune mediation or tachyphylaxis.
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc433805089]Patient exposure
A summary of patient exposure to asfotase alfa in the Pooled Safety Set overall and by age at disease onset is provided in Table 22. Exposure to asfotase alfa ranged from 0.1 to 260.9 weeks. Median exposure for all patients in the Pooled Safety Set was 2.53 PYs. A majority of patients (n = 42) received at least 120 weeks of treatment, with 29 patients receiving ≥ 144 weeks of treatment. Because HPP is a rare disease and the ability to enrol and treat these patients in clinical studies is challenging, data from patients with > 3 years of exposure are limited (see Table 23 below).
Table 22. Summary of exposure to asfotase alfa in the pooled safety set: overall and age at disease onset
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Table 23 provides a summary of the PYs of asfotase alfa exposure by total weekly dose. There have been a total of 169.17 PYs of asfotase alfa exposure, with 97.50 PYs of exposure in patients who received weekly doses ≥ 6 mg/kg and 155.64 PYs of exposure in patients who have received weekly doses < 9 mg/kg. Exposure at higher weekly doses has been limited, with approximately 13.5 PYs exposure at total weekly doses ≥ 9 mg/kg, and < 6 PYs exposure at total weekly doses ≥ 12 mg/kg. The majority of the exposure experience has been at total weekly doses ≥ 3 mg/kg to < 9 mg/kg per week (147.40 PYs); this was largely driven by the design of the clinical studies wherein patients initially received lower doses (for example 3 mg/kg/week) over the duration of a 24 week primary treatment period followed by an increase in total weekly dose (for example 6 mg/kg/week).
Table 23. Patient years of exposure to asfotase alfa by weekly dose, Pooled Safety Set, overall and age at disease onset
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[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc433805090][bookmark: _Toc455144246]Adverse events
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc433805091]All adverse events (irrespective of relationship to study treatment)
Pivotal studies
All 71 patients in the pooled safety set experienced at least 1 treatment emergent adverse event (TEAE); 2,706 TEAEs were reported through encompassing the subjects in the pivotal studies analysis cut off dates for the integrated analyses. The majority of TEAEs (1800out of 2706 events reported in 70 out of 71; 98.6% patients) were considered by the investigator to be not related to asfotase alfa, and the majority of TEAEs (2,050 out of 2,706 events reported in 69 out of 71; 97.2% patients) were mild in intensity. There were 6 TEAEs in 3 patients that led to discontinuation of treatment and study withdrawal. Almost half (1,314 out of 2,706) of the TEAEs reported occurred within the first 24 weeks of treatment, with all (100%) patients experiencing at least 1 TEAE during that time period. Approximately one third of all TEAEs were ISRs or IARs: these events accounted for the majority of TEAEs that were considered to be related to asfotase alfa (by definition, ISRs and IARs were considered to be related to asfotase alfa).
More TEAEs (1,848 out of 2,706 events) were reported by patients in the infantile onset HPP subgroup compared with patients in the juvenile onset HPP subgroup (752 out of 2,706 events) and patients with adult onset HPP (26 out of 2,706 events) (Table 24); this was not remarkable since patients in the infantile onset HPP subgroup (n = 48) accounted for more than half the Pooled Safety Set (n = 71) and because the manifestations of HPP tend to be more severe in those patients. The majority of TEAEs (1,371 out of 1,848 events) in patients in the infantile onset HPP subgroup were considered by the investigator to be not related to asfotase alfa, whereas approximately half (347 out of 752) of the events in patients in the juvenile onset HPP subgroup and approximately one third (9 out of 26) of the events in patients with adult onset HPP were considered by the investigator to be not related to asfotase alfa treatment. Of the related TEAEs, 449 out of 477 events in patients in the infantile onset HPP subgroup, 385 out of 405 events in patients in the juvenile onset HPP subgroup, and 15 out of 17 events in patients with adult onset HPP were reported as ISRs or IARs. Proportionally more patients in the infantile onset HPP subgroup (50.0%) experienced severe TEAEs compared to patients in the juvenile onset HPP subgroup (20.0%) and patients with adult onset HPP (0%). All 3 of the patients who experienced TEAEs that led to treatment discontinuation and study withdrawal were in the infantile onset HPP subgroup. In patients with infantile, juvenile and adult onset HPP, 44.6%, 56.4%, and 46.2% of the TEAEs, respectively, were experienced by patients during the first 24 weeks of treatment (defined as early onset events).
[bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303][bookmark: _Toc433805092]Treatment-related adverse events (adverse drug reactions)
Pivotal studies
There were 906 related TEAEs experienced by 60 (84.5%) patients in the Pooled Safety Set, with an overall incidence rate of 535.0 events/100 PYs asfotase alfa exposure, that were considered by the investigator to be related to asfotase alfa treatment. The only SOC in which ≥ 50% of patients reported related TEAEs was General Disorders and Administration Site Conditions (77.5%); the 764 related events reported within this SOC accounted for nearly 85% of all related TEAEs in the Pooled Safety Set. Given that the majority of ISRs and IARs were coded to preferred terms within this SOC and that ISRs and IARs were, by definition, considered to be related to asfotase alfa treatment.
Other SOCs in which ≥5% of patients in the Pooled Safety Set reported related TEAEs included:
Skin and Subcutaneous Tissue Disorders (22.5%)
Eye Disorders (19.7%)
Gastrointestinal Disorders (9.9%)
Musculoskeletal and Connective Tissue Disorders (8.5%)
Injury, Poisoning and Procedural Complications; Vascular Disorders; and Renal and Urinary Disorders (5.6%, each)
Related TEAEs (preferred terms) reported by ≥ 15% of patients were:
Injection site erythema (52.1%)
Injection site discolouration (23.9%)
Injection site pain (22.5%)
Injection site pruritus (19.7%)
Injection site macule and injection site swelling (15.5% each)
Preferred terms with an incidence rate ≥ 15 events/100 PYs of exposure to asfotase alfa included:
Injection site erythema (159.4 events/100 PYs)
Injection site discolouration (47.2 events/100 PYs)
Injection site macule (44.3 events/100 PYs)
Injection site pain (30.1 events/100 PYs)
Injection site pruritus (27.2 events/100 PYs)
Injection site reaction (23.6 events/100 PYs)
Injection site induration (23.0 events/100 PYs)
Injection site swelling (20.1 events/100 PYs)
Injection site hypertrophy (17.1events/100 PYs)
Erythema (16.5 events/100 PYs)
More TEAEs (1,848 out of 2,706 events) were reported by patients in the infantile onset HPP subgroup compared with patients in the juvenile onset HPP subgroup (752 out of 2,706 events) and patients with adult onset HPP (26 out of 2,706 events) (Table 24); this was not remarkable since patients in the infantile onset HPP subgroup (n = 48) accounted for more than half the Pooled Safety Set (n = 71) and because the manifestations of HPP tend to be more severe in those patients. The majority of TEAEs (1,371 out of 1,848 events) in patients in the infantile onset HPP subgroup were considered by the investigator to be not related to asfotase alfa, whereas approximately half (347 out of 752) of the events in patients in the juvenile onset HPP subgroup and approximately one third (9 out of 26) of the events in patients with adult onset HPP were considered by the investigator to be not related to asfotase alfa treatment. Of the related TEAEs, 449 out of 477 events in patients in the infantile onset HPP subgroup, 385 out of 405 events in patients in the juvenile onset HPP subgroup, and 15 out of 17 events in patients with adult onset HPP were reported as ISRs or IARs.
Proportionally more patients in the infantile onset HPP subgroup (50.0%) experienced severe TEAEs compared to patients in the juvenile onset HPP subgroup (20.0%) and patients with adult onset HPP (0%). All 3 of the patients who experienced TEAEs that led to treatment discontinuation and study withdrawal were in the infantile onset HPP subgroup. In patients with infantile-, juvenile-, and adult onset HPP, 44.6%, 56.4%, and 46.2% of the TEAEs, respectively, were experienced by patients during the first 24 weeks of treatment (defined as early onset events).
The majority of nonfatal SAEs reported (172 out of 183 events) were experienced by 27 (56.3%) patients in the infantile onset HPP subgroup; only 11 nonfatal SAEs were experienced by 5 (25.0%) patients in the juvenile onset HPP subgroup, and no SAEs were experienced by patients with adult onset HPP. All but 5 of the nonfatal SAEs experienced by patients in the infantile onset HPP subgroup were considered by the investigator to be not related to asfotase alfa treatment, and almost half (5 out of 11) of the nonfatal SAEs experienced by patients in the juvenile onset HPP subgroup were considered to be not related.
Consistent with the analysis of all in the Pooled Safety Set TEAEs, proportionally more patients who received a majority of their weekly dosing at ≥ 6 mg/kg (93.3%) experienced nonfatal SAEs compared with those who received the majority of their total weekly dosing at < 6 mg/kg (32.7%). The preferred terms for which ≥ 10% of patients who received a majority of their total weekly dosing at ≥ 6 mg/kg experienced nonfatal SAEs compared with patients who received a majority of their total weekly dosing at < 6 mg/kg were respiratory disorder, pneumothorax, respiratory distress, pneumonia, upper respiratory tract infection, bronchiolitis, viral infection, craniosynostosis, pyrexia, irritability, feeding tube complication, food intolerance, and feeding disorder of infancy or early childhood.
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304][bookmark: _Toc433805093]Deaths and other serious adverse events
Pivotal studies
All treatment-emergent deaths reported during the clinical studies were in patients in the infantile onset HPP subgroup
In the Pooled Safety Set, total of 183 nonfatal SAEs were reported by 32 (45.1%) patients; all but 11 of these events (in 4 patients) were considered by the investigator to be not related to asfotase alfa. One nonfatal SAE led to treatment discontinuation and study withdrawal. No ISRs were reported as SAEs. Five deaths were reported in the clinical database, 4 deaths were considered to be treatment-emergent and included in the integrated analyses; one death was reported prior to the first dose of asfotase alfa.
All deaths occurred in patients who were < 1 year of age at enrolment, were in the infantile onset HPP subgroup, and had 1 or more prognostic factors for poor outcome (rachitic chest deformity, respiratory compromise, and/or vitamin B6 responsive seizures). Three patients died within approximately 8 months of treatment initiation; 1 of these patients died within approximately 3 weeks of treatment initiation. Two patients received an asfotase alfa dose > 6 mg/kg/week for disease-related management; 1 patient received a dose of 14 mg/kg/week at initiation of treatment due to general disease severity at enrolment, and 1 patient had a dose increase to 9 mg/kg/week for hypercalcemia. Events preceding death were generally consistent with complications of underlying infantile onset HPP and assessed by the investigator as being unrelated to asfotase alfa; 1 death due to pneumonia was assessed by the investigator as being possibly related to asfotase alfa.
There were 183 nonfatal SAEs experienced by 32 (45.1%) patients in the Pooled Safety Set, with an overall incidence rate of 108.1 events/100 PYs asfotase alfa exposure. The SOCs in which ≥ 10% of patients reported nonfatal SAEs were:
Respiratory, Thoracic and Mediastinal Disorders (22.5%)
Infections and Infestations (21.1%)
Nervous System Disorders (12.7%)
Investigations and Congenital, Familial and Genetic Disorders (11.3%).
Nonfatal SAEs (preferred terms) reported by >5% of patients in the Pooled Safety Set included:
Craniosynostosis (11.3%)
Pneumonia (7.0%)
Respiratory disorder (5.6%)
The preferred terms with incidence rates ≥ 3 events/100 PYs exposure to asfotase alfa included:
Craniosynostosis (5.3 events/100 PYs)
Pneumonia (4.7 events/100 PYs)
Dyspnoea (4.1 events/100 PYs)
Respiratory disorder and feeding tube complication (3.5 events/100 PYs, each)
Table 24. Treatment emergent non-fatal serious adverse events reported in ≥ 2 Patients in the pooled safety set, overall and by age of onset
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[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc433805094]Discontinuation due to adverse events
Three patients experienced TEAEs that led to discontinuation of study drug; all 3 patients were in the infantile onset HPP subgroup. Two patients came from ENB-002-08/ENB-003-08 and one from ENB-010-10.
A fourth patient (who experienced pneumonia) was shown as having discontinued study drug; however, this patient subsequently resumed dosing. Due to the design of the case report form for this early study, it was not possible for the investigator to describe that the patient experienced an interruption in dosing except in the notes.
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306][bookmark: _Toc433805095][bookmark: _Toc455144247]Laboratory tests
[bookmark: _Toc272414671][bookmark: _Toc290846309][bookmark: _Toc433805096]Other clinical chemistry
A summary of TEAEs potentially associated with abnormal clinical chemistry values for patients in the pooled safety set overall and by age at disease onset is provided in Table 25 below.
Table 25. Treatment emergent adverse events associated with abnormal clinical chemistry laboratory results in patients in the pooled safety set, overall and by age at disease onset
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A summary of TEAEs potentially associated with abnormal clinical laboratory parameters that are of interest for patients in the Pooled Safety Set overall and by age at disease onset is provided in Table 26 below.
Table 26. Treatment emergent adverse events potentially associated with abnormal clinical chemistry laboratory parameters of interest in patients in the pooled safety set, overall and by age at disease onset
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[bookmark: _Toc272414672][bookmark: _Toc290846310][bookmark: _Toc433805097]Haematology
There were no consistent changes in routine haematology.
A summary of TEAEs potentially associated with abnormal haematology laboratory results experienced by patients in the Pooled Safety Set overall and by age at disease onset is provided in Table 27. Of the events listed in Table 27 only the event of neutropenia was considered by the investigator to be related to asfotase alfa.
Table 27. Treatment emergent adverse events potentially associated with abnormal haematology laboratory results in patients in the pooled safety set, overall and by age at disease onset
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No events potentially associated with abnormal haematology laboratory parameters were reported as SAEs in the Pooled Safety Set
[bookmark: _Toc433805098]Clinical chemistry
Select clinical chemistry laboratory parameters including alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), total bilirubin (TBil), direct bilirubin (DBil), indirect bilirubin (IBil), blood urea nitrogen (BUN), creatinine, urine calcium/creatinine ratio, albumin, potassium, calcium, phosphate, 25-hydroxy vitamin D (25-OH vitamin D), PTH, PLP, and PPi showed no significant change. Due to the unique nature of some of these parameters and their potential association with other facets of efficacy and safety, ALP, calcium, PTH, PLP, and PPi (as well as eosinophils and eosinophil/leukocyte ratio) were considered to be clinical laboratory tests of interest.
Generally, mean and median clinical chemistry test results associated with hepatic function (ALT, AST, TBil, DBil, and IBil) were relatively stable over time. Mean and median serum BUN and creatinine values tended to decrease from Baseline to Week 24, but these values were slightly higher at the last visit compared with Baseline values.
Changes over time for other clinical chemistry parameters, including potassium, phosphate, and 25-OH vitamin D were not clinically meaningful. Any variability seen in 25-OH vitamin D results may be reflective of concomitant vitamin D supplements taken by some patients.
Table 28. Treatment-emergent adverse events associated with abnormal clinical chemistry laboratory results in patients in the Pooled Safety Set, overall and by age at disease onset
[image: ]
[bookmark: _Toc433805099][bookmark: _Toc455144248]Anti-asfotase alfa and neutralising antibodies: Pivotal studies
Overall, the incidence rate for TEAEs experienced by patients before becoming continuously ADA positive (1,938.8 events/100 PYs of exposure to asfotase alfa) was greater than the incidence rate for TEAEs experienced by patients after becoming continuously ADA positive (1,144.1 events/100 PYs). With the exception of injection site macule and tooth loss, all of the preferred terms noted above (those reported by ≥ 10% more patients categorized as continuously ADA positive compared with patients categorized as not continuously ADA positive) had higher incidence rates before patients became continuously ADA positive than after patients became continuously ADA positive. The incidence rates for these events were:
Injection site erythema (174.6 versus 139.6 events/100 PYs)
Injection site pain (44.7 versus 10.9 events/100 PYs)
Injection site pruritus (37.4 versus 13.7 events/100 PYs)
Injection site macule (40.5 versus 49.3 events/100 PYs)
Injection site swelling (27.0 versus 10.9 events/100 PYs)
Tooth loss (10.4 vs 31.5 events/100 PYs)
Myalgia (6.2 versus 1.4 events/100 PYs)
These data suggest that, the incidence rates of the events commonly associated with ISRs were generally not greater in patients categorised as continuously ADA positive compared with patients categorised as not continuously ADA positive, even though a greater proportion of patients categorised as continuously ADA positive reported these types of events.
[bookmark: _Toc272414676][bookmark: _Toc290846314][bookmark: _Toc433805100][bookmark: _Toc455144249]Vital signs
Throughout the clinical studies of asfotase alfa, vital sign measurements were performed as part of the routine safety monitoring. Clinically significant vital sign measurements were to be recorded as AEs.
Analyses of marked, sustained vital sign abnormalities were performed to assess the numbers and proportions of patients who experienced hypertension, increased heart rates, or decreased heart rates.
A summary of TEAEs potentially associated with abnormal vital signs in patients in the pooled safety set, overall and by age at disease onset, is provided in Table 29 below. All but 2 TEAEs potentially associated with abnormal vital signs were experienced by patients in the infantile onset HPP subgroup. This finding was not unexpected given the more severe manifestations of HPP typically observed for patients in this subgroup; the other 2 events were experienced by patients in the juvenile onset HPP subgroup.
Table 29. Treatment emergent adverse events potentially associated with abnormal vital signs in patients in the pooled safety set, overall and by age at disease onset
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[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc433805101][bookmark: _Toc455144250]Post-marketing experience
Asfotase alfa is not currently marketed in any country; therefore, no reports of post-marketing experience are included.
However the sponsor supports a compassionate use program globally. Reporting of death in the treatment program and in compassionate use program globally, is valuable to understand the multiple targets of therapy which are needed to ensure the best outcome.
A report of deaths in the compassionate use programs is summarised below:
Table 30. Compassionate use programs, fatal SAEs
	Patient details, diagnosis
	Fatal SAEs

	14 month old female patient had a medical history significant for hyperammonaemia, pulmonary hypoplasia, pulmonary hypertension, chronic lung disease, multiple bullae, and tracheotomy.
	The direct cause of death was reported to be due to huge bullae and chronic lung disease. The treating physician considered the events of pulmonary bulla, pulmonary hypertension, pneumothorax, and cardiac tamponade to be unrelated to asfotase alfa treatment, but a natural course of HPP when ventilated for a long time.

	A 4 month old male had a medical history significant for severe infantile onset HPP requiring ventilatory support and tracheostomy.
	After approximately 8 weeks of asfotase alfa treatment, the patient vomited and became profoundly hypoxic. The treating physician considered the fatal event of severe, acute airway obstruction to be unrelated to asfotase alfa treatment.

	A 7 month old male patient had a medical history significant for respiratory difficulties with ventilator dependency since birth.
	At 7 months of age, the patient developed severe respiratory insufficiency with decreased oxygen saturations and died.


Comment:	Several observations can be made about Compassionate use programs and the challenge of introducing potentially lifesaving therapies in clinical practice. These three deaths during the course of treatment of 3 perinatal cases are instructive however for they support the requirement of the EMEA for post-marketing surveillance and the clear need to document the outcomes of post-marketing experience with asfotase alfa, particularly from the perspective of treatment emergent adverse events.
‘There is an urgent need for clinicians and clinician scientists to re-examine the criteria for case selection of perinatal cases for treatment and case exclusion. Other clinician groups have undertaken this for therapies in disorders where there is therapeutic evidence of poor survival or unacceptable disability outcomes in some subsets of the disorder where the clinical evidence suggested an almost universally poor survival for example, investigators using Myozyme for Infantile Pompe disease have been guided by a research study which showed that long term survival of newborns who were ventilator dependent despite Myozyme treatment had very poor outcomes. This led to recommendations which provided families with clear and supportive care guidelines about treatment options.’
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc433805102][bookmark: _Toc455144251]Safety issues with the potential for major regulatory impact
[bookmark: _Toc272414682][bookmark: _Toc290846320][bookmark: _Toc433805103]Haematological toxicity
Asfotase alfa is bone targeted. There is no evidence of haematological toxicity from the clinical trials reported by the sponsor.
[bookmark: _Toc272414683][bookmark: _Toc290846321][bookmark: _Toc433805104]Serious skin reactions
The high frequency of local site reactions with asfotase alfa SC injections need to be highlighted and guidelines for preventing them need to be clear and communicated clearly to parents and patients.
[bookmark: _Toc272414684][bookmark: _Toc290846322][bookmark: _Toc433805105]Cardiovascular safety
Asfotase alfa is bone targeted. There are no pharmacologic effects of asfotase on the heart myocardium.
Secondary pulmonary hypertension may be present pre-treatment in severely affected infants with severe immature lung disease and chronic ventilator dependency.
[bookmark: _Toc241374323][bookmark: _Toc272414685][bookmark: _Toc290846323][bookmark: _Toc433805106]Unwanted immunological events
Of the 69 patients for whom post Baseline anti-drug antibody (ADA) data were available, 56 (81.2%) tested positive for ADAs at some point post baseline. Generally, ADA titres were low, and ranged from 0 to 2048 (median peak titre of 64.0). The median time to first ADA positive result was 37.0 days (range of 14 to 1,072 days). Of note, not all patients who tested positive for ADAs post baseline remained consistently positive for these antibodies after the initial positive result.
Proportionally more patients categorized as continuously ADA positive experienced TEAEs considered to be related to asfotase alfa (92.9%) compared with patients categorized as not continuously positive (74.1%); this observation was primarily influenced by the greater proportion of patients categorized as continuously ADA positive who experienced ISRs and IARs.
However, the overall incidence rate for TEAEs experienced by patients before becoming continuously ADA positive (1938.8 events/100 PYs of exposure to asfotase alfa) was greater than the incidence rate for TEAEs experienced by patients after becoming continuously ADA positive (1,144.1 events/100 PYs).
[bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290846324][bookmark: _Toc433805107][bookmark: _Toc455144252]Other safety issues
[bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290846325][bookmark: _Ref299621620][bookmark: _Toc433805108]Safety in special populations
Pregnancy
Pregnancy; asfotase alfa should not be used during pregnancy unless medically necessary.
At the present time there are no reports of human exposure in utero and no reports of its safety. There are no human or higher animal studies. From extrapolation in animal studies, it is assumed that Strensiq given to the mother crosses the placenta and appears in the foetal circulation. The study of PK and pharmacotoxicity in mice is insufficient data on which to base a statement about reassurance in human pregnancies. These are far more complex. For example, exposure to chronic vitamin D deficiency on the developing foetus has an impact on mineralisation of the foetal skeleton. Asfotase alfa crosses the placenta where it can impact on the foetal skeleton particularly in the second and third trimester when the foetal skeleton is rapidly accreting mineralisation. The genetic condition of Hyperphosphatasia does exist so that it will be important to demonstrate that there are no foetal effects similar to Hyperphosphatasia or Caffey disease reflecting chronic exposure of the foetal skeleton which is mineralising between the 5th and 40th weeks of gestation. Until this reassurance can be provided, the proposed use in pregnancy category needs to be changed to C, the category which recognizes that there are likely pharmacologic effects on the developing human skeleton but this is not assessable in animal safety studies at the present time.
It is recommended that the PI be changed to Use in Pregnancy – Category C until further knowledge can provide reassurance that there are no long term pathophysiological effects from long term exposure on the foetal skeleton.
The Alexion Pregnancy Reporting and Outcome Form/Breast Feeding. This form is incorporated into the Australian Specific Annex EU Risk Management Plan version 1 December 2014 (riskmgtsystem 2) and its use is supported. Although the risks to the foetus are unknown, experience with other genetic innovative therapies is that some women who are fully informed of the lack of knowledge at the present time will continue with therapy through their pregnancy.
[bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290846326][bookmark: _Toc433805109][bookmark: _Toc455144253]Safety related to drug-drug interactions and other interactions
There was no evidence of drug-drug or protein/protein interactions which would preclude clinical use.
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc433805110][bookmark: _Toc455144254]Evaluator’s overall conclusions on clinical safety
Safety data from is derived from 71 patients from the pooled safety dataset of whom 68 Paediatric onset patients had an asfotase exposure of 169.17 patient years with a 97.5 PYs of exposure in patients who received weekly doses of >6 mg/kg.
Although asfotase alfa is a protein, no incidences of anaphylaxis have been observed in the per protocol dose range. Nevertheless there is a high frequency of local site reactions (ISRs) which would be expected for a subcutaneous dosage regimen. The CMI provides clear guidelines on steps to reduce and minimise ISRs. Injection associated reactions are fortunately rare. The per protocol treatment regimen does not recommend IV infusion. A review of data on ectopic calcification concludes that monitoring for both kidney and eye calcification should be carried out. Fortunately the vascular, kidney and eye calcifications are of low clinical significance. It will be essential that these are monitored and reported in the post-market surveillance.
Treatment emergent adverse effects are likely to be seen in patients with a perinatal onset compared to patients with juvenile onset HPP. This may reflect the greater severity in patients who are included on the basis of a class diagnosis of HPP rather than following a protocol of assessments which might predict outcomes.
This evaluator has written questions about
72. Development of inclusion and exclusion guidelines for babies with prenatal diagnosis of HPP and perinatal HPP.
73. This assessor has raised concerns about treatment in Adult HPP or Paediatric- Onset HPP in adults where there is inadequate trial data about outcomes and safety.
Comment: In view of the extreme rarity and reported low frequency of experience in the management of patients with Paediatric Onset HPP in Australia, this evaluator recommends that the use of asfotase alfa Enzyme Replacement Therapy be initiated and monitored by Centres of Expertise with experience in Genetic Bone and Mineral Disorders, and allied health expertise to evaluate the functional outcomes, including Occupational therapy, Physiotherapy and experience in a clinical trials setting. There will need to be regular reporting of outcomes of therapy and close monitoring (see The Post-market Pharmacovigilance data collection instrument , ALX-HPP-501). Furthermore the high frequency of injection site reactions requires sympathetic and supportive therapy coordination.
[bookmark: _Toc455144255]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc433805112][bookmark: _Toc455144256]First round assessment of benefits
The benefits of asfotase alfa in the proposed usage are:
74. Asfotase alfa has been well demonstrated to be an effective therapy for skeletal involvement of young patients with HPP. The evidence for clinical all patients, excepting infants with prenatal diagnosis of severe disease who are ventilator dependent from birth and who remain ventilator dependent despite a trial of therapy, is very strong. A regimen of 1 mg/kg 6 times per week or 2 mg/kg 3 times per week, normalises mineral chemistry, increases whole body mineral content and results in radiographic evidence of healing rickets. The effect on the growing centres in the skeleton (metaphyses) is rapid and seen within the first 6 months of therapy. This is true across the age groups from the perinatal period (those surviving the newborn period) through infantile and juvenile presentations. It is associated with normalisation of walking and physical activity and improved quality of life.
75. For children with severe disease there is improvement in respiratory failure and in some children, it has been possible to wean from ventilator dependency and improve their mobility and quality of life.
[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc433805113][bookmark: _Toc455144257]First round assessment of risks
The risks of asfotase alfa in the proposed usage are outlined in detail in the Safety section of this report. The major risks are:
76. A high frequency of infusion site reactions give the mode of subcutaneous administration
77. A possibly higher risk from chronic use in pregnancy and the need for further pre-clinical or other experimental data to establish safety; in the meantime the need to revise categorisation of risk in pregnancy to the C category
78. A significant proportion of Infants with a prenatal diagnosis will have irreversible lung immaturity, and become invasive ventilator dependent and accordingly not be suitable for institution of long-term therapy. In keeping with the greater severity in this group of children there is a much higher frequency of TEAEs and mortality. Weaning from invasive ventilator support may not be feasible.
79. There need to be clinical guidelines outlining indications to treat. These (guidelines) need to recognize that there has historically been a high mortality in the subsets of patients with prenatally diagnosed HPP, the majority of whom have perinatally lethal HPP and are chronically ventilator dependent. Similarly there needs to be a clear clinical guideline in the case of the additional subset of babies with HPP with B6 responsive seizures who despite seizure control historically have had a high infant mortality
[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290846333][bookmark: _Toc433805114][bookmark: _Toc455144258]First round assessment of benefit-risk balance
As discussed above, asfotase alfa given in the dose and recommended regimen is an effective therapy in selected cases of Hypophosphatasia of Paediatric onset.
The benefit-risk balance of asfotase alfa (rch), given the proposed usage, is favourable.
Uncertainties
The number of separate subjects in the human studies reported is still small. This is particularly true in certain age cohorts for example subjects over 18 years of age. The sponsors have planned and requested post-market studies as a requirement of use of asfotase alfa by clinicians.
There is a high frequency of treatment emergent adverse events.
Just as management has been facilitated in clinical trials settings, achievement of Australian centres of expertise to initiate and monitor therapies will be needed to meet the requirements for high proficiency of monitoring (as proposed by the sponsor).
Potential outcomes of pregnancy and breast feeding. It is recommended that protocols for management in the case of pregnancy (accidental or intended) be developed rapidly to avoid confusion as to whether a pregnancy should be terminated in the accidental situation. In addition, use of the monitoring protocol ‘Alexion Pregnancy Reporting and Outcome Form/Breast Feeding’ in subjects who elect to continue with their pregnancy, is recommended.
The sponsor should seek additional expert opinion and scientific findings from learned societies in the bone and mineral medicine field to examine the potential effects on the developing foetal skeleton in the case of inadvertent use in pregnancy.
[bookmark: _Toc455144259]First round recommendation regarding authorisation
The evaluator having considered all the documentation, recommends that Strensiq be authorised for long term enzyme replacement therapy in patients with paediatric onset hypophosphatasia: The evaluator further recommends that the authorisation be subject to the following conditions:
80. Use in patients 0 to 18 years (or skeletal maturity) should employ a dose of 6 mg/kg/SC weekly.
81. Use in patients with prenatal diagnosis who are assessed to be extremely severe, and ventilator dependent from birth, the authorisation should be limited to a defined period subject to a review of responsiveness within 2 years of commencing therapy. These infants may have evidence of congenital pulmonary immaturity, in whom there is irreversible lung damage and poor chance of ventilator independent survival. Consideration may be given to withdrawal of therapy in this interval if the patient is unresponsive to therapy.
82. For use in adolescent and adult patients after 18 years of age subject to a decision about the minimal effective dose for commencement of therapy and a maintenance dose following the first year reassessment. The commencement and maintenance therapy dose will be guided by the data analysis of the outcomes of ENB-009-10, a patient review every 2 years and review of periodic safety update reports (PSURs).
83. That an Australian register of patients who could potentially benefit from asfotase alfa therapy be developed with the cooperation of the centres of expertise in each state (See 11.3.1-The Post-market pharmacovigilance data collection instrument , ALX-HPP-501) That management of patients with paediatric onset HPP should be coordinated through Centres of Expertise.
[bookmark: _Toc455144260]Clinical questions
[bookmark: _Ref272312341][bookmark: _Toc272414700][bookmark: _Toc290846340][bookmark: _Toc433805128][bookmark: _Toc455144261]Additional expert input
The sponsor should seek additional expert opinion and scientific findings from learned societies in the bone and mineral medicine field to examine the potential effects on the developing foetal skeleton in the case of inadvertent use in pregnancy.
[bookmark: _Ref269908779][bookmark: _Toc272414701][bookmark: _Toc290846341][bookmark: _Toc433805129][bookmark: _Toc455144262]Clinical questions
84. Does the sponsor have further pharmacologic and/or clinical trials data which would inform a statement of dosage and dose frequency in post-pubertal subjects?
85. Does the sponsor have advice on dosage and dose frequency in postmenopausal patients with HPP?
86. Can the sponsor provide documentation as to whether there are interactions with anti-resorptive medications such as the bisphosphonates, denosumab and so on as these are sometimes used in treatment particularly in the post-menopausal period where there may be additive pathologies?
[bookmark: _Toc455144263]Pharmacokinetics
Nil.
[bookmark: _Toc455144264]Pharmacodynamics
Nil.
[bookmark: _Toc455144265]Efficacy
Nil.
[bookmark: _Toc455144266]Safety
Nil.
[bookmark: _Toc455144267]Second round evaluation of clinical data submitted in response to questions
Additional expert input
The sponsor should seek additional expert opinion and scientific findings from learned societies in the bone and mineral medicine field to examine the potential effects on the developing foetal skeleton in the case of inadvertent use in pregnancy.
[bookmark: Question_#_3_Overall_survival_benefit_fo]Sponsor response:
Alexion agrees to consult with global experts in the bone and mineral medicine field on the potential effects of asfotase alfa on the developing foetal skeleton. Alexion will implement risk minimization measures if needed based on the recommendations from the global experts.
Evaluation of response:
Sponsor response noted. There are two genetic situations which form a background to treatment of the mother in pregnancy. The mother has homozygous HPP. In this case the foetus will be an obligate heterozygote. There is variability among heterozygotes in terms of biochemical expression and very few systematic studies of phenotype resulting from heterozygosity for various mutations. The other situation is that the mother is a manifesting heterozygote with clinical HPP. This is also called autosomal dominant HPP. There is a 1 in 2 chance that the foetus has inherited the mutation and symptomatic HPP.
Also included below is the evaluator response product documentation:
Treatment with asfotase alpha represents the most significant advance in the management of HPP since the delineation of the underlying pathogenesis and the pioneering work of Dr Mornet on structure function relationships of the NSALP protein. However, it is essential that a consensus be reached on a post marketing review which provides Australian parents and health professionals with reliable guidelines to inform the management of children with asfotase in the future.
Rather than expressing concern about the ‘Futility’ of treatment in patients with perinatal-onset HPP, the evaluator suggests that there may be a severity of Hypophosphatasia in the developing foetus which all authorities agree would present formidable challenges and where the outcome of treatment would be highly experimental at the present time. The evaluator has long been very positive about the therapeutic possibilities of the asfotase alpha therapy including treatment of infants with a perinatal diagnosis. Asfotase alpha therapy should be considered as a potential therapy in all infants born with HPP.
The evaluator is both a clinical and scientific expert and therefore earnest to ensure that claims about clinical outcomes overall are seen in the context of managing the sick, ventilator dependent child with HPP. Ventilation in infancy is a highly hazardous undertaking in the best of settings and is associated with mortality from multiple causes. In the sponsor’s response, 14 patients on ventilation support at baseline, there was a 28% immediate mortality and 19% mortality in treated patients overall.
As observed in the sponsor’s first round of evaluation, post marketing experience (P102), Table 32. Compassionate Use Programs – Fatal SAEs, Case Number [information redacted] had a medical history of pulmonary hypoplasia, pulmonary hypertension, chronic lung disease, and multiple bullae (emphysema) and tracheostomy.  Some babies can therefore be expected to develop progressive and irreversible lung disease and respiratory failure. Ultimately, clinician experts determine their therapy.
Even in the most optimistic situations, cases such that reported by Rodriguez in 2012 which are extremely encouraging and informative, have unfortunate outcomes. The cases are even more informative for outcomes in that this child could be discharged at week 32 on room air although presented two weeks after discharge with bilateral pneumonia sepsis and multi organ failure and died ‘despite evidence that the bone and mineral defect had been substantially corrected’. This is not a failure of asfotase alfa therapy but it is an aspect of the overall hazard for infants. The evaluator supports reporting post marketing analysis of outcomes and reporting both worldwide and Australian experience.
Coordinated management requires in depth review of outcomes in infants who are ventilator dependent at baseline and commenced on therapy in Australia in the first two years of commencement.  This will ensure the parents obtain the most accurate information about the Australian experience.
87. Does the sponsor have further pharmacologic and/or clinical trials data which would inform a statement of dosage and dose frequency in post-pubertal subjects?
Sponsor response:
In summary: Based on theoretical considerations, modelling, and empirical data, no difference from standard dosing is recommended in post pubertal patients.
Bone development changes over the life cycle, with the focus on longitudinal growth prior to puberty, on increased mass during puberty, and on maintenance following growth plate closure during the adult years. The growth plates remain open until well past puberty (up to age 18) so longitudinal growth continues after puberty. After growth plate closure skeletal maintenance is a dynamic process, with constant resorption by osteoclasts and new bone formation by osteoblasts. Therefore impairment in bone mineralization due to deficient tissue nonspecific alkaline phosphatase activity negatively impacts normal bone development before and after puberty and the benefits of asfotase alfa continue after puberty and through adulthood. Impaired mineralization due to insufficient TNSALP in patients with HPP can cause rickets and severe bone deformities during periods of longitudinal growth in children and adolescents and osteomalacia and osteopenia in adults. Thus, to insure bone health, treatment with asfotase alfa in HPP patients is recommended throughout the lifespan.
The totality of evidence supports a similar effect of asfotase alfa before and after puberty. Therefore, dosing recommendations remain the same, regardless of pubertal status. Asfotase alfa is recommended for use at a starting dose of 6 mg/kg/week, divided into either 3 or 6 doses.
Evaluation of response:
Responses noted and are satisfactory.
Does the sponsor have advice on dosage and dose frequency in postmenopausal patients with HPP?
Sponsor response:
In summary: Menopausal status was not collected in the program. For the purpose of this question, women 55 years or older or any woman with a reported history of menopause were considered to be post- menopausal. Eight patients met this criterion.
As described in the response to Question 1, age is not expected to affect dose PK response or PK-PD response. Using a similar approach to that in Question 1, PK, biochemical endpoints, and clinical endpoints are compared between post-menopausal women and pre-menopausal women on the recommended dose of 6 mg/kg/week.
As noted in response to Q1 above, bone formation throughout the skeleton occurs throughout life. Postmenopausal women typically show increased bone turnover due to oestrogen deficiency. Increased bone turnover in this period results in bone loss due to bone resorption exceeding bone formation. An adequacy of bone mineralisation in newly formed bone will exacerbate the loss of bone mineral density. Thus, it is important to insure newly formed bone is fully mineralised and this is best insured by adequate levels of TNSALP.
Evaluation of response:
Responses noted and are satisfactory.
Can the sponsor provide documentation as to whether there are interactions with anti-resorptive medications such as bisphosphonates, denosumab and so on as these are sometimes used in the treatment particularly in the post menopausal period where there may be additive pathologies.
Sponsor response:
Anti-resorptive therapy should be avoided in children, adolescents, and adult HPP patients. Bisphosphonates and denosumab act by direct inhibition of osteoclastic bone resorption. As a consequence of inhibition of bone resorption with these bone agents, bone formation associated with bone modelling is reduced and bone formation associated with bone turnover (remodelling) is reduced. In children and adolescents with HPP where longitudinal growth is ongoing and skeletal modelling is occurring, anti-resorptive therapy should not be utilised as that would inhibit bone resorption that is essential for bone modelling and normal bone morphology leading to dysmorphic bones. Further, the bone formation that would be present in children with HPP treated with anti-resorptives would be inadequately mineralised further exacerbating skeletal health.
In adults including postmenopausal women with HPP, osteopenia and increased risk of fractures are present as a result of inadequate mineralisation of bone. Using anti-resorptive therapy in adults with HPP would not overcome the mineralisation defect as each site of bone turnover in the skeleton where bone formation occurs would be undermineralised as a result of TNSALP deficiency. The accumulation of these sites of defective mineralization throughout the skeleton would increase the risk of skeletal fractures. Bisphosphonates also are known to incorporate into mineralising bone matrix and at elevated concentrations can contribute to impairment of bone mineralisation. Thus, any further inhibition of mineralisation with bisphosphonate therapy should be avoided in HPP patients.
In summary, anti-resorptive therapy should be avoided in children, adolescents, and adults with HPP as the risks of increasing skeletal morbidity (skeletal dysmorphology, osteopenia, and skeletal fractures) are increased in this patient population.
Evaluation of response:
Responses noted and are satisfactory.
[bookmark: _Toc455144268]Second round recommendation regarding authorisation
[bookmark: _Toc272414709][bookmark: _Toc290846349][bookmark: _Toc433805140][bookmark: _Toc455144269]Second round assessment of benefits
The benefits of asfotase alfa in the proposed usage are:
88. Asfotase alfa has been well demonstrated to be an effective therapy for skeletal involvement of paediatric onset patients with HPP. The clinical trials evidence for all patients, excepting infants with perinatal diagnosis of severe disease who are ventilator dependent from birth and who remain ventilator dependent despite a trial of therapy, is very strong. A regimen of 1 mg/kg 6 times per week or 2 mg/kg 3 times per week, normalises mineral chemistry, increases whole body mineral content and results in radiographic evidence of healing rickets. The effect on the growing centres in the skeleton (metaphyses) is rapid and seen within the first 6 months of therapy. This is true across the age groups from the perinatal period (those surviving the newborn period) through Infantile and Juvenile Presentations. It is associated with normalisation of walking and physical activity and improved quality of life.
89. For children with severe disease from birth there is improvement in respiratory failure and in some children, it has been possible to wean from ventilator dependency and improve their mobility and quality of life.
[bookmark: _Toc272414710][bookmark: _Toc290846350][bookmark: _Toc433805141][bookmark: _Toc455144270]Second round assessment of risks
The risks of asfotase alfa in the proposed usage are outlined in detail in the first round assessment of risks. The major risks are:
90. A high frequency of Infusion Site Reactions give the mode of subcutaneous administration
91. An unknown but possibly small risk for modification to the density of the foetal skeleton from chronic use in pregnancy. Monitoring and reporting of all pregnancies will be mandatory. Skeletal outcomes may be dependent on the genetic status in the foetus. The outcomes of pregnancy and breast feeding will be subject to reporting. In the meantime there is need to revise Categorisation of Risk in pregnancy to the C category
92. A proportion of infants with a perinatal diagnosis may have irreversible lung immaturity or postnatal lung pathology, and become invasive ventilator dependent. Institution of therapy in face of long-term invasive ventilation is associated with its own morbidity and mortality independent of the effectiveness of asfotase alfa in reversing the mineralisation defect. 
93. There need to be clinical guidelines outlining indications to treat. These need to recognise that there has historically been a high mortality in the subsets of patients with prenatally diagnosed HPP, the majority of whom have perinatally lethal HPP and are chronically ventilator dependent. Similarly there needs to be a clear clinical guideline in the case of the additional subset of babies with HPP with B6 responsive seizures who despite seizure control historically have had a high infant mortality
[bookmark: _Toc272414711][bookmark: _Toc290846351][bookmark: _Toc433805142][bookmark: _Toc455144271]Second round assessment of benefit-risk balance
Asfotase alfa given in the dose and recommended regimen is an effective therapy in selected cases of Hypophosphatasia of Paediatric onset.
The benefit-risk balance of asfotase alfa (rch), given the proposed usage, is favourable.
Uncertainties
The number of separate subjects in the human studies reported is still small. Post-market studies will be a requirement of use of asfotase alfa by clinicians.
There is a high frequency of treatment emergent adverse events. Adequate recommendations are given in the PI and CMI
The sponsors support the concept of Australian centres of expertise to initiate and monitor therapies which will be needed to meet the requirements for high proficiency monitoring and coordination of care.
Pregnancy and Breast Feeding will be required to be notified to supervising physicians. A monitoring protocol Alexion Pregnancy Reporting and Outcome Form/Breast Feeding will be required of subjects who elect to continue therapy while pregnant.
The sponsor agrees to seek additional expert opinion and scientific findings from learned societies in the bone and mineral medicine field to examine the potential effects on the developing foetal skeleton in the case of inadvertent use in pregnancy
[bookmark: _Ref272160677][bookmark: _Toc272414713][bookmark: _Toc290846352][bookmark: _Toc433805143][bookmark: _Toc455144272]Second round recommendation regarding authorisation
The evaluator having considered all the documentation, recommends that Strensiq be authorised for long term enzyme replacement therapy in patients with paediatric onset hypophosphatasia: The evaluator further recommends that the authorisation be subject to the following conditions:
94. Use in patients 0 to 18 years (or skeletal maturity) and adults should employ a dose of 6 mg/Kg/sc weekly or 2 mg/kg 3 times per week.
95. Post-market experience should be reported for patients with perinatal diagnosis who are assessed to be extremely severe, and ventilator dependent from birth, and post-market experience soon after 2 years of age should be analysed as a separate subset for data analysis. Adverse reports indicate that some proportion of infants commenced in the first 2 years of life may have evidence of congenital pulmonary immaturity or chronic lung disease These may have irreversible lung damage and poor chance of ventilator independent survival. Consideration may be given to withdrawal of therapy in this interval if the patient is unresponsive to therapy.
96. That an Australian register of patients who could potentially benefit from asfotase alfa therapy be developed with the cooperation of the Centres of Expertise in each state. (See 11.3.1-The Post-market Pharmacovigilance data collection instrument, ALX-HPP-501). This would also involve a specific agreement to separately report the analysis of data on Australian patients collected via the ALX-HPP-501 protocol. That management of patients with Paediatric onset HPP should be coordinated through Centres of Expertise.
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Table 22:

ADA-+/- Subgroup Breakdown of Immunogenic Response

Group Test Category 9% total (N)
'ADA+ (one or more) 78% (45)
ADA ADA- only 22% (13)
Total Patients 100% (58)
DAy INADT 29% (13)
NADb- 71% (32)
NAb
100% (45)
ADA+ 15% (262)
ADA ADA- 55% (320)
Total Samples 100% (582)
NAb+ 15% (39)
ﬁgbA” NAb- 85% (223)

100% (262)
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Figure 6:

Covariate & Condition

Simulated Cavg (or Cavg,ss) Changes to Different Covariate Combinations
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‘Cavgss values are based on a regimen of 2 mg/kg given three times per week. Dose activity i assumed fo be 990
‘Uimg. Covariates were fixed at the following values, except when being tested: TSAC was set at 2.; weight, 22.7
kg: anf-drug and neutralizing antibodies, negalive; and batch size, 20K. The biue and red lines depict efficacious
‘exposure levels from nonclinical eficacy studies that defined the targeted exposure for clinical effect.
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Table 3:

Characterization of Measured Responses from the HPP Clinical

Development Program Used in Clinical Pharmacology Assessment

Translation Response PK/PD Rationale
“Proof of Mechanism “Plastma PPi and PLP Select dose that shows effect on
(engages target) ‘plasima PP and PLP plateauing out
“Proof of Concept Radiographic end-points (RGL- | Select dose that shows near
(tnodifies disease) CandRSS) ‘maximal change from baseline
‘Proof of Clinical Benefit GMWT, BOTZ. Survival ‘Select dose that indicates
significant improvement in
ambulation: Select dose that
improves survival
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Study 001-08 | 002-08/003- | 006-09/008- | 009-10 010-10 011-10
08 10

Study Design MC,OL, | MC,OL MCandOL | Randomized, | MC, OL NH

dose- study and study and MC, OL study | study controls

escalating | extension | extension

FIH study with HC
Region Global Global USA,CAN | USA,CAN__| Global Global
Age atInclusion | adult <3 years S-12years | >12years <5 years <6 month
Number of Patients | 6 11 13 19° 15 48
PerinatalInfantile" | 1 1 B 4 15 48
Juvenile” 3 0 8 12 0 0
Adul® 0 0 0 2 0 0
Unknown® 2 0 0 1 0 0
Follow-up Time NA >36months | >36months | > 18 months | >12months | NA
Dosing Regimen | Cohort1: | Single IV | 3x weekly2 | 0.3 mg/kg 3xweekly2 | NA

Single IV | dose of 2 mg/kg SCor | dailyor 0.5 mg/kg SC or

dose of 3 | mg/kg 3xweekly3 | mg/kg dailyor | 6x weekly 1

mg/kg following by | mg/kg SC no treatment | mg/kg SC

following | 3x weekly 1 | with for the first 24 | with

by3 mgkgSC | adjustment as | weeks; all adjustment as

weekly | with needed patients 0.5 | needed

SCdoses | adjustment mg/kg daily

of 1 as needed starting at

mg/kg; Week 24 for the|

Cohort 2: next 24 weeks;

Single IV Patients then 1

dose of 3 mg/kg 6 times a

mg/kg week for

following additional 48

by3 weeks

weekly

SC doses

of2

mg/kg

= Four patients were from ENB-001-08 study; "Age of disease onset; “These patients were adult at the time of
enrollment, but the age of disease onset was unknown; MC = multi-center; OL = open label; NH = natural history;
CAN = Canada; HPP = hypophosphatasia; IV = infravenous; SC = subcutaneous; USA = United States of
'America: NA: not applicable




image8.png
Figure 7:  Model Performance for Predicting PPi Observations
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Figure8:  Model Performance for Predicting PLP Observations
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Figure18:  Simulated Time Course for PK and PD Responses over 72 weeks for the 2
mg/kg, 3x/week Regimen
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Typical patient defined with a baseline weight=17.45ke. age=6r, no immunogenicity effect, and assumes an
asfotase-alfa drug ot with acivity=990 U/ng and sialic acid content=2.2 molmol proein. The final PK model does
not inciude an estimate of any cffect on subgroup, s the time-course of tpical Infanfile and Jvenile subgroup are
identica i this simulation. The final models for BOT-2 and 6MWT were developed in uvenile subgroup patients
only. For these simlations, the median weight and age at 72 weeks were 68.02 kg and 19.38 years,respectively.
‘Additional simulation scenarios for a ange of body weight and age in HPP patiens can be found in the PKPD
report™®.
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Figure 1: Continuum of Inter-related Endpoints in Clinical Studies of Patients with
Pediatric-Onset HPP
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Abbreviations: 6MWT = 6-minute walk test; BOT-2 = Bruininks-Oseretsky Test of Motor Proficiency, Second
Edition; BPLSF = Brief Pain Inventory-Short Form: BSID-III = Bayley Scales of Infant and Toddler Development,
‘Third Edition; CHAQ = Child Health Assessment Questionnaire; DEXA = dual energy x-ray absorptiometry;

'HHD = hand-held dynamometry; LEFS = Lower Extremity Functional Seale; PODCI = Pediatric Outcomes Data
Collection Instrument; PLP = pyridoxal-5'-phosphate; PPi = inorganic pyrophosphate; QOL = quality of life

RGI-C = Radiographic Global Impression of Change; RSS = rickets severity scale.

Note: Bone biopsy and DEXA were not performed in patients less than 5 years of age. Assessment of disability and
quality of life were only performed in studies ENB-006-09/ENB-008-10 and ENB-009-10.
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Table 11: Protocol Deviations — All Patients

Asfotase Alfa

Class N=11)
Type of Deviation Events, n Patients, n (%)

Major 25 8(72.7)
Nonconformance with informed consent procedure” 5 4(364)
Assessment/procedure not done” 4 4(364)
Nonconformance with AE recording/reporting procedure® 7 3(273)
Eligibility criteria not met® 3 3(273)
Assessment/procedure done outside of window* 3 2(182)
Study drug administered incorrectly” 2 2(182)
Assessment/procedure done incorrectly® 1 10D

Minor. 248 11 (100.0)
Assessment/procedure not done 144 11 (100)
Assessment/procedure done outside of window 72 10(90.9)
Study drug not administered 9 6(54.5)
Nonconformance with informed consent procedure 7 5(45.5)
Assessment/procedure done incorrectly 3 2(182)
Study drug administered incorrectly 8 3(273)
Study drug administered out of window 1 100
Visit not done 1 1(9.1)

* Patients 002-08-01, 002-09-02, 002-10-01, and 002-10-02

® Patients 002-04-01, 002-08-01, 002-10-01, and 002-10-02

© Patients 002-01-01, 002-06-01, and 002-09-02

4 Patients 002-04-01, 002-08-01, and 002-10-02, Patients 002-04-01 and 002-10-02 were excluded from PP set for
this reason

* Patients 002-01-01 and 002-09-02

£ Patients 002-01-01 and 002-08-01; excluded from PP set for this reason

£ Patient 002-10-01

Percentages are based on N, the total number of patients in the asfotase alfa treatment group.

Note: Major deviations were those that could potentially impact the rights, welfare, or safety of the patient and/or
the integrity of the study data; all others were considered minor.

Source: Table 14.12.4 0 and Listing 1622.1.0
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Table 9: Protocol Deviations — All Patients

Class ‘Asfotase Alfa

Type of Deviation =28)
Events,n Patients, n (%)"

Major * 72 17 (60.7)
“Assessment/procedure not done 40 11393)
Study drug administered incorrectly 11 725.0)
‘Assessment/procedure done incorrectly 7 4(143)
“Assessment/procedure done outside of window 3 33107
Eligibility criteria not met 3 33107
Nonconformance with informed consent procedure 3 33107
Nonconformance with AE recording/reporting procedure 3 2.0
Study drug not administered 2 2.1

Minor 94 24 (85.7)
Assessment/procedure not done a1 20 (71.4)
‘Assessment/procedure done outside of window 35 15 (53.6)
‘Assessment/procedure done incorrectly 9 6(14)
Study drug not administered 5 5079)
Study drug administered incorrectly 1 33107

* Percentages are based on the fotal number of patients in the treatment group colunm.
* Note: Major deviations were those that could potentially impact the rights, welfare, or safety of the patient and/or

the integrity of the study data; all others were considered minor.
Source: Table 14124
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Table 9: Protocol Deviations — Full Analysis Set

Protocol Deviations Asfotase Alfa | Asfotase Alfa | Asfotase Alfa
2 mg/kg 3 mg/kg Combined
(0=6) @=7) (0=13)
Major Deviation n (%) 3 (50.0) 4(57.1) 7(538)
Eligibility criteria not met 1(167) 3(429) 4(308)
Nonconformance with informed consent procedure 0(00) 2(286) 2(154)
Study drug administered incorrectly 0(00) 2(286) 2(154)
‘Assessment/ procedure done outside window 1(167) 0(0.0) 17D
‘Assessment/procedure not done 1(167) 0(0.0) 177
Minor Deviation n (%) 6(100.0) 7(100.0) 13 (100.0)
‘Assessment/procedure done incorrectly 6(100.0) 6(85.7) 12(923)
‘Assessment/ procedure done outside window 5(833) 6(85.7) 11(84.6)
Study drug not administered 5(833) 4(57.1) 9(692)
‘Assessment/procedure not done* 4(66.7) 3(429) 7(538)
Nonconformance with informed consent procedure 3 (50.0) 2(286) 5(385)
Study drug administered incorrectly 1(167) 1(143) 2(154)

= Two rows from Table 14.1.2.4.1 combined due to spacing errors in row titles (both categories are

Assessments/procedure not done) (Listing 16.2.2.2.0).

Percentages are based on the total number of patients in the treatment group columa.

Source: Table 14.12.4.1.
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‘Variable Historical Controls® ‘Asfotase Alfa Combined
=16 o=13)

RGI-C Score

Median 0.00 +2.00
Min, Max -13.+20 00.+23
pvalue® 0.0007
Estimate® +1.67
95% CT (1.00,233)

RGI-C Intervals
3t0=2.0(%) 0(00) 0(00)
DZto=1.n(%) 1(63) 0(00)
1t0<0.0(%) 5(13) 0(00)
0to<1.0(%) 5(13) 1(7.7)
Tt0<2.0(%) 4(250) 3031)
2103.0(%) 1(63) 9(692)
ER) 0(00) 000

CT= confidence interval, Min = minimum; Max = maximun; RGI-C-radiographic global impression of change.

* Median difference befween X-ray pairs for historical conirol patients was 69.5 wecks (range 40.1 to 109.9)
(Table 142.120.1).

® Pvalue based on Wilcoxon rank sum test comparing the median RGI-C score for the combined asfotase alfa
trcatment group to the historical control group.

 Estimate and Moses confidence interval are from Hodges-Lehmann-Sen method for location shift in distribution
betuween the pooled treatment group and the historical control group.

Source: Table 14.2.1.1.1.
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Study Week ‘Asfotase Alfa Combined (N=13)
‘Parameter “Actual Values Change from Baseline
Distance Walked (m)
Baseline n 3 =
Mean (SD) 34500 (90515) =
Median 35000 =
Min Max 190.0,491.0 =
Week 24 n 11 11
Mean (SD) 49036 (98.118) 12536 (65.896)
Median 282.00 124.00
Min Max 2810, 660.0 420,2300
pvalue - <0.0001
Week 48 n 11 11
Mean (SD) 51636 (84376) 15136 (56.694)
Median 524,00 161.00
Min Max 3000, 641.0 69.0.2200
pvalue - <0.0001
Week 96 n 11 11
Mean (SD) 524,64 (#4252 15964 (62394)
Median 516,00 180.00
Min Max 4380,593.0 49.0,2390
pvalue - <0.0001
Distance Walked - Percent of Predicted
Baseline n fE) =
Mean (SD) 59.06 (14.956) =
Median 6098 =
Min Max 291,816 —
Week 24 n 11 11
Mean (SD) 8136 (13.157) 1938 (10.506)
Median 8502 17.66
Min Max 517.1002 54,340
pvalue — 00001
Week 48 n 11 11
Mean (SD) 8418 (12421) 2220 (9.120)
Median 8793 2335
Min Max 542,988 81,339
pvalue - <0.0001
Week 96 n 11 11
Mean (SD) 8278 (6197) 2080 (10520)
Median 83.00 2268
Min Max 727,918 48352
pvalue - <0.0001

"Min = minimum; Max = maximum; SD = standard deviation.

P-value testing whether the mean at each visit is 0 based on a t-test.

‘Source: Table 14.2.4.6.1.
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Table 7: TNSALP Biochemical Substrates (PPi and PLP) — Changes from Baseline,
Patients with Pediatric-Onset HPP <12 Years of Age (N=52)

ENB-002-08/ ENB-006-09
Study ENB-003-08 ENB-010-10 ENB-003-10
1 28
Age Range <5 Years
Change from Baseline, PPy, (M)
AtWeek 24N 7 26 P
Mean (SD) 3300 (34788) 3107 (26900) 1883 (0.7285)
“Median (min, max) 5690 (9.43,090) 2620 (1054, 1.00) 1735 (339.066)
P-Valve ND ND <0000
Change from Baseline, PLP (ng/mL)
AtWeek 24N s 17 v
Mean (SD) 181763 (7L.1380) 2185 80 (4091.177) 164,533 (121 4840)
"Median (min. max) 281450 (85030, | -603.50 (-13060.9,306) | -14730 46300, -19.20)
1089.00)
PVale ND ) 00007

¥ p-value testing whether the mean change from Baseline at each visit differs from 0 based on a one-sample tiest.
® Changes from Baseline (p<0.05) were also noted at Weeks 6, 12, 36, 48, 60, 72,96, 120, 144, 168, last visitin.

ENB-006-09, and last overall visit (ENB-006-09/ENB-008-10 CSR Table 142.2.6.1).

‘Source: ENB-002-08/ENB-003-08 CSR, Table 1422.13.1; ENB-010-10 CSR, Table 142.5.1; ENB-006.09/
ENB-008-10 CSR, Table 14.2.2.6.1.
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Figure5:  Osteoid Volume/Bone Volume (%) — Baseline and Week 24 Values, in
Pediatric-Onset HPP Patients (Infanfile- and Juvenile- Onset Subgroups)
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* p=0.0269; p-value based on Wilcoxon signed.-sank test, testing whether the mean change from Baseline equals 0.
B. Pediatric-Onset HPP Subgroups

a. Infantile-Onset (N=5) b. Juvenile-Onset (N=8)
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‘Note: Median (minimum, maximum) values are shown in each bar.
Source: Section 5.3.5.3 Table 5.2.8.1.1, Section 2.7.3.32.3.1.1, and Section 2.7.3333.1.1.
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Figure6:  Change in Rickets Severity (RGI-C) in Pediatric-Onset HPP Patients
(Infantile- and Juvenile- Onset Subgronps) <12 Years of Age

A. Pediatric-Onset HPP (N=52)
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Abbreviations: RGL.C = Radiographic Global Impression of Change.
p-value based on Wilcoxon signed-rank test, testing whether the median RGLC is different from 0.
**p=0.0001; *** p<0.0001

Note: Median (minimum, maximue) values are shown in each bar, ns are provided below the bar.
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B. Pediatric-Onset HPP Subgroups
a. Infantile-Onset (N=44)
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b. Juvenile-Onset (N=8)

Week
Abbreviations: RGL-C = Radiographic Global Impression of Change.
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p-values based on Wilcoxon signed rank test evaluating whether median change from Baseline is different from 0.

* p<0.005 ** p<0.001+*+<0.0001

‘Note: Median (minimum, maximum) values are shown in each bar, ns are provided below the bar.

‘Note: RGLC is a 7-point rating scale used to compare post-Baseline radiographs to those obtained at Baseline. The
scale ranges from -3 (indicative of severe worsening of HPP-associated rickets) to +3 (indicative of complete or near
complete heating of HPP-associated rickets); a score of 0 indicates no change from Baseline.

‘Source: Section 5.3.5.3 Table 5.2.4.1.1, Section 2.7.3.3.2.3.1.2 and Section 2.73.3.33.1.2
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Abbreviations: SEM = standard error of the mean.
P-values based on one-sample t-test, testing whether the mean change from Baseline equals 0. *p<0.05, **p<0.01
Note: n's are shown below the bars.

‘Note: Baseline is defined as the last value on or prior to the date of first dose of study drug. Al height Z-scores are
based on CDC 2000 growth charts. The bisth to 36 months chart was used for patients from birth to 36 months of
‘age and the 2 to 20 years chart was used for patients greater than 36 months. Length was obtained for infants.
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Table 1: Endpoint Selection Rationale

Response Pharmacologic Dose Selection Phenotypes
Endpolnt Rationale Ratlonale Characterized
Biomarkers Plasma PPl Provides Evidence of Select dose associated Tnfantile/perinatal
and PLP Mechanism (engages ‘with near maximal and Juvenile

target) reduction
Radiographic endpoints _ Provides Evidence of Select dose that shows Tnfantile/perinatal
RGI-C,RSS, andosteoid ~ Pharmacology(modifies ~ near maximal change and Juvenile
thickness disease) from baseline
Functional endpoints __ Provides Evidence of Select dose that shows Tuvenile*
6MWT and BOT2 Clinical Benefit (resultsin  near maximal change

clinically meaningful from baseline indicating

benefit) improvement in

ambulation
‘benefit for the infantile/perinatal phenotype patient population is improved overall survival.
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6.11 Data Continuity Figures

Figure : Flowchart of PK Data Disposition
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Figure9:  Model Performance for Describing RGI-C Observations
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Figure10:  Model Performance for Describing RSS-wrist and RSS-knee Observations
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Figure11:  Model Performance for Predicting BOT-2 Observations
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Figure17:  Simulated PD Responses Across Dosing Regimens (6 mg/kg/week
administered as 3 mg/kg thrice a week vs. 1 mg/kg six fimes a week) for PP,
PLP, RGI-C, RSS-Wrist, RSS-Knee, Percent Predicted 6MWT, and BOT-2
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Figure13:  Simulated Exposure vs. Response Relationship for PPi (Week 7) and PLP
(Week 24)
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Figure 14:  Simulated Exposure vs. Response Relationship for RGI-C (Week 72) and

RSS (Week 72)
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Figure15:  Simulated Exposure vs. Response Relationship for BOT2 (Week 72) and
6MWT (Week 72)
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ENB-002-08/ENB-003-08 and ENB-010-10 Patients who Met the Encry Criteria for ENB-011-10 Historical Controls and ENB-011-10 Historical
Controls Pooled

ENB-002-08/ENB-003-08,
ENB-010-10 and ENB-011-10 Pooled
3)

Parameter statistic ¢

Number of Deaths  n (%) 37 (50.7)

Parameter Estimate

Average Concentration -0.002
Year of Diagnosis -0.037
Hazards Ratio of Average 0.988
Concentration™
5% CI for Hazards Ratio (0.396, 0.959)

p-value® 0.0108




image41.png




image42.png
Tablel:  Overview of Hypophosphatasia Onset Categories and Studies Included for
Pooling of Safety Data

HPP Onset Age at Onset of First ‘Studies Included in Pooled
Category Subgroup Signs/Symptoms Data
Pediatric-onset _ Infantile-onset <6 months of age ENB-002-08/ENB-003-08
‘ENB-006-09/ENB-008-10
ENB-009-10
ENB-010-10
Juvenile-onset =6 months to <18 years of age ENB-006-09/ENB-008-10
ENB-009-10
Adult-onset NA =18 years of age ENB-009-10
Unknown NA “Age at onset was unknown ENB-009-10

"HPP = hypophosphatasia; NA = not applicable
‘Source: Integrated Safety Analysis Plan for 2.7.4.
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Figurel:  Flow of Patients from Clinical Studies into the Pooled Safety Set

ENB-002-08 ENB-006-09 ["ENB001-08" | ENB-010-10

Dosed n=11 Dosed n=13 Dosed n=28
Completed n = 10 Completed n = 12 Ongoing n=25
n-10 n-12 I
ENB-003-08 ENB-008-10 ENB-009-10
Dosedn=10 Dosedn =12 Dosed n =19
Ongoing n =9 Ongoing Ongo 3

Included in Pooled Safety Set

1

The number of patients from each study included in the Pooled Safety Set is shown in bold font.
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Table2:  Summary of Exposure to Asfotase Alfa in the Pooled Safety Set, Overall and

by Age at Disease Onset
Pediarric Onset (V=88]
Variable Perimatall Unknown
Statistc/ Infanile Onset  Juvenile Onset  Adul Onset Onset Al Patients
Category =45) =20 =) =) =1
Treatment Duration” (weeks)
o a8 20 2 1 7
Men(SD)  11307(7S09%) 150.11(5973) 13L64(16061)  I43S6(NA) 12446 (68.504)
Medimn 2171 14386 13164 18336 13200
Min, Max 0.1,260.9 95.7,207.9 1203,143.0 14391439 01,2609
Q1.Q3 286.1814 12031813 1203, 143.0 14391439 60.1, 180.9
Treatment Duration Category" (weeks)
<24 5(104) o 0 0 50.0)
241048 10008) 0 0 0 10(141)
Si8t0<n2 43) 0 0 0 466
2121096 262 1650 0 0 342
296 t0 <120 0 3(15.0) 0 0 3(42)
12010 <144 7(146) 7(350) 2(1000) 101000 17039
144 20617 93450) 0 0 29 (308)
Fatient Years of Exposare
o 8 20 2 1 7
Mean (SD) 207047 2880689 2520308  276(NA)  239(1319)
Medimn 233 276 25 276 253
Min, Max 00.50 18,40 2327 2828 00,50
Q1.Q3 05,35 23.35 23,27 28.28 12,35
Total 1080 515 50 28 1693

‘Max = maximum; Min=minioum; NA = not applicable; Q1 = 25 percentile; Q3 = 75" petcentile; SD = standard.
deviation.

* Treatment Duration=Last dose date of asfotase alfa mims first dose date of asfotase alfa plus 1 day. For

Studies ENB-002-08/ENB-003-08 and ENB-006-09/ENB-008-10, the last dose date was the last available dose of
the respective extension study. Dosing interruptions or adjustments were not considered in this calculation.
‘Source: Table 13.8.1.1
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Table3:  Patient-Years of Exposure ta Asfotase Alfa by Total Weekly Dase, Paoled
Safety Set Overall and by Age at Disease Onset

Pediatric Onset (N=68), PYs (@) Taknown
Dose (mgkg/wk) _ Perinaal Adult Onset Onset AllPatients

Statistic/ Infaneile Onset  Juvenile Onset ) =Y

Category N=15) ~=20) Py PYsn
ETE] 13324) 5.09 (1) 091 ) 0921y 324 38)
Sto<s 3223 (46) 2799 20) 1400) 1821 63.44.(69)
6109 5762 a4) 259 (19) 2740) 00 83.96 (66)
R 719 (13) 050(5) 00 00 800(18)
220515 387(6) 007(3) 00 0@ 3949)
560418 058Q) 00) 00 0@ 058Q)
21810530 102(1) 0@ 0@ 0 102(1)
Total 0388@D 5754 Q20) 505Q) 276 () 169.17 (70)
Total <6 3336 (47) 3307 20) 231Q) 274(1) 7168 (10)
Total 6 7028 (46) 2446 (19) 274 002(1) 97.50(68)
PYs= patient years

Patients who had changes in their dose of asfotase alfa may show up in multple fotal dose/uveek categories:

therefore, the sum of patients exceeds the nuanber of patients in each phenotype.

* One patient in the infantile-onset HPP subgroup discontinued the study during administration of an inifial IV dose
of asfotase alfa and prior to any SC dose; therefore, this patient is not included i the exposure summary.

Source: Table 13.8.13
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Table17:  Treatment-Emergent Adverse Events Assaciated with Abnormal Clinical
Chemistry Laboratory Results in Patients in the Pooled Safety Set, Overall

and by Age at Disease Onset
Pedintric Onsetl (=68, 0 (%) __ Adult  Unbmown _ AL
Perinatil  Juvenile  Omset  Onset  Patients
Dnfantile Onset  Omset  (N=)  (N-)  (=TD)
MedDRA Preferred Term =45) O-2)  n%) _ n(%) _nCe)
‘Alanine smisotransferase iereased 4@3) 0 0 0466
‘Aspartate aminotransferase increased 363) 0 0 0o 3Gy
Utine calcinm/creatinine ratio increased 363) 0 0 o 34y
Hyperphosphataemia 242 0 0 o 209
Hipokalaemia 262 0 0 o 209
Hiyponatraemia 2a2) 0 0 o 209
Vitamin D decreased 242 0 0 o 208
Vitamin D increased 1en 169 0 o 208
Blood 1.25-dihydroxycholecalciferol 0 1(50) 0 0 1014)
decreased
Blood 25-dibydroxycholecalciferol 12 o o 0 104
decreased
Blood 25-dibydroxycholecalciferol o 169 o 0 104
increased
Blood potassivm decreased 1), 0 0 0 104
Blood urea increased. 121} 0 0 0 1(14)
Blood sodium decreased 1e1) 0 0 0 1014
‘Gamma-ghtamylransferase increased 1Q1) 0 0 0 1014
Hepatic enzyme increased 11y 0 0 0 1014)
Metabotic acidosis 1Q1) 0 0 0 1014
Metabolic allalosis 1@1) 0 0 0 1014
Hypophosphataemia 1@1) 0 0 0 1014
Hypoglycaemia 1Q1) 0 0 0 1014
Chronic hepatitis 11y 0 0 0 1014)
‘Pancreatitis 11y 0 0 0 1014)
Renal faiture 101y 0 0 0 1014)

‘MedDRA = Medical Dictionary for Regulatory Activities

* Reported as a nonfatal serious adverse event.

Patient percentages were based on the fotal mumber of patients in each cofumn.

‘Source: Table 13.1.1.1.3
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Table 18: Treatment-Emergent Adverse Events Potentially Associated with Abnormal
Clinical Laboratory Parameters of Interest in Patients in the Pooled Safety

Set, Overall and by Age at Disease Onset

Perinatal/ Adult  Unknown An
Infantile Juvenile Onset Onset  Patients
Onset Onset ™=2) ™=1) ™N=T1)
MedDRA Preferred Term (N=48) (N=20) n (%) n (%) n (%)
Hypercalcaemia 4(83) 0 0 0 4(56)
Hypocalcaemia 3(63) 0 0 0 3(42)
Blood parathyroid hormone increased 121 2(10.0) 0 0 3(42)
Blood alkaline phosphatase abnormal 121) 0 0 0 1014)
Vitamin B decreased 0 1(5.0) 0 0 104)

MedDRA = Medical Dictionary for Regulatory Activities.
Patient percentages were based on the total number of patients in each columa.
Source: Table 13.1.1.13
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Table16:  Treatment-Emergent Adverse Events Potentially Associated with Abnormal
‘Hematology Laboratory Results in Patients in the Pooled Safety Set, Overall
and by Age at Disease Onset

Pediatric Onset (N=68). n (%) Adult  Unknown Aan
Perinatall Juvenile Onset  Onset  Patients
Infantile Onset Onset ) ) ~=T1)

MedDRA Preferred Term =48 o=20) n%) (%) n(%)
‘Haemoglobin decreased 5(125) 0 0 0 6(83)
Anaemia 3(63) 1(50) 0 0 4(56)
Lymphocyte count increased 0 1(50) 0 0 104)
‘Neutrophil count increased. 0 1(50) 0 0 1014)
‘Nevtropenia 1Q1) ) 0 0 1(14)
Thrombocytosis 11 0 0 0 114)
‘White blood cell count increased. o 169 0 0 104)

‘MedDRA = Medical Dictionary for Regulatory Activifies
‘Source: Table 131113
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Table17:  Treatment-Emergent Adverse Events Associated with Abnormal Clinical
Chemistry Laboratory Results in Patients in the Pooled Safety Set, Overall

and by Age at Disease Onset
Pedintric Onsetl (=68, 0 (%) __ Adult  Unbmown _ AL
Perinatil  Juvenile  Omset  Onset  Patients
Dnfantile Onset  Omset  (N=)  (N-)  (=TD)
MedDRA Preferred Term =45) O-2)  n%) _ n(%) _nCe)
‘Alanine smisotransferase iereased 4@3) 0 0 0466
‘Aspartate aminotransferase increased 363) 0 0 0o 3Gy
Utine calcinm/creatinine ratio increased 363) 0 0 o 34y
Hyperphosphataemia 242 0 0 o 209
Hipokalaemia 262 0 0 o 209
Hiyponatraemia 2a2) 0 0 o 209
Vitamin D decreased 242 0 0 o 208
Vitamin D increased 1en 169 0 o 208
Blood 1.25-dihydroxycholecalciferol 0 1(50) 0 0 1014)
decreased
Blood 25-dibydroxycholecalciferol 12 o o 0 104
decreased
Blood 25-dibydroxycholecalciferol o 169 o 0 104
increased
Blood potassivm decreased 1), 0 0 0 104
Blood urea increased. 121} 0 0 0 1(14)
Blood sodium decreased 1e1) 0 0 0 1014
‘Gamma-ghtamylransferase increased 1Q1) 0 0 0 1014
Hepatic enzyme increased 11y 0 0 0 1014)
Metabotic acidosis 1Q1) 0 0 0 1014
Metabolic allalosis 1@1) 0 0 0 1014
Hypophosphataemia 1@1) 0 0 0 1014
Hypoglycaemia 1Q1) 0 0 0 1014
Chronic hepatitis 11y 0 0 0 1014)
‘Pancreatitis 11y 0 0 0 1014)
Renal faiture 101y 0 0 0 1014)

‘MedDRA = Medical Dictionary for Regulatory Activities

* Reported as a nonfatal serious adverse event.

Patient percentages were based on the fotal mumber of patients in each cofumn.

‘Source: Table 13.1.1.1.3
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Table 19:

Treatment-Emergent Adverse Events Potentially Associated with Abnormal

'Vital Signs in Patients in the Pooled Safety Set, Overall and by Age at

Disease Onset

Pediatric Onset (N=68), n (%) _ Adult  Unknown An
Perinatal/ Juvenile Onset Onset  Patients
Infantile Onset Onset ~=2) ™=1) ™N=T1)
MedDRA Preferred Term (N=48) ™N=20) n (%) n (%) n (%)
Pyrexia 21 (43.8) 0 0 0 21(29.6)
Respiratory distress 6(12.5) 0 0 0 6(8.5)
Hypertension 5(10.4) 0 0 0 5(7.0)
Bradycardia 4(83) 0 0 0 4(5.6)
Tachycardia 4(83) 0 0 0 4(5.6)
Dyspnoea 3(6.3) 0 0 0 3(42)
Acute respiratory failure 2(42) 0 0 0 2(28)
Apnoea 2(42) 0 0 0 2(28)
Respiratory failure 2(42) 0 0 0 2(28)
Restrictive pulmonary disease 2(42) 0 0 0 2(28)
Sleep apnoea syndrome 2(42) 0 0 0 2(28)
Tachypnoea 2(42) 0 0 0 2(28)
Acute respiratory distress syndrome 121 0 0 0 104)
Apnoeic attack 121 0 0 0 1(1.4)
Arhythmia 121 0 0 0 104)
Asthma 121 0 0 0 1014)
Blood pressure increased 0 1(5.0) 0 0 1014)
Breath holding 121 [ 0 0 1014)
Cardiac arrest 121 0 0 0 1014)
Cardio-respiratory arrest 121 0 0 0 1(1.4)
Febrile convulsion 121 0 0 0 104)
Heart rate abnormal 121 0 0 0 1014)
Heart rate decreased 121 0 0 0 1014)
Heart rate increased 0 1(5.0) 0 0 1014)
Hypothermia 121 [ 0 0 1014)
Pulmonary hypertension 121 0 0 0 1014)
Respiratory arrest 121 0 0 0 1014)
Respiratory depression 121 0 0 0 1(1.4)
Respiratory rate increased 121 0 0 0 104)
Right ventricular systolic pressure 121 0 0 0 1014)
increased
Secondary hypertension 121 [ 0 0 104)

MedDRA = Medical Dictionary for Regulatory Activities.

Source: Table 1.3.1.1.13
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