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1 Executive Summary
1.1 Introduction
Mucopolysaccharidoses (MPS) are inherited metabolic disorders caused by the 
deficiency of enzymes involved in the degradation of glycosaminoglycans (GAGs). 
Mucopolysaccharidosis VII (MPS VII; Sly syndrome) is an extremely rare, autosomal 
recessive lysosomal storage disorder characterized by a deficiency of beta-
glucuronidase (GUS). Because GUS is required for the degradation of dermatan sulfate 
(DS) and heparan sulfate (HS), this enzyme deficiency results in lysosomal 
accumulation of GAGs in numerous organs and tissues. MPS VII clinical symptoms 
include hepatosplenomegaly, abnormal coarsened facies, pulmonary disease, 
cardiovascular complications, joint stiffness, short stature, skeletal disease, corneal 
clouding or visual acuity problems, and potential developmental delays. Life expectancy 
in MPS VII patients is into the teenage or young adult years, but can be within the first 
year of life. Currently, there are no approved therapies for MPS VII. Treatment is 
supportive and symptomatic. 

Vestronidase alfa-vjbk (UX003; recombinant human beta-glucuronidase, rhGUS) is a 
recombinant human enzyme, and the Applicant is seeking marketing approval for the 
treatment of MPS VII. vestronidase alfa-vjbk is taken up into cells and tissues primarily 
by the cation-independent mannose-6- phosphate receptor (CIM6PR) via the M6P 
recognition residues located on the enzyme’s N-linked oligosaccharides. The enzyme is 
also taken up by the mannose receptor (MR) expressed on cells in the 
reticuloendothelial system (e.g., the spleen, Kupffer cells, macrophages). 

1.2 Brief Discussion of Nonclinical Findings
The Sponsor submitted the following nonclinical studies in support of BLA licensure: 
primary pharmacology; safety pharmacology; pharmacokinetics/toxicokinetics; a single-
dose toxicity study in rats; a 26-week toxicity study in juvenile Cynomolgus monkeys; 
and embryo-fetal development studies in rabbits and rats.

The in vitro pharmacodynamics of vestronidase alfa-vjbk was evaluated using human 
MPS VII fibroblasts. The estimated half-maximal uptake (Kuptake) for rhGUS was 1.9 nM, 
and the cellular half-life ranged from 23-40 days. In the MPS VII mouse (gusmps/gusmps) 
model, rmGUS reduced or prevented accumulation of lysosomal storage, and had 
beneficial effects on several endpoints such as survival, growth, and phenotypic 
appearance. With respect to rhGUS, a published study using MPS VII/540ATG mice 
showed that depending upon the dose and treatment duration, rhGUS can cross the 
blood-brain barrier and reduce lysosomal storage in the CNS.  A blinded 
histopathological evaluation of selected tissues from two treatment groups in this study 
also concluded that there was a treatment-related reduction in cytoplasmic vacuolation 
due to undegraded GAGs in numerous tissues. 
A Biodistribution study in MPS VII/E540ATG mice administered intravenous bolus 
doses of up to 20 mg/kg vestronidase alfa-vjbk once weekly for 8 weeks had dose-
dependent decreases in serum and urinary biomarkers for pathological GAG levels, 
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along with dose-dependent increases in tissue rhGUS activity. A pattern of reduced 
tissue pathologic score with >50% reductions in uGAG was reported. A blinded 
histopathological assessment concluded that in numerous tissues there was a 
treatment-related reduction in cytoplasmic vacuolization.

Cardiovascular safety was evaluated in a 26 week repeat dose GLP toxicity study in 
young Cynomolgus monkeys administered intravenous doses of up to 20 mg/kg 
vestronidase alfa-vjbk every other week. No treatment-related effects on ECG 
waveforms or other parameters were identified. In a GLP safety pharmacology study in 
rats, a single dose of UX003 administered intravenously at up to 20 mg/kg did not 
produce treatment-related effects on tidal volume, respiratory rate, or minute volume. In 
a GLP, single-dose study in rats, there were no treatment-related changes in the 
functional observation battery (FOB) endpoints after intravenous administration of up to 
20 mg/kg vestronidase alfa-vjbk. 

In a 26-week GLP chronic toxicity study, juvenile Cynomolgus monkeys were 
administered with up to 20 mg/kg vestronidase alfa-vjbk by intravenous infusion once 
every other week. The no observed adverse effect level (NOAEL) was 20 mg/kg (the 
highest dose tested). Treatment with vestronidase alfa-vjbk resulted in the development 
of anti-therapeutic antibodies at all dose levels, but this did not appear to affect 
exposure and no immunogenic reactions were observed. On a mg/kg basis, the NOAEL 
is 5-fold higher than the proposed dose (4 mg/kg). 

Vestronidase alfa-vjbk at intravenous doses up to 20 mg/kg did not cause any adverse 
effect on fertility and reproductive performance of male and female rats. In embryofetal 
development studies in rats and rabbits at intravenous doses up 20 mg/kg, respectively, 
vestronidase alfa-vjbk did not cause any adverse effects on embryofetal development. 
Based on the findings from this study, the NOAEL for reproductive toxicity and 
developmental toxicity was 20 mg/kg.

1.3 Recommendations
1.3.1 Approvability
From a nonclinical perspective, no approvability issues are identified for this BLA.

1.3.2 Additional Nonclinical
Sponsor agreed to submit a Segment III (Perinatal and postnatal development) study, 
as a post-marketing requirement.  This is not an approval issue.

1.3.3 Labeling
The following language is recommended after consultation with the pediatric and 
maternal staff reviewer.
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Recommended Labeling Language

8.1  Pregnancy
Risk Summary
There are no available data on MEPSEVII use in pregnant women to determine a drug-
associated risk of adverse developmental outcomes. In animal reproduction studies, 
vestronidase alfa-vjbk administered intravenously to pregnant rats and rabbits during 
the period of organogenesis showed no maternal toxicity or   adverse developmental 
outcomes at doses causing maternal serum exposures ( AUC) up to 1.6 and 10 times, 
respectively for rats and rabbits, the exposure at the recommended human dose (see 
Data) . 

The estimated background risk of major birth defects and miscarriage for the indicated 
population is unknown. All pregnancies have a background risk of birth defect, loss, or 
other adverse outcomes.  In the U.S. general population, the estimated background risk 
of major birth defects and miscarriage in clinically recognized pregnancies is 2 to 4% 
and 15 to 20%, respectively.

Data
Animal Data
In animal reproduction studies, vestronidase alfa-vjbk administered intravenously to 
pregnant rats (once a week) and rabbits (once every 3 days) during the period of 
organogenesis showed no adverse developmental outcomes at doses up to 20 mg/kg. 
The 20 mg/kg dose in rats and rabbits provides approximately 1.6 and 10 times the 
human exposure (AUC) of 57.9 hr* mcg/mL at the 4 mg/kg dose administered once 
every other week, respectively.  

8.2  Lactation
Risk Summary 
There are no data on the presence of vestronidase alfa-vjbk in either human or animal 
milk, the effects on the breastfed infant, or the effects on milk production. The 
developmental and health benefits of breastfeeding should be considered along with the 
mother’s clinical need for MEPSEVII and any potential adverse effects on the breastfed 
infant from vestronidase alfa-vjbk or from the underlying maternal condition.

13.1  Carcinogenesis, Mutagenesis, Impairment of Fertility
Long-term studies in animals to evaluate carcinogenic potential or studies to evaluate 
the mutagenic potential have not been performed with vestronidase alfa-vjbk.   

Vestronidase alfa-vjbk at intravenous doses up to 20 mg/kg administered weekly to rats 
prior to mating and after mating on gestation days 6, 9, 12, 15 and 18 (females), 
[approximately up to 4.5 times (male rats) and 1.6 times (female rats) the human AUC 
of /mL at the 4 mg/kg dose administered once every other week] was found 
to erse effect on fertility and reproductive performance of male and female 
rats. 
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2 Drug Information
2.1 Drug
CAS Registry Number: 

Generic Name: Vestronidase Alfa-vjbk

Code Name:  UX003, Enzyme Commission Number: 3.2.1.31

Chemical Name: Recombinant human beta-glucuronidase (rhGUS)

Molecular Formula/Molecular Weight

Structure or Biochemical Description
rhGUS is a glycoprotein produced in a  Chinese hamster 
ovary (CHO) cell line, with an amino acid sequence that is identical to the endogenous 
form of human lysosomal beta-glucuronidase. The protein is expressed as a 651 amino 
acid precursor, with an N-terminal signal sequence of 22 amino acids. The translated 
protein is post-translationally modified by glycosylation at four Asn sites. The glycans of 
rhGUS contain Mannose-6-phosphate Each monomer contains five cysteine residues, 
and the cysteine residue nearest the C-terminal end may form an inter-monomer-
disulfide bridge. The secreted mature enzyme forms a homo-tetramer intracellularly 
after glycosylation. Each monomer consists of 629 amino acids, and the calculated 
isotope average molecular mass of each non-glycosylated peptide chain is 72,562 Da. 
The Sponsor’s figures below depict the amino acid sequence of the rhGUS precursor.
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To assess the similarity of the beta-glucuronidase enzyme from different species, the 
Sponsor compared amino acid sequences derived from the GUSB gene across species 
using information from the UniGene database maintained by the National Center for 
Biotechnology Information (NCBI). The percentage of homology of beta-glucuronidase 
amino acids for rat, mouse, dog, and rhesus monkey (as compared to human GUS) 
were reported to be 80.1%, 81.0%, 87.1%, and 94.6%, respectively.
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Pharmacologic Class: Enzyme Replacement Therapy

2.2 Relevant INDs, NDAs, BLAs and DMFs
IND 123, 788
IND  
Emergency IND 119,935 
Emergency IND 123,764

2.3 Drug Formulation
MEPSEVII is a sterile solution for infusion. Each vial contains a target volume of mL, 
which provides a withdrawal volume of 5.0 mL. The drug product is diluted prior to 
administration with preservative free sterile saline for injection (0.9%). The composition 
of the drug product is shown in the Sponsor’s table below.
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2.4 Comments on Novel Excipients
The excipients used in the UX003 drug product are listed in Table 1 below.  No novel 
excipients were used in the manufacture of UX003 drug product.  

Table 1  (from page 1 of Section 3.2.P.4.1): Excipients used in the UX003 drug 
product 

2.5 Comments on Impurities/Degradants of Concern
There are no concerns about impurities and degradants for UX003.

Extractable Profile for UX003 DP (  Glass Container)

: 

In the extraction study, the highest level of  in the extraction study on the 
glass container was mg/L.  The estimated maximum exposure to  

from the glass container would be:

4 mg/kg x mg/ml x 50 kg = mg in a 50 kg person maximum exposure

An acceptable daily exposure for  was derived using the current US FDA [21 
CFR 610.15 (a)] acceptable dose of  in a biological product of  
mg/kg/day. 
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Thus, at the maximum daily exposure to  of  mg/day for a 50 kg person, 
there are no safety concerns for the potential exposures to  from the glass 
container.

The maximum level of  in the extraction study was  mg/L.  

4 mg/kg x mg/ml x 50 kg =  mg  maximum exposure in a 50 kg 
person

The maximum potential exposure to  is 137-fold lower than the calculated ADE 
value of mg/day. There is therefore, a reasonable safety assurance for the potential 
extractable of  into the vestronidase alfa from the glass container.

The maximum level of  in the extraction study was mg/L.  

4 mg/kg x mg/ml x 50 kg = mg in a 50 kg person

The tolerable upper intake level of of mg/day is 50 times higher than the
mg maximum level of as an extractable in the  glass container.  This 
suggests that there is no safety risk from the potential  extractable for patients 
given vestronidase alfa.
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The maximum level of in the  glass container was mg/L.

4 mg/kg x mg/ml x 50 kg = mg  in a 50 kg person

The mg daily intake for sodium is 13,514 times higher than the maximum daily 
exposure of  in the glass suggesting there is no safety risk.

The levels of the other extractables from the glass container were very low, and 
there are no safety concerns for these extractables at the maximum anticipated daily 
exposures from vestronidase alfa.

2.6 Proposed Clinical Population and Dosing Regimen

MEPSEVII is a hydrolytic lysosomal glycosaminoglycan (GAG)-specific enzyme 
indicated in pediatric and adult patients for the treatment of Mucopolysaccharidosis VII 
(MPS VII, Sly syndrome).  The recommended dosage is 4 mg/kg administered every 
two weeks as an intravenous infusion.  

2.7 Regulatory Background

 PIND meeting held on June 19, 2012
 Initial IND was submitted on May 20, 2014
 End of Phase 2 (EOP2) meeting was held on July 29, 2014


3 Studies Submitted

3.1 Studies Reviewed 
The Pharmacology/Toxicology Reviewer Tracy Behrsing, Ph.D. reviewed all the 
nonclinical studies listed in the table below (under IND 12378 and were excerpted from 
the IND review memo), except for study UX003-pc009 and UX003-pc008, which was 
reviewed by Yolanda Branch, Ph.D.
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3.2 Studies Not Reviewed 
Other than the published studies identified in Common Technical Document (CTD) 
Section 2.6.3 (Pharmacology Tabulated Summary; copied above in Section 3.1 
Pharmacology), publications cited in the IND were not reviewed. Method validation 
studies also were not reviewed.

3.3 Previous Reviews Referenced
 Preliminary safety IND review and evaluation for IND 123788 by T. Behrsing, 

Ph.D. dated October 10, 2014.  The nonclinical safety data for UX003 was 
excerpted from Dr. Behrsing’s review memo and included in this BLA review.
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9 Reproductive and Developmental Toxicology
9.1 Fertility and Early Embryonic Development
Study title:  Combined intravenous fertility and developmental toxicity 
study (Segment I and II) of UX003 rats

Study no.: UX003-PC008
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: September 10, 2015
GLP compliance: Yes

QA statement: No
Drug, lot #, and % purity: UX003, Lot # 1027054, purity not stated

Key Study Findings

On Day 15 a high dose male rat expired after the third administration of UX003.  A low 
dose male rat was found dead after the fourth infusion of UX003 plus diphenhydramine 
(DPH).  A vehicle control rat expired on Day 43 two days after infusion of vehicle control 
plus DPH.  Clinical observations revealed hypoactivity and lethargy in the males and 
females given 20 mg/kg following the third dose of UX003.  Therefore, all rats were 
prophylactically given DPH.  There were statistically significant decrease in the food 
consumption for the dams given 6 mg/kg UX003 on gestation Days 9 and 15 when 
compared to the control group. In the males given 2 and 20 mg/kg, there was a 
significant reduction (24% and 44%, respectively) in body weight gain on Days 28 and 
49. One male rat given 2 mg/kg and one male rat given 20 mg/kg had red pigmentation 
of the brain (both prematurely expired).  Enlarged spleen and red foci on the kidney was 
noted in one female given 6 mg/kg UX003 and one female given 20 mg/kg, respectively.  
The percent of post-implantation loss and resorptions in the females given 20 mg/kg 
was significantly elevated when compared to the concurrent controls but within historical 
range.  In the females given 20 mg/kg UX003, skeletal examinations revealed 
incomplete ossification of the skull and wavy ribs and they were slightly higher than the 
historical control values.  The presence of anti-drug antibodies following repeat 
administration of UX003 resulted in a reduction in UX003 serum concentrations.  Based 
on the findings from this study, the NOAEL for reproductive toxicity and developmental 
toxicity was 20 mg/kg.
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Methods
Doses: 2, 6, and 20 mg/kg

Frequency of dosing: Once per week
Dose volume: 10 mL/kg

Route of administration: IV
Formulation/Vehicle: 20 mM Na-phosphate, 135 mM NaCl pH 6.0, 20 

mM L-histidine, + 0.01% Tween 20
Species/Strain: Sprague Dawley rats

Number/Sex/Group: 23/sex/group
Satellite groups: TK: 3/sex/group

Study design:

Males were dosed once per week for 4 weeks 
and female rats were dosed once per week for 2 
weeks prior to mating.  Rats from the same dose 
group were mated 1:1 for a max of 2 weeks.  
Mated males were dosed once per week until 
scheduled sacrifice.  Mated females were dosed 
on gestation days 6, 9, 12, 15, and 18.

Deviation from study protocol: No protocol deviations that would affect the 
quality or integrity of the data were identified.

Observations and Results
Mortality
Viability checks were conducted twice daily.

On study day 15, a male rat (Animal No. #822) given 20 mg/kg died after the 3rd 
administration of UX003.  A male rat (No. #770) given 2 mg/kg was found dead after the 
fourth infusion and was also given DPH prior to initiation of the infusion.  No clinical 
signs were noted and the death was thought to be attributed to confined space in the 
tube during infusion.  On Day 43 (two days after infusion) of the mating period, a control 
male (No. #755) given the vehicle control + DPH died.  The death of the control animal 
was thought to be attributed to urinary tract complications as gross necropsy revealed 
kidney cyst with adhesions and dark urinary bladder pigmentation.  On gestation day 
18, a high dose dam was found dead in the restraint tube at the end of the infusion.  No 
clinical signs were noted.
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Clinical Signs
Clinical observations were made pre-dose, weekly until cohabitation and on gestation 
days 0, 6, 9, 12, 15, 18, and 21.  

The high dose males and females were hypoactive and lethargic following the third 
dose of UX003.  These clinical observations were considered an immunological 
response to UX003.   Therefore, all rats were prophylactically given DPH. Other clinical 
signs observed in a few rats were denuded tails, scabbed tail or alopecia.  These 
clinical signs were considered to be procedural related and unrelated to treatment with 
UX003; however, these findings were not present in the vehicle control animals.  
Body Weight
Body weights were measure at pre-dose, weekly until cohabitation and on gestation 
days 0, 6, 9, 12, 15, 18, and 21.  

There were no significant differences in the female body weights of the UX003 treated 
animals when compared to the control groups.  On Days 28 and 49, there was a 
significant reduction (24% and 44%, respectively) in the body weight gain in the male 
animals given 2 and 20 mg/kg.
Feed Consumption
Food consumption was measured and recorded once weekly prior to mating and on 
gestation days 0, 6, 9, 12, 15, 18, and 21.

On gestation Days 9 and 15, there were statistically significant decreases in the food 
consumption for the dams given 6 mg/kg UX003 when compared to the control group 
(shown in the table 4 below).

Table 2: Mean Female Food Consumption

 

Vehicle 
Control                 
0 mg/kg

Control + 
DPH                 

0 mg/kg
6 mg/kg 
UX003

Gestation Days    
9 61g 65g *54g

15 69g 74g *60g

Toxicokinetics
The systemic exposure of UX003 (as measured by Cmax and AUC) increased in a 
greater than dose-proportional manner in both male and female rats (shown in table 5).  
During the non-gestational period (Day 22), the t1/2 in males ranged from 0.362 to 5.15 
hours at 2 and 20 mg/kg, respectively.  The mean t1/2 ranged from 0.516 to 1.01 hours 
non-gestational) and 1.75 to 4.77 hours hours (gestational).  On Day 29, the male rats 
given UX003 were positive for anti-drug antibodies (ADA).  The non-gestational female 
rats were positive for ADA on Day 15 and the gestational female rats were positive for 
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ADA on Gestational Days 12, 18, and 21.  The presence of ADAs upon repeated 
administration contributed to reduced UX003 serum concentrations at all doses of 
UX003 as compared to their Day 1 exposure levels.

Table 3 (from page 25): Cmax and AUC for UX003

Dosing Formulation Analysis: Analysis of the dosing formulation showed that the 
concetrations were within expected concentrations (<10%)

Necropsy
Gross necropsy revealed red foci on the lung in a male animal given 2 mg/kg.  One 
male rat given 2 mg/kg and one male rat given 20 mg/kg had red pigmentation of the 
brain (both prematurely expired).  Enlarged spleen and red foci on the kidney was noted 
in one female given 6 mg/kg UX003 and one female given 20 mg/kg, respectively. 

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
There were no UX003-related effects on sperm analysis, as the percent of motility and 
progression, and morphology was similar to the control groups.  As shown in Table 6, 
the number of successful mating outcomes in the UX003 treated animals and the 
vehicle control animals were similar (ranging from 90% to 100%).  The DPH (included in 
order to have a basis of comparison if an adverse immunologically related reaction was 
observed in the UX003 treated group) control group had a lower mating outcome (75%) 
when compared to the UX003 and control treatment groups.  As outlined in Table 7, the 
number of litters between the UX003 treated groups and control groups were 
comparable and no morbid fetuses were observed in any of the litters.  UX003 treated 
groups and the vehicle control group had similar mean numbers of corpora lutea, 
implantation sites, and viable fetuses. The pre-implantation loss was greater in the 
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vehicle control group than the UX003 treated animals.  The percent of post-implantation 
loss for the females given 6 (3.8%) and 20 (5.1%) mg/kg UX003 was slightly higher than 
the vehicle control group (2%), but within historical control range.  The animals given 6 
and 20 mg/kg UX003 had 0.5 and 0.7 mean resorptions, respectively, whereas the 
vehicle control group had 0.3 resorptions.  Although the UX003 treated groups had 
slightly higher resorptions than the concurrent control it was within the historical control 
range.  There were no UX003-related effects on the body weight and sex ratio of the 
fetuses.  

Table 4 (from page 48): Reproductive performance and sperm analysis
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Table 5 (from page 30): Litter Viability
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Offspring (Malformations, Variations, etc.)

As shown in Table 9, UX003 treatment did not result in any gross morphological 
changes.  There were no UX003-related effects observed in the visceral and cephalic 
examinations.  However, in the females given 20 mg/kg UX003, skeletal examinations 
revealed incomplete ossification of the skull and wavy ribs.  The incidence of incomplete 
ossification of the skull and wavy ribs in this study was 14% and 9%, respectively.  The 
fetal incidence of skull and rib variations seen in the high dose females were 
significantly higher than the concurrent controls, and slightly higher than the historical 
control values (control incidence of incomplete ossification and wavy/bulbous ribs were 
11% and 8%, respectively).

Table 6 (from page 34): Fetal Examinations
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Study title:  Definitive Intravenous Developmental Toxicity Study (Seg II) of 
UX003 in Rabbits

Study no.: UX003-PC009
Study report location: EDR 4.2.3.5.2

Conducting laboratory and location:

Date of study initiation: September 21, 2015
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: UX003, Lot# 1027054

Key Study Findings
In the does given 20 mg/kg, there was a reduction in food consumption on Days 19 
(15%), 24 (11%), and 27 (12%).  On Days 24 and 27, there was a 6% and 15% 
reduction in food consumption in the does given 2 mg/kg compared to the vehicle 
control.  The percent of pre-implantation loss and post-implantation loss were slightly 
elevated for the UX003 treated animals when compared to the vehicle control group.  
The numbers of resorptions was slightly higher in the animals given UX003 when 
compared to the vehicle control.  The percent of pre-implantation, post implantation loss 
and resorptions were higher than the concurrent controls however it was within the 
historical control range. Based on the findings from this study, the NOAEL for maternal 
and developmental toxicity was 20 mg/kg.  

Methods
Doses: 2, 6, and 20 mg/kg UX003

Frequency of dosing: On gestation days 6, 9, 12, 15 and 18
Dose volume: 10 mL/kg

Route of administration: Intravenous
Formulation/Vehicle: 20 mM Na-phosphate, 135 mM NaCl pH 6.0, 20 

mM L-histidine, + 0.01% Tween 20
Species/Strain: New Zealand White Rabbits

Number/Sex/Group: 23/females/group, 13/females in Vehicle control + 
DPH 

Satellite groups: TK: 3/group
Study design:
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Observations and Results
Mortality
Animals were observed for moribundity and mortality at least once daily during the 
quarantine period. Observations were made twice daily on weekdays and at least once 
daily on weekends and holidays. 

No mortality occurred during the study.

Clinical Signs
Clinical observations were made pre-dose, and once daily in conjunction with 
moribundity/mortality checks.

There were no UX003-related clinical observations noted.  

Body Weight
Does were weighed at receipt and on GD 6, 7, 10,13, 16, 19, 21, 24, 27 and 29.

There was a significant increase in mean body weights in the control + DHP animals.  
Body weight gain was not affected by UX003.

Feed Consumption
Food consumption was measured over Days 6-7, 7-10, 10-13, 13-16, 16-19, 19-21, 21-
24, 24-27 and 27-29. 

On Days 19, 24, and 27, there was a reduction (15%, 11%, and 12%, respectively) in 
food consumption in the does given 20 mg/kg UX003.  On Days 24 and 27, there was a 
6% and 15% reduction in food consumption in the does given 2 mg/kg compared to the 
vehicle control. These changes in food consumption did not correlate with changes in 
body weight.  

Toxicokinetics
On GD 18, there was a dose-dependent increase in Cmax (4.65, 64.3 and 372 ug/mL at 
2, 6 and 20 mg/kg dose, respectively) immediately at the end of the 30 minute IV 
infusion and rapidly decreased over a 4 hour time period.  The AUC increased in a 
greater than dose proportional manner.  The mean AUClast was 3.62, 58.8 and 604 
hr*ug/mL at 2, 6 and 20 mg/kg, respectively.  The t1/2 ranged from 0.461 to 1.74 hours. 
As shown in table 10, ADAs were present in the UX003 groups does at all doses on GD 
18 and 29 and GD 29 in the fetal rabbits.  The presence of ADAs on GD18 did correlate 

Deviation from study protocol: No deviations that would affect the quality or 
integrity of the data generated are known.
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with a reduction in UX003 serum concentration when compared to earlier time points 
when ADAs where not detected.

Table 7 (from page 222): Anti-drug antibody presence in gestational rabbits

Dosing Solution Analysis
A final formulation was analyzed and considered within acceptable range.

Necropsy
There were no UX003-related effects on the gross necropsy of the does.

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
As shown in Table 11, the mean number of corpora lutea and live fetuses were similar 
across all groups.  The percent of live fetuses ranged from 93.7% to 98%.  The percent 
of pre-implantation loss and post-implantation loss were slightly elevated for the UX003 
treated animals when compared to the vehicle control group.  The mean pre-
implantation loss was 5.7%, 5.8%, and 6% for 2, 6, and 20 mg/kg UX003, respectively.  
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The mean pre-implantation loss for the vehicle control and vehicle control + DPH groups 
were 3.9% and 5.7%, respectively.  The mean percent of post implantation loss for the 
vehicle control group was 1.9%, and 4.2%, 4%, and 2.6% for 2, 6, and 20 mg/kg 
UX003, respectively.  The mean number of total resorptions were slightly higher in the 
animals given 2 (0.3), 6 (0.2), and 20 (0.2) mg/kg UX003 when compared to the vehicle 
control (0.1).  Although, the percent of pre-implantation, post implantation loss and 
resorptions were slightly higher than the concurrent controls however it was within the 
historical control range.    

Table 8 (from 39): Litter Viability
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Offspring (Malformations, Variations, etc.)
The average fetal weights were similar across all groups.  There were no UX003-related 
effects on visceral or skeletal malformations observed.
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Table 9 (from 42): Fetal Observations
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Table 10 (from page 24): Published historical control reference ranges

9.3 Prenatal and Postnatal Development
None.  A pre- and post-natal developmental (Segment III) toxicity study will be 
conducted in rats as a post-marketing requirement.  

10 Special Toxicology Studies
None.

11 Integrated Summary and Safety Evaluation
MPS VII (Sly syndrome) is an extremely rare, autosomal recessive lysosomal storage 
disorder characterized by a deficiency of beta-glucuronidase. Beta-glucuronidase is 
required for the degradation of dermatan sulfate and heparan sulfate which are 
glycosaminoglycans. Thus, this enzyme deficiency results in lysosomal accumulation of 
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glycosaminoglycans in numerous organs and tissues. Under BLA 761047, the Applicant 
is seeking approval of vestronidase alfa for the treatment of Mucopolysaccharidosis 
Type VII.

Vestronidase alfa was evaluated in a program of nonclinical studies which included 
primary pharmacology; safety pharmacology; pharmacokinetics/toxicokinetics; a single-
dose toxicity study in rats; a 26-week toxicity study in juvenile Cynomolgus monkeys; 
and embryo-fetal development studies in rabbits and rats.

A series of published studies examining the pharmacodynamics of rmGUS in the MPS 
VII mouse (gusmps/gusmps) model were referenced by the Sponsor.  In this model, 
rmGUS was distributed to tissues such as liver, spleen, kidney, and brain. Under 
different treatment conditions, rmGUS reduced or prevented accumulation of lysosomal 
storage and was reported to have beneficial effects on survival, growth, and phenotypic 
appearance. In a 2005 study, Vogler et al. evaluated the potential for high dose rhGUS 
to cross the blood-brain barrier in MPSVII/540ATG mice.  In this study, intravenous 
rhGUS was administered to mice at doses ranging from 0.3 to 40 mg/kg over 1 to 13 
weeks according to four different treatment regimens. The study authors concluded that 
depending on the dose and treatment duration, rhGUS can cross the blood-brain barrier 
and reduce lysosomal storage in the CNS of adult MPS VII mice. Tissues from mice 
treated with up to 5 mg/kg rhGUS for 3 weeks and up to 4 mg/kg rhGUS for 13 weeks 
were subsequently evaluated in a blinded histopathological assessment. This blinded 
evaluation concluded that there was a treatment-related reduction in cytoplasmic 
vacuolation in numerous tissues. All other histopathological findings were considered to 
be background or related to underlying MPS. Another publication using a mouse model 
suggested that blocking MR-mediated clearance with high doses of rhGUS may 
increase M6P receptor-targeted ERT efficacy.

In a biodistribution study, MPS VII/E540ATG mice were administered intravenous bolus 
doses of up to 20 mg/kg UX003 once weekly for 8 weeks. Deaths in UX003-treated 
mice were concluded to be immune reaction mediated. White blood cell-related 
changes occurred at all doses and were considered to reflect an immune-mediated 
response to UX003 or elevated host cell protein levels in the test compound lot. 
Hematological parameters were increased compared to controls at all dose levels, with 
increases of similar magnitude at all doses. There were dose-dependent decreases in 
total serum and urinary biomarkers for GAG levels and increases in tissue rhGUS 
activity. A pattern of reduced tissue pathologic score with >50% reductions in uGAG 
was reported in some tissues. A blinded histopathological assessment concluded that 
UX003 reduced cytoplasmic vacuolization in most tissues evaluated. 

Cardiovascular safety was evaluated in a GLP study in young Cynomolgus monkeys 
treated with up to 20 mg/kg UX003 administered by intravenous infusion for 26 weeks.
No treatment-related effects on ECG waveforms or other parameters (heart rate, PR, 
QRS, and QT intervals) occurred. In a GLP respiratory safety pharmacology study in 
rats, a single intravenous dose of up to 20 mg/kg UX003 did not produce treatment-
related effects on tidal volume, respiratory rate, or minute volume. In a GLP single-dose 
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study in rats, UX003 administered as an intravenous dose of up to 20 mg/kg did not 
result in any treatment-related changes in FOB endpoints. 

In a 26-week GLP study with a 4-week recovery period, juvenile Cynomolgus monkeys 
were treated with up to 20 mg/kg UX003 by intravenous infusion once every other week.
The NOAEL was 20 mg/kg. Treatment with UX003 resulted in the development of anti-
therapeutic antibodies at all dose levels, but this did not appear to affect exposure and 
no immunogenic reactions were observed. 

Vestronidase alfa at intravenous doses up to 20 mg/kg administered weekly to rats prior 
to mating and after mating, [approximately up to 4.5 times (male rats) and 1.6 times 
(female rats) the human AUC of 57.9 hr* µg/mL at the 4 mg/kg dose administered once 
every other week] was found to have no adverse effect on fertility and reproductive 
performance of male and female rats.  Vestronidase alfa administered intravenously to 
pregnant rats and rabbits during the period of organogenesis did not cause any 
maternal toxicities or adverse effects on embryo-fetal development at doses causing 
maternal serum exposures (AUC) up to 1.6 and 10 times, and maternal serum 
concentrations (based on Cmax) up to 6.3 and 18 times, respectively for rats and 
rabbits.

In conclusion, this BLA application contains adequate nonclinical studies and satisfies 
the criteria for marketing authorization of vestronidase alfa.  From a nonclinical 
perspective, this BLA application is recommended for approval for its proposed use as 
indicated in the label.

12 Appendix/Attachments
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