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Therapeutic Goods Administration

About the Therapeutic Goods Administration (TGA)

o The Therapeutic Goods Administration (TGA) is part of the Australian Government
Department of Health, and is responsible for regulating medicines and medical
devices.

o The TGA administers the Therapeutic Goods Act 1989 (the Act), applying a risk
management approach designed to ensure therapeutic goods supplied in Australia
meet acceptable standards of quality, safety and efficacy (performance), when
necessary.

o The work of the TGA is based on applying scientific and clinical expertise to decision-
making, to ensure that the benefits to consumers outweigh any risks associated with
the use of medicines and medical devices.

e The TGA relies on the public, healthcare professionals and industry to report problems
with medicines or medical devices. TGA investigates reports received by it to
determine any necessary regulatory action.

e Toreportaproblem with a medicine or medical device, please see the information on
the TGA website <https://www.tga.gov.au>.

About the Extract from the Clinical Evaluation Report

e This document provides a more detailed evaluation of the clinical findings, extracted
from the Clinical Evaluation Report (CER) prepared by the TGA. This extract does not
include sections from the CER regarding product documentation or post market
activities.

o The words [Information redacted], where they appear in this document, indicate that
confidential information has been deleted.

e For the most recent Product Information (PI), please refer to the TGA website
<https://www.tga.gov.au/product-information-pi>.

Copyright

© Commonwealth of Australia 2015

This work is copyright. You may reproduce the whole or part of this work in unaltered form for your own personal
use or, if you are part of an organisation, for internal use within your organisation, but only if you or your
organisation do not use the reproduction for any commercial purpose and retain this copyright notice and all
disclaimer notices as part of that reproduction. Apart from rights to use as permitted by the Copyright Act 1968 or
allowed by this copyright notice, all other rights are reserved and you are not allowed to reproduce the whole or any
part of this work in any way (electronic or otherwise) without first being given specific written permission from the
Commonwealth to do so. Requests and inquiries concerning reproduction and rights are to be sent to the TGA
Copyright Officer, Therapeutic Goods Administration, PO Box 100, Woden ACT 2606 or emailed to
<tga.copyright@tga.gov.au>.
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List of the most common abbreviations

Abbreviation Meaning

3MSCT 3-minute stair-climb test

6MWT 6-minute walk test

AE adverse event

ANCOVA analysis of covariance

ANOVA analysis of variance

ARRB Allergic Reaction Review Board

AUCo-0 area under the plasma concentration-time curve from time zero
to infinity

AUCo-¢ area under the plasma concentration-time curve from time zero
to the time of last measurable concentration

BMN BioMarin Pharmaceutical Inc.

BMN 110 recombinant human N-acetylgalactosamine-6-sulfatase

BMN 110 2.0 every other week cohort

mg/kg/qow

BMN 110 2.0 weekly cohort

mg/kg/week

°C degree Celsius

C4 complement component 4

CI-M6PR cation-independent mannose-6-phosphate receptor

Crnax observed maximum plasma concentration

CL total clearance of drug after intravenous administration

CRF case report form

CSR Clinical Study Report

CTX1 type I collagen C-terminal crosslinked C-telopeptide

DMC Data Monitoring Committee

ECG electrocardiogram

ECHO echocardiogram

ERT enzyme replacement therapy
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Abbreviation Meaning

FDA Food and Drug Administration

FET forced expiratory time

FEV1 forced expiratory volume in 1 second

FIVC forced inspiratory vital capacity

FVC forced vital capacity

GAG glycosaminoglycan

GALNS N-acetylgalactosamine-6-sulfatase

GCP Good Clinical Practice

HAQ Health Assessment Questionnaire

IAR Infusion associated reaction

ICF Informed Consent Form

ICH International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human Use

ICHE6 ICH Harmonised Tripartite Guideline: Guideline for Good Clinical
Practice E6

IEC Independent Ethics Committee

IgE immunoglobulin E

IgG immunoglobulin G

IgM immunoglobulin M

IRB Institutional Review Board

ITT Intent-to-treat

IV intravenous

KS keratan sulfate

Kuptake the concentration of enzyme/ligand that yields half the maximal
uptake value

LOCF last observation carried forward

LS least square

MedDRA Medical Dictionary for Regulatory Activities
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Abbreviation Meaning

MPS mucopolysaccharidosis

MPS HAQ MPS health assessment questionnaire

MPS IVA MPS IV type A; Morquio A Syndrome

MVV maximum voluntary ventilation

NAb BMN 110-specific neutralizing antibodies (that inhibit cellular
receptor binding)

PIIANP type I1A collagen N-propeptide

PD pharmacodynamics

PK pharmacokinetics

PP per-protocol

qow every other week

REB Research Ethics Board

RFTs respiratory function tests

SAE serious adverse event

SAP Statistical Analysis Plan

SD standard deviation

SMQ Standardised MedDRA Query

SOC system organ class

t1/2 elimination half-life

Tmax time to reach Cmax

TAb total antibody

urine KS urine keratan sulfate

usS United States

vd, apparent volume of distribution based upon the terminal phase

Vdss apparent volume of distribution at steady state

WHO World Health Organization
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1. Clinical rationale

The sponsor stated that it is developing BMN 110 as an enzyme replacement therapy (ERT) for
the treatment of mucopolysaccharidosis IV, Type A (Morquio A syndrome, MPS IVA), a severely
debilitating and progressive disease which is an unmet medical need.

MPS IVA is a rare, devastating, inherited disorder caused by mutations of the gene that codes for
the lysosomal enzyme N-acetylgalactosamine-6-sulfatase (GALNS), which degrades
glycosaminoglycans (GAGs) including keratan sulfate (KS) and chondroitin-6-sulfate (C6S).

With insufficient GALNS, GAGs progressively accumulate in multiple organs and tissues. This
pervasive and progressive accumulation of GAGs leads to significant morbidities and
multisystem clinical impairments resulting in diminished functional capacity, decreased
endurance, impaired quality of life, and early mortality.

1.1 MPS IVA (from UpToDate, accessed 2 January 2014)

MPS type IV (Morquio syndrome) - Mucopolysaccharidosis [V (MPS IV A and B) is also known as
Morquio syndrome. This disorder consists of two forms with similar clinical findings and
autosomal inheritance. MPS IV A (MIM #253000) results from mutations in the gene encoding
galactosamine-6-sulfatase (GALNS), located at 16q24.3. MPS IV B (MIM #253010) is due to beta-
galactosidase deficiency. The clinical features result from accumulation of keratan sulfate and
chondroitin-6-sulfate.

Morquio syndrome is characterized by skeletal involvement. Patients typically present at
approximately one year of age with short stature, primarily due to a shortened neck and trunk,
and joint laxity. Pectus carinatum (protuberant sternum) and genu valgum (knock-knee
deformity) are common. Dysostosis multiplex occurs early. Other complications include
spondyloepiphyseal dysplasia and severe flattening of the vertebrae (platyspondyly), odontoid
dysplasia with failure to ossify which leads to atlantoaxial instability and C1-C2 subluxation.
This can result in the insidious onset of cervical cord compression, beginning with fatigue and
progressing to weakness. Acute cord compression and respiratory arrest may occur after minor
falls. Patients may be confined to wheelchairs by their second or third decade. Respiratory
problems often develop due to cord compression and the restrictive effects of skeletal disease.

Mild corneal opacities, hepatosplenomegaly, and valvular heart disease may occur in Morquio
syndrome. Some patients develop progressive hearing loss. Enamel hypoplasia is seen in MPS IV
Abutnot IV B.

Both types of Morquio syndrome can have severe or mild forms, depending upon the amount of
residual enzyme activity. In the severe forms, linear growth is minimal after six or seven years
of age and death usually occurs in the third or fourth decade from cardiorespiratory failure.
Mildly affected patients may survive into the seventh decade.

2. Contents of the clinical dossier

2.1 Scope of the clinical dossier
The submission contained the following clinical information:

e 2 pivotal efficacy/safety studies, one of which included pharmacokinetic data.
Pharmacodynamic data were included as part of the clinical efficacy and safety analysis.

e 4 other efficacy/safety studies, one of which included pharmacokinetic data.
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2.2. Paediatric data

The submission included paediatric pharmacokinetic, pharmacodynamic, efficacy and safety
data as children are expected to benefit from treatment.

2.3. Good clinical practice
The dossier stated that all of the included studies complied with GCP.

2.4, Orphan drug designation

Pursuant to subregulation 16](2) of the Therapeutic Goods Regulations 1990 the Delegate of the
Secretary has designated Elosulfase alpha as an orphan drug; the indication of which is the
treatment of mucopolysaccharidosis IV type A (Morquio A syndrome, MPS IVA).

3. Pharmacokinetics

3.1. Studies providing pharmacokinetic data

Table 1 shows the studies relating to each pharmacokinetic topic and the location of each study
summary. The PK assessment of BMN 110 was planned in the 4 clinical studies. However, PK
data from only MOR-002 and MOR-004 were provided in this marketing application because PK
data from MOR-005 and MOR-008 were not available as of the data cut-off date for the
submission.

Table 1: Submitted pharmacokinetic studies

PK topic Subtopic Study ID *
PK in target PK on Week 0 and Week 24 MOR-004 Efficacy/
population$ (2.0 mg/kg/qow; 2.0 mg/kg/week) Phase 3 Safety
(MPS IVA) 65 PK subjects
PK - Dose-escalation study MOR-002 Efficacy/
(0.1 mg/kg/week; 1.0 mg/kg/week; Phase 1/2 Safety
2.0 mg/kg/week)
19 PK subjects

* Indicates the primary aim of the study.
1 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.

3.2. Summary of pharmacokinetics

The information in the following summary is derived from conventional pharmacokinetic
studies.

3.2.1. Physicochemical characteristics of the active substance

The following information is derived from the Sponsor’s summaries in Module 2.
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The mature recombinant human N-acetylgalactosamine-6-sulfatase (rhGALNS) protein contains
496 amino acids. (The amino acid sequence of rhGALNS is identical to the endogenous
lysosomal enzyme, human GALNS.) The calculated isotope average molecular mass of the
peptide chain is 55412.9 Da. rhGALNS contains 8 cysteine residues, 6 of which are involved in
intramolecular disulfide bridges. One cysteine residue is unpaired and one cysteine residue in
the active site (C53) is enzymatically converted by the production cell into formylglycine (FGly,
2-amino-3-oxopropanoic acid; oxo-alanine.

This modification is required for enzyme activity and is conserved in all members of the
sulfatase enzyme family. The FGly in rhGALNS can be hydrated to become a germinal diol. The
enzyme spontaneously forms a homodimer in solutions. rhGALNS is taken up and translocated
to the lysosomes of target cells by the cation independent mannose-6-phosphate receptor (CI-
MPR, also known as M6P/IGF2 receptor. There are two consensus N-glycosylation sites on the
rhGALNS molecule: N178 and N397. The predominant glycans are mannose structures with or
without phosphorylation.

The X-ray crystal structure of human GALNS has been solved.

A schematic diagram of rhGALNS is shown in Figure 1. This schematic diagram illustrates the
positions of key residues in the primary amino acid sequence.

Figure 1: Schematic Diagram of N-acetylgalactosamine-6-sulfatase Primary Sequence and
Amino Acid Residues of Interest
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3.2.2. Pharmacokinetics in healthy subjects
Not Applicable.
3.2.3. Pharmacokinetics in the target population

Evaluations of the PK of BMN 110 are part of the designs of 4 of the 6 clinical efficacy and safety
studies in the development program: MOR-002, MOR-004, MOR-005 (in Japanese subjects only),
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and MOR-008. As of the data cut-off of this submission, PK results were available for 2 of these
studies: MOR-002 and MOR-004.

3.2.3.1. Study MOR-004 (Phase 3)

The study details are summarised in Section Clinical Efficacy, Pivotal efficacy studies. Sampling
for PK analysis was performed for 65 subjects: 17 placebo, 24 BMN 110 2.0 mg/kg/qow, and 24
BMN 110 2.0 mg/kg/week. Blood samples for PK analysis were drawn at Weeks 0 and 22
predose (within 15 min before dosing), at 60 and 120 min after infusion start, within 5 min
before infusion end, and at 5, 15, 30, 60, 120, and 180 min after infusion end, with the exception
of 2 subjects in the BMN 110 2.0 mg/kg/qow group and 1 subject in the BMN 110 2.0
mg/kg/week group for whom blood samples were drawn at Week 20 and Week 23,
respectively. One subject ([information redacted]; BMN 110 2.0 mg/kg/week) was excluded
from PK analysis because only 1 pre-dose PK sample was available. PK parameters were not
available due to missing samples for 1 subject in each treatment group at Week 22 and 1 subject
in the BMN 110 2.0 mg/kg/week group at Week 0. The PK profile is summarised in Figure 2 and
the main PK parameters are documented in Table 2.

Figure 2: BMN 110 Mean Plasma Concentration over Time in Study MOR-004
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Table 2: Summary of Pharmacokinetic Parameters in Study MOR-004

Study Visit BN 110 BAIN 110 *Ratio of BAIN 110
Mean (n, D) 2.0 mg kg 'qow 2.0 mg kg week o week (%4)
Weelk 0
o 34 I
AUC pe, min*ng mL 287597 (14, 231074 (15, 1245
P6432.1) 103207.4)
AUCq,, mm"ag'ml 248720 (24, 237884 (22, 104.6
91061.7) 100328 6)
Cam. ng'mlL 1438 (24, 435.3) 1494 (22, 534.1) 862
CL, mL/mmky 754014,2002) | 10004 (15,3.733) 751
Vi mLkg 219.42 {12, 95.483) |395.74 (14, 315.638) 55.4
Ve mL'kg 68.79 (14, 34.008) |123.66(15, 144.115) 56
[ Ty mn 657T(14,3100) | 7.52Q15, 5484) 874
- 150 (24, 58.1) 172 (22, 75.3) 872
Week 13
/] 3 X
AUC pa, min*ng'ml 463460 (19, 619080 (20, 749
914189 413048.3)
AUCy, mm*ng'mL 411687 (23, SITATL (22, 713
420279.7) 416316.6)
Cone. 017wl 2616 (23, 2702.1) | 4036(22 3137.1) 645
CL, mL'mmn/kg GE50(19, 294 7.08 (20, I!.H‘-’] P1E
Vi mlkg 2451917, 273.145) 649,67 (20, FER]
1841.705)
Vo mlkg 12011 (19, TLOT6E) |299.52 (20, 543 309) 0.1
Ty mun 19.25 (19, 19.217) | 35.86 (20, 21.485) 557
[ T mun 159 (23, 60.6) 202 (22, 90.8) 785
Study Visit BAMN 110 BAMN 110 *Ratlo af BMN 110
Mean (n, 5D 2.0 mgkg'qow 2.0 mg kg werk qaw/werk (%)
Wik 22 Week 0° (T8)
i 23 21
AUC g, mim*ngmL 179.2 206
AUCq, min*ng/'mL 176.3 2806
s, 11l 183.6 2916
CL. mLminkg B7.0 46,4
Wik, mLkg 127.0 188.9
Ve, mLkg 1470 2450
[ Tya. mun 2800 696.0
- 1198 145.7
® FLitias is ratso of mesns.

* Oouily wubyects with I data avadlable for both visite are inchaded,
AUCy., area nmder thee plasma concentratsi-time curve from teme 2en o inflary, AUCuL, aen under the
plaves conoestration-time curve fous tEme pero 10 the tose of 1ol messiable conceiiation, T, obeerved
maxemim plina coscentration; L, total clearance of dnisg afer inmravenous adminiration, qow, every othes
weels, S50, sandard deviation Vi, oppasent vobunse of distribation ol peady-stase; Vi, appasent volumee of
distribstion based upon the ternsinal phase; 1,5, elummation hatf-hfe
Fod milipects whe have prssing vidies of AUCyo 1,4, CL, Vg ind Vi, the paramesens couild ool be estiniabed
dae 1o ienihicient 4 in the terminal phase of me plasma profile. For sulrects who Bive mising vibees of
Vg 0ialy, their Vi, wan not reporied dae 10 8 pegative valoe, Adjuiting for (nfusion camed » negative MRTinf
value. The Vi, valse s lso neguiive becaise of the relatiomhip: VissshR T CL
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3.2.3.2. Study MOR-002 (Phase 1/2)

The study details are summarised in Section Clinical Efficacy, Pivotal efficacy studies. Sampling

for PK assessments was performed on blood obtained on treatment days at Weeks 1, 12, 24, and
36 from pre-dose to 120 min post-infusion. The patients were aged between 5 and 18 years. The
PK profile is summarised in Figure 3 and the main PK parameters are documented in Tables 3-4.

Figure 3: BMN 110 Mean Plasma Concentration over Time in Study MOR-002
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Table 3: Summary of Pharmacokinetic Parameters in Study MOR-002

:.-:
Usit [N | Meas o Mess | Mim | Mediaa | Max
Dose Level 0.1 mg/kg/wk Week 1
AUCw | mnmgml | ©
AUCh | muavagml | 10 | Sesasn | 223781 | 29914 | 285000 | s21288 | 1114050
Com sgml |17 3428 | 147 | 376 | 16s0 | 3030 65 60
= M  |17| 15832 | 7ies | wre | msoo | 1200 | 34300
LT ] M= o
a mlmnkg | 0
Va ml kg 0
Vi mlikg |0
Dose Level 01 mpkgiqw Week 12
W Taarseni | o
[AUCe. | uamgml | 7 | 360623 | 83080 | 350955 | 222735 | 383400 | saa7s
Com sgml | 8 | 258 19 124 | 1200 | 2675 3620
Tam - s | wras | saa | w206 | 12000 | 150 | 29
LY fiai ]
(a8 mlmmkg | 0
Va mlkg |0
Vs mikg | O
Deose Level | 0 mpkp'wk Week 24
AUCxt | munvmgml | 7 | 1912738 | simana | vosononn | *'%7 | 116 sa | 21300663
AUCs: | suavmguml |17 | 8942757 | 4258100 | so2esas | P19 | o002y 50 | 10088850
Com agml | 17| sosns | 20752 | asras | 200 | 43600 853 00
Tam i 17| amsas | eses | 16347 | 12000 | 12000 2200
ts - 1| wes [ nre [ 37 743 s20 8491
_ﬂ mLmmkg | 7| 1018 5,55 917 168 ™ 2169
o2 _ Goomente
Ust | % | Meam D Meam | Mim | Median | M
Ve mixg | 7| sexms | 26530 | amas | esm | sewe | or0s
Vi mirg | 7| w4727 | g4 | 7sa0s | 20045 | s w7 204 35
Dose Level 20 mpkgwk Week 36
AUCw | munvagml [ 11 | 4omasien | 7370 | 3s2ma2ss | #9072 | 28050056 | 85200073
AUCh | munvngmal. | 16 | 33sa1436 [ 182 | 19sm705 | *¥27 | ppmes | mmseoo
Com ogml |18 | 20061 | 205622 | 144126 | 41900 | 1mso00 | 73000
[Tan mn 18| 19628 | s208 | 1%068 | msoo | 1ss00 | 35500
iz mo |1 307 | 250 2511 625 2878 nn
L mlmmkg | 11| 746 536 601 238 713 2097
Va miig || ms | 2007 | nrre | s | wm 595 93
Vau ming |11 2726 | gs2am | amn Mag | mn 2045 62
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Table 4: Dose Proportionality for BMN 110 in Study MOR-002

0.1 mg/kg/week in Week 1* 0.1 mg/kg/week in Week 12°
Actual Dose Level gt 3
Increase Caax AUCq Can AUC,,
Dose Ratio Dose Ratio Dose Ratio Dose Ratio
1-: 10-: 20- fold 1:15:59 1:16:60 1:20:79 1:25:93

* Cmas and AUC, were compared among Week 1, 24 and 36.
® Coux and AUC,, were compared among Week 12, 24 and 36.

3.2.4. Pharmacokinetics in other special populations

Children were the majority of subjects within the target population and are not considered
separately in the evaluation.

3.3. Evaluator’s overall conclusions on pharmacokinetics

The sponsor has supplied a minimal clinical PK data set incorporating two clinical studies. The
dose finding study, MOR-002, showed a non-linear dose dependent increase in plasma
concentrations, in that both AUC and Cmax increased by up to 93 times when the dose was
increased only 20 times (see Table 4). Study MOR-004 also did not demonstrate linear dose
dependent changes in plasma concentrations when comparing weekly to second weekly
infusions. This is not surprising given the relatively short plasma half-life of BMN 110; which
was approximately 6 minutes with initial dosing increased to ~ 36 minutes at the end of the
study (Table 2);when compared to the dosing interval (weekly or second weekly). There was a
time dependent increase in half-life from week 1 to week 22 resulting from a decrease in
clearance and a concurrent increase in volume of distribution over that time (Table 2). The
studies are adequate to characterise the pharmacokinetics of BMN 110 including the
dose proposed for administration in the product information for adults and children
greater than 5 years of age. However, the pharmacokinetic data from study MOR-007,
which enrolled children less than 5 years of age was not presented in the dossier. This is
a deficiency in the data.

4. Pharmacodynamics

4.1. Studies providing pharmacodynamic data

All of the presented clinical studies collected pharmacodynamic data related to serum and urine
KS as well as immunogenicity. Only studies MOR-004 and MOR-002 presented PK data and so
could explore the PK-PD relationship (Table 5). All of the studies are summarised in Efficacy
section of this evaluation.

Table 5: Submitted pharmacodynamic studies.

PD Topic Subtopic (Effect on) Study ID *

Secondary Pharmacology$ Efficacy (6MWT, 3MSCT, MVV) MOR-004
PD (urine KS reduction)

Efficacy (6eMWT, 3MSCT) MOR-002
PD (urine KS reduction)

* Indicates the primary aim of the study if applicable. § Subjects who would be eligible to receive the drug if
approved for the proposed indication. £ And adolescents if applicable.
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Both pharmacodynamic studies had had some deficiencies but this did not exclude their results
from consideration.

4.2. Summary of pharmacodynamics

The information in the following summary is derived from conventional pharmacodynamic
studies in humans.

4.2.1. Mechanism of action

BMN 110 is a recombinant form of human N-acetylgalactosamine-6-sulfatase (rhGALNS), and is
identical to the naturally occurring human lysosomal enzyme in terms of the amino acid
sequence and N-linked glycosylation sites. BMN 110 is intended to provide exogenous GALNS
that will be taken up into the lysosomes and increase the catabolism of GAGs KS and C6S. BMN
110 uptake by cells into lysosomes is most likely mediated by the binding of mannose-6-
phosphate-terminated oligosaccharide chains of BMN 110 to the cation-independent mannose-
6-phosphate receptor (CI-M6PR). BMN 110 internalization into the lysosome is anticipated to
promote increased catabolism of keratan sulfate (KS) in affected tissues, including
macrophages, hyaline cartilage, and other connective tissues. BMN 110 is therefore expected to
reduce the progressive accumulation of KS and improve signs and symptoms of the disease.

4.2.2. Pharmacodynamic effects
4.2.2.1. Primary pharmacodynamic effects

No primary pharmacodynamic studies were conducted. Some pharmacodynamic parameters
were described as part of the clinical efficacy studies (see Section Efficacy Pivotal studies for full
details) and overlap with clinical efficacy outcomes.

4.2.2.2. Secondary pharmacodynamic effects

Two studies considered some pharmacodynamic parameters as outcome measures. These
include the 6 minute walk time, 3 minute stair climb time, maximum voluntary ventilation and
urine KS reduction.

4.2.2.2.1. Study MOR-004

In MOR-004, dosing regimen-dependent changes in efficacy (6MWT, 3MSCT, and maximum
voluntary ventilation [MVV]) and PD (urine KS reduction) outcome measures were analysed in
47 patients. As only two dose levels were studied (2 mg/kg/week and 2 mg/kg/qow), there are
a limited range of observable values on which to base the PD analysis. While there is some
relationship between the dose and these measures (see Section Relationship between drug
concentration and pharmacodynamic effects), there is no clear correlation between
pharmacokinetic parameters and the exposure level as seen for example in the 6MWT (Figure
4) and urine KS reduction (Figure 5).
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Figure 4: Association of Pharmacokinetic Parameters and Change of 6 Minute Walk Test

from Baseline to Week 24
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Figure 5: Association of Pharmacokinetic Parameters and Percent Change of Urine KS

from Baseline to Week 24
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4.2.2.2.2. Study MOR-002

In MOR-002, dosing regimen-dependent changes in efficacy (6MWT, 3MSCT) and PD (urine KS
reduction) outcome measures were analysed although the number studied was small (17
patients). There does appear to be some relationship between dose and 6MWT (Figure 6),
3MSCT (Figure 7) and urine KS reduction (Figure 8). This was not however, correlated with

serum concentrations of BMN 110.

Figure 6: Mean Change from Baseline in Total Distance Walked During 6MWT vs. Study
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Figure 7: Mean Change from Baseline in Number of Stairs Climbed per Minute during 3-

Minute Stair Climb Test versus Study Week
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Figure 8: Normalized Urine KS versus Study Week
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4.2.3. Time course of pharmacodynamic effects
The time course of pharmacodynamic effects was not explored.
4.2.4.

4.2.4.1.

Relationship between drug concentration and pharmacodynamic effects
Study MOR-004

In this study there was evidence of dosing dependent increases in efficacy (6MWT, 3MSCT, and
MVV). There was also a dose dependent reduction in urine KS. The weekly treatment group
exhibited a greater change in these outcomes than the every second week (qow) treatment
group and the placebo group. The study however failed to demonstrate any relationship
between drug exposure (based on PK) and any of these outcomes.

The mean baseline urine KS levels fell by 4.4%, 35.2%, and 45.1% for the placebo, gow and
weekly dosing, respectively.

The mean change of 6MWT from Baseline was 13.5 m, 14.9 m, and 36.5 m for the placebo, qow
and weekly dosing, respectively.

The mean change of 3MSCT from Baseline was 3.6, 3.4, and 4.8 stairs/min for the placebo, qgow
and weekly dosing, respectively.

The mean percent change of MVV from baseline was 2.4%, 6.1%, and 10.8% for placebo.

There was no clear correlation between individual PK exposure (AUCO-t and Cmax) and PD
(urine KS) or efficacy (6MWT, 3MSCT, and MVV) (see Table 6).

Table 6: Summary of Pharmacokinetic Exposure, Pharmacodynamic, and Efficacy
Measurements for BMN 110 in Subjects with MPS IVA in MOR-004

Percent Change of Change of | Percent Change
Coaux AUCy Change of O6MWT 3MSCT of MVV
Treatment Week (ng/mL) (min*ng/mL) Urine KS (%) (meters) (stairs/min) (%)
Placebo 24 - - 4.4(55.27.0) | 13.5(59.50.6) | 3.6(39.8.5) 2.4(50,20.7)
2.0 mg/kg/qow 24 2616 (23.2702.1) (134‘:33.,8;9 7 -35.2(57.20.7) | 149(58.40.8) | 3.4(58.102) | 6.1(52.23.8)
2.0 mg/kg/week 24 4036 (22, 3237.1) @ 5:17337116 6 -45.1(54,19.9) | 36.5(57.58.5) | 48(57,8.1) | 108(49,25.6)

Notes: PK was measured in PK population at Week 22; PD and efficacy was measured m ITT population at Week 24. Results were expressed as mean (n. SD), where nis
the mumber of subjects.

4.2.4.2. Study MOR-002

In this study there was again evidence of dosing dependent increases in efficacy (6MWT and
3MSCT). There were no dose-dependent changes of MVV. There was also a dose dependent
reduction in urine KS. The study however failed to demonstrate any relationship between drug
exposure (based on PK) and any of these outcomes. As there was no placebo group, the study
was inadequately powered to assess the dose-dependent effects (see Table 7).

Table 7: Summary of Pharmacokinetic Exposure, Pharmacodynamic, and Efficacy
Measurements for BMN 110 in Subjects with MPS IVA in MOR-002

Percent Change Change of Change of Percent
_— G AUCy of Urine KS 6MWT 3IMSCT Change of
Week (ng/mL) (min*ng/mlL) (%) (meters) (stairs/min) MVV (%)
0.1 mg/kg/wk ; 2207 (19, 0319,
12 25.49 (8, 7.92) 3606 (7, 840) 232 (19, 19.04) 85.05) 1307) 9.9 (14, 21.29)
1o0mgkewk | 24 | 503.18(17,207.52) | 89428 (17,42582) |-27.9(18,17.92) [ 163 (17.71.74) | 6.1 (17,8.66) | 11.0 (13, 21.48)
2.0 mg/kg/wk 2022.61 (18, B B 5 78(17,
36 2056.22) 335814 (16.233133) | 406 (18.20.16) | 138017.6325) | ‘3¢ 10.5 (14, 17.43)

Note: Results were expressed as mean (n, SD). where n is the number of subjects.
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4.2.5. Genetic-, gender- and age-related differences in pharmacodynamic response

Genetic, gender and age-related differences in pharmacodynamic response were not explored.
Age and gender related data were available for analysis and this should be addressed by the
sponsor. Furthermore, the data for children less than 5 years was not presented and this is a
deficiency.

4.2.6. Pharmacodynamic interactions

Pharmacodynamic interactions were not explored.

4.3. Evaluator’s overall conclusions on pharmacodynamics

The studies failed to clearly demonstrate a concentration dependent change in any of the
measured pharmacodynamic outcomes. This probably reflects the relatively modest changes
effected by the medication in these parameters (see Efficacy section of this report). The sponsor
should incorporate the as yet unpresented data from Studies MOR-005, MOR-100, MOR-006,
MOR-007, MOR-008 and BMN 110-502. The use of population techniques with the full dataset
may allow for a clearer analysis of the combined data including better defining the dose-
concentration-pharmacodynamic relationship. A population analysis may also better define any
effect of age and gender upon the pharmacodynamics of BMN 110.

5. Dosage selection for the pivotal studies

Based on the early phase studies, especially Study MOR-002 the sponsor chose 2 mg/kg/week
and 2 mg/kg/qow for the pivotal study. This was an appropriate choice given the preceding
data (section Relationship between drug concentration and pharmacodynamic effects).
Specifically study MOR-002 demonstrated improvements in in both exercise tolerance (6MWT
& 3MSCT) as well as favourable reductions in Urine KS excretion. However, a higher dose of
BMN 110 was not explored to investigate whether this would be tolerated. Study MOR-008
(ongoing at the time of the report) is exploring whether a dose of 4 mg/kg/dose weekly is more
efficacious in children greater than 7 years. The results of this study have not been reported.

6. Clinical efficacy

6.1. Treatment of Mucopolysaccharidosis IVA
6.1.1. Pivotal efficacy studies
6.1.1.1. MOR-004 A Phase 3, Randomized, Double-Blind, Placebo-Controlled,

Multinational Clinical Study to Evaluate the Efficacy and Safety of 2.0
mg/kg/week and 2.0 mg/kg/every other week BMN 110 in Patients with
Mucopolysaccharidosis IVA.

6.1.1.1.1. Study design, objectives, locations and dates
6.1.1.1.1.1. Study design

This was a Phase 3, randomized, double-blind, placebo-controlled, multinational study in
subjects with MPS IVA. Subjects were randomized (1:1:1) to one of three treatment groups: (1)
BMN 110 2.0 mg/kg/week, or (2) BMN 110 2.0 mg/kg/2nd week and placebo infusions on
alternate weeks, or (3) placebo for 24 consecutive weeks (see Figure 9).
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Figure 9: Study Design
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6.1.1.1.1.2. Study objectives

The primary objective of this study was to evaluate the ability of 2.0 mg/kg/week BMN 110 and
2.0 mg/kg/ every other week BMN 110, compared with placebo, to enhance endurance in
subjects with mucopolysaccharidosis IVA, as measured by increase in meters walked in the 6-
minute walk test from Baseline to Week 24.

The secondary objectives were:

e 3-minute stair climb test (3MSCT) from Baseline to Week 24

e decrease in urine keratan sulfate (KS) levels from Baseline to Week 24

The tertiary objectives were to measure:

e pharmacokinetics

e respiratory function

e biochemical markers of inflammation and bone and cartilage

e quality of life as assessed by the MPS Health Assessment Questionnaire (MPS HAQ)
e hearing as measured by audiometry

e cardiac valve function as measured by echocardiogram

e corneal clouding as assessed by physical examination.
6.1.1.1.1.3. Study location

This study was conducted by 34 Principal Investigators at 33 study centres in 17 countries:
Argentina, Brazil, Canada, Colombia, Denmark, France, Germany, Italy, Japan, Portugal, Qatar,
Saudi Arabia, South Korea, Taiwan, Netherlands, United Kingdom, and the United States.

6.1.1.1.1.4. Study dates

Study Start Date: 25 January 2011 (first subject consented)
Study End Date: 23 August 2012 (last subject last visit)
6.1.1.1.2. Inclusion and exclusion criteria

6.1.1.1.2.1. Inclusion criteria for enrolment

e Atleast 5 years of age
e Documented clinical diagnosis of MPS IVA

e  Written, signed informed consent
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e Average Screening 6MWT distance =30 and < 325 meters

6.1.1.1.3. Exclusion criteria for enrolment

e Previous hematopoietic stem cell transplant

e Previous treatment with BMN 110

o Known hypersensitivity to any component of BMN 110

e Major surgery within 3 months

e Pregnant or breastfeeding

o Use of any investigational product or medical device within 30 days
6.1.1.1.4. Study treatments

BMN 110 (recombinant human N-acetylgalactosamine-6-sulfatase - rhGALNS) [information
redacted].

6.1.1.1.5. Efficacy variables and outcomes
The main efficacy variables were:
Primary efficacy
e O6MWT
Secondary efficacy
e endurance tests:
— 3MSCT
e urine KS concentration (normalized to creatinine)
Other efficacy measures
e respiratory function tests:
— maximum voluntary ventilation (MVV)
— forced vital capacity (FVC)
— forced expiratory volume in 1 second (FEV1)
— forced inspiratory vital capacity (FIVC)
— forced expiratory time (FET)
e MPS Health Assessment Questionnaire ()
e blood inflammatory biomarkers
e blood biochemical markers of bone and cartilage metabolism
e anthropometric measurements (standing height, length, sitting height, and weight)

o skeletal radiographs of lumbar spine and lower extremity (lower extremity radiographs
only in subjects < 20 years of age)

e audiometry examinations
e echocardiogram
e corneal clouding

The primary outcome measures of the 6 minute walk test (6MWT) and 3 minute stair climb
(3MSCT) were standardised measures of exercise tolerance, used in the assessment of patients
with musculoskeletal problems including those with MPS.
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The MPS Health Assessment Questionnaire is a 52-question instrument to evaluate functional
capabilities and performance in children and adults with MPS. The MPS HAQ was originally
developed to assess the self-care and mobility skills of patients with MPS I, and is currently used
by an international MPS I Registry.

6.1.1.1.6. Randomisation and blinding methods

Subjects who met the study entry criteria were randomized (1:1:1) to one of three treatment
groups using the interactive web or voice response system: (1) placebo, (2) BMN 110 2.0
mg/kg/qow with placebo infusions alternate weeks, or (3) BMN 110 2.0 mg/kg/week for 24
consecutive weeks. Randomization was stratified by screening 6MWT categories (<200 meters
and >200 meters) and age group (5-11, 12-18, and 219 years old). The randomization schedule
was developed by an independent third party to ensure blinding.

6.1.1.1.7. Analysis populations

The efficacy populations were the intent-to-treat (ITT) population and the per-protocol (PP)
populations. The ITT population consisted of all subjects who were randomized to study
treatment and received at least one dose of study drug.

They also included a PP population which was used to perform sensitivity analyses for the
primary, secondary, composite, and MVV endpoints. The PP population was a subset of the ITT
population who were compliant with the protocol.

6.1.1.1.8. Sample size

e Safety population = 59 placebo; 59 BMN 110 2.0 mg/kg/qow;
58 BMN 110 2.0 mg/kg/week

e Intent-to-treat population = 59 placebo; 59 BMN 110 2.0 mg/kg/qow;
58 BMN 110 2.0 mg/kg/week

e Per-protocol population = 55 placebo; 55 BMN 110 2.0 mg/kg/qow;
52 BMN 110 2.0 mg/kg/week

6.1.1.1.9. Statistical methods

Approximately 162 subjects (54 subjects in each of the 3 groups) were to be enrolled to have
over 90% power to detect a difference of 40 meters in mean change in the 6MWT distance
between the BMN 110- groups and the placebo group, assuming that the common standard
deviation (SD) was 65 meters with an overall 0.05 two-sided significance level with Hochberg
method for multiplicity adjustment. The study would be considered positive if comparisons of
both drug regimens to placebo result in P<0.05 or comparison of either drug regimen to placebo
resulted in P<0.025.

6.1.1.1.10. Participant flow

A total of 204 patients were screened and 177 were randomized. Of the 27 individuals who
failed screening, 22 had a Screening 6MWT distance that exceeded the allowable maximum of
325 meters, 3 withdrew consent, and 2 were not randomized for Other reasons. One
randomized subject ([information redacted], placebo) was not dosed because the diagnosis of
MPS IVA was not confirmed and this subject was excluded from all analyses.

Of the 176 subjects in the ITT population, 59 were randomized to placebo, 59 to BMN 110 2.0
mg/kg/qow, and 58 to BMN 110 2.0 mg/kg/week. Of the 176 subjects in the ITT population,
175 (99.4%) completed the study, 1 (0.6%) discontinued the study ([information redacted],
BMN 110 2.0 mg/kg/week), and no subjects permanently discontinued study drug. See Figure
10 for details.
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Figure 10: Subject Disposition
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6.1.1.1.11. Major protocol violations/deviations

Protocol deviations are summarised in Table 8.

Table 8: Protocol Deviations - Intent-to-Treat Population

BMN 110 2.0 [BMN 110 2.0
Placebo mg/ke/qgow” | mg/kgweek
Deviation Class and Category (n=59) (n=59) {n=758)

Total Number of Subjects with At 50 (100.0%) | 59(100.0%) | 58 (100.0%)
Least One Deviation
Number of Subjects with At Least One | 22 (37.3%) 19(32.2%) | 20(34.3%)
Major Deviation

Dosing irregularity 2 (3.4%) 0 2 (3.4%)
Eligibility criteria 1(1.7%) 0 (4%
Ot of window 16 (27.1%) 15 (25 4%) 15 (25.9%)
Procedure not done 5 (85%) 5(85%) | 7(12.1%)

Number of Subjects with At Least One | 39 (100.0%) | 59 (100.0%) | 38 (100.0%)
Minor Deviation

Dosing irregularity 12(203%) | 17(288%) | 17(29.3%)
Failure to withdraw® 2 (3.4%) 1(1.7%) 0

Out of window 50 (100.0%) | 59 (100.0%) | 58 (100.0%)
Procedure not done 54(91.5%) | 55(932%) | 57 (98.3%)

Subjects with deviations in more than one category were counted once in each category.

a qow, every other week.

b uKS samples were not first morning voids for [information redacted] subjects and investigator coded as
Failure to Withdraw.

Out of window indicates that the study visit was performed outside the predetermined study time range
(window).
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6.1.1.1.12.

Baseline data

Demographic data are summarised in Tables 9 and 10 below.

Table 9: Baseline Demographics -Intent-to-Treat Population

BMIN 110 BMN 110
Placebo 2.0 mg/kg/qow” | 2.0 mg/kg/week
(n = 59) (n =59) (n=58)

Age at Enrollment (vears)

n 59 59 58

Mean (SD) 15.0 (11.30) 15.3 (10.79) 13.1 (8.10)

Median 119 12.0 11.1

Min , Max .57 5,49 5,42
Age Group (_\‘ears)"

5-11 30 (50.8%) 31 (52.5%) 32 (55.2%)

12-18 15 (25.4%) 16 (27.1%) 16 (27.6%)

=19 14 (23.7%) 12 (20.3%) 10(17.2%)
Sex

Female 32 (54.2%) 25 (42.4%) 32(55.2%)

Male 27 (45.8%) 34 (57.6%) 26 (44.8%)
Race

Asian 11 (18.6%) 15 (25.4%) 14 (24.1%)

Black or African American 0 2 (3.4%) 2(3.4%)

Whute 44 (74.6%) 35 (59.3%) 36 (62.1%)

Other 4 (6.8%) 7(11.9%) 6 (10.3%)
Ethnicity

Hispanic or Latino 13 (22.0%) 16 (27.1%) 9 (15.5%)

Not Hispanic or Latino 46 (78.0%) 43 (72.9%) 49 (84.5%)

® qow, every other week; SD, standard deviation; “Stratification Factor.
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Table 10: Baseline Characteristics-Intent-to-Treat Population

BMN 110 BMN 110
Placebo 2.0 mg/kg/qow” | 2.0 mg/kg/week
(n=59) (n=159) (n=58)
6-Minute Walk Test (meters)
n 59 59 58
Mean (SD) 211.9 (69.88) 205.7 (81.19) 203.9 (76.32)
Median 228.9 218.0 216.5
Min . Max 36.312 47,320 42,322
Walk Category”
<=200m 23 (39.0%) 24 (40.7%) 23 (39.7%)
>200m 36 (61.0%) 35 (59.3%) 35 (60.3%)
Walking Aids Used® 11 (18.6%) 16 (27.1%) 9 (15.5%)
3-Minute Stair Climb Test
(stairs/minute)
n 59 59 58
Mean (SD) 30.0 (14.05) 27.1 (15.80) 29.6 (16.44)
Median 308 255 30.5
Min . Max 0,59 0,67 0,72
Normalized Urine KS* (ug/mg)
n 58 59 58
Mean (SD) 25.7 (15.09) 28.6 (21.17) 26.9 (14.11)
Median 26.7 274 241
Min . Max 2,53 2,117 2:.59

* qow, every other week: SD, standard deviation

* Stratification Factor.

¢ walking aids used in 6MWT include crutches, walker/walking frame and cane/walking stick.
¢ normalized urine KS (keratan sulfate) is calculated as urine keratan sulfate divided by unne creatinine.

6.1.1.1.13.

Results for the primary efficacy outcome: 6-minute walk test

There was improvement from Baseline in 6MWT in the BMN 110 2.0 mg/kg/week group at

Week 24 (36.5 meters [23.9%]) when compared with placebo (13.5 meters [8.7%]).

Mean changes (+SD) from Baseline at Week 24 in the ITT population were 13.5 (£50.6), 14.9
(¥40.8), and 36.5 (+58.5) meters for placebo, BMN 110 2.0 mg/kg/qow, and BMN 110 2.0

mg/kg/week, respectively.

Mean percent changes (+SD) from Baseline at Week 24 were 8.7% (+28.8), 10.6% (£26.5), and
23.9% (*44.8) for placebo, BMN 110 2.0 mg/kg/qow, and BMN 110 2.0 mg/kg/week,
respectively. See Table 11 and Figure 11 for details.

The primary outcome measure was analysed in accordance with the study plan. The primary
efficacy endpoint was met (see Table 12). When compared with placebo, BMN 110 at a dose of
2.0 mg/kg/week demonstrated a statistically significant increase in 6MWT distance (in meters)
at Week 24 (P=0.0174). It should be noted, however, that the clinical effect (an increase in
walking distance of 23 metres) is modest.
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Table 11: Summary of 6-Minute Walk Test - Intent-To-Treat Population

BAIN 110 BMX 110
Placebo L0mgkg'gow" | 1.0 mg kg week
6-Minure Walk Test (meters) (n=59) (n=59) (n=%8)
Baseline
n 9 59 58
Mean (SD) 2119(599) 205.7(81.2) 2039(76.3)
Median 289 2180 265
Min, Max 362, 3122 47.1.3196 4243215
Week 12
n 59 9 58
Mean (5D) 2M6(T895) N21(784) 27601649
Median 2313 Ll | 171
M, Max 5154315 MH.1.3113 486, 350.7
Week 24
n 49 58 57
Mean (SD) 2354 (832) 2M05(38.0) M33(815)
Median 194 2381 231.0
Min, Max 506, 5010 44.1,3704 520,399
Week 11 - Change from Bateline
n 59 59 58
Mean (SD) 12.7(35.8) 135 (384) 23.7(422)
Median 114 136 214
Min, Max -109,1370 -1025,1068 -864.1710
Week 24 - Change from Baseline
n 9 58 57
Mean (SD) 135 (30.6) 149(408) 165 (585)
Median °9 16.1 200
M, Max £92 2405 -1059.1142 <578 2287
BMXN 110 BMN 110
Placeba Lomgkeg/qgow” | 20 mpkg week
6-Minute Walk Test (meters) (n=39) (n=59) (n=58)
Week 12 - Percent Change from
Baseline
] 39 59 58
Mean (5D) 73(19.1) 133 (325) 17.2(33.1)
Median 55 66 142
Min, Max 486 548 -63 4, 1306 =206, 1929
Week 24 - Percent Change from
Baseline
o 59 38 57
Mean (5D) 8.7(238) 10,6 (26.5) 239(44.8)
Median is 7.1 100
Min, Max 456,1054 -65.5.105.9 -38.7.2579

* gow. every other week: SD. standard deiation.
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Figure 11: Repeated Measures ANCOVA Mean Change in 6-Minute Walk Test (Intent-To-

Treat Population
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Table 12: Primary Efficacy Analysis of the Primary Endpoint: Mean Absolute Change from
Baseline in 6-Minute Walk Test at Week 24

BMN 110 BMN 110
2.0 mg/ke/qow” 2.0 mg/kg/week
vs Placebo vs Placebo
Observed Treatment Effect” {Observed Case)
n 58 57
Mean Ditference (meters) 1.4 23.0
95% C1 (-15.5,18.3) (2.9.43.1)
Observed Treatment Effect”
n 59 58
Mean Difference (meters) 0.7 22.5
95% C1 (-16.1,17.5) (2.6,42.5)
Modeled® Treatment Effect”
n 59 58
LS Mean Difference (meters) 0.5 22,5
95% CI (-17.8, 18.9) (4.0, 40.9)
p-value! 0.9542 0.0174

* gow, every other week

" Treatment effect defined as: (change from Baseline to week 24, BMN 110) - (change from Baseline to

Week 24, Placebo)

S ANCOVA model (primary end point analysis), adjusted for baseline covariates: age group and 6MWT

category

4 Pvalue determined by t-test from ANCOVA model

LS Mean, least squares mean

6.1.1.1.14. Results for other efficacy outcomes

6.1.1.1.14.1.

3-minute stair-climb test

There was improvement from Baseline in 3MSCT in the BMN 110 2.0 mg/kg/week group at
Week 24 (4.8 stairs/min [25.7%]) with slight advantage over placebo (3.6 stairs/min [11.4%]);
a difference of only 1.1 stairs/min that was not statistically significant. See Table 13 for details.
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Table 13: 3-Minute Stair-Climb Test: Mean Absolute Change from Baseline at Week 24

BMN 110 BMN 110
2.0 mg/kg/gow” 2.0 mg/kg/week
vs Placebo vs Placebo
Observed Treatment Effect® (Observed Case)
n 58 57
Mean Difference (stairs/min) 0.2 1.1
95% CI (-3.73.2) (-1.94.2)
Observed Treatment Effect”
n 59 58
Mean Difference (stairs/min) 04 1.1
95% CI (-3.9.3.0) (-1.9.4.1)
Modeled* Treatment Effect®
n 59 58
LS Mean Difference (starrs/min) -0.5 1.1
95% CI (-3.7.2.8) (-2.1,44)
p-value® 0.7783 0.4935

* qow, every other week

* Treatment effect defined as: (change from Baseline to week 24, BMN 110) - (change from Baseline to

Week 24, Placebo)
¢ ANCOVA model, adjusted for t
4 P-value determined by t-test from ANCOVA model
LS Mean. least squares mean

6.1.1.1.14.2.

age group, 6MWT category and continuous 3MSCT

Urine Keratan Sulfate (normalized to creatinine)

The Mean changes (+SD) in the ITT population from Baseline at Week 24 were -2.8 ug/mg
(£8.0) for placebo, -12.2 pg/mg (£16.3) for BMN 110 2.0 mg/kg/qow, and -12.6 pg/mg (£9.5)
for BMN 110 2.0 mg/kg/week; these differences were statistically significant. See Table 14 for

details.

Table 14: Primary Analysis of Normalized Urine Keratan Sulfate: Percent Change from
Baseline at Week 24 - Intent-To-Treat Population

BMN 110 BMN 110
2.0 mg/kg/qow” 2.0 mg/kg/week
vs Placebo vs Placebo
Observed Treatment Effect® (Observed Case)
n 57 54
Mean Difference (%) -30.8 -40.7
95% CI (-39.8.-21.8) (-49.7.-31.6)
Observed Treatment Effect®
n 59 58
Mean Difference (%) -31.7 -40.1
95% CI (-40.6,-22.9) (-49.3,-30.9)
Modeled® Treatment Effect®
o 59 58
LS Mean Difference (%) -30.2 -40.7
95% CI (-38.5,-22.0) (-49.0,-324)
p-value? <0001 <.0001

* qow, every other week.

* Treatment effiect defined as: (change from Baseline to week 24, BMN 110) — (change from Baseline to

Weel 24, Placebo).

¢ ANCOVA model, adjusted for baseline ¢

4 P-value determined by t-test from ANCOVA model.
LS Mean, least squares mean.

6.1.1.1.14.3.

Maximum voluntary ventilation

The mean change (* SD) in the ITT population in MVV from Baseline at Week 24 was 0.5 L/min
(% 8.7) for placebo, 1.5 L /min (% 6.0) for the BMN 110 2.0 mg/kg/qow group, and 1.5 L /min
(£7.9) for the BMN 110 2.0 mg/kg/week group. These differences were not shown to be

statistically significant.
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6.1.1.1.14.4. Respiratory function tests

The treatment effect at Week 24 for both BMN 110 treatment groups, compared with placebo,
was generally positive but the magnitude of absolute change was small. These differences were
not shown to be statistically significant.

6.1.1.1.14.5. Forced vital capacity

Mean change (* SD) in the ITT population in FVC from Baseline at Week 24 was -0.0 L (£0.1) for
placebo, 0.0 L (¥0.1) for the BMN 110 2.0 mg/kg/qow group, and 0.0 L (+0.1) for the BMN 110
2.0 mg/kg/week group. These differences were not shown to be statistically significant.

6.1.1.1.14.6. Forced expiratory time

The mean change (* SD) in the ITT population in FET from Baseline at Week 24 was -0.0 sec
(£2.72) for placebo, 0.3 sec (* 1.28) for the BMN 110 2.0 mg/kg/qow group, and -0.7 sec (+5.73)
for the BMN 110 2.0 mg/kg/week group. These differences were not shown to be statistically
significant.

6.1.1.1.14.7. MPS health assessment questionnaire

The mean change in the Self-Care Domain score from Baseline at Week 24 was -0.4 (£ 1.19) in
the placebo group, -0.5 (£#1.29) in the BMN 110 2.0 mg/kg/qow group, and -0.3 (* 0.90) in the
BMN 110 2.0 mg/kg/week group. These differences were not shown to be statistically
significant.

6.1.1.1.14.8. Other markers

Other measures included Bone and Cartilage Metabolism Biomarkers, Anthropometric
Measurements, Lower Extremity Radiographs, Audiometry, Echocardiogram, Corneal Clouding
and other radiographs. Overall there were no differences in these markers between the
treatment groups and the placebo group over the duration of the study.

6.1.1.2. MOR-005 A Multicentre, Multinational, Extension Study to Evaluate the Long-
Term Efficacy and Safety of BMN 110 in Patients with Mucopolysaccharidosis
IVA (Morquio A Syndrome) - Interim Study report - Cut-off Date 04 January
2013

6.1.1.2.1. Study design, objectives, locations and dates
6.1.1.2.1.1. Study design

This was a Phase 3, extension study to evaluate the long-term efficacy and safety of BMN 110 in
subjects with MPS IV type A, who completed the parent study (MOR-004). The study is
composed of two parts.

In Part 1, subjects initially randomized to BMN 110 remained on their assigned dose regimen of
2.0 mg/kg every week (qw) or 2.0 mg/kg every other week (qow). Subjects initially randomized
to placebo were re-randomized (1:1 ratio) to one of the two BMN 110 dose regimens (2.0
mg/kg/qw or 2.0 mg/kg/qow). After analysis of the final primary efficacy and safety results in
MOR-004, and based on the recommendation of the Data Monitoring Committee (DMC), the
dose for Part 2 of MOR-005 (2.0 mg/kg/qw) was determined. Part 1 ended on 30 November
2012.

In Part 2, all subjects receive 2.0 mg/kg/qw.
6.1.1.2.1.2. Study objectives

To evaluate the long-term safety and efficacy of BMN 110 administration at 2.0 mg/kg/qw and
2.0 mg/kg/qow) in subjects with MPS IVA.
The secondary objectives were:

e To evaluate the long-term effect of BMN 110 administration at 2.0 mg/kg/qw and 2.0
mg/kg/qow on changes in biochemical markers of inflammation and bone and cartilage
metabolism, in subjects with MPS IVA.
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e To evaluate subject perception of impairment and improvement at 2.0 mg/kg/qw and 2.0
mg/kg/qow in subjects with MPS IVA.

6.1.1.2.1.3. Study location

This study was conducted by 36 principal investigators at 37 study centres in 19 countries:
United Kingdom, United States, France, Canada, Brazil, Columbia, Argentina, Denmark, Germany,
[taly, Japan, Netherlands, Norway, Portugal, Qatar, Saudi Arabia, South Korea, Taiwan, and
Turkey.

6.1.1.2.1.4. Study dates

Study Start Date: 12 July 2011 (first subject consented)

Study End Date: Ongoing - projected date of study completion of March 2017.
6.1.1.2.2. Inclusion and exclusion criteria

Inclusion Criteria for Enrolment

Individuals with MPS IVA who completed MOR-004 and were expected to be able to comply
with the treatment schedule.

6.1.1.2.3. Study treatments

BMN 110 (recombinant human N-acetylgalactosamine-6-sulfatase - rhGALNS);[information
redacted].

6.1.1.2.4. Efficacy variables and outcomes
The main efficacy variables were:
e endurance tests:
- 6MWT
— 3MSCT
e urine KS concentration (normalized to creatinine)
e respiratory function tests:
— maximum voluntary ventilation (MVV)
— forced vital capacity (FVC)
— forced expiratory volume in 1 second (FEV1)
— forced inspiratory vital capacity (FIVC)
— forced expiratory time (FET)
e MPS Health Assessment Questionnaire
e anthropometric measurements (standing height, length, sitting height, and weight)

o skeletal radiographs of lumbar spine and lower extremity (lower extremity radiographs
only in subjects < 20 years of age)

e audiometry examinations

6.1.1.2.5. Randomisation and blinding methods
See Study MOR-004 design.

6.1.1.2.6. Analysis populations

The efficacy populations were the intent-to-treat (ITT) population and the Per Protocol (PP)
populations. The ITT population consisted of all subjects who were randomized to study
treatment and received at least one dose of study drug.

Submission PM-2013-02807-1-3 Extract from the Clinical Evaluation Report for Vimizim Page 31 of 74



Therapeutic Goods Administration

The PP population was used to perform sensitivity analyses for the primary, secondary,
composite, and MVV endpoints. The PP population was a subset of the ITT population who were
compliant with the protocol.

6.1.1.2.7. Sample size

Planned: up to 175

Enrolled: 173; 2 subjects who completed MOR-004 did not enrol in MOR-005
Completed: 0

The study remains ongoing. Part 1 of the study was completed on 30 November 2012; 172
subjects completed Part 1 (1 subject withdrew consent) and remain on study as of the data cut-
off date of 04 January 2013. Part 2 was initiated on 01 December 2012.

Subjects receive treatment up to Week 240 or until one of the following occurs:

e the subject (or their parent or legally authorized representative) withdraws consent and the
subject discontinues from the study or study treatment

e the subject is discontinued from the study or study treatment at the discretion of the
Investigator or BioMarin, or the study is terminated.

6.1.1.2.8. Statistical methods

Up to 175 subjects with MPS IVA who completed MOR-004 were planned to be enrolled in this
study. Sample Size:

Safety population = 29 PBO-QOW; 29 PBO-QW; 59 QOW-QOW; 56 QW-QW
Intent-to-treat (ITT) population = 29 PBO-QOW; 29 PBO-QW; 59 QOW-QOW; 56 QW-QW
Per-protocol (PP) population = 27 PBO-QOW; 25 PBO-QW; 51 QOW-QOW; 48 QW-QW
PBO - Placebo

QOW - Every second week

QW - Every week

6.1.1.2.9. Participant flow

Of the 175 subjects that completed MOR-004, 173 enrolled into MOR-005. One subject
([information redacted]) in the BMN 110 2.0 mg/kg/qw group and one subject ([information
redacted]) in the placebo group of MOR-004 did not sign an informed consent for MOR-005 and
did not enter the study (see Figure 12). In Part 1, 58 subjects who received placebo throughout
the entire study duration of MOR-004 enrolled in MOR-005 and were randomized (1:1) to the
BMN 110 2.0 mg/kg/qow (cohort PBO-QOW; n = 29) and BMN 110 at 2.0 mg/kg/qw (cohort
PBO-QW; n = 29) treatment groups. A total of 59 and 56 subjects who received BMN 110 at 2.0
mg/kg/qow and 2.0 mg/kg/qw, respectively, throughout the entire study duration of MOR-004
enrolled in MOR-005. One subject in cohort QW-QW ([information redacted]) withdrew consent
after completing Week 0 in Part 1 of MOR-005. All other subjects continued to receive BMN 110
2.0 mg/kg/qow (cohort QOW-QOW; n = 59) and BMN 110 2.0 mg/kg/qw (cohort QW-QW;
n=55). Of the 172 remaining subjects who completed treatment in Part 1 of the study, 169
subjects were on treatment in Part 2 and 3 subjects ([information redacted]) were waiting for
an infusion centre to open in their hometown, as of the data cut-off date of 04 January 2013.
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Figure 12: Subject Disposition

Screened MOR-004 1 excluded before treatment
(N=204) Randomized 1:1:1 (N=177) due to unconfirmed diagnosis
of MPS IVA
I ; [ ]
MOR-004: MOR-004: MOR-004:
Placebo BMN 110 BMN 110 2.0 mgkg/qw
(n=759) 2.0 mgkg/qow (n=758)
| 1 |(n =22 | | 1
59 (100%) 0de'd 59 (100%) 0decd 57 1(6.7%) de'd
completed completed (98.3%) Reason:
completed consent
withdrawal
1
Did not Did not enroll
enroll MOR-005
MOR-005 (m=1)
(2=1)
MOR-005 MOR-005 MOR-005 MOR-005
Cohort PBO-QOW Cohort PBO-QW Cohort QOW-QOW Cohort QW-QW
BMN 110 BMN 110 BMN 110 BMN 110
2.0 mgkg/qow 20 mgkg/qw 2.0 mg'kg/gow 20mgkg/qw
lon = lon = ITT population = ITT population =
safety population safety population safety population safety population
(n=29) (=29 (n=139) (n=56)
| 1 1 | 1 | | 1
29 (100%) | Odc'd 29 0de'd 59 0de'd 55 1(1.8%)dc’d
remain on (100%) (100%) (98.2%) Reason:
study remain remain remain on e
on study on study study A i
I I I I
0 de'd study drug 0 de'd study drug 0 de'd study drug 0 de'd study drug
27 (93.1%) 25 (86.2%) 51 (86.4%) 48 (85.7%)
per-protocol per-protocol per-protocol per-protocol
population population population population
I | I 1
Part 1: Part 1: Part 1: Part 1:
Week 36 Completers Week 36 Week 36 Week 36 Completers:
28 (96.6%) Completers : Completers: 55 (98.2%)
Week 48 Completers 28 (96.6%) 58 (98.3%) Week 48 Completers
14 (48.3%) Week 48 Week 48 Completers 26 (46.4%)
Completers 26 (44.1%)
12 (41.4%)
Source: Table 14.1.1.1; MOR-004 CSR._ Figure 9.1.1. Abbreviation: de'd = discontinued.

6.1.1.2.10. Major protocol violations/deviations

Protocol deviations are summarised in Table 15.
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Table 15: Protocol Deviations - Intent-to-Treat Population

Deviation Class and
Category

PBO-QOW*
(n=29)

PBO-QW*
(n=29)

QOW-QOW*
(n =59)

QW-QW*
(u = 56)

Total Number of Subjects
with At Least One Deviation

29 (100.0%)

25 (86.2%)

57 (96.6%)

52 (92.9%)

Number of Subjects with At
Least One Major Deviation

9 (31.0%)

6 (20.7%)

27 (45.8%)

21 (37.5%)

Dosing irregularity 0 1(3.4%) 4(6.8%) 2 (3.6%)
Out of window 5(17.2%) 0 8 (13.6%) 10 (17.9%)
Procedure not done 4 (13.8%) 5(17.2%) 19 (32.2%) 18 (32.1%)

Number of Subjects with At
Least One Minor Deviation

29 (100.0%)

25 (86.2%)

57 (96.6%)

52 (92.9%)

Dosing irregularity

9 (31.0%)

6 (20.7%)

12 (20.3%)

14 (25.0%)

Eligibility criteria®

0

0

0

1(1.8%)

Out of window

29 (100.0%)

25 (86.2%)

54 (91.5%)

50 (89.3%)

Procedure not done

23(79.3%)

19 (65.5%)

48 (81.4%)

43 (76.8%)

a PBO-QOW, Placebo-BMN 110 2.0 mg/kg/qow; PBO-QW, Placebo-BMN 110 2.0 mg/kg/qw; QOW-QOW,
BMN 110-BMN 110 2.0 mg/kg/qow; QW-QW, BMN 110-BMN 110 2.0 mg/kg/qw
B [information redacted] was incorrectly coded as an eligibility criteria deviation: there was no eligibility

criteria deviation

6.1.1.2.11.

Baseline data

Demographic data are summarised in Table 16.
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Table 16: Baseline Demographics -Intent-to-Treat Population

FBO-.QOW" PBO-QW* Qow-gon* ow.gu*
in=19) o= 29 (n = £9) im = £4)
6-Mioute Walk Test (meter)
B 9 ) 8 55
Mean (5D} 29T (T422 207 2 (64 87) 305.7(81.19) 209 4 (71 80)
Median 1385 2172 X180 87
Men , Max 362 . M9 930.3122 47.1.3198 561.1115
Walk Category
< 200m 11 (37 9%) 11 (379%) 24 (40 T%) 21 (37 5%)
= 200m 18(82.1%) 18 (62.1%) 35 (59.3%) 35(62.5%)
Walking Asds Used® 5{17.2%) 6{20.7%) 18 (27.1%) B(l14.3%)
3-Mlimute Stair Chmb Tedt (sl minute)
B 9 ) 59 -]
Mean (5D) 33101560) 269 (1208) IT1(1580) 01(16.24)
Median 10 o 55 0.7
Men , Max 00,590 00,500 00,668 oo, Ny
Normalized Urine K%' (ug mg)
a b4 b 59 58
Mean (SD) LT(152T) JES(1459) BT 2121422
Median k%0 303 74 50
hlen | Max 11.5035 25.518 24,1173 21.590
Age at the Time of MP5 IV A DHagnosis (vears)
a k.| H i9 56
Mean (5D) 595 79) 6%(720) T5(841) 68(7185)
Median 19 44 52 43
Men , Max 12, 312 16,312 01,482 01.374
Time vimce MPS IVA Diaguods (vears)
B 29 ') i9 58
Mean (D) 108{11.25) 6.7(7.35) T8(7.59) 60(%78)
PRO-QOW* PBEO-QW* QOW-Qow* Qw-pn
(n=29) (n = 19) (m = £9) in = £6)
Medixn (-3 ] L5 55 48
Mim , Max 00,377 05,274 02,320 0. 260
Height Percentile Groups
< Jrd percennle 26 (89.7%) 2T{33.1%) 52(88.1%) 54 (96.4%)
2z Jed 1o < 1 0nh percentile 3(10.3%) 1(34%) 2(34%) 0
= 100k 1 < 2ieh percentle 0 0 o
> 25t 10 < S0th percentile 0 o °
= Heh peroentile 1] L 1 (1.} 1]
Baschne height pot avalible 0 1{34%) 40(68%) 2(36%)

* PBO-QOW, Placeba-BAIN 110 2 0 mg kg 'gow, PEO-QW, Placebo BAN 110 20 mg kg'qw, QOW-QOW,
BADY L10-BAN 110 20 mg kg qow, QW.QW, BADN 110-BMN 110 20 mg kg'qw

4D, sundwd devanes

¥ walkng asds weed 1 MIWT mehude erutehes. walker'walkimg frame and cane wallong shek
‘ urme K5 (keratan sulface) s caleulated as unne keratan sulfase draded by unne creatanine.
Include subgects who enteved MOR-005 pung MOR-004 baselme values
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6.1.1.2.12.

6.1.1.2.12.1. 6-minute walk test

Results for the primary efficacy outcome

At Week 24, mean increases from MOR-004 Baseline in the ITT population were 14.9 and 36.5

meters for cohorts QQW-QOW (n=58) and QW-QW (n=57), respectively with greater

improvement at Week 36 to 23.1 and 42.2 meters in the QOW-QOW (n=58) and QW-QW cohorts

(n=54), respectively.

At Week 48, mean increases from MOR-004 Baseline for cohorts QQW-QOW (n=26) and QW-
QW (n=26), respectively, were 3.7 and 33.4 meters. Fewer subjects had Week 48 assessments as

aresult of the switch to Part 2 of the study.

At Week 24, 1 (1.7%) subject in the QOW-QOW cohort did not perform (ie start) the test. At
Week 36, all subjects performed the test; and at Week 48, 1 (1.8%) subject in the QW-QW
cohort did not perform the test. At Week 36, 2 (3.4%) subjects in the QOW-QOW cohort and 3
(5.4%) subjects in the QW-QW cohort did not complete the test, and the most common reason

given for failure to complete the test was pain.

At Week 48, 1 (1.7%) subject in the QOW-QOW cohort was unable to complete the test due to
pain. See Table 17 and Figure 13 for details. Overall the gains from Study MOR-004 appeared to
be maintained in this study up to the time of reporting.

Table 17: Summary of 6-Minute Walk Test - Intent-To-Treat Population MOR-004 and

MOR-005 Part 1

Qow-Qow" QW-Qw*
6-Minute Walk Test (meters) (n=59) (n=58)
Baseline

n 59 58
Mean (SD) 205.7 (81.19) 203.9 (76.32)
Median 2180 216.5
Min, Max 47.1,319.6 424 3215
Week 24 (MOR-005 Week 0) - Change from Baseline
n 58 57
Mean (SD) 14.9 (40.82) 36.5 (58.49)
Median 16.1 20.0
Min, Max -105.9,114.2 -57.8,228.7
Week 36 (MOR-005 Week 12) - Change from Baseline
n 58 54
Mean (SD) 23.1 (48.70) 422 (52.13)
Median 18.8 41.7
Min, Max -93.5,129.9 -61.5, 2289
Week 48 (MOR-005 Week 24) - Change from Baseline
n 26 26
Mean (SD) 3.7 (68.46) 33.4 (64.89)
Median 135 323
Min, Max -238.5,120.0 -120.0,181.5

* QOW-QOW. BMN 110-BMN 110 2.0 mg/kg/qow; QW-QW, BMN 110-BMN 110 2.0 mg/kg/qw: SD.

standard deviation.
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Figure 13: Repeated Measures ANCOVA Mean Change in 6-Minute Walk Test (Intent-To-

Treat Population MOR-004 & MOR-005 Part 1

50 1[—e— BMN 110 20 mg kg week
—w— BMN 110 2.0 mg kg gqow
£
40 4
P
2
& i
£
=
g 20
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= 104
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0 12 24 36 48
MOR-005: © 12 24
Week
BMN 110 2.0 mg kg week 58 58 57 54 r..]
BAN 110 2.0 mg kg qow 5 £ 58 58 %
qow, every other week.
Ervor bars reg dard error of least-squared mean change from Baseline.
6.1.1.2.12.2. 3-minute stair-climb test

There were some improved 3MSCT results, with greater improvement in the QW-QW cohort at
Week 48. Using the ANCOVA model, the least square mean changes from MOR-004 Baseline in
3MSCT results in the ITT population for the QOW-QOW and QW-QW cohorts, respectively, at
Week 36 were 4.1 stairs/min and 5.9 stairs/min and at Week 48 were 2.9 stairs/min and 6.8
stairs/min). See Table 18 and Figure 14 for details. Overall the gains from Study MOR-004

appeared to be maintained in this study up to the time of reporting.

Table 18: 3-Minute Stair-Climb Test: Mean Absolute Change from Baseline at Week 24 -

Intent-To-Treat Population MOR-004 and MOR-005 Part 1

QOW-QOW* QW-Qw*

Stair Climb Rate (stairs/min) (n=59) (n=58)
Baseline

n 59 58

Mean (SD) 27.1(15.80) 29.6 (16.44)

Median 255 305

Min, Max 0.0,668 0.0,71.9
‘Week 24 (MOR-005 Week 0) - Change from Baseline

n 58 57

Mean (SD) 3.4(10.25) 4.8(8.06)

Median 1.6 43

Min, Max -19.3,458 -12.4,20.5
Week 36 (MOR-005 Week 12) - Change from Baseline

n 58 54

Mean (SD) 4.4(11.78) 59(8.41)

Median 36 44

Min, Max -359,458 -16.2,21.2
‘Week 48 (MOR-005 Week 24) - Change from Baseline

n 26 26

Mean (SD) 4.3 (15.62) 7.3(10.78)

Median 20 44

Min, Max -38.2,60.5 -22.0,30.4

*QOW-QOW, BMN 110-BMN 110 2.0 mg/kg/qow; QW-QW, BMN 110-BMN 110 2.0 mg/kg/qw; SD,
standard deviation
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Figure 14: Model Based (Repeated Measures ANCOVA) Mean Change in 3-Minute Stair-
Climb Test Rate - Intent-To-Treat Population MOR-004 & MOR-005 Part1

10 4|—€—— BMN 110 2.0 mg kg 'week
—— BMN 110 2.0 mg kg gow

L]

3-Minute Stair Climb Change from Baseline (stairs'min)

MORDO4 MORDOS

0 12 24 36 48
MOR-005: 0 12 24
Week
BMN 110 2.0 mg kg week 58 58 57 £ 26
BMN 110 2.0 mg kg iqow 59 59 58 58 2%

qow, every other week.

Error bars represent standard error of least-square mean change from Baseline.

6.1.1.2.12.3. Other measures

Continued treatment with BMN 110 in Study MOR-005 sustained the reduction in urine KS at
Weeks 36 and 48 that had been achieved in MOR-004.

Most of the changes achieved in the various respiratory measures in MOR-004 were maintained
in Study MOR-005 Part 1.

There was a slight trend for the treated patents to have improved Anthropometric
Measurements during Study MOR-005 Part 1 but there was a large distribution of results.

Overall the gains from Study MOR-004 appeared to be maintained in this study up to the time of
reporting.

6.1.2. Other efficacy studies

6.1.2.1. Study MOR-002 A phase 1/2, multicentre, open-label, dose-escalation study
to evaluate the safety, tolerability, and efficacy of BMN 110 in patients with
mucopolysaccharidosis IVA

This was a multicentre, open-label study in MPS IVA patients ages 5 to 18 years old. The study
was designed to assess safety, dose response via PK and PD assessments, and preliminary
clinical efficacy. Exploratory evaluations included biochemical markers of inflammation, and
bone and cartilage metabolism. The duration of the within-patient, Dose-Escalation Period was
36 weeks. During the Dose-Escalation Period, patients received a 4- to 5-hour intravenous
infusion of BMN 110 once per week (qw), over three consecutive 12-week dose-escalating
intervals at doses of 0.1, 1.0, and 2.0 mg/kg/qw.

The primary objective of the study was the following:

e To evaluate the safety of weekly infusions of BMN 110, administered in escalating doses, to
patients with MPS IVA

The secondary objectives of the study were the following:
e Todetermine the PK parameters of infused BMN 110 in patients with MPS IVA

e Todetermine the PD parameters of infused BMN 110, as measured by change in KS in
patients with MPS IVA
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e To evaluate the efficacy of weekly infusions of BMN 110, administered in escalating doses,
by monitoring changes in clinical measures of MPS IVA disorder

The exploratory objective of the study was the following:

o To evaluate the impact of weekly infusions of BMN 110, administered in escalating doses, by
monitoring changes in biochemical markers of inflammation, and bone and cartilage
metabolism, in patients with MPS IVA

Twenty patients were enrolled. The 12 male and 8 female patients ranged in age from 4 to 16
years. Due to the heterogeneity of the disease, patients had wide variation in their functional
impairment and organ system involvement.

Of the 20 patients, 18 completed the Dose-Escalation and Continuation Periods. Two (10%)
patients discontinued study participation early during the 0.1-mg/kg/qw dose interval,
including one patient ([information redacted]) who experienced a life- threatening serious
adverse event (SAE), a Type 1 hypersensitivity reaction; and one patient ([information
redacted]) who had no AEs but withdrew from the study per request. Another patient
([information redacted]) discontinued treatment at Week 45 at the investigator’s discretion
after recurrent immune reaction, but was not withdrawn from the study.

6.1.2.1.1. Results

6.1.2.1.1.1. 6MWT

After initially declining at Weeks 6, 12, and 18, 6MWT distance increased at Weeks 24 and 36 of
the Dose Escalation Period, with mean change from Baseline of 16.3 m at Week 24 and 13.8 m at

Week 36. After decreasing the dose in the Continuation Period, the mean change from Baseline
at Week 72 was 4.0 meters (see Figure 15).

Figure 15: Mean Change from Baseline in Total Distance Walked During 6-Minute Walk
Test versus Study Week- Intent-to-Treat Population
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Note: Error bar refers to standard error.
6.1.2.1.1.2. 3MSC test

The 3MSC test mean stair climb rate minimally changed from Baseline at end of Week 12, then
increased by 6.1 stairs/min at the end of Week 24, and then by 7.8 stairs/min at the end of
Week 36. After decreasing the dose in the Continuation Period, the mean change from Baseline
at Week 72 was 9.7 stairs/min.

6.1.2.1.1.3. RFT

Most RFT means increased from Baseline during the 36-week Dose-Escalation Period, with
continued increase through the Continuation Period (Week 72). Mean percent increases from
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Baseline at Week 72 were 8.4% for FEV1, 10.1% for TLC, 12.5% for FVC, 18.4% for MVV, 18.7%
for FIVC, and 61.7% for FET.

6.1.2.1.1.4. Urine KS

Mean-normalized urine KS declined in a dose-dependent manner during the study, with mean
percent decreases from Baseline of 23.2% at Week 12, 27.9% at Week 24, and 40.6% at Week
36. After the BMN 110 dose was reduced in the Continuation Period, mean urine KS values
trended upwards, to a mean percent decrease from Baseline of 32.2% at Week 72.

6.1.2.1.1.5. Plasma KS

There was not a consistent dose-related trend in the mean changes from Baseline in plasma KS
levels.

6.1.2.2. Study MOR-100 a multicentre, multinational, open-label, extension study to
evaluate the long-term efficacy and sSafety of BMIN 110 in patients with
mucopolysaccharidosis IVA

This was an abbreviated study report with only summary data presented.

MOR-100 is an ongoing Phase 1/2 extension study of MOR-002 to evaluate the long-term
efficacy and safety of BMN 110 in MPS IVA patients. The 17 subjects who received BMN 110
throughout the entire study duration of MOR-002 enrolled in MOR-100. Of the 17 subjects
enrolled in MOR-100, 17 subjects have completed 74 to 87 weeks of treatment, no subjects have
discontinued study participation early, and no subjects have permanently discontinued study
drug. All 17 subjects are continuing treatment as of the data cut-off date of 19 July 2012. Efficacy
results for variables available at the time of the data cut-off, including the 6-minute walk test
(6MWT), 3-minute stair climb test (3MSCT), urine keratan sulfate (KS), and respiratory function
tests (RFTs).

6.1.2.2.1. Efficacy

The following results are reproduced from the summary:
6.1.2.2.1.1. 6MWT

After subjects were treated with BMN 110 for 72 to 84 weeks in MOR-002, an additional 84
weeks of treatment in MOR-100 led to sustained improvements in 6MWT distances at the
majority of study visits.

The mean (*SD) increase in 6MWT distance in the Intent-to-Treat (ITT) population from MOR-
002 Baseline to MOR-100 Baseline was 15.6 (+ 88.84) meters; the mean increase from MOR-002
Baseline to MOR-100 Week 12 was 14.5(* 94.69 ) meters, to MOR-100 Week 24 was 24.5
(£#101.23) meters; to MOR-100 Week 36 was 27.2 (* 62.51) meters; to MOR-100 Week 48 was
6.8 (*+ 98.66 ) meters; to MOR-100 Week 60 was 3.4 meters (¥93.24) meters to MOR-100 Week
72 was -52.7 ( + 133.78) meters; and to MOR-100 Week 84 was 13.9 (¥116.44) meters (only 8
subjects had evaluable data at Week 84). The summary states that the decline in 6MWT at Week
72 was primarily driven by 4 subjects with orthopaedic surgery within 4 weeks prior to the
Week 72 assessment.

6.1.2.2.1.2. 3MSCT

After subjects were treated with BMN 110 for 72 to 84 weeks in MOR-002, an additional 84
weeks of treatment led to sustained improvements in 3MSCT at the majority of study visits.

Based on the results of the MOR-002 study, the dose was increased from 1.0 mg/kg/week to 2.0
mg/kg/week at the Baseline visit of MOR-100. The mean (* SD) increase in 3MSCT in the ITT
population from MOR-002 Baseline to MOR-100 Baseline was 12.7 (+ 13.96) stairs/min; to
MOR-100 Week 12 was 12.9 (* 14.51 stairs/min); to MOR-100 Week 24 was 13.4 (£ 17.07)
stairs/min; to MOR-100 Week 36 was 9.6 * 19.63 stairs/min; to MOR-100 Week 48 was 6.6
(£16.87) stairs/min; to MOR-100 Week 60 was 7.9 (+ 17.30) stairs/min; to MOR-100 Week 72
was -3.3 (* 21.97) stairs/min; and to MOR-100 Week 84 was 12.3(*20.59) stairs/min (only 8
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subjects had available data at Week 84). The summary states that the decline in 3MSCT at Week
72 was primarily driven by 4 subjects with orthopaedic surgery within 4 weeks prior to the
Week 72 assessment.

6.1.2.2.1.3. Urine KS

After subjects were treated with BMN 110 for 72 to 84 weeks in MOR-002, an additional 72 to
84 weeks of treatment produced a similar level of reduction in normalized urine KS comparable
to that seen during doing in MOR-002 at 2.0 mg/kg/week.

Based on the results of the MOR-002 study, the dose was increased from 1.0 mg/kg/week to 2.0
mg/kg/week at the Baseline visit of MOR-100. The mean (+SD) percent decrease in urine KS in
the ITT population from MOR-002 Baseline to MOR-100 Baseline was 30.0 (* 19.23)%; the
mean percent decrease from MOR-002 Baseline to MOR-100 Week 12 was 41.1 (+ 20.72)%; to
MOR-100 Week 24 was 43.6 (+ 19.56)%; to MOR-100 Week 36 was 38.7 (* 25.73)%; to MOR-
100 Week 48 was 41.9 (£19.29)%; to MOR-100 Week 60 was 43.7(* 26.92)%; and to MOR-100
Week 72 was 35.1 (£38.19)%.

The summary states that the increase in urine KS observed from Week 60 to Week 72 may have
been spurious because of the small number of samples available.

6.1.2.2.1.4. Respiratory function tests

After subjects were treated with BMN 110 for 72 to 84 weeks in MOR-002, an additional 72
weeks of treatment led to sustained improvements in respiratory function at the majority of
study visits.

Based on the results of the MOR-002 study, the dose was increased from 1.0 mg/kg/week to 2.0
mg/kg/week at the Baseline visit of MOR-100. The mean(+SD) percent increases in MVV and
FVC in the ITT population from MOR-002 Baseline to MOR-100 Baseline were 11.1 (+ 16.44)%
and 11.8 (= 14.97)%, respectively; mean percent increases in MVV and FVC from MOR-002
Baseline to MOR-100 Week 24 were 9.8 (* 22.25)% and 15.3(*16.31%), respectively; to MOR-
100 Week 48 were 3.5 (£ 17.78 )% and 15.8(+16.56)%, respectively; and to MOR-100 Week 72
were 10.1(227.83%) and 16.1(£21.96)%, respectively.

6.1.2.3. Study MOR-007 a phase 2, open-label, multinational clinical study to
evaluate the safety and efficacy of BMN 110 in pediatric patients less than 5
years of age with mucopolysaccharidosis IVA

This was an interim study report.

MOR-007 100 is an ongoing Phase 2 study to evaluate the safety and tolerability (primary
treatment phase: 52 weeks) and the long-term safety (extension treatment phase: 156 weeks)
of recombinant human N-acetylgalactosamine-6-sulfatase (BMN 110). The drug is infused at a
dose of 2.0 mg/kg/week in Mucopolysaccharidosis IVA subjects less than 5 years of age at the
time of first study drug infusion. In addition to safety and tolerability, normalized urine K§,
anthropometric measurements, and other characteristics of MPS IVA will be evaluated in this
young population.

The first patient was enrolled on 24 October 2011. A total of 15 subjects were enrolled in MOR-
007. As of the data cut-off date of 28 September 2012, subjects have received between 8 and 44
weeks of treatment with BMN 110. No subjects have completed the 52-week primary treatment
phase. All 15 subjects are continuing treatment in the primary treatment phase of the study as
of the data cut-off date.

Primary objective of the primary treatment phase.

e To evaluate safety and tolerability of infusions of BMN 110 at a dose of 2.0 mg/kg/week in
MPS IVA subjects less than 5 years of age.
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Secondary objectives of the primary treatment phase.

e To evaluate the ability of 2.0 mg/kg/week BMN 110 to reduce urine KS levels in MPS IVA
subjects less than 5 years of age at time of first study drug infusion.

o To evaluate the ability of 2.0 mg/kg/week BMN 110 to affect growth velocity in MPS IVA
subjects less than 5 years of age at time of first study drug infusion.

There were also a range of tertiary objectives including developmental assessments.
6.1.2.3.1. Study disposition
The study disposition is shown in Figure 16.

Figure 16: Subject Disposition

Screened = Enrolled (N=15)

0 excluded

Safety Population (N=15)

BMN 110 2.0 mg’kg/week
(m=15)

| I

0 0

completed primary treatment discontinued primary treatment
phase (at data cutoff date) phase (at data cutoff date)

6.1.2.3.2. Demographic characteristics

The mean (*SD) age at the time of MPS IVA diagnosis was 2.1 + 1.10 years and the mean (+SD)
time since MPS IVA diagnosis was 1.4 * 0.66 years. The mean (+SD) weight at Baseline was 13.1
* 3.17 kg, the mean (+SD) subject length was 90.7 * 9.37 cm, and the mean (*SD) standing
height was 88.9 + 8.95 cm. Baseline body length ranged from 76 to 113 cm and the baseline
standing height ranged from 72 cm to 109 cm. Baseline normalized urine KS ranged from 18.8
to 56.5 pg/mg. Details are shown in Table 19.
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Table 19: Demographic Characteristics

BMN110
2.0 mg'kg/week
Demographic (n=15)
Age at Enrollment (vears)
n 15
Mean (SD) 3.1(1.34)
Median 31
Min . Max 08.49
Age group (years)
0to < 3 years 7 (46.7%)
23 to <5 years 8(53.3%)
Sex
Female 8(53.3%)
Male 7 (46.7%)
Race
Asian 4(26.7%)
White 10 (66.7%)
Other 1(6.7%)
Ethnicity
Hispanic or Latino 1(6.7%)
Not Hispanic or Latino 14 (93.3%)

SD. standard deviation.
Denominators for percentages will be the number of subjects enrolled

6.1.2.3.3. Extent of exposure

As of the data cut-off date of this report, the mean (+SD) total duration of BMN 110 exposure
was 24.8 (* 9.12) weeks and ranged from 8 to 44 weeks. The mean (* SD) weekly dose received
was 1.9 (20.15) mg/kg/subject. Fifteen (100.0%) subjects received at least 1 dose of
investigational product and were included in the safety analysis set.

6.1.2.3.4. Efficacy results

Efficacy results presented in the dossier were limited to normalized urine KS levels and
anthropometric measurements. Results for 8 subjects who had completed Week 26 assessments

were presented.
No other efficacy parameters were available in the report summary.

There was a decrease in mean normalized urine KS levels (calculated as urine KS divided by
urine creatinine) within 2 weeks of commencing treatment and this was maintained at the 26

week time point (see Figure 17).
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Figure 17: Normalized Urine Keratan Sulfate: Mean Percent Change from Baseline
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6.1.2.3.4.1. Anthropometric measurements

The mean (SD) standing height increased from 87.5 (¥6.48) cm at Ba

seline to 88.3 (¥6.96) cm at

Week 26 (see Figures 18 and 19). Mean normalized standing height (n=8) was 1.8 SD below
normal at baseline. At the end of the 26 weeks, subject z-scores for standing height remain

below normal (2.2 SD) and had further dropped, on average, 0.4 SD.
Figure 18: Standing Height: Mean Change from Baseline
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Figure 19: Descriptive Summary of Mean Normalized Standing Height
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6.1.2.4. Study MOR-008 a randomized, double-blind, pilot study of the safety and

physiological effects of two doses of BMN 110 in patients with
mucopolysaccharidosis IVA

This was an abbreviated interim study report with only summary data presented.

MOR-008 is an ongoing study to evaluate the safety of a 2.0 mg/kg/week and a 4.0 mg/kg/week
dose of BMN 110 in patients with Morquio A syndrome (MPS IVA) who are able to walk at least
200 meters on the 6-minute walk test (6MWT). This pilot study is being conducted by 9
principal investigators at 9 study centres in 4 countries (Germany, United Kingdom, Canada,
United States). The data cut-off date for the study report was 14 September 2012 and the study
is still ongoing. The treatment duration from the beginning of the primary treatment phase
through the extension treatment phase is a total of 157 weeks. Currently 25 subjects are
enrolled in two cohorts. Fifteen subjects were enrolled into Cohort A and were randomized 2:1
to receive either 2.0 mg/kg/week of BMN 110 or 4.0 mg/kg/week of BMN 110. Ten subjects
were enrolled into Cohort B and were randomized 1:1 to receive either 2.0 mg/kg/week of BMN
110 or 4.0 mg/kg/week of BMN 110.

6.1.2.4.1. Extent of exposure

Twenty-five (100%) subjects received at least 1 dose of study drug and were included in the
safety analysis. The mean (+ SD) weekly study drug dose per subject was 3.90 (+ 0.159) mg/kg
in the 2.0 mg/kg/week treatment group (combination of both BMN 110 and placebo
formulations) and 3.96 (* 0.167) mg/kg in the 4.0 mg/kg/week treatment group.

6.1.2.4.2. Primary objective
To evaluate the safety of 2.0 and 4.0 mg/kg/week BMN 110 administered for 27 weeks
6.1.2.4.3. Secondary objectives

e To evaluate the effect of 2.0 and 4.0 mg/kg/week BMN 110 administered for 24 weeks to
enhance endurance

e To evaluate the effect of 2.0 and 4.0 mg/kg/week BMN 110 administered for 25 weeks on
overall exercise capacity (VO2max)

e To evaluate the effect of 2.0 and 4.0 mg/kg/week BMN 110 administered for 24 weeks on
respiratory function tests (RFTs)

e To evaluate the effect of 2.0 and 4.0 mg/kg/week BMN 110 administered for 25 weeks on
muscle strength
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e To evaluate the effect of 2.0 and 4.0 mg/kg/week BMN 110 administered for 24 weeks on
cardiac function

e To evaluate the effect of 2.0 and 4.0 mg/kg/week BMN 110 administered for 24 weeks on
pain

e To evaluate the effect of 2.0 and 4.0 mg/kg/week BMN 110 administered for 24 weeks on
plasma and urinary keratan sulfate (KS) levels

o Todetermine the pharmacokinetic (PK) parameters of 2.0 mg/kg/week and 4.0
mg/kg/week BMN 110

There are also a range of tertiary objectives.
6.1.2.4.4. Inclusion criteria

Subjects with a documented diagnosis of MPS IVA who were older than 7 years of age, able to
walk at least 200 meters in the 6MWT at screening, and had not previously had a hematopoietic
stem cell transplant or been previously treated with BMN 110 were eligible to participate in this
study.

6.1.2.4.5. Exclusion criteria

Subjects with severe untreated sleep apnoea (as measured by a home sleep testing device), a
requirement for supplemental oxygen or ventilation, or any medical condition, including but not
limited to symptomatic cervical spine instability or cord compression that would interfere with
study participation.

6.1.2.4.6. Efficacy results

No efficacy data were included in the report.

6.2. Analyses performed across trials (pooled analyses and meta-analyses)

The sponsor provided an efficacy summary. There was no pooled analysis and the summary
covered the key efficacy studies, MOR-004 and MOR-008. No new data were presented in the
summary.

6.3. Evaluator’s conclusions on clinical efficacy for the treatment of MPS IVA

The pivotal study showed a modest improvement in exercise capacity in the treated population,
that being adults and children greater than or equal to 5 years of age. In the 6 minute walk test,
there was up to a 24 percent increase in the distance walked after 24 weeks of weekly therapy
corresponding to 36 m in distance (Table 11). The changes in the other main efficacy
parameters including stair climbing, respiratory function and health questionaires were not
clinically significantly better in the treatment groups when compared to placebo. There was a
significant decrease in urinary keratan sulfate excretion (Table 14) but this did not appear to
translate into clinical improvement over the time of the study. The follow-up study and the
supportive studies produced a similar range of results. The primary outcome measure - the 6
minute walk test is an appropriate measure for this population. Other clinical outcome
measures such as 3 minute stair climb and ventilator capacity.

Overall the clinical gains from weekly treatment of BMN 110 in patients already significantly
affected by MPS IVA were small. What is unknown is whether treatment will be more effective
in very young children with MPS IVA who are not yet significantly impaired by the disease. The
data has not been presented for children less than 5 years of age although Study MOR-007 is
ongoing. The sponsor should report of the results of this study to clarify whether BMN 110 can
be registered for use in this age group. Otherwise BMN 110 registration should be limited to the
treatment of children greater than or equal to 5 years of age.
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7. Clinical safety

7.1. Studies providing evaluable safety data
The following 6 studies provided evaluable safety data (Table 20):

e The completed pivotal double-blind, placebo-controlled Phase 3 study (MOR-004) and its
ongoing extension study (MOR-005),

e The completed Phase 1/2 study (MOR-002) and its ongoing extension study (MOR-100),
and 2 ongoing Phase 2 studies (MOR-007 and MOR-008).

Safety data up to the data cut-off dates for these 6 studies were included. Safety data from the
ongoing ancillary Phase 2 study MOR-006 were not included in the submission.

The clinical safety summary was based on safety results from these 6 clinical studies in a total of
235 subjects with MPS IVA exposed to BMN 110 for up 169.7 weeks of continuous treatment.
The overall mean [+SD] duration of exposure was 50.2 [+ 37.03] weeks.

A total of 86 patients have received at least 48 weeks of therapy with BMN 110. This is less than
the 100 patients normally required for registration of a new chemical entity but this is
acceptable given it is a rare disease.

Table 20: All Exposed Population by Study

Fhace } Phae 12 Ascillary Phase 2
MOR-004 MOR-0E MOB-C | MOR-106 | MOR047
mgly gy w=ilmphy | 20mply | L0mgly AOR-8
QoW QW | PBOQOW | PBO-OW | QOW-0OW [ QW.OW ow ow ow I0me ke QW | 40mehe QW | Toeal
(n=f9) (w=fH) {w=29) (=29} (w=f9) (=£6) (=20 {a=1T) {a=15) {w=15) (=10 (w=23E)
Total Sendy Drus
Expoture
(meekz)
u W 3 2% bl » ko] 20 17 (] 13 (1] 233
Mem M0 88 29 L7427 116 12400455 @5 129 Mus 1.6 100 502
< [oat] [eXo)] 1n (1355) L0%) 0.a5) [ k] (4.59) [LE14] G105
Medan Ho 40 21 20 Mo %0 T4 3o 29 103 93 He
M, Max B3, 44] 10,250 | 199,650 | 10,756 | 110,76 1.0,761 91,80 M0, 870 0,40 64,200 €4, 159 10,188.7
Mram Weekly
Dioca Subject
(mg kg)
B i 58 bl -] -] % 20 17 15 15 10 s
Msag 05 158 1.9 2.00 (0.004) 199 199 D.035) 05 159 151 195 156 162
= un | @oTH (0.015) 0030 (0250 D067 0.146) Qo™ Q16m) (0 636)
Medan 100 199 00 200 100 200 100 200 196 199 402 150
b, Mux 085103 | LeR205| 193,200 | 196200 | 175201 | 183,200 | 009,106 | 187,220 | 130104 L7324 in4n 009,422
Phate ) Phate 13 Ancillary Phase 2
AOR0M AIOR-002 MOB-82 | MOR-100 | AMOR-MT
Lmghy Hmghy ml0mghy | Jmghy | limgly MOR-#8
QoW QW | FEO-QOW | FEO-QW | QOW-QOW | QW-QW QW aw i Shmgle QW | 40mg ke QW | Toral
(a=fi) (w=E8) (=2 =29 (w=f) (w=t8) (w=20) (w=1T) (w=15) (w=1£) (n=10) (a=l3f)
Total
Disza Salject
(g hg)
B 59 ] 2% » % % ] 17 15 15 10 213
Mean n7 462 6.2 (1] 0.2 61.0 63.6 1473 450 123 »7 T2
(] {07 15 2511} 27.60) 2554 27.68) [ 2209 (1855} [ ) (14.64) (H37)
Medun Ho 480 ilg =l 40 431 e 1521 438 201 335 350
Mfn Max 210,243 | 15,480 | 3601253 | 200, 1439 ] 2001452 | 20130 | 08839 | 9L7,1704 | 120,88 120,401 18, 644 0s, 3517

Seady drug exposure (in week) is defined (last influsion date - first infission date + 7)/7 ; 5D, standard deviation
PBO: placebo ; QOW: every other week ; QW' every week
7.2. Pivotal efficacy studies

In the pivotal efficacy study MOR-004 (and its extension MOR-005), the following safety data
were collected:

e AEs

e standard clinical laboratory tests (serum chemistry, haematology, and urinalysis)
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e pregnancy tests

e vital signs

e ECGs

e routine physical examinations (including standard neurologic examinations)
e concomitant medications

e immunogenicity tests: BMN 110-specific total antibody (TAb), BMN 110-specific
neutralizing antibodies that inhibit cellular receptor binding (NAb), drug-specific
immunoglobulin E (IgE)

e demographic data (for comparison with on-study safety data)
e medical history (for comparison with on-study safety data)

e other lab assessments for subjects who experienced a serious adverse event

7.3. Pivotal studies that assessed safety as a primary outcome

No pivotal studies assessed safety as a primary outcome.

7.4. Dose-response and non-pivotal efficacy studies

In the non-pivotal studies (MOR-002, MOR-100, MOR-007 and MOR-008), the safety data
included:

e AEs

e standard clinical laboratory tests (serum chemistry, haematology, and urinalysis)
e pregnancy tests (where appropriate)

e vital signs

e ECGs

e routine physical examinations (including standard neurologic examinations)

e concomitant medications

e immunogenicity tests: BMN 110-specific total antibody (TAb), BMN 110-specific
neutralizing antibodies that inhibit cellular receptor binding (NAb), drug-specific
immunoglobulin E (IgE)

e lab assessments for subjects who experienced a serious adverse event

7.5. Pivotal studies that assessed safety as a primary outcome

There were no studies which assessed safety as a primary outcome.

7.6. Adverse events
7.6.1. All adverse events (irrespective of relationship to study treatment)
7.6.1.1. Pivotal study

Adverse events for Study MOR-004 and its extension study MOR-005 are summarised in Tables
21 and 22 below. As can be seen, the majority of patients who received active drug reported one
or more adverse events. However the number of SAEs was low. The commonly reported AEs are
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summarised in Table 23. Except for allergic reactions and local infusion reactions, most of the

AEs were mild and well tolerated.

Table 21: Study MOR-004 Summary of Adverse Events

BMN 110 BMN 110
Placebo 2.0 mg/kg/qow” | 2.0 mg/kg/week
(n=59) (n=59) (n=58)
Any AE 57 (96.6%) 59 (100.0%) 56 (96.6%)
Mild 36 (61.0%) 33 (55.9%) 28 (48.3%)
Moderate 20(33.9%) 23 (39.0%) 26 (44.8%)
Severe 1(1.7%) 3(5.1%) 2(3.4%)
Number of AEs per subject Mean/Median 10.4/10.0 13.0/12.0 14.3/12.0

Any Study Drug-Related AE *

36 (61.0%)

42 (71.2%)

42 (72.4%)

Mild 32 (54.2%) 27 (45.8%) 24 (41.4%)
Moderate 4 (6.8%) 14 (23.7%) 16 (27.6%)
Severe 0(0.0%) 1(1.7%) 2 (3.4%)
Any SAE 2 (3.4%) 4 (6.8%) 9 (15.5%)
Mild 0 (0.0%) 2 (3.4%) 2 (3.4%)
Moderate 1(1.7%) 1(1.7%) 6(10.3%)
Severe 1(1.7%) 1(1.7%) 1(1.7%)
Number of SAEs per subject 0.0/0.0 0.1/0.0 0.2/0.0
Mean/Median
Any Study Drug-Related SAE 0 (0.0%) 1(1.7%) 2 (3.4%)
Mild 0 (0.0%) 0 (0.0%) 0 (0.0%)
Moderate 0 (0.0%) 0 (0.0%) 1(1.7%)
Severe 0 (0.0%) 1(1.7%) 1(1.7%)
Any AE Leading to Study Discontinuation 0(0.0%) 0(0.0%) 0 (0.0%)
Any AE Leading to Permanent Study 0 (0.0%) 0(0.0%) 0 (0.0%)
Drug Discontinuation
Death 0 (0.0%) 0 (0.0%) 0 (0.0%)

* A drug-related AE was classified by investigator as possibly or probably related to study drug.

AEs coded by MedDRA version 15.0; maximum severity is summarized by subject.

® qow. every other week:

Severity categories: Mild. no limitation of usual activities: Moderate. some limitation of usual activities: Severe.

inability to carry out usual activities.

All AEs are treatment-emergent; subjects with more than one AE within a category were counted once at the

highest severity level.
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Table 22: Study MOR-005 Summary of Adverse Events

PBO-QOW" | PBO-QW" | QOW-QOW" | Qw-Qw"
(n=29) (n=29) (n=59) (n=56)
Any AE 29 (100.0%) | 24 (82.8%) | 56 (94.9%) 49 (87.5%)
Grade 1 14 (48.3%) | 13 (44.8%) | 30(50.8%) 18 (32.1%)
Grade 2 12 (414%) | 8(27.6%) 23 (39.0%) 23 (41.1%)
Grade 3 2(6.9%) 3(10.3%) 2(3.4%) 7(12.5%)
Grade 4 1(3.4%) 0 1(1.7%) 1(1.8%)
Number of AEs per subject Mean/Median 15.0/9.0 7.3/5.0 9.5/7.0 11.4/95
Any Study Drug-Related AE 18(62.1%) | 15(51.7%) | 22(37.3%) 29 (51.8%)
Grade 1 11(37.9%) | 12(41.4%) 17 (28.8%) 15 (26.8%)
Grade 2 6 (20.7%) 3(10.3%) 3(5.1%) 14 (25.0%)
Grade 3 0 0 2 (3.4%) 0
Grade 4 1(3.4%) 0 0 0
Any SAE 8 (27.6%) 7(24.1%) 13 (22.0%) 7 (12.5%)
Grade 1 3(10.3%) 1(3.4%) 2(3.4%) 0
Grade 2 2(6.9%) 3(10.3%) 9(15.3%) 1(1.8%)
Grade 3 2 (6.9%) 3(10.3%) 1(1.7%) 5(8.9%)
Grade 4 1(3.4%) 0 1(1.7%) 1 (1.8%)
Number of SAEs per subject Mean/Median 0.3/0.0 0.3/0.0 0.3/0.0 0.1/0.0
Any Study Drug-Related SAE 1(3.4%) 0 0 0
Grade 4 1(3.4%) 0 0 0
Any AE Leading to Study Discontinuation 0 0 0
Any AE Leading to Permanent Study Drug 0 0 0
Discontinuation
Death 0 0 0 ]

* PBO-QOW, Placebo-BMN 110 2.0 mg/kg/qow; PBO-QW, Placebo-BMN 110 2.0 mg/kg/qw; QOW-QOW,
BMN 110-BMN 110 2.0 mg/kg/qow: QW-QW, BMN 110-BMN 110 2.0 mg/kg/qw

Include subjects who entered MOR-005

AEs coded by MedDRA version 15.0; maximum severity is summarized by subject.
A drug-related AE was classified by investigator as possibly or probably related to study drug.

Severity based on common terminology criteria for AE (CTCAE) version 4.0: 1=Mild; 2=Moderate; 3=Severe

or Undesirable; 4=Life Threatening or Debilitating; 5=Death
All AEs are treatment-emergent; subjects with more than one AE within a category were counted once within

that category at the highest level.
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Table 23: AEs by Treatment Group: Incidence = 10% in BMN 110 Subjects by Preferred
Term, MOR-004

BMN 110 BMN 110
Placebo 2.0 mg/kg/qow” | 2.0 mg/kg/week
Preferred Term (n=759) (n=759) (n=58)

Subjects with at Least 1 Reported AE 57 (96.6%) 59 (100.0%) 56 (96.6%)
Vomiting 21 (35.6%) 21 (35.6%) 26 (44.8%)
Pyrexia 17 (28.8%) 22 (37.3%) 25(43.1%)
Headache 21 (35.6%) 24 (40.7%) 24 (41.4%)
Nausea 12 (20.3%) 14 (23.7%) 18 (31.0%)
Cough 21 (35.6%) 17 (28.8%) 16 (27.6%)
Abdominal pain 5 (8.5%) 8 (13.6%) 14 (24.1%)
Diarrhoea 7(11.9%) 12 (20.3%) 12 (20.7%)
Oropharyngeal pain 7(119%) 0(15.3%) 12 (20.7%)
Arthralgia 17 (28.8%) 9 (153%) 10 (17.2%)
Nasopharyngitis 9 (15.3%) 12 (20.3%) 10 (17.2%)
Upper respiratory tract infection 9 (15.3%) 10 (16.9%) 10(17.2%)
Abdominal pain upper 5(8.5%) 4 (6.8%) 9 (15.5%)
Fatigue 15 (25.4%) 8 (13.6%) 9 (15.5%)
Otitis media 4 (6.8%) 5 (8.5%) 9 (15.5%)
Pain in extremity 9 (15.3%) 14 (23.7%) 9 (15.5%)
Back pain 6(10.2%) 10 (16.9%) 7(12.1%)
Dizziness 3(5.1%) 4(6.8%) 7(12.1%)
Dyspnoea 3(5.1%) 6 (10.2%) 7(12.1%)
Gastroenteritis 4(6.8%) 8 (13.6%) 7(12.1%)
Chills 1(1.7%) 6(10.2%) 6 (10.3%)
Oxygen saturation decreased 6(10.2%) 7(11.9%) 6 (10.3%)
Rash 5 (8.5%) 6(10.2%) 6 (10.3%)

* qow, every other week;

AEs coded by MedDRA version 15.0;

Subjects who expenienced more than one AE within a category were counted once within that category.

7.6.1.2. All studies

The safety summary included combined safety data for all studies (see Table 24). As with the
pivotal studies, the overall studied population demonstrated a high rate of reported AEs. At
least one AE was reported for 96.2% of subjects exposed to the treatment. The mean annualized
frequency was 24.99 AEs per subject-year. The commonly reported AEs are summarised in
Table 25.
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Table 24: Safety Summary Exposed Population by Treatment Duration Interval

Incidence: n (%)
Annualized Frequency:
mean events/subject vear Duration of BMN 110 Dosing, Weeks
1-12 13-4 15-36 37-48 =48 Total
(n=235) (n=211) (n=174) (n=150) (n=86) (=235
Any AE 2] 185 14 113 66 226
(94.5%) (87.7%) (82.8%) (75.3%) (76.7%) (96.2%)
AEs per subject-year, mean 3180 2439 2181 1942 11.58 2499
Any Related AE 142 79 58 45 36 175
(60.4%) (374%) (33.3%) (30.0%) (41.9%) (74.5%)
Any SAEs 24 15 18 9 2 69
(10.2%) (7.1%) (10.3%) (6.0%) (244%) (29.4%)
SAEs per subject-year,
i 054 0.38 0.52 0.53 0.52 045
Any Serious Related SAEs 5 3 2 1 5 13
2.1%) (1.4%) (1.1%) (0.7%) (5.8%) (5.5%)
Deaths 0 0 0 0 0 0
Any AE leading to permanent 1 0 0 0 0 1
study discontinuation (0.4%) 0.0%) (0.0%) (0.0%) (0.0%) (0.4%,

Each dosing weeks column only contains events starting within that duration interval: Data in the =48 week
column contains data from weeks 49 to 170.
Mapping was based on MedDRA version 15.0.
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Table 25: Incidence (210%) and Frequency of Adverse Events by Preferred Term: All
Exposed Population by Treatment Duration Interval

Incidence: n (%)
Annualized Frequency:
mean events/subject vear Duration of BAIN 110 Dosing, Weeks
112 13.24 1536 748 =48 Total
Preferred Term (n=235) (o=211) (n=174) (n=130) (n=56) (n=235)
Subjects with at Jeast | 222 (94.5%) | 183 (B7.7%) | 144 (B2 8%) | 113 (75.3%) | &6 (T6.T%) | 226 (96.2%)
reported AE 3180 143 2181 1942 11.58 2499
Headache 68(28.9%) | 46 (218%) | 3520.1%) | 27(18.0%) | 24(279%) | 118(50.2%)
m 1584 1.74 1.75 1.15 241
Vomiting 67(28.5%) | 53 (25.1%) | 26(14.9%) | 22(14.7%) | 27(31.4%) | 117 (49.8%)
210 168 106 132 085 151
Pyrexia 67(28.5%) | 51(242%) | 33 (19.0%) | 22(14.7%) | 23 (26.7%) | 116 (49.4%)
1.76 153 108 093 0.78 134
Cough 3T(15.7%) | 33(156%) | 15(8.6%) | 17(10.3%) | 20(23.3%) | 88(374%)
085 081 0.50 072 032 066
Anbnalpa 36(15.3%) | 20(9.5%) 16 (9.2%) 13(B %) | 12(140%) | 66(28.1%)
059 059 066 053 034 077
Naumsea 45(19.1%) | 20((93%) 14030%) | 17(103%) | 6(70%) | 66(28.1%)
124 071 0.60 069 0.15 087
Paun in exzremity 32(136%) | 18(B5%) | 12(6.9%) | 17(113%) | 13(15.1%) | 66(281%)
083 058 037 076 024 069
Drarthoea 27(11.5%) | 17(81%) | 17(98%) | 5(33%) | 13(15.1%) | 61(26.0%)
069 036 0.60 017 038 053
Naso- 23(98%) | 19(50%) | 12(6.9%) | 11(73%) | 15(174%) | 6025.5%)
pharyngitis 04 047 032 050 026 039
Abdomimal pain H(145%) | 14(66%) 12(6.9%) 6(40%) 5(5.8%) S60238%)
108 045 041 031 0.07 077
Upper respuratory mact 23 (9.8%) 18 (8.5%) | 19(109%) | 100(6.7%) | 9(10.5%) | 4Q23.0%)
infection 0.53 043 055 045 032 048
Orophanyn- 18(7.7%) | 14(66%) | 11663%) | 10(67%) | 12040%) | 512170
geal pam 038 034 036 0 020 034
Fatigue 25(10.6%) | 12(57) | B(46%) | 6(a0%) | 10(11.6%) | 49209
067 035 037 026 023 054
Abdomunal pain upper 2m4%) | 1047 | 130.5%) | 3Q0) $(8.3%) | L2079
077 027 055 0 018 041
Back pam 1800.7%) | 120657 | 846%) | 4™ | S8 [ 37057
(R 033 025 013 010 032
Rash 1205.0%) | 12(5.7%) | 8(46%) 6(40%) | 1204.0%) | 37(15.7%)
02 07 023 025 028 026
Nasal congestion 4(6.0%) | 10(47%) | 14(8.0%) | 5(33%) 5(5.8%) | 340145%)
02 | oxm | o3 | “ois | om | o
Earpan 11 (4.7%) §03.8%) LT ] 11 (73%) | 9010.5%) | 33(14.0%)
020 021 012 038 013 018
Gastro- 11(47%) | 17(81%) 5029%) 2(1.3%) 1(1.2%) | 32(13.6%)
ententis o 039 012 007 0.02 023
Ouns media 16 (6.8%) 5Q4%) 9(5.2%) 0(00%) (4T | 29(123%)
031 011 030 0.00 0.05 017
Dyspmoea 12(5.1%) | 13(62%) Q%) 40T 12 | 27(11.5%)
030 029 015 023 0.01 oM
Pruritus 10(4.3%) | 4(19%) 7(4.0%) 4027 I.5%) | 26(111%)
020 008 025 016 0 017
Phinitis 16(6.8%) 628%) 6(3.4%) 6(40°) 505.8%) | 26011.1%)
037 020 028 020 0.09 0235

Each dosmg weeks column only contams events starting withm that duration interval; Data in the =48 week
cohamn contains data from weeks 4910 170,
Mapping was based on MedDPA version 15.0.

7.6.2. Treatment-related adverse events (adverse drug reactions)

The all studies, AEs were evaluated by relationship to study drug treatment by an investigator.
Classification categories were unrelated AEs (unrelated) and possibly or probably related to
study drug treatment AEs (related).

7.6.2.1. Pivotal studies

In MOR-004, drug-related AEs were reported for 36 (61.0%) subjects in the placebo group, 42
(71.2%) subjects in the BMN 110 2.0 mg/kg/qow group, and 42 (72.4%) subjects in the BMN
110 2.0 mg/kg/week group. The most common drug-related AEs are shown in Table 26.
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Table 26: Study Drug Related Adverse Events by Treatment Group: Incidence (= 10%)
MOR-004

BMN 110 BMN 110
Placebo 2.0 mg/kg/qow” | 2.0 mg/kg/week
Preferred Term (n=59) (n=59) (n=58)

gﬁﬂ;ﬁ&iﬁﬁ Reported | 35 (61.0%) 42 (712%) 42 (72.4%)
Pyrexia 8 (13.6%) 8 (13.6%) 19 (32.8%)
Vomiting 4 (6.8%) 7(11.9%) 18 (31.0%)
Headache 9 (15.3%) 8 (13.6%) 15 (25.9%)
Nausea 4 (6.8%) 7 (11.9%) 14 (24.1%)
Abdominal pain upper 0 0 7(12.1%)
Abdominal pain 1(1.7%) 1(1.7%) 6 (10.3%)
Chills 1(1.7%) 4 (6.8%) 6(10.3%)
Fatigue 2 (3.4%) 1(1.7%) 6(10.3%)

* qow, every other week:

A drug-related AE was classified by mvestigator as possibly or probably related to study drug; AEs coded by
MedDRA version 15.0.

Subjects with more than one AE within a MedDRA PT were counted once.

7.6.2.2. All studies

The safety summary presented data for the All Exposed Population; drug-related AEs were
reported for 74.5% of total subjects. The mean annualized frequency was 7.89 related AEs per
subject-year. The most common drug-related AEs are shown in Table 27. While drug-related
side-effects were common, these were in the main well-tolerated by the patients and did not
result in discontinuation from the study. The rarer, but more significant drug related allergic
reactions and local infusion reactions are discussed in Section Laboratory tests, Inmunogenicity
and Infusion associated reactions.

Table 27: Incidence (2 10%) and Frequency of Treatment Related Adverse Events by
Preferred Term All Exposed Population by Treatment Duration Interval

Incidence:
n (%)
Annualized Frequency:
mean events/subject yvear Duration of BMN 110 Dosing, Weeks
1-12 13-24 25-36 3748 >48 Total
Preferred Term (n=235) (n=211) (n=174) (n=150) (n=86) (n=235)
Subjects with at least 1 142 (60.4%) | 79 (37.4%) | 58 (33.3%) | 45 (30.0%) | 36 (41.9%) | 175 (74.5%)
reported AE 11.01 6.34 5.95 5.40 295 7.89
Pyrexia 38(16.2%) | 15(7.1%) | 14(8.0%) | 6(4.0%) | 12(14.0%) | 61 (26.0%)
0.91 0.45 0.53 0.24 035 0.61
Vomiting 37(15.7%) | 16(7.6%) | 9(52%) | 8(5.3%) | 4(4.7%) | 51(21.7%)
1.17 0.51 0.35 0.55 0.15 0.65
Headache 32(13.6%) | 18(8.5%) | 12(6.9%) | 10(6.7%) 6(7.0%) | 48(20.4%)
1.09 0.60 0.57 0.55 0.27 0.81
Nausea 31(13.2%) | 13(62%) | 10(5.7%) | 11(7.3%) | 1(1.2%) | 43 (18.3%)
0.91 0.39 0.47 0.45 0.04 0.61
Fatigue 15 (6.4%) 5(2.4%) 5(2.9%) 3(2.0%) 6(7.0%) | 27(11.5%)
038 0.16 022 0.14 0.19 034

Each dosing weeks column only contains events starting within that duration interval; Data in the =48 week
column contains data from weeks 49 to 170.

Mapping was based on MedDRA version 15.0.

A drug-related AE was classified by ivestigator as possible or probably related to study drug.
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7.6.3. Deaths and other serious adverse events
7.6.3.1. Deaths

There were no deaths reported in any of the reported studies.
7.6.3.2. SAEs

The evaluator agrees with the sponsor’s assertion that most SAEs were related to the
underlying disease or to administration of intravenous therapy. The mean annualised
frequencies of SAEs were similar during all treatment duration intervals. Most SAEs were
assessed by an investigator to be unrelated to study drug.

7.6.4. Discontinuation due to adverse events
7.6.4.1. Pivotal studies

In MOR-004, no subject experienced an AE that resulted in permanent discontinuation of study
drug or withdrew.

7.6.4.2. All studies

In the full study set, 1 subject in MOR-002 permanently discontinued study drug and withdrew
from Study MOR-002 after Week 11 due to a type | hypersensitivity reaction.

7.7. Laboratory tests
7.7.1. Liver function
7.7.1.1. Pivotal studies

Two subjects in the BMN 110 2.0 mg/kg/week group in study MOR-004 had increased liver
enzymes reported as AEs.

e [information redacted] had a moderate increase in liver transaminases at Study Day 140
(Week 20) that was considered possibly related to study drug and was ongoing at the last
sample tested (level < 2-fold higher than the upper limit of normal).

e [information redacted] had mild increases in alanine aminotransferase and gamma
glutamyl-transferase that were considered not related to study drug (concurrent with
pneumonia) and resolved within 2 weeks.

The evaluator was unable to locate to exact liver enzyme measurements in these two subjects
over the course of the study.

The sponsor should supply the details of the liver enzyme concentrations for the two
patients with abnormalities or indicate their location in the dossier.

7.7.1.2. All studies

Few treatment-emergent increases in liver function tests were apparent in subjects treated with
BMN 110 across all studies.

7.7.2. Kidney function
7.7.2.1. Pivotal studies

No evidence of treatment-emergent increases in kidney function abnormalities was apparent in
subjects treated with BMN 110 in study MOR-004.

7.7.2.2. Other studies

No evidence of treatment-emergent increases in kidney function abnormalities was apparent in
subjects treated with BMN 110 across all studies.
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7.7.3. Other clinical chemistry
7.7.3.1. Pivotal studies

The evaluator agrees with the sponsor that no consistent or clinically meaningful changes from
baseline in serum chemistry results were evident.

7.7.3.2. Other studies

The evaluator agrees with the sponsor that no consistent or clinically meaningful changes from
baseline in serum chemistry results were evident.

7.7.4. Haematology

7.7.4.1. Pivotal studies

No clinically meaningful changes from baseline in haematology results were evident.
7.7.4.2. Other studies

No clinically meaningful changes from baseline in haematology results were evident.
7.7.5. Urinalysis

7.7.5.1. Pivotal studies

No clinically meaningful changes from baseline in urinalysis results were evident.
7.7.5.2. Other studies

No clinically meaningful changes from baseline in urinalysis results were evident.
7.7.6. Immunogenicity

The immunogenicity of BMN 110 was assessed in all clinical studies reported.

Three immunogenicity assays were developed for the determination of anti-BMN 110
antibodies: Anti-BMN 110 TAb Assay, Anti-BMN 110 CI-M6PR Neutralizing Binding Antibody
(BMN 110-specific neutralizing antibodies [NAb] [that inhibit cellular receptor binding]) Assay,
and Anti-BMN 110 Immunoglobulin E (IgE) Antibody Assay.

The TAb assay measures multiple anti-drug antibody isotypes in one assay utilizing the bridging
method. The NAb assay detects antibodies capable of inhibiting the drug from binding to the CI-
M6PR (cation-independent mannose-6-phosphate receptor). Antibodies capable of kinetically
hindering or blocking the drug from binding to this receptor in vitro may be inhibiting cellular
uptake of the drug in vivo, and therefore could potentially increase the plasma circulation time
of the drug. Neutralizing antibodies that inhibit enzyme activity in the serum have not been
measured because the drug remains inactive in the blood compartment. Instead, it is activated
when it reaches the low pH environment of the lysosome. Development of NAb capable of
inhibiting cellular receptor (CI-M6PR) binding was analysed in all studies, except MOR-007 due
to blood sample volume restrictions in the younger subjects.

7.7.6.1. Pivotal studies

In MOR-004, a total of 6.8% (4/59) and 8.6% (5/58) of subjects tested positive for anti-BMN
110 IgE in the 2.0 mg/kg/qow group and 2.0 mg/kg/week group treatment groups,
respectively. Anti-BMN 110 specific IgE antibodies were intermittent and not associated with
severe Hypersensitivity AEs. A summary of hypersensitivity and antibody status is shown in
Tables 28 and 29. There was no demonstrable effect of antibody status on efficacy.
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Table 28: Incidence of Hypersensitivity Adverse Events in IgE Negative Subjects by TAb
Response Group using Standardized MedDRA Query by Preferred Term, MOR-004

BMN 110 BMN 110
2.0 mg/kg/qow" 2.0 mg/kg/week
(n=59) (n=58)

Mean TAb Titer < 106630° > 106630 | <91849° > 91849

Number of IgE Negative Subjects 38(64.4%) | 17(28.8%) | 41(70.7%) | 12(20.7%)

Subjects with a Least 1 Hypersensitivity 10(263%) | 5(29.4%) | 7(17.1%) | 3(25.0%)

AF

Anaphylactic Reaction SMQ" 2(5.3%) ] 3(7.3%) 0
Anaphylactic reaction 1(2.6%) ] 0 0
Cough 0 0 1(2.4%) 0
Dyspnoea 12.6%) 0 102.4%) 0
Flushing 1(2.6%) 0 2(4.9%) 0
Hypotension 0 0 1(2.4%) 0
Urticaria 0 ] 1(2.4%) 0

Angioedema SMQ" 8(21.1%) 5(29.4%) | 5(12.2%) | 3(25.0%)
Eyelid cedema 0 0 1(2.4%) 0
Hypersensitivity 3(7.9%) 15.9%) | 124%) | 2(16.7%)
Lip swelling 0 1(5.9%) 0 0
Oedema peripheral 2(5.3%) 211.8%) | 1(2.4%) 0
Stridor 1(2.6%) ] 0 0
Urticaria 2(5.3%) 211.8%) | 2(4.9%) | 2(16.7%)

* qow, every other week

* SMQ, standardized MedDRA query;

¢ Mean TAD titer is calculated as average of mean titer per subject, by treatment groups. Baseline values are not
included in calculation.

Hypersensitivity adverse events were identified by utilizing the broad Anaphylactic Reaction algonthmic
Standardized MedDRA query and the broad Angioedema Standardized MedDRA query.

Preferred Terms coded by MedDRA version 15.0 .

Subjects with more than one AE within a MedDRA PT were counted once.

Table 29: Mean TAb Titre and Hypersensitivity Adverse Event Severity in IgE Negative
Subjects, MOR-004

BMN 110 BMN 110

Statistic 2.0 mg/kg/qow” 2.0 mg/kg/week

AE Severity (n=59) (n=58)
Number of IGE Negative Subjects 55 53
Subject Incidence

None 40 (72.73%) 43 (81.13%)

Mild 10 (18.18%) 6(11.32%)

Moderate 4(7.27%) 3 (3.66%)

Severe 1(1.82%) 1(1.89%)
Number of Events/ mean per subject

Mild 17/0.31 10/ 0.19

Moderate 5/0.09 5/0.09

Severe 1/0.02 1/0.02
Mean TAb Titer

None 1121479 90007.99

Mild 69280.74 78288.10

Moderate 6453250 2498328

Severe 65641.43 35425

* qow, every other week;

*Mean TADb titer is calculated as average of mean titer per subject, by treatment groups. Baseline values are
not included in calculation.

Hypersensitivity adverse events were identified by utilizing the broad Anaphylactic Reaction algonthmic
Standardized MedDRA query and the broad Angioedema Standardized MedDRA query.

Subjects with nmultiple AEs are assigned the highest sevenity.
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7.7.6.2. Other studies

Anti-BMN 110 antibody development was universal among the BMN 110-treated subjects. Tab
titre levels were sustained in all subjects over the course of treatment. Higher TAD titres and
NAb positivity were not associated with increased incidence or severity of Hypersensitivity AEs.
Anti-BMN 110 IgE positivity was detected in approximately 10% of treated subjects and was not
consistently associated with Hypersensitivity AEs.

7.7.7. Electrocardiograph
7.7.7.1. Pivotal studies

In study MOR-004, one subject in the BMN 110 2.0 mg/kg/week cohort, [information redacted],
had a clinically significant abnormal ECG both at Baseline and at Week 24. No study subject in
any cohort had a shift to a clinically significant abnormal ECG from Baseline to Week 24.

7.7.7.2. Other studies
In study MOR-005, electrocardiogram data were not available.

In study MOR-100, no subject had a clinically significant ECG abnormality as defined by an
investigator.

In MOR-002, almost all subjects (= 90.0%) had ECG evaluations at each of the protocol-specified
time points. No subjects had a clinically significant abnormal ECG, as defined by the Investigator,
at any protocol-specified time point. Two of 18 (11.1%) subjects had an abnormal ECG at
Screening, and 1 subject ([information redacted]) had an abnormal ECG at the Week 36 (1 of 19,
5.3%) and at Week 72 (1 of 18, 5.6%) visits.

In study MOR-007, all 15 subjects had ECGs performed at Baseline (100.0%). Ten (66.7%) were
assessed as normal and 5 (33.3%) as abnormal at baseline. At Week 26, 8 subjects had ECG
results and 2 (25.0%) of these subjects had abnormal ECGs, both of which were sinus
tachycardia assessed by the investigators to be of no clinical significance.

In study MOR-008, post-Baseline ECGs were not reported.
7.7.8. Vital signs
7.7.8.1. Pivotal studies

In study MOR-004, changes in vital signs included events of bradycardia (2 subjects BMN 110
2.0 mg/kg/week); dyspnoea (3 subjects placebo; 6 subjects BMN 110 2.0 mg/kg/qow; 7
subjects BMN 110 2.0 mg/kg/week); hypotension (1 subject placebo; 2 subjects BMN 110 2.0
mg/kg/qow; 3 subjects BMN 110 2.0 mg/kg/week); and tachycardia (6 subjects placebo; 2
subjects BMN 110 2.0 mg/kg/qow; 3 subjects BMN 110 2.0 mg/kg/week). These events were all
mild in severity, with the exception of 3 moderate hypotension events. All subjects’ vital signs
returned to within normal ranges with no clinical sequelae.

7.7.8.2. Other studies

In Part 1 of MOR-005, no notable changes were evident from pre-infusion, during infusion, and
post-infusion assessments that indicated abnormal or out of range vital sign values (heart rate,
respiratory rate, diastolic blood pressure, or systolic blood pressure). In Part 2, vital sign AEs
included 1 event of hypertension, 3 events of systolic blood pressure increased, 2 events of
diastolic blood pressure increased, 2 events of increased blood pressure, and 1 event of
increased body temperature.

In MOR-002, a few reports of vital sign findings in individual subjects were recorded as AEs. Of
these, several were considered possibly or probably study drug-related, and were of mild or
moderate severity: 3 AEs of decreased oxygen saturation occurred in 1 subject on 3 separate
occasions, 1 of hypotension, and a number of events of pyrexia.
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In MOR-008, no notable changes from Baseline were observed that resulted in abnormal or out
of range vital sign values.

7.7.8.3. Hypersensitivity adverse events

Hypersensitivity reactions are a particular problem with the intravenous administration of
biological agents including enzyme replacement therapies. In the current dossier,
hypersensitivity AEs were identified by utilizing the broad Anaphylactic Reaction algorithmic
Standardized MedDRA query and a broad Angioedema Standardized MedDRA query.

7.7.8.4. Pivotal studies

In study MOR-004, 7 (11.9%) subjects in the placebo group, 16 (27.1%) subjects in the BMN
110 every other week group and 12 (20.7%) subjects in the BMN 110 weekly group reported at
least 1 Hypersensitivity event.

The following 2 events were classified as severe Hypersensitivity AEs:

e [information redacted] (BMN 110 2.0 mg/kg/qow) had an anaphylactic reaction at week 6
that was classified as an SAE and a severe Hypersensitivity AE. It was thought to be drug
related.

e [information redacted] (BMN 110 2.0 mg/kg/week) had a hypersensitivity event at week 4
that was classified as an SAE and a severe Hypersensitivity AE. It was also thought to be
drug related.

Hypersensitivity AEs experienced by subjects in MOR-004 are presented in Table 30.
7.7.8.5. All studies
In the total study population, Hypersensitivity AEs were reported for 27.2% of subjects.

The mean annualised frequency was 0.92 Hypersensitivity AEs per subject-year.
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Table 30: Hypersensitivity Adverse Events using Standardized MedDRA Queries, MOR-

004
BMN110 BMN110
Placebo 2.0 mg'kg/qow" .0 mg/kg/week
(n=59) (n=v59) (n=58)
Incidence Incidence Incidence
Subjects with a Least 1 Hypersensitivity AE® 7(11.9%) 16(27.1%) 12(20.7%)
| Anaphylactic Reaction SMQ" 1(1.7%) 23.4%) 3(5.2%)
Flushing 0 1(1.7%) 23.4%)
Cough 1(1.7%) 0 1(1.7%)
Dyspnoea 0 1(1.7%) 1(1.7%)
Hypotension 0 0 1(1.7%)
Urticania 0 0 1(1.7%)
Anaphylactic reaction 0 1(1.7%) 0
Lip swelling 1(1.7%) 0 0
Angioedema SMQ® 7(11.9%) 14(23.7%) 10(17.2%)
Urticania 0 4(6.8%) 4(6.9%)
Hypersensitivity 1(1.7%) 4(6.8%) 3(5.2%)
Eyvelid oedema 0 0 1(1.7%)
Obstructive airways disorder 0 0 1(1.7%)
QOedema penipheral X(3.4%) 4(6.8%) 1(1.7%)
Throat tighmess 0 0 1(1.7%)
Wheezing 1(1.7%) 0 1(1.7%)
Auncular swelling 1(1.7%) 0 0
Lip swelling 1(1.7%) 1(1.7%) 0
Nasal obstruction 2(3.4%) 1(1.7%) 0
Oedema 1(1.7%) 0 0
Stridor 0 1(1.7%) 0

* qow, every other week
Preferred Terms coded by MedDRA version 15.0.
®SMQ. standardized MedDRA query;

Hypersensitivity adverse events were identified by utilizing the broad Anaphylactic Reaction algonthmic
Standardized MedDRA query and the broad Angioedema Standardized MedDRA query.
Subjects with more than one AE within a MedDRA PT were counted once.

7.7.9.

Infusion associated reactions

Infusion associated reactions (IARs) were defined in each protocol as all AEs (regardless of
relationship to study drug) that occurred either after infusion onset and within 1 day after
infusion end (MOR-004/005, MOR-002/100, MOR-008) or within 1 day after infusion onset
(MOR-007). The dossier stated that subjects were monitored closely during and after infusion
for any AEs, and appropriate clinical management was instituted as needed, which could include
infusion interruption (i.e. the infusion was stopped and eventually completed at that visit),
infusion discontinuation (i.e. that visit’s infusion was never completed), medical intervention
(defined as administration of intravenous steroids, intravenous antihistamines, intravenous
fluids, or oxygen), or permanent study drug discontinuation.

7.7.9.1.

In study MOR-004, the number of subjects reported that at least 1 reported IAR was 54 (91.5%)
subjects with 291 events in the placebo group, 56 (94.9%) subjects and 393 events in the BMN
110 2.0 mg/kg/qow group, and 52 (89.7%) subjects and 511 events in the BMN 110 2.0
mg/kg/week group.

Pivotal studies

4 severe IARs were reported in this study:
e [information redacted] (placebo): cervical cord compression was also reported as an SAE.

e [information redacted] (BMN 110 2.0 mg/kg/qow): anaphylactic reaction that was also
reported as an SAE and classified as a severe.

e [information redacted] (BMN 110 2.0 mg/kg/week): hypersensitivity that was also reported
as an SAE and classified as a severe.
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e [information redacted] (BMN 110 2.0 mg/kg/week): chills that resolved the same day with
infusion rate reduction.

IAR AEs are presented in Table 31.
Table 31: Summary of Infusion Associated Reactions, MOR-004

BMN 110 BMN 110
Placebo 2.0 mg/kg/qow® | 2.0 mg/kg/week
(n=59) (n=59) (n=58)
Any [AR* AE 54 (91.5%) 56 (94.9%) 52 (89.7%)
Mild 41 (69.5%) 38 (64.4%) 29 (50.0%)
Moderate 12 (20.3%) 17 (28.8%) 21 (36.2%)
Severe 1(1.7%) 1(1.7%) 2(3.4%)
Any IAR® AE during infusi 48 (81.4%) 53 (89.8%) 52 (89.7%)
Mild 38 (64.4%) 35 (59.3%) 32 (55.2%)
Moderate 10 (16.9%) 17 (28.8%) 18 (31.0%)
Severe 0(0.0%) 1(1.7%) 2(3.4%)
Any IAR® SAE during infusion 0(0.0%) 2(3.4%) 2 (3.4%)
| Mild 0(0.0%) 1(1.7%) 0(0.0%)
Moderate 0(0.0%) 0(0.0%) 1(1.7%)
Severe 0(0.0%) 1(1.7%) 1(1.7%)
Any IAR® AF leading to infusion intermuption 8 (13.6%) 21 (35.6%) 18 (31.0%)
Mild 7 (11.9%) 15 (25.4%) 13 (22.4%)
Moderate 1(1.7%) 6 (10.2%) 4(6.9%)
Severe 0(0.0%) 0(0.0%) 1(1.7%)
Any IAR® AF leadins to infusion discontinuation 1(1.7%) 4(6.8%) 6(10.3%
Mild 0 (0%) 0 (0%) 3(5.2%)
Moderate 1(1.7%) 3(5.1%) 2(3.4%)
Severe 0 (0%) 1(1.7%) 1(1.7%)
Any IAR® AE leading to infusion interruption or 0(0.0%) 9(15.3%) 13 22.4%)
discontinuation requinng medical intervention
Mild 0 (0.0%) 2(3.4%) 6 (10.3%)
Moderate 0(0.0%) 6(10.2%) 5 (8.6%)
Severe 0(0.0%) 1(1.7%) 2 (3.4%)
Any IAR* AF leading to permanent study drug 0(0.0%) 0(0.0%) 0(0.0%)
ot

* AR, Infusion associated reaction. *qow, every other week;

IARs are considered associated with the adnumistration of study drug if they occur after the onset of the infusion
and within one day following the end of the infusion.

IARs coded by MedDRA version 15.0.

For infusion mterruption, the infusion was completed; for infusion discontinuation, the infusion was not
completed.

Seventy: Mild no limitation of usual activities; Moderate, some hmitation of usual activities; Severe, mability
to carry out usual activities.

Subjects with more than one AE within a category were counted once at the highest sevenity level.

7.7.9.2. All studies

In the total population, IARs were reported for 92.8% of subjects. The mean annualised
frequency was 12.92 IARs per subject-year. There were steady decreases with duration of
treatment in the mean subject-year frequencies of IARs and IARs during infusion. Mean
annualized frequencies of IARs leading to infusion interruption and of IARs requiring medical
intervention decreased after the 1 to 12-week treatment duration interval (Tables 32 and 33).
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Table 32: Overall Summary of Infusion Associated Reactions by Treatment Duration

Interval
Incidence:
n (%)
Annualized Frequency:
mean events/subject vear Durarion of BAMN 110 Dosing, Weeks
1-12 13-24 25.36 37-48 =48 Total
(n=235) | (n=211) | (o=174) | (a=1350) (n=36) (n=235)
Any IAR 198 142 117 86 56 218
(843%) | (67.3%) | (67.2%) | (57.3%) | (65.1%) | (92.8%)
Mean events/Subject year 18.18 11.97 10.97 240 5.18 1292
Any IAR AE during 181 125 95 70 51 208
infusion (77.0%) | (59.2%) | (54.6%) | (46.7%) | (59.3%) | (88.5%)
Mean events/Subject year 13.76 9.06 7.80 698 351 936
Any IAR SAE during 9(3.8%) | 3(14%) | 2(1.1%) | 1(0.7%) | 8(9.3%) |20(8.5%)
infusion
Mean events/Subject year 0.17 0.08 0.05 023 0.15 0.13
Any IAR AE leading to 64 39 22 14 17 108

infusion interruption or (27.2%) | (18.5%) | (15.5%) | (9.3%) (19.8%) (46.0%)
discontinuation

Mean events/Subject year idl 1.62 1.83 1.64 0,52 2.32
IAR AE leading to infusion 56 35 20 12(8.0%)| 7(8.1%) 93
interruption (23.8%) | (16.6%) | (11.5%) (39.6%)
Mean events/Subject year 2.69 144 127 119 0.17 1.82
IAR AF leading to infusion| 16 (6.8%) | 9 (4.3%) | 11(6.3%) | 9(6.0%) [ 12 (14.0%) 40
discontinuation (17.0%)
Mean events/Subject year 0.81 045 0.98 0.78 0.66 0.66
Agy IAR requiring medical 30 14 (6.6%) | 9(5.2%) | 8(5.3%) | 4(4.7%) 54
intervention (12.8%) (23.0%)
|.\ lean events/Subject year 1.91 0.75 0.20 0.87 0.11 1.33

Each dosing weeks column only contains events starting within that duration interval; Data in the =48 week
column contams data from weeks 49 to 170.

Mappmg was based on MedDRA version 15.0.

Infusion Associated Reaction (TAR) are considered associated with the admirustration of study drug if they
ocor after the onset of the infusion or within cne dry following end of the mfusion.

Table 33: Infusions Interrupted or Discontinued due to Adverse Events that Required

Medical Intervention

Duration of BMN 110 Dosing, Weeks

1-12 | 1324 | 25-36 | 37-48 >48 Total
@=235) | @=211) | @=174) | (@=150) | (n=86) | (n=235)

Total Number of oy 4 ” oy ”
Eufesiods Received 2718 237 1920 1494 2727 11239
Infusions interrupted or

discontinued due to an 43 16 10 16 5 90

AE which also required (1.58%) | (0.67%) | (0.52%) | (1.07%) | (0.18%) | (0.80%)
medical intervention

Infusions interrupted 35 11 7 [ 2 64
(129%) | (0.46%) | (0.36%) | (0.60%) | (0.07%) | (0.57%)
Infusions discontinued 8 5 3 7 3 26

(029%) | (021%) | (0.16%) | (0.47%) | (0.11%) | (0.23%)

Medical Intervention®

IV Antihistamines 29 10 7 13 4 63
(1.07%) | (042%) | (036%) | (0.87%) | (0.15%) | (0.56%)

IV Steroids 16 10 5 11 1 43
(0.59%) | (0.42%) | (0.26%) | (0.74%) | (0.04%) | (0.38%)

IV Fluids 9 £ § 2 0 0 14
(033%) | (0.13%) | (0.10%) (0.12%)

Oxygen 5 3 2 . = 10
(0.18%) | (0.13%) | (0.10%)

(0.09%)
D I are the mumbers of Infusions with ption or disc ! quiring medical intervention.
Each dosmg weeks column only contains events starting within that duration interval; Data m the 48 week
column contains data from weeks 49 to 170.

*Medical intervention is defined as at least one of IV antihistamine, TV steroids, IV fluids, or oxygen, which

was determined from WHO Drug coding.

Only adverse events dunng mfusions which were pted or discontinued were considered

For infusion interruption, the infusion was completed; for infusion discontinuation, the infusion was not
completed.
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7.8. Post-marketing experience

No post-marketing data were submitted.

7.9. Safety issues with the potential for major regulatory impact

7.9.1. Liver toxicity

No liver related safety issues with the potential for major regulatory impact were identified.
7.9.2. Haematological toxicity

No haematological related safety issues with the potential for major regulatory impact were
identified.

7.9.3. Serious skin reactions

No skin related safety issues with the potential for major regulatory impact were identified.
7.9.4. Cardiovascular safety

No cardiovascular safety issues with the potential for major regulatory impact were identified.
7.9.5. Unwanted immunological events

Immunological phenomena were commonly reported events in patients receiving BMN 110.
These events included Type I sensitivity reactions including anaphylaxis, infusion reactions and
antibody development against BMN 110. These potential reactions need to be clearly described
in the PI and CMI. Furthermore, specific advice on managing these events needs to be included
in the PL.

7.10.  Other safety issues
7.10.1. Safety in special populations

No particular safety issues in special populations were identified. However, data were limited in
children less than 5 years; albeit that these limited data did not reveal any unexpected events.

7.10.2. Safety related to drug-drug interactions and other interactions

No significant drug-drug interactions were identified.

7.11. Evaluator’s overall conclusions on clinical safety

Overall, the safety of BMN 110 is comparable with other biologics used for enzyme replacement
in the mucopolysaccharide storage disorders. The main concerns are the immunological
sequelae with the development of antibodies and the risk of local and generalised immune
reactions, especially during infusions. There is the acute, life-threatening risk of a severe
reaction during the infusion. However, the evaluator notes that there were no deaths reported
in the study. There is also the long-term implications that a particular patient may be excluded
from future treatment if they develop a severe recurrent allergic reaction to therapy with BMN
110. This risk was not apparent in the current dossier. Pre-treatment of patients may be
effective in reducing allergic reactions but practice varied across the studies. No desensitisation
protocol was developed for the use of BMN 110 although such protocols are available for other
biologics.

There was almost universal development of an antibody to BMN 110 in patients receiving
therapy. The implications of antibody development are uncertain however, there was no
correlation between antibodies and adverse events or changes in efficacy. There was an
increase in the exposure to BMN 110 with ongoing therapy but it is unclear whether this was
related to antibody development.
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Overall the safety of BMN 110 is comparable to other biological agents used in a range of similar
diseases.

8. First round benefit-risk assessment

8.1. First round assessment of benefits

The main efficacy outcomes of the pivotal and supportive studies are appropriate, those being
assessments of exercise tolerance. There are limited data on growth and development. Those
data do suggest that there may be some improvement in linear growth but the studies were
unable to demonstrate clinical or statistical improvement over the duration of the studies. Any
significant improvements in linear growth and development would be expected within the first
5 years of life. These data are not currently available. Dosing data are only currently supported
by the pharmacokinetic and clinical studies in children over 5 years of age. Exposure data over
the longer term is limited with only 86 patients reported to have exposure up to 48 weeks. The
benefits of BMN 110 in the proposed usage are:

e A modest improvement in 6 minute walk distance

e A decrease in the excretion of urinary keratan sulfate.

8.2. First round assessment of risks

The risks of BMN 110 in the proposed usage are:

e The risk of immunological reactions

o A high general rate of infusion related side-effects

o The universal development of antibodies and the long-term impact upon therapy

e Pharmacokinetic data indicates a non-linear relationship between dose and plasma
concentrations. While this does not appear to have a direct impact upon patient safety or
efficacy, this needs to be monitored in the ongoing studies

e The Pharmacokinetic, safety and efficacy data do not support the use of BMN 110 in children
less than 5 years of age

e Pharmacodynamic data have not demonstrated a relationship between dose, concentration
and pharmacodynamic measures.

8.3. First round assessment of benefit-risk balance

MPS IVA is a debilitating and relentlessly progressive disease for which there is currently no
effective therapy. BMN 110 offers the first specific enzyme replacement which may offer some
improvement in the physical limitations imposed by the disease. The current data set has some
significant deficiencies in the supportive kinetic and dynamic data. This includes the
nonlinearity of the pharmacokinetics and more especially, the inability to demonstrate a
relationship between dose, concentration and clinical outcome. However the modest
improvement in the 6 minute walk distance, in adults and children greater than or equal to 5
years of age, as well as the trend to improvement in other physiological outcomes offers some
hope to these patients. The safety profile is acceptable given the severity of the disease although
the issue around the management of hypersensitivity and antibody development needs to be
clarified.
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In conclusions, the benefit-risk balance of BMN 110, given the proposed usage, is favourable
in adults and children greater than or equal to 5 years of age, given the severity of the
underlying disease and the lack of any other effective therapies.

9. First round recommendation regarding authorisation

The evaluator recommends that Vimizim be approved for the following indication:

Vimizim is indicated for the treatment of mucopolysaccharidosis type IVA (MPS IVA;
Morquio A syndrome) in adults and children greater than or equal to the age of 5
years.

The age range could be extended if the final results of Study MOR-007 and Study BMN 110-502
become available and so adequate efficacy and safety for children less than 5 years of age.

10. Clinical questions

10.1. Additional expert input
The demonstrated clinical benefits of BMN 110 are modest.

The sponsor should provide updates from all of the ongoing studies for which there are only
interim reports. This should include updates in pharmacokinetic, pharmacodynamic and
efficacy parameters as well as safety data. Specifically, the sponsor should submit the as yet
unpresented data from Studies MOR-005, MOR-100, MOR-006, MOR-007, MOR-008 and BMN
110-502.

10.2. Pharmacokinetics

The sponsor should further address the time-dependent kinetics of BMN 110. What are possible
mechanisms to explain this? Are there further changes in exposure with even longer periods of
exposure? Within this response, the sponsor should address the following observations:

e The dose finding study, MOR-002, showed a non-linear dose dependent increase in plasma
concentrations, in that both AUC and Cmax increased by up to 93 times when the dose was
increased only 20 times (see Table 4).

e In Study MOR-004 there was a time dependent increase in half-life from week 1 to week 22
resulting from a decrease in clearance and a concurrent increase in volume of distribution
over that time (Table 2).

10.3. Pharmacodynamics

The sponsor should incorporate the as yet unpresented data from Studies MOR-005, MOR-100,
MOR-006, MOR-007, MOR-008 and BMN 110-502 in the pharmacodynamic analysis.

The use of population techniques with the full dataset may allow for a clearer analysis of the
combined data including better defining the dose- concentration-pharmacodynamic
relationship. A population analysis may also better define any effect of age and gender upon the
pharmacodynamics of BMN 110.

10.4. Efficacy

The data has not been presented for children less than 5 years of age although Study MOR-007
is ongoing. The sponsor should report of the results of this study to clarify whether BMN 110
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can be registered for use in this age group. Otherwise BMN 110 registration should be limited to
the treatment of children greater than or equal to 5 years of age.

10.5. Safety

The sponsor should provide the individual liver function data for the two patients with
abnormalities in their liver function as indicated in Section Liver function above.

The sponsor should reanalyse their current safety database to develop recommended
prophylactic antihistamine and steroid regimens for infusion and hypersensitivity reactions.
This should be provided for review in the second round.

11. Second round evaluation of clinical data submitted in
response to questions

11.1. Additional expert input

The demonstrated clinical benefits of BMN 110 are modest. The sponsor should provide updates
from all of the ongoing studies for which there are only interim reports. This should include
updates in pharmacokinetic, pharmacodynamic and efficacy parameters as well as safety data.
Specifically, the sponsor should submit the as yet unpresented data from Studies MOR-005, MOR-
100, MOR-006, MOR-007, MOR-008 and BMN 110-502.

The sponsor submits ‘that the mean effect on 6MWT seen in study MOR-004 translates into
extensive clinical benefit to the patients.

New data in support of the sponsor’s assertion as follows.
11.1.1. Discussion of study design and endpoint considerations

The sponsor reiterated that the rarity of MPS IVA and the severity of the disease make clinically
meaningful endpoints difficult to show via large improvements in measures of mobility.

The evaluator accepts that this is the case.
11.1.2. Change in 6MWT - Study MOR-001
The response stated that:

Recently available preliminary longitudinal data from patients who have been enrolled
in MOR-001 and completed annual assessments demonstrate the progressive
deterioration of this measure over time. Data from Visits 1, 2, and 3 were analysed using
arepeated measure regression model. The annualized estimate of change in 6MWT from
Visit 1 across all subjects in MOR-001 was -4.9 meters (Cl9s,-11.3, 1.6). The annualized
estimate of change in 6MWT from Visit 1 was -6.8 meters (95% CI, -17.5, 3.9) in the
subset of patients selected to match the MOR-004 study population (age = 5 years,
6WMT between 30 and 325 meters at Visit 1 (data on file; publication being drafted).
These data confirm and extend our understanding that patients with MPS IVA
experience a chronic, progressively debilitating decline in performance as measured by
6MWT. Although these data suggest that there is a large impact of placebo in the course
of the randomized clinical trial (patients treated with placebo in MOR-004 showed a
mean increase in distance walked of 13.5 meters at Week 24 compared to Baseline), the
treatment effect on 6MWT in Study MOR-004 against placebo (22.5 meters at Week 24
compared to Baseline) was statistically significant in patients receiving weekly doses of
BMN 110.

The evaluator accepts that the natural history of patients with MPS IVA includes deterioration in
6MWT. However, the improvement in 6MWT of 22.5 metres at Week 24 (compared to Baseline)
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is hard to characterise as “translates into extensive clinical benefit”. This is however statistically
significantly different to the placebo improvement of 13.5 metres at Week 24 (compared to
Baseline).

11.1.3. Definition of an MCID and responder analyses - Study MOR-004

The sponsor identifies the responder definition thresholds, expressed as the percent change
improvement from Baseline after 24 weeks of treatment, were as follows:

e A 15% change for the 6MWT
e A 20% change for the 3MSCT
e A 20% change for MVV.

Responder analyses, based on these thresholds for 6MWT, 3MSCT, and MVV showed a higher
proportion of responders in the weekly group compared with the placebo group for all three
measures (MOR-004 CSR):

o 6MWT (weekly vs. Placebo): 45.6% vs. 30.5%; P=0.0603
o 3MSCT (weekly vs. Placebo): 45.6% vs. 25.4%; P=0.0228
o MVV (weekly vs. Placebo): 28.6% vs. 12.0%; P=0.0576

The evaluator accepts that there was a trend to improvement in other clinical parameters
including 3MSCT and MVV.

11.1.4. Long-term efficacy data - Study MOR-005

The sponsor has provided more long term efficacy data from Study MOR-005. These new data
supports ongoing improvement of 6MWT up to 48 weeks in open label follow-up (see Figure
20). Other secondary outcomes showed similar trends to improvements were maintained in the
newly provided data. In this extension study, no control group was available for comparative
statistical analysis.

11.1.4.1. 6MWT

Using the primary analysis ANCOVA model in the ITT population, the least square mean changes
from MOR-004 Baseline for the QOW-QOW and QW-QW cohorts, respectively, at Week 36 were
22.7 (Clos, 9.8, 35.5) and 40.9 (Cl9s, 27.8, 54.0) metres, at Week 48 were 11.0 (Clos, -9.6, 31.7)
and 29.1 (Clos, 8.5, 49.7) metres, and at Week 72 were 26.3 (Cl9s, 9.1, 43.5) and 30.1 (Clos, 12.6,
47.6) metres.

11.1.4.2. 3MSCT

Using the primary analysis ANCOVA model in the ITT population, the least square mean change
from MOR-004 Baseline in 3MSCT results for the QOW-QOW and QW-QW cohorts, respectively,
at Week 36 were 4.1 stairs/min (Clos, 1.4, 6.8) and 5.8 stairs/min (Clos, 3.0, 8.5), at Week 48
were 2.9 stairs/min (Clos, -0.9, 6.8) and 6.9 stairs/min (Cl9s, 3.0, 10.8), and at Week 72 were 5.0
stairs/min (Cl9s, 2.1, 7.9) and 5.3 stairs/min (Clss, 2.3, 8.2)

11.1.4.3. Urine KS

At Week 24, mean percent changes from MOR-004 Baseline for cohorts QQW-QOW and QW-QW
in the ITT population were -34.6% and -45.5%, respectively. Using the primary analysis
ANCOVA model in the ITT population, the least square mean percent changes in urine KS levels
from MOR-004 Baseline at Week 48 were -45.0% (Cl9s, -49.0, -41.1) and -51.5% (Clos, -55.7, -
47.3) for the QOW-QOW and QW-QW cohorts, respectively. At Week 72, when most subjects
were receiving the same weekly regimen (2.0 mg/kg/week), the least square mean percent
changes from MOR-004 Baseline were -53.8% (Cl9s, -57.4, -50.1) and -54.3% (Cl9s, -58.3, -50.3)
for the QOW-QOW and QW-QW cohorts, respectively.
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Figure 20: Analysis of 6MWT: Repeated Measures Model Analysis Population: Intent-to-
Treat
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11.1.5. Additional quality-of-life assessments and clinical improvements - Study
MOR-004

The sponsor provided further analysis of the quality of life data for Study MOR-004. The data
included that in regard to wheelchair use, there was a net increase of 5 (8.8%) patients in the
placebo group using a wheelchair at Week 24 versus 0 (0%) in the BMN 110 weekly dose group,
as compared to Baseline. Assessments of several other essential daily activities showed similar
treatment-associated improvements, with a positive shift at Week 24 in the number of subjects
on weekly BMN 110 compared to placebo who were able to perform important activities of
daily living, such as transferring to and from the bathtub, toilet, furniture and car, as well as
some independent dressing and feeding skills.

11.1.6. Variability of patient response - Study MOR-004

The sponsor noted that there was variability in patient response to treatment with BMN 110;
for example a positive response in the 6MWT did not predict a positive response in the
3MSCTor the MVV. Also a positive response in the 3MSCTor the MVV did not appear to be
predictive of a positive response in the 6MWT.

The sponsor did not provide any new data from the ongoing clinical studies listed above. A
summary of the anticipated completion dates is shown in Table 34.
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Table 34: Anticipated Completion Dates for the CSRs of Ongoing Clinical Studies

Stiady Stid Anticipated Interim Anticipated CSR
i g LPO Analysis Completion
MOR-100 ;
2/2014 4/2014
(Phase 1/2 Extension) Ongoing Q27201 Not Planned Q
MOR-005 ;
Orn 1/2015 Not Planned 3/2015
(Phase 3 Extension) WBE Q > SR Q
MOR-006 ] i
Ongoing Q3/2014 Not Planned Q2/2015

(Non-ambulatory)

Q2/2014 (for the 52-Week
MOR-007 . y Primary Treatment Phase);
Ongoing 1-2/2015 Not Planned i
(Under 5 years old) e Q : Q3/2015 (for Extension

Phase)
MOR-008
; Ongoi 3/2014 Not Planned
(Cardiopulmonary) igong - ot Hame Q4/2014
110-502 Ongoing Q4/2015 Not Planned Q4/2016

The sponsor also provided safety updates for the following studies for the time periods listed
below:

e MOR-005: 05 January 2013 - 11 March 2013

e MOR-006: 23 August 2012 - 11 March 2013

e MOR-007: 29 September 2012 - 11 March 2013
e MOR-008: 15 September 2012 - 11 March 2013
e MOR-100: 20 July 2012 - 11 March 2013.

No new safety findings were identified over the period of these reports.

11.2. Clinical questions
11.2.1. Pharmacokinetics

The sponsor should further address the time-dependent kinetics of BMN 110. What are possible
mechanisms to explain this? Are there further changes in exposure with even longer periods of
exposure? Within this response, the sponsor should address the following observations:

The dose finding study, MOR-002, showed a non-linear dose dependent increase in plasma
concentrations, in that both AUC and Cmax increased by up to 93 times when the dose was
increased only 20 times (see Table 4).

In Study MOR-004 there was a time dependent increase in half-life from week 1 to week 22
resulting from a decrease in clearance and a concurrent increase in volume of distribution over
that time (Table 2).

The sponsor identified that the exact mechanism causing time-dependent kinetics of BMN 110
is unknown but postulated that anti-BMN 110 antibodies were a major factor. The sponsor also
failed to identify the mechanism of the non-linear dose dependent increase in plasma
concentrations. Furthermore, the sponsor did not address whether there are further changes in
exposure with even longer periods of exposure.
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11.3. Pharmacodynamics

The sponsor should incorporate the as yet unpresented data from Studies MOR-005,
MOR-100, MOR-006, MOR-007, MOR-008 and BMN 110-502 in the pharmacodynamic
analysis.

The use of population techniques with the full dataset may allow for a clearer analysis of
the combined data including better defining the dose- concentration-pharmacodynamic
relationship. A population analysis may also better define any effect of age and gender
upon the pharmacodynamics of BMN 110.

The sponsor did present some new pharmacodynamic data including evidence of normalized
urine KS levels and a trend towards stabilization of normalized standing height z-scores.
However, the sponsor did not reanalyse the data to better define the dose- concentration-
pharmacodynamic relationship.

11.4. Efficacy

The data has not been presented for children less than 5 years of age although Study
MOR-007 is ongoing. The sponsor should report of the results of this study to clarify
whether BMN 110 can be registered for use in this age group. Otherwise BMN 110
registration should be limited to the treatment of children greater than or equal to 5
years of age.

The sponsor did not present any new efficacy data or analysis related to the efficacy of BMN 110
in children less than 5 years. However, the sponsor did present some new pharmacodynamic
data including evidence of normalized urine KS levels and a trend towards stabilization of
normalized standing height z-scores.

11.4.1. Urine KS levels

Treatment with BMN 110 led to a decrease in mean normalized urine KS levels within 2 weeks
and the decreased levels were maintained over 52 weeks. The mean (*+ SD) percent change from
Baseline in urine KS was -30.2% (*¥12.68; n=15) at 2 weeks, and -39.9% (* 24.03; n=15) at 26
weeks, and -43.5% (* 22.15; n=10) at 52 weeks.

11.4.2. Normalized growth rate z-scores

The mean normalized growth rate z-scores improved for all subjects (n=15) and for the
subgroup of subjects = 2 years of age (n=12) indicating a trend towards improved growth rates
with long term BMN 110 treatment. The Baseline and Week 52 mean (* SD) normalized growth
rate z-scores were -0.6 (* 0.64) and -0.4 (* 0.53), respectively, for all subjects and -0.8 (+ 0.78)
and -0.3 (£ 0.53), respectively, for subjects = 2 years of age.

While these data are useful, they are insufficient to address the evaluators concerns about the
use of BMN 110 in children less than 5 years of age.

11.5. Safety

The sponsor should provide the individual liver function data for the two patients with
abnormalities in their liver function.

The sponsor should reanalyse their current safety database to develop recommended
prophylactic antihistamine and steroid regimens for infusion and hypersensitivity
reactions. This should be provided for review in the second round.

e [information redacted]

Data up to the Week 120 study visit of MOR-004/005 combined show that [information
redacted] who had elevated liver enzymes at Week 6 did not have abnormally high
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aminotransferase levels at any subsequent time point tested and the associated AE was
considered recovered/resolved two weeks after onset.

e [information redacted]

[information redacted] completed the Week 96 study visit (MOR-004/MOR-005 combined) and
continues to receive study treatment. A summary of this subject’s liver enzymes is provided in
Table 35; liver enzymes were continuously elevated from Week 18 though Week 96. The
associated AE of elevated liver transaminases reported at Week 20 is therefore listed as “Not
Recovered/Not Resolved. In addition, the patient was diagnosed with hepato-lenticular
degeneration (Wilson's disease) on the same day as the AE of elevated liver transaminases
(01MAR2012), which is a rare autosomal recessive disorder of copper metabolism that may
lead to liver failure and explains the persistent elevated liver enzymes.

Table 35: Serum Chemistry Results through Week 96 for subject [information redacted]

Alkaline Alanine Aspartate
Study Collection Date Phosphatase Aminotransferase Aminotransferase Bilirubin
Period  Visit (Day) (U/L) (U/L) (U/L) (umol/'L)
M4  Baseline 2011-10-13(-1) 269 43 36 22
Week 6 2011-11-22 (40) 249 4 48 (H) 12
Week 12 2012-01-06 (85) 206 21 32 8
Week 18 2012-02-17 (127) 252 73 (H) 64 (H) 13
M5-P1 Week 36 2012-06-28 (259) 280 81 (H) 72 (H)
Week 48  2012-09-21 (344) 262 95 (H) 78 (H) 7
M5-P2 Week 72 2013-03-08 (512) 246 155 (H) 108 (H) 18
Week 84 2013-08-13 (670) 233 239 (H) 146 (H) 22
Week 96 2014-02-07 (848) 148 190 (H) 123 (H) 15

M4: MOR-004; M5: MOR-005:; P1: Part 1: Part 2.

The evaluator agrees that the sponsor has adequately addressed this question on liver function.

The sponsor provided no new information to support their recommended pre-treatment
regimen:

e Recommendations applicable to all patients regarding pre-treatment (antihistamines with
or without antipyretics 30-60 minutes prior to start of infusion)

e Additional pre-treatment (i.e., additional prophylactic antihistamines and prophylactic
corticosteroids for severe reactions) for patients who previously experienced infusion
reactions

The sponsor has not addressed the evaluators request for analysis of their database in
support of a recommended prophylactic antihistamine and steroid regimens for infusion
and hypersensitivity reactions.

An update of safety data was available related to the use of BMN 110 in children less than 5
years. The sponsor anticipates that initiation of Enzyme Replacement Therapy (ERT) early in
the course of the disease (< 5 years of age) will maximize the potential skeletal benefits and
prevent other irreversible morbidities which increase in frequency with age.
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12. Second round benefit-risk assessment

12.1. Second round assessment of benefits

After consideration of the responses to clinical questions, the benefits of BMN 110 in the
proposed usage, additional to those identified in the First Round evaluation are:

The sponsor has included pharmacodynamic data from study MOR-007 as evidence of potential
benefit in the treatment of children less than 5 years of age.

The evaluator acknowledges these new data but finds that these data are insufficient to
recommend that the indication be extended to children less than 5 years of age.

The sponsor has provided more long term efficacy data from Study MOR-005. These new data
supports ongoing improvement of 6MWT up to 48 weeks in open label follow-up. Other
secondary outcomes showed similar trends to improvements were maintained in the newly
provided data. In this extension study, no control group was available for comparative statistical
analysis.

The evaluator finds that these new data support that BMN 110 has evidence of ongoing
benefit in patients.

There are several ongoing studies for which the sponsor did not provide any new data.
The evaluator recommends that these new data are submitted as they become available.

The sponsor identified that the exact mechanism causing time-dependent kinetics of BMN 110
is unknown but postulated that anti-BMN 110 antibodies were a major factor. The sponsor also
failed to identify the mechanism of the non-linear dose dependent increase in plasma
concentrations. Furthermore, the sponsor did not address whether there are further changes in
exposure with even longer periods of exposure.

The evaluator recommends that the sponsor address these deficiencies in the
pharmacokinetic analysis of BMN 110.

The sponsor has not reanalysed the available data to better define the dose-concentration-
pharmacodynamic relationship of BMN 110.

The evaluator recommends that the sponsor reanalysed the available data in an attempt
to better define the dose-concentration-pharmacodynamic relationship of BMN 110.

12.2. Second round assessment of risks

After consideration of the responses to clinical questions, the risks of BMN 110 in the proposed
usage, additional to those identified in the First Round evaluation are:

The safety data from study MOR-007 in the treatment of children less than 5 years of age are
included in the risk assessment.

The sponsor provided no new information to support their recommended pre-treatment

regimen:

e Recommendations applicable to all patients regarding pre-treatment (antihistamines with
or without antipyretics 30-60 minutes prior to start of infusion)

e Additional pre-treatment (i.e., additional prophylactic antihistamines and prophylactic
corticosteroids for severe reactions) for patients who previously experienced infusion
reactions

Submission PM-2013-02807-1-3 Extract from the Clinical Evaluation Report for Vimizim Page 72 of 74



Therapeutic Goods Administration

The sponsor should monitor their safety database to develop a specific recommended
prophylactic antihistamine and steroid regimens for the management of infusion and
hypersensitivity reactions.

12.3. Second round assessment of benefit-risk balance

Despite the deficiencies identified in the dossier and the sponsor’s responses to the first round
evaluation report, the benefit-risk balance of BMN 110 given the proposed usage is favourable
in adults and children 5 years of age or older.

13. Second round recommendation regarding
authorisation

The evaluator recommends that Vimizim (elosulfase alfa) be approved for the following
indication:

Vimizim is indicated for the treatment of mucopolysaccharidosis type IVA (MPS IVA;
Morquio A syndrome) in adults and children greater than or equal to the age of 5 years.

The evaluator recommends that the pharmacodynamic and safety data from study MOR-007 be
included as evidence of potential benefit in the treatment of children less than 5 years of age.
However, the evaluator does not recommend that the indication be extended to children less
than 5 years until further evidence of efficacy is available.

14. References

None listed.
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