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1 Executive Summary
1.1 Introduction
Brineura (cerliponase alfa, BMN 190) is a recombinant form of human tripeptidyl 
peptidase-1 (rhTPP1) expressed in Chinese Hamster Ovary (CHO) cells.  rhTPP1 is 
produced as a zymogen (pro-enzyme).  The pro-enzyme is taken up by cells via the 
cation-independent mannose-6-phosphate (CI-M6P) receptor and is internalized in 
lysosomes, and then is activated at acidic pH by lysosomal proteases.  The activated 
proteolytic enzyme (rhTPP1) cleaves tripeptides from the N-terminus of polypeptides 
that accumulate for degradation in the lysosome.

Neuronal ceroid lipofuscinosis type 2 (CLN2) disease, also known as tripeptidyl 
peptidase-1 (TPP1) deficiency, is a rare genetic disease caused by deficiency of the 
lysosomal enzyme TPP1 due to mutations in the CLN2 gene.  In the absence of TPP1, 
lysosomal storage materials that are normally metabolized by this enzyme accumulate 
in many organs.  Accumulation of lysosomal storage materials in the central nervous 
system (CNS) results in neurodegeneration, loss of function, and death.  Death 
frequently occurs during childhood, depending on the age of disease onset.   
Cerliponase alfa (BMN 190) was developed as an enzyme replacement therapy to 
restore TPP1 enzyme activity in the CNS and attenuate progression of CLN2 disease. 

TPP1-KO mouse and TPP1-null Dachshund dog models recapitulate the disease 
progression of CLN2 in humans, displaying similar auto-fluorescent lysosomal storage 
material accumulation in neurons, progressive neurodegeneration, decline in 
neurological function, and greatly reduced lifespan.  Compared to human TPP1 and CI-
M6P receptor, all species in the nonclinical studies (mice, dogs, and cynomolgus 
monkeys) have greater than 90% amino acid sequence homology for TPP1, and greater 
than 80% homology for the CI-M6P receptor.  Thus, Dachshund dogs, beagle dogs and 
cynomolgus monkeys were considered as relevant species for characterizing the 
nonclinical profile of BMN 190 after administration to the cerebrospinal fluid (CSF). 

1.2 Brief Discussion of Nonclinical Findings
Adverse effects that occurred in toxicity studies with cerliponase alfa were limited to 
hypersensitivity reactions and inflammation associated with the implanted ICV 
(intracerebroventricular) catheter.  Hypersensitivity reactions were also observed in the 
clinical trials.

Pharmacodynamics, safety pharmacology, pharmacokinetics, absorption, distribution, 
and toxicology of cerliponase alfa were characterized in in vitro and in vivo studies in 
TPP1 deficient human fibroblast cells, TPP1 KO mice, normal dogs and monkeys, and 
TPP1-null Dachshund juvenile dogs.  No stand-alone safety pharmacology studies were 
performed.  Cardiovascular safety pharmacology parameters were assessed in an ICV 
administration study in monkeys.
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The PK and tissue distribution studies in normal dogs, monkeys, and the TPP1-null 
Dachshund juvenile dogs demonstrated the delivery of cerliponase alfa to superficial 
and deep brain tissues following administration to the CSF via IT (intrathecal) or ICV 
infusion.  CSF exposure to cerliponase alfa (Cmax and AUC) increased with dose.  
Systemic exposure to cerliponase alfa was observed following ICV and IT 
administration.  However, cerliponase alfa plasma concentrations were 100- to 1000-
fold lower than CSF concentrations following a single dose.  Cerliponase alfa was 
widely distributed in CNS tissue following ICV or IT administration, with concentrations 
typically greater in superficial tissues compared to deep tissues, and with a mean CNS 
tissue half-life of approximately 2 weeks.  Overall, cerliponase alfa concentrations in 
CNS tissue increased with dose.

TPP1-KO mice treated with cerliponase alfa via IT-lumbar (IT-L) administration showed 
a reduction in lysosomal storage material (i.e. subunit C of mitochondrial ATP synthase 
(SCMAS)) in brain and liver, improvement of motor function, and extension of lifespan.  
Cerliponase alfa administered to CNS via ICV, IT-L, or IT-C (cisternum magnum) in 
TPP1-null dogs at doses of 4-48 mg/dose for durations of 13-44 weeks produced an 
increase in lifespan, a delayed onset and progression of the disease, improvement in 
cognitive function and brain morphology, decreased accumulation of auto-fluorescent 
storage bodies in different regions of the brain, and a reduction in SCMAS in cerebellum 
and thalamus.  However, cerliponase alfa had no effects on the onset and progression 
of multifocal retinal detachment, or cone and inner retina function.

A total of four toxicological studies were conducted in TPP1-null Dachshund juvenile 
dogs.  TPP1-null Dachshund juvenile dogs were treated with cerliponase alfa at doses 
in the range of 2-48 mg.  Animals did not tolerate the initial higher doses (e.g. 32 or 48 
mg) due to hypersensitivity reactions.  Cerliponase alfa was delivered to the central 
nervous system via ICV, IT-L, or IT-C catheters once monthly or once every two weeks.  
A total of one or three TPP1-null Dachshund dogs were included in treatment groups in 
these toxicity studies.  Histological examination revealed inflammation associated with 
the ICV catheter, which was present in both the cerliponase alfa and vehicle-treated 
groups.  Hypersensitivity reactions (e.g. facial swelling, hyperemia, urticaria, pallor, 
vomiting, diarrhea, hypotension, tachycardia, arrhythmia, tremors, and seizures) were 
observed in the treatment group at doses of 16 mg or higher.  Anti-drug antibodies were 
detected in plasma and CSF in the cerliponase alfa-treated animals. 

1.3 Recommendations
1.3.1 Approvability
There are no approvability issues from a nonclinical viewpoint.

1.3.2 Additional Nonclinical Recommendations
Recommendations for labeling changes are shown in the following section.

1.3.3 Labeling
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2.7 Regulatory Background
BioMarin Pharmaceutical submitted an IND  for BMN 190 (rhTPP1) in March 
2014 for treatment of patients with neuronal ceroid lipofuscinosis type 2 (CLN2) 
disease.  This IND was withdrawn on April 2, 2014 due to  

  On August 8, 2014, the Sponsor submitted IND 122,472 for the same 
drug product and indication with the same nonclinical studies as those submitted in IND 

.  

3 Studies Submitted
3.1 Studies Reviewed 

Study Report # Lot # Testing Laboratory

PHARMACOLOGY

Development and Qualification 
of the rhTPP1 Cellular Uptake 
Assay 

TR-00195 -
BioMarin Pharmaceutical 
Inc. Novato, CA 

Repeated-dose IT-L 
Pharmacology Study in TPP1-
KO Mice BMN190-12-010 -

University of Medicine 
and Dentistry of New 
Jersey-
Robert Wood Johnson 
Medical School, 
Piscataway, NJ 

Pharmacology parameters were 
included in the repeat-dose 
toxicology studies below.
PHARMACOKINETICS/ADME
Single-Dose Intrathecal Central 
Nervous System Tissue 
Distribution Study with BMN 190 
in Dogs 

0190-08-034 -

TOXICOLOGY
Single Dose Toxicity

Single ICV Dose Toxicity, TK 
and CNS Distribution Study in 
Cynomolgus
Monkey with a 3, 7 and 14-Day 
Recovery Period

0190-09-071

091019
100111BMN1
90-H
100111BMN1
90-M
100111BMN1
90-L

Single IT-L Administration 
Toxicity, TK and CNS 
Distribution Study of
BMN 190 in Cynomolgus 
Monkeys

BMN190-11-046 101215

Repeat  Dose Toxicity
Toxicity, CNS distribution and 
pharmacology study in TPP1-
null and wild-type Dachshunds 
following 3-months monthly IT-C 

0190-09-066 -

Reference ID: 4084323
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administration*
Toxicity, CNS distribution and 
pharmacology study in TPP1-
null and wild-type Dachshunds 
following 9-months biweekly ICV 
administration*

0190-10-077
101215 
100723 
101216 

Thirty-Nine Week 
Intracerebroventricular (ICV) 
Infusion Study of BMN 190 
Administered Biweekly in a 
Dachshund Model of CLN2

BMN190-12-027 P2405-12002

Toxicity, CNS distribution and 
pharmacology study in TPP1-
null and wild-type Dachshunds 
following 44-weeks biweekly ICV 
administration*

BMN190-12-009 UFDF011312

*The study title shown here provides a complete description of the general study parameters, but is not 
the same as the title of the study report.

3.2 Studies Not Reviewed 
Development of a Sandwich ELISA for the Measurement of Recombinant Tripeptidyl-
Peptidase 1 (rhTPP1) Pro-form Levels in Canine Plasma and Cerebrospinal Fluid (BAS-
DR-09-003)

Development of a Sandwich ELISA for the Measurement of rhTPP1 Pro-form Levels in 
Cynomolgus Monkey Plasma K2EDTA and Cerebrospinal Fluid (BAS-DR-10-005 
Amendment #2)

Development of a Sandwich ELISA for the Measurement of TPP1 Catalytic Form in 
Cynomolgus Monkey Brain and Spinal Cord Tissue Homogenates (BAS-DR-10-007 
Amendment #2)

Development of a Sandwich ELISA for the Measurement of rhTPP1 Catalytic Form in 
Cynomolgus Monkey Plasma (BAS-DR-10-008 Amendment #1)

Development of a Sandwich ELISA for the Measurement of TPP1 Catalytic Form in 
Canine Brain and Spinal Cord Tissue Homogenates (BAS-DR-11-009 Amendment #1)

Development of an Electrochemiluminescence Assay (ECLA) to Detect anti-TPP1 
Antibodies in Canine Plasma and CSF (BAS-DR-15-016 Amendment #2)

Development of an Electrochemiluminescence Assay (ECLA) to detect anti-TPP1 
Antibodies in Cynomolgus Monkey Plasma and CSF (BAS-DR-15-017 Amendment #1)

Immunoassay Qualification Report for the Detection of Anti-BMN-190 Antibodies in Dog 
Plasma (K2EDTA) by an Electrochemiluminescence Assay (ECLA) (BAS-GR-15-041)

Reference ID: 4084323
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3.3 Previous Reviews Referenced
Pharmacology/Toxicology Review of IND 122,472 (Dr. Ke Zhang)

4 Pharmacology
The primary pharmacodynamics (PD), cardiovascular safety pharmacology,
pharmacokinetics (PK), and CNS distribution of BMN 190, administered by 
intracerebroventricular (ICV) or intrathecal (IT) routes, were characterized in in vitro and 
in vivo studies.  Compared to human TPP1 and the cation-independent mannose-6-
phosphate receptor (CI-M6P), mice, dogs, and cynomolgus monkeys have greater than 
90% and 80% amino acid sequence homology, respectively.  Therefore, in vivo studies 
were conducted in mice, dogs and monkeys.

4.1 Primary Pharmacology

Development and Qualification of the rhTPP1 Cellular Uptake Assay (Study #: TR-
00195)

This report describes the development and qualification of a cell-based uptake assay for 
rhTPP1 (recombinant human tripeptidyl-peptidase).

Methods:

GM09404A (TPP1-deficient) human fibroblasts were used to characterize the cellular 
Kuptake, defined as the BMN 190 concentration at which cellular uptake is half the 
maximal rate.   

GM09404A (TPP1-deficient) human fibroblasts were incubated for 48 hours at 37°C 
with serial dilutions of BMN 190 ranging from 0.625 to 20 nM, and were then washed 
and lysed.  The amount of BMN 190 taken up into the cells was determined by 
measuring TPP1 activity in the lysate. 

The cell lysate was incubated with alanyl-alanyl-phenylalanyl-7-amino-4-
methylcoumarin (AAFAMC) fluorogenic substrate at 37°C for 60 minutes.  The mature 
rhTPP1 cleaves the tripeptide from the substrate producing the fluorescent 7-amino-4-
methylcoumarin (AMC) which is measured by fluorescence (excitation at 360 nm, 
emission at 460 nm).

Results:

Repeatability (intra-assay variation) was performed by preparation of three separate 
dilutions of the TPP1 reference standard.  Three cellular uptake assays were 
conducted.  The average of three Kuptake determinations was 3.1 nM with a relative 
standard deviation of 12.1% (range: 2.7-3.4 nM).  Although the lysosomal half-life was 
not measured in this study, the Sponsor cited a publication that reported this value as 
approximately 11.5 days (Lin L, et al., Biochem J 2001; 357[Pt 1], 49-55).
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Intermediate precision was evaluated over a period of five months using the TPP1 
reference standard (Lot UFDF 120911).  The coefficient of variation derived from the six 
independent experiments was 29.8%.

The Sponsor stated that the values obtained in the measurements of repeatability and 
intermediate precision are consistent with the expected degree of variation for results 
from a cell-based method.

The uptake of 5 nM TPP1 was almost completely inhibited by 400 nM mannose-6-
phosphate, and was inhibited by 50% at approximately 0.6 nM rhASB (N-
acetylgalactosamine-4-sulfate sulfatase), another lysosomal enzyme that is a known 
substrate for the CI-M6P receptor.

Thus, the uptake of TPP1 in this assay is mediated by the mannose-6-phosphate 
receptor with high affinity. 

Repeat-dose IT-L Pharmacology Study in TPP1-KO Mice (Study #: BMN190-12-
010)

This study was conducted at the University of Medicine and Dentistry of New Jersey 
(Piscataway, NJ) in the laboratory of Dr. Peter Lobel, and was reported in a publication 
(Xu S, et. al., Mon Ther 2011; 19(10):1842-1848). 

Methods:

Tissue distribution and half-life in brain, liver, heart, and kidney 

TPP1(−/−) mice older than 6 weeks (C57/BL6, N=3) were given a single dose of rhTPP1 
(BMN 190) pro-enzyme (80 μl of enzyme (10 μg/μl) delivered at 10 μl/minute) via 
intrathecal-lumbar (IT-L) infusion on day 0 and sacrificed on days 3, 6, and 9 after 
treatment.  

Another eight TPP1(−/−) mice were dosed twice a week with 40 μl of 10 μg/μl rhTPP1 via 
IT-L infusion from age 4 through 8 weeks, and then sacrificed at 4 and 11 days after the 
final dose.

TPP1(−/−) mice (C57/BL6) at age 15 weeks (N=6) received three intrathecal (IT-L) 
infusion of 0.8 mg BMN 190 at a rate of 10 µg/minute on three consecutive days.  
Animals were terminated 24 hours after the last injection. 

TPP1 enzymatic activity was analyzed in collected tissue (brain, liver, heart, and kidney) 
homogenates from these animals as well as from untreated TPP1(−/−)  mice.  Samples 
were incubated at pH 3.5 to convert the proenzyme to the mature, active form of the 
protein.  The enzymatic activity of TPP1 was measured in solution by detection of a 
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fluorescent product as a result of cleavage of a tripeptide substrate (alanine-alanine-
phenylalanine- 7-amido-4-methocoumarin (AAF-AMC) at acidic pH (pH 4.5).  
Fluorescence values measured in samples at 460 nm emission wavelength were 
normalized to total protein content in each sample.

In addition, quantitative western blotting was performed to evaluate effects of rhTPP1 
on subunit C of mitochondrial ATP synthase (SCMAS), a major component of the 
lysosomal storage material in CLN2.  

The distribution of TPP1 in brain (cerebral and cerebellum lobes IV/V) was evaluated by 
immunohistochemical (IHC) staining.  Double-label immunofluorescence (using the 
mouse monoclonal anti-human TPP1 antibody 8C4 and rabbit anti-SCMAS antibodies) 
was used to confirm the co-localization of rhTPP1 with SCMAS in lysosomes.

Effects on survival and behavior

Four week old TPP1(−/−) mice (16/group) were given either three daily IT-L injections of 
rhTPP1 (0.4 mg/dose) or vehicle (artificial cerebrospinal fluid containing 216.5 mM 
NaCl, 0.8 mM MgSO4, 3.01 mM KCl, 1.4 mM CaCl2, 0.8 mM Na2HPO4, 0.2 mM 
NaH2PO4, pH 7.3).  Untreated controls (N=14) received no injections.  Animals received 
no further treatment and were monitored for duration of survival.  Gait analysis to 
monitor locomotor function was conducted at 9, 14, and 18 weeks of age, and fore- and 
hind-limb stride lengths were also quantified.

Results:

Tissue distribution and half-life in brain, liver, heart, and kidney

The half-life of rhTPP1 was between 2 and 5 days in all tissues.

Following a single dose of 0.8 mg rhTPP1 proenzyme (i.e., 13.5 nmol), the proportion of 
drug distribution among the selected tissues was the following: liver (42%), brain 
(0.76%), kidney (0.35%), and heart (0.25%).  

rhTPP1 treatment at 0.8 mg/dose for 3 days in the 15-week old TPP1(-/-) mice increased 
TPP1 enzymatic activity in brain homogenate by 2.6- to 3.3-fold over WT (wildtype) 
endogenous levels.  This effect was associated with a slight but significant reduction in 
SCMAS storage in brain (↓10%).  However, there was a 74% reduction in SCMAS 
storage in the liver.  Furthermore, IHC analysis showed that inclusions containing stored 
SCMAS appeared smaller and less intense in the enzyme-treated TPP1(−/−) mice 
compared to vehicle-treated TPP1(−/−) animals.  In addition, double-label 
immunofluorescence microscopy showed overlap between TPP1 and SCMAS staining 
in brain, indicating that rhTPP1 was delivered to lysosomes containing storage material. 

Effects on behavior and survival

Reference ID: 4084323





BLA 761052 Reviewer: Fang Cai, PhD

18

Table 3: CNS Pharmacological Effects and Distribution of rhTPP1 in TPP1-null 
Dachshunds in a Three-Month Repeat-dose IT-C Toxicity Study

Methods PD Endpoints and Tissues 
Examined

Effects of rhTPP1 
on PD Endpoints

Neurological 
examinations

Posture; gait; cranial nerve 
evaluation; postural reaction
testing (proprioceptive, paw 
replacement, hopping, wheelbarrow, 
tactile placement and extensor 
postural thrust); spinal reflexes 
(myotatic and flexor withdrawal); and 
nociception (superficial and deep)

No improvement in 
disease onset and 
progression based on 
endpoints of 
neurological 
examinations 

Electroencephalograms 
(EEG)

Seizure activity that occurred until 
10.5 months of age in the affected 
dogs

No seizure activity

Brain magnetic 
resonance imaging
(MRI)

Cerebral and cerebellar atrophy  No effect on brain 
atrophy

Visual function Ophthalmic examinations; 
electroretinogram/visual evoked 
response (ERG/VER) to evaluate 
cone and inner retinal function; 
pupillary light reflex (PLR) 

No improvement in 
VER, PLR, or ERG a- 
and b-wave response 
amplitudes 

Cognitive function 
(learning and memory)

T-maze test No effects on 
deteriorated learning 
and memory 
functions

Semi-quantitative 
Western blotting for 
subunit C of 
mitochondrial ATP
synthase (SCMAS)

Cerebellum, cervical spinal cord, 
medulla, midbrain, occipital and 
pericruciate gyrus, thalamus,  
striatum, liver

SCMAS was reduced 
in cerebellum 
(surface and deep 
tissue samples),  
thalamus, and liver

Quantitative 
fluorescence microscopy 
to measure 
autofluorescent 
lysosomal storage 
material

Cerebellum, medulla, hypothalamus, 
occipital cortex, thalamus, striatum, 
upper cervical spinal cord, eye 
(retina), liver, and heart

Significant decrease 
in accumulation of 
autofluorescent 
storage bodies in 
various regions of the 
brain 
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rhTPP1 (pro-enzyme)  
measured by 
quantitative ELISA

Plasma concentration  Increased rhTPP1 
level in plasma

Catalytic rhTPP1 activity 
measured by 
quantitative ELISA

Retina, brain (cerebellum, 
hippocampus, hypothalamus, 
medulla oblongata, midbrain, 
occipital cortex, frontal cortex, pons, 
striatum, temporal/parietal cortex, 
thalamus, dorsal thalamus), spinal 
cord (cervical, thoracic, and lumbar). 
For each region, surface tissue 
samples (<3 mm from the closest 
CSF flow) and deep tissue samples 
(>3 mm from closes CSF flow) were 
taken for measurement of enzyme 
activity.

Visceral organs for measurement 
included heart, lung, kidney, liver, 
small intestine and testis).

Increased TPP1 
activity in most brain 
regions with different 
magnitude of 
elevation; highest 
elevation occurred in 
regions close to CSF 
flow.
 
Enzyme activity 
levels were higher in 
the spinal cord than 
in the brain; 
negligible TPP1 
activity levels in the 
retina.

Minimal elevation in 
TPP1 activity levels
in most visceral 
organs except liver 
(see table below for 
details of tissue 
distribution). 

TPP1 enzyme activity at 48 hr after the final IT-C injection was measured in brain, 
retina, and visceral organs (heart, lung, kidney, liver, small intestine and testis).  The 
data is summarized in the Sponsor’s table below.  The high liver uptake, among the 
peripheral organs measured, is likely due to the high level of expression of mannose-6-
phosphate receptors that mediate uptake of TPP1 in this organ.
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In summary, TPP1 treatment at 32 mg once monthly for three months resulted in 
elevations in TPP1 enzyme activity levels throughout the brain at 48 hours after 
administration (the only time-point evaluated).  The treatment reduced the content of 
autofluorescent storage bodies in many brain regions.  However, the treatment had no 
effects on brain degenerative changes or cognitive and visual functions.  TPP1-null 
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animals treated with BMN 190 had substantially elevated TPP1 enzyme activity levels in 
most brain regions.

Nine-Month Intracerebroventricular Tripeptidyl Peptidase 1 Enzyme Replacement 
Therapy in a Dachshund Model of Neuronal Ceroid Lipofuscinosis 2 (Study #: 
0190-10-077)

The pharmacology part of this study report is reviewed here.  The toxicology part is 
reviewed under the Repeat-Dose Toxicology section.

Nine TPP1-null animals and ten homozygous WT animals (  
) at approximately 2.5 months of age were assigned to six groups and 

administered vehicle or BMN 190 (rhTPP1) at doses of 4 or 16 mg/dose, once every 
two weeks for 9 months.  The study design is shown in the Sponsor’s table below.  

Table 4: Study Design of a Nine Month ICV Administration Study of 
Pharmacology,Toxicology, and Toxicokinetics in Wild-type and TPP1-null 

Dachshund Dogs

Animals were surgically implanted with catheters and dosing ports in a lateral ventricle 
and the lumbar spine to enable BMN 190 infusion and serial CSF collection, 
respectively.  The initial administration route was intracerebroventricular (ICV) catheter 
infusion.  In the event that the ICV catheter became dislocated from the lateral ventricle 
due to skull growth and/or lost patency, dose administration continued for as long as 
possible by intrathecal-lumbar (IT-L) infusion.  If both the ICV and IT-L catheters were 
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no longer functional, intrathecal-cisternal (IT-C) bolus injections were used for any 
remaining doses.  A summary of the routes of administration and the total number of 
doses received in individual animals in each group is presented in the Sponsor’s table 
below.

Table 5: Dose Numbers and Routes of Administration per Animal

The table below summarizes the methods used in this study and pharmacodynamic 
(PD) effects of rhTPP1 on functions of neurology, vision, and cognition, in addition to 
histological changes (brain atrophy and accumulation of subunit C of mitochondrial ATP 
synthase (SCMAS)) in the disease model.  The table also summarizes rhTPP1 
distribution data for the brain and spinal cord.  

Table 6: Effects of rhTPP1 on Lifespan and CNS Functions, and CNS Distribution 
in TPP1-null Dachshunds Following Nine Months of Biweekly ICV/IT-L/IT-C 

Administration of BMN 190 (rhTPP1) 

Methods PD Endpoints and Tissues 
Examined

Effects of TPP1 on 
PD Endpoints

Lifespan (defined as the 
time from birth to 
euthanasia as a result of 
progression to end-
stage disease)  

Death

At 4 mg/dose: 
lifespan increased by 
21-30%

At 16 mg/dose: 
lifespan increased by 
43-46%

Reference ID: 4084323



BLA 761052 Reviewer: Fang Cai, PhD

23

Neurological 
examinations

Observations of mentation, 
posture, and gait; testing of cranial 
nerves; evaluation of postural 
reactions (proprioceptive 
positioning), hopping, wheelbarrow, 
tactile place and extensor postural 
thrust; spinal reflexes (myotatic and 
flexor withdrawal); superficial and 
deep nociception;  ataxia 
(cerebellar, general proprioceptive, 
vestibular) and paresis; abnormal 
movement and seizure activities. 

CLN2-related neurodegenerative 
clinical signs: menace response 
(unilateral and bilateral), visual 
tracking, intention tremors, head 
tremors, myoclonus, pelvic and 
thoracic proprioception, cerebellar 
ataxia and circling behavior. 

A dose-related delay 
in disease onset and 
progression

Delayed initial 
presentation of
neurodegenerative 
clinical signs by 3.5 
to 11 weeks in the 4 
mg-treated animals 
and by 10 to 30 
weeks in the 16 mg-
treated animals.

Brain magnetic 
resonance imaging
(MRI)

Cerebral and cerebellar atrophy 
evaluated by measurement of brain 
and ventricle volumes

A dose-related 
inhibition of 
ventricular 
enlargement 

At 16 mg/dose: 
attenuation of the 
decrease in brain 
volume

Visual function Ophthalmic examinations; 
electroretinogram/visual evoked 
response (ERG/VER) to evaluate 
cone and inner retinal function; 
pupillary light reflex (PLR) 

No improvement in 
VER, or ERG b-wave 
response amplitudes;

Attenuation of PLR 
impairment 

T-maze test Cognitive function (learning and 
memory)

Improved learning 
and memory 
functions, and 
normalized learning 
and memory 
functions at 16 
mg/dose 
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Quantitative 
fluorescence microscopy 
to measure 
autofluorescent 
lysosomal storage 
material (accumulation 
of subunit C of 
mitochondrial ATP 
synthase (SCMAS))and 
histopathological 
changes under 
microscopy

Cerebral cortex, striatum, midbrain, 
cerebellum, pretectal nuclei and 
parasympathetic nuclei of the
oculomotor nucleus

Histological changes associated 
with CLN2 disease progression in 
CNS tissues: accumulation of 
autofluorescent lysosomal storage 
materials, neuronal loss, nerve 
fiber degeneration, and gliosis 

No effects on  
histological changes 
associated with CLN2 
disease progression 
in cerebral cortex, 
striatum, midbrain, or 
cerebellum tissues

A much lower 
prevalence of 
autofluorescent 
inclusions in pretectal 
nuclei and 
parasympathetic 
nuclei of the
oculomotor nucleus
 
Cerebral cortex and 
striatum treated with 
16 mg/dose showed 
a trend toward 
decrease in 
accumulation of 
autofluorescent 
storage bodies

Measurement of rhTPP1 
(pro-enzyme) by 
quantitative ELISA

Plasma and CSF Increase in rhTPP1 
levels 

Measurement of 
catalytic form of rhTPP1 
(biodistribution) by 
ELISA 

Cerebral cortex (occipital and 
pericruciate), striatum, 
hypothalamus, thalamus, midbrain, 
occipital cortex, cerebellum, 
medulla, retina, and spinal cord 
(cervical, thoracic and lumbar); for 
each region, surface tissue (<3 mm 
from closest CSF flow) and deep 
tissue (>3 mm from closest CSF 
flow) samples were taken.

Catalytic form of 
rhTPP1 was detected 
in all CNS tissues 
with a large degree of 
inter-animal variability

Surface tissue 
(proximal to CSF 
flow) contained 
higher enzyme levels 
than deep tissue in all 
the collected CNS 
structures.

Mean CNS tissue 
concentrations were 
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similar between the 4 
mg and 16 mg-
treated animals

Catalytic rhTPP1 
detected in the 
pretectal nuclei and 
parasympathetic 
nuclei of the
oculomotor nucleus

In summary, rhTPP1 treatment at 4 or 16 mg biweekly via ICV/IT-L/IT-C administration 
for nine months in TPP1-null animals, starting at approximately 2.5 months of age, 
resulted in delayed onset of neurodegenerative signs, improved performance in a 
cognitive function test, attenuation of brain atrophy and pupillary light reflex decline, and 
increase in lifespan.  However, rhTPP1 treatment had no statistically significant effects 
on autofluorescent storage body content in the brain (cerebral cortex, striatum, midbrain 
or cerebellum), or cone and inner retina function.  The mature catalytic form of rhTPP1 
was widely distributed across CNS tissues, with a higher concentration observed in the 
superficial tissues (<3 mm from closest CSF flow).  The concentration of BMN 190 in 
the CNS was not increased with dose level.

Forty-Four Week Biweekly Intracerebroventricular (ICV) Infusion Study of BMN 
190 in a Dachshund Model of CLN2 (Study #: BMN190-12-009)

The pharmacology part of this study report is reviewed here.  The toxicology part is 
reviewed under the Repeat-Dose Toxicology section.

Three naïve TPP1-null Dachshund dogs, approximately 2.5 months of age (one male 
and two females; ), were administered BMN 190 at 
doses up to 48 mg biweekly via the ICV/IT-L/IT-C route for up to 18 months.  The doses 
administered ranged from 2 to 48 mg, with dose adjustments made due to 
hypersensitivity reactions following the first 2 or 3 doses.  A summary of the routes of 
administration and the doses received in individual animals is presented in the 
Sponsor’s table below.  The dosing duration ranged from 6 to 18 months due to 
euthanization, which was deemed necessary because of CNS catheter-related 
reactions rather than CLN2 disease progression.  
. 
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Table 7: BMN 190 Administration in Individual Animals
 

The table below summarizes the methods used in this study and pharmacodynamic 
(PD) effects of rhTPP1 on functions of neurology, vision, and cognition, in addition to 
gross changes in brain (atrophy), and lifespan in the in the disease model.  The table 
also summarizes rhTPP1 distribution data for the brain and spinal cord.

Table 8: Effects of rhTPP1 on Lifespan and CNS Functions, and CNS Distribution 
in TPP1-null Dachshunds Following 6-18 Months of Biweekly ICV/IT-L/IT-C 

Administration of BMN 190 (rhTPP1)

Methods PD Endpoints and Tissues 
Examined

Effects of TPP1 on 
PD Endpoints

Lifespan (defined as the 
time from birth to 
euthanasia as a result of 
progression to end-
stage disease; all
animals were 
euthanized due to 
complications of the ICV 
catheters, rather than 

 

Death

Lifespan increased 
up to 87% on one 
treated animal, 
compared to   
vehicle-treated TPP1-
null historical control 
animals.
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end-stage of CLN2 
disease)  
Neurological 
examinations

Observations of mentation, posture, 
and gait; testing of cranial nerves; 
evaluation of postural reactions 
(proprioceptive positioning), hopping, 
wheelbarrow, tactile place and 
extensor postural thrust; spinal 
reflexes (myotatic and flexor 
withdrawal); superficial and deep 
nociception;  ataxia (cerebellar, 
general proprioceptive, vestibular) 
and paresis; abnormal movement 
and seizure activities. 

CLN2-related neurodegenerative 
clinical signs: menace response 
(unilateral and bilateral), visual 
tracking, intention tremors, head 
tremors, myoclonus, pelvic and 
thoracic proprioception, cerebellar 
ataxia and circling behavior. 

A delay in disease 
onset and 
progression

Delayed initial 
presentation of
neurodegenerative 
clinical signs by 15 to 
50 weeks

 

Brain magnetic 
resonance imaging
(MRI)

Cerebral and cerebellar atrophy 
evaluated by measurement of brain 
and ventricle volumes

Inhibition of 
ventricular 
enlargement; 
attenuation of brain 
volume decrease

Visual function Ophthalmic examinations; 
electroretinogram (ERG) to evaluate 
cone and inner retina function; 
pupillary light reflex (PLR) 

No effect on the 
onset and 
progression of 
multifocal retinal 
detachment

No improvement in 
ERG b-wave 
response amplitude

Attenuation of PLR 
impairment in one 
female 

T-maze test Cognitive function (learning and 
memory)

Improvement in 
learning and memory 
functions

Reference ID: 4084323



BLA 761052 Reviewer: Fang Cai, PhD

28

rhTPP1 (pro-enzyme) 
measured by 
quantitative ELISA

Plasma and CSF Increase in rhTPP1 
levels 

Measurement of 
catalytic form of rhTPP1 
(biodistribution) by 
ELISA

Cerebellum, cerebral cortex 
(occipital and pericruciate gyrus), 
hypothalamus, medulla, midbrain, 
pons, striatum (caudate nucleus), 
thalamus, retina, and spinal cord 
(cervical, thoracic and lumbar);
samples were collected from the 
surface area (<3 mm from closest 
CSF flow) and a deeper area (>3 
mm from closest CSF flow) of each 
tissue region. 

Catalytic form of 
TPP1 was distributed 
across the CNS 
tissues with a large
degree of inter-
animal variability, 
likely due to the 
variation in number of 
doses among the 
animals; see table 
below for details of 
regional distribution

Table 9: Mean BMN 190 Concentrations in Brain Tissues after 6-18 Months of 
ICV/IT-L/IT-C Administration of BMN 190 in a Dachshund Model of CLN2 

Because of the absence of control animals in this study, no definitive conclusions about 
the effects of BMN 190 are can be made.  However, based on the known phenotype of 
this disease model (TPP1-null Dachshund dogs), the data suggest that biweekly ICV/IT-
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L/IT-C administration of BMN 190 up to 48 mg/dose for 6 to 18 months delayed the 
onset and progression of CLN2 disease, improved performance in a cognitive function 
test, attenuated brain atrophy and pupillary light reflex impairment, and increased 
lifespan.  BMN 190 treatment had no effects on cone and inner retina function, which 
may have been due to the failure of BMN 190 to reach the outer retina from the CSF 
and the variability of distribution in the brain.  The mature catalytic form of rhTPP1 was 
widely distributed across the CNS tissues. 

Thirty-Nine Week Intracerebroventricular (ICV) Infusion Study of BMN 190 in a 
Dachshund Model of CLN2 (Study #: BMN190-12-027)

The pharmacology part of this study report is reviewed here.  The toxicology part is 
reviewed under the Repeat-Dose Toxicology section.

Three naïve TPP1-null and three naïve WT Dachshund dogs (  
), approximately 4 months of age, were administered BMN 190 at doses 

up to 16 mg biweekly via the ICV/IT-L/IT-C route for up to 6 months.  The study design 
is summarized in the Sponsor’s table below.  The age of animals (4 months) was 
selected based on the developmental comparability to the human age at which CLN2 
patients are expected to begin BMN 190 treatment (3-5 years).  The dose and treatment 
duration varied in animals due to hypersensitivity/infusion reactions.   

Table 10: Study Design of Thirty-Nine Week ICV/IT-L/IT-C Infusion Study of BMN 
190 in a Dachshund Model of CLN2

A summary of the doses and routes of administration in individual animals is presented 
in the Sponsor’s table below.  
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Table 11: BMN 190 Administration in Individual Animals

The table below summarizes the methods used in this study and pharmacodynamic 
(PD) effects of rhTPP1 on functions of neurology, vision, and cognition, in addition to 
gross changes in brain (atrophy), and lifespan in the disease model. 

Table 12: Effects of rhTPP1 on Lifespan and CNS Functions in TPP1-null 
Dachshunds Following 6 Months of Biweekly ICV/IT-L/IT-C Administration of BMN 

190 (rhTPP1)

Methods PD Endpoints Effects of rhTPP1 
on PD Endpoints

Lifespan (defined as 
the time from birth to 
euthanasia as a result 
of progression to end-
stage disease)

Death
18% increase in  
lifespan compared to 
vehicle-treated 
TPP1-null controls in 
Study # BMN 190-
10-077

Neurological 
examinations

Observations of mentation, posture, 
and gait; testing of cranial nerves; 
evaluation of postural reactions 
(proprioceptive positioning), hopping, 

Delay in disease 
onset and 
progression
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wheelbarrow, tactile place and 
extensor postural thrust; spinal 
reflexes (myotatic and flexor 
withdrawal); superficial and deep 
nociception;  ataxia (cerebellar, 
general proprioceptive, vestibular) 
and paresis; abnormal movement 
and seizure activities. 

CLN2-related neurodegenerative 
clinical signs: menace response 
(unilateral and bilateral), visual 
tracking, intention tremors, head 
tremors, myoclonus, pelvic and 
thoracic proprioception, cerebellar 
ataxia and circling behavior.  

Delayed initial 
presentation of
neurodegenerative 
clinical signs by 5 to 
15 weeks

 

Brain magnetic 
resonance imaging
(MRI)

Cerebral and cerebellar atrophy 
evaluated by measurement of brain 
and ventricle volumes

No effect on 
deterioration of brain 
morphology (brain 
and ventricle 
volumes)

Visual function Ophthalmic examinations; 
electroretinogram/visual evoked 
response (ERG/VER) to evaluate 
cone and inner retina function; 
pupillary light reflex (PLR); optical 
coherence tomography (OCT) to 
capture fundus and retina images

No effect on the 
onset and 
progression of 
multifocal retinal 
detachment lesions

No improvement in 
VER or ERG b-wave 
response amplitudes 
or PLR impairment 

T-maze test Cognitive function (learning and 
memory)

Improved learning 
and memory 
functions

rhTPP1 (pro-enzyme 
form) measured by 
ELISA

Plasma and CSF Increased

Because of the absence of control animals in this study, no definitive conclusions about 
the effects of BMN 190 are can be made.  However, based on the known phenotype of 
this disease model (TPP1-null Dachshund dogs), the data suggest that treatment with 
biweekly doses of up to 16 mg BMN 190 for up to 6 months in TPP1-null animals 
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delayed the onset of neurological deficits and improved cognitive functions, but failed to 
improve brain atrophy, retinal functions, or loss of pupillary light reflex.  The failure of 
BMN 190 to inhibit brain atrophy differs from results of a previous study (0190-10-077) 
using a comparable dose regimen in the same disease model.  This difference may be 
due to the older age in the present study (4 months at the start of dosing) as compared 
to study 0190-10-077 (2.5 months), and the lower cumulative dosing achieved because 
of hypersensitivity/infusion reactions in the present study.

4.2 Secondary Pharmacology
N/A

4.3 Safety Pharmacology
The cardiovascular (CV) and CNS safety pharmacology studies were incorporated in 
the PD and toxicology studies.

The effects of rhTPP1 on CV function were evaluated in a single-dose toxicity study in 
cynomolgus monkeys (# 0190-09-071), and in a repeated-dose pharmacology and 
toxicology study in the Dachshund CLN2 disease model (# BMN190-12-027).

The effects of rhTPP1 on CNS function and structure were evaluated through 
neurological examination and brain MRI in three repeated-dose pharmacology and 
toxicology studies (# 0190-10-077, BMN190-12-009 and BMN190-12-027).

The Sponsor did not conduct a respiratory safety pharmacology study.  The Sponsor 
provided the following statement to address this issue:  “No BMN 190-related findings 
were observed indicative of effects on respiratory function in the four Dachshund and 
two monkey studies. The exposure of the respiratory and CV systems to BMN 190 after 
ICV administration is low compared to the CNS, reducing the likelihood of effects on 
these systems.”

The effects of rhTPP1 on CV and CNS functions are reviewed under the Primary 
Pharmacology, Singe-dose Toxicology, and Repeated-dose Toxicology sections of this 
review.

5 Pharmacokinetics/ADME/Toxicokinetics
5.1 PK/ADME

The characterization of the pharmacokinetics (PK) and distribution of BMN 190 
administered directly to the CNS was evaluated in the following PK, PD, and toxicity 
studies:

1. Single dose intrathecal-cisternal (IT-C) administration study in normal beagle 
dogs (0190-08-034)
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2. Single dose intrathecal-lumbar (IT-L) administration toxicity, TK and CNS 
distribution study in cynomolgus monkeys (BMN190-11-046)

3. Single dose intracerebroventricular (ICV) toxicity, TK and CNS distribution study 
in cynomolgus monkeys (0190-09-071)

4. Three Month Repeat IT-C Administration Toxicity, CNS Distribution and 
Pharmacology Study in Wild-type and TPP1-null Dachshund Dogs (0190-09-066)

5. Repeat dose ICV/IT-L/IT-C administration studies in Wild Type and TPP1-null 
Dachshund dogs: 0190-10-077 and 190-12-009.

CNS distribution data from the single dose IT-C administration study in beagle dogs is 
reviewed in this section.  All other studies with PK/ADME data were reviewed in the 
Primary Pharmacology, Singe-Dose Toxicology, and Repeated-Dose Toxicology 
sections of this review.

Single-Dose Intrathecal Central Nervous System Tissue Distribution Study with 
BMN 190 in Dogs (Study #: 0190-08-034)

Female beagle dogs age at 12-13 months (2-6/group) were treated with BMN 190 at a 
single dose of 8, 33, or 128 mg/animal via intrathecal-cisternal (IT-C) administration.  
The study design is summarized in the Sponsor’s table below.

Table 13: Study Design in a Single-Dose CNS Tissue Distribution Study with 
Intrathecal BMN 190 in Dogs

A necropsy was performed on two control animals and two animals in Group 2 on day 2; 
two animals from each group on day 3; and two animals from Group 2 on day 5.  
At necropsy, the brain (cerebrum (frontal, temporal-parietal, occipital), cerebellum, 
medulla, midbrain, pons, dorsal thalamus, hypothalamus, striatum, and hippocampus), 
cervical spinal cord, thoracic spinal cord, lumbar spinal cord meninges and liver were 
collected from each animal for biochemical analysis.

TPP1 enzymatic activity was analyzed in the brain, liver, plasma, CSF, and urine.  The 
enzymatic activity of TPP1 was measured in solution by detection of a fluorescent 
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product as a result of cleavage of a tripeptide substrate (alanine-alanine-phenylalanine- 
7-amido-4-methocoumarin [AAF-AMC]) at low pH (pH 4.5).  Fluorescence values 
measured in brain and liver samples at 460 nm emission wavelength were normalized 
either to total protein content in each sample or to non-specific tissue enzymatic activity 
measured as sample fluorescence from beta-galactosidase cleavage of the substrate 4-
methylumbelliferyl-β-D-galactopyranoside.  Samples from brain and liver were not 
subjected to pre-activation.  Thus, only BMN 190 in catalytic form in the brain and liver 
was analyzed.  However, the fluid samples (plasma, CSF and urine) with and without 
pre-activation were analyzed for BMN 190 as either the catalytic form or pro-enzyme 
form.  BMN 190 levels in the brain and liver were similar after normalization to either β-
galactosidase activity or total protein content.  

All animals survived to their scheduled sacrifice.  BMN 190 had no effect on clinical 
signs, body weight, food consumption, brain weight (only organ weighed), or 
macroscopic findings in brain (only organ examined). 

Following IT-C administration, BMN 190 (catalytic form) was widely distributed 
throughout the brain in a dose and region-dependent manner.  BMN 190 levels 
gradually decreased as time elapsed after dosing.  The surface tissue in brain and 
spinal cord (defined as the 3 mm-thick layer of brain or spinal cord tissue directly in 
contact with the CSF) had higher concentration of BMN 190 compared to BMN 190 
concentration in the deep brain and spinal cord tissues (i.e. tissues under the surface 
tissues in the brain and spinal cord).  However, little BMN 190 was detected in brain 
structures adjacent to the ventricles such as the striatum and hippocampus.  The tissue 
half-life of BMN 190 was estimated to be 4.5 days.  The Sponsor’s tables below 
summarize the BMN 190 levels, normalized to β-galactosidase activity in the surface 
and deep brain tissues.  
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Table 14: Mean BMN 190 Concentrations in Surface Brain Tissues of Beagle Dogs 
Following IT-C Administration
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Table 15: Mean BMN 190 Concentrations in Deep Brain Tissues of Beagle Dogs 
Following IT-C Administration

Blood samples were collected via jugular vein predose on day 1 and prior to scheduled 
sacrifice.  BMN 190 levels in plasma did not exceed background levels.  BMN 190, 
mostly in the active form, was present in urine, whereas CSF contained mainly the pro-
enzyme form.  Increased catalytic BMN 190 activity was also detected in the liver in the 
128 mg group, indicating that the test article also reached the systemic circulation in its 
pro-enzyme form and was activated upon uptake to the lysosome following IT-C 
administration.

5.2 Toxicokinetics 
See General Toxicology studies.

6 General Toxicology
6.1 Single-Dose Toxicity

Single ICV Dose Toxicity, TK and CNS Distribution Study in Cynomolgus
Monkey with a 3, 7 and 14-Day Recovery Period (0190-09-071)
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This study was GLP-compliant, and was conducted to assess the biodistribution, toxicity 
and toxicokinetics (TK) of BMN 190 after a single ICV (intracerebroventricular) infusion 
in cynomolgus monkeys.  Twenty-two female cynomolgus monkeys (age 3-9 years, 
weighing 2.98-5.29 kg) were surgically implanted with an ICV catheter in the left 
ventricle and an IT (intrathecal) catheter in the lumbar spine.  Twenty animals were 
randomly assigned to seven treatment groups as shown in the Sponsor’s table below.

Table 16: Study Design of a Single Dose ICV Infusion Toxicity, TK and CNS 
Distribution Study in Cynomolgus Monkeys

Animals received a single ICV infusion of BMN 190 or vehicle at a rate of 0.88 mL/hour 
over a 3.6-hour period to maximize exposure in the CNS.  This rate corresponds to an 
infusion volume of approximately 5% of the total CSF volume (approximately 15 mL) per 
hour.  Animals in the 5 and 20 mg groups underwent a recovery period of 14 days. 
Animals in the 14 mg group underwent a recovery period of 3, 7 or 14 days.  

Brain tissues (cerebral cortex, cerebellum, medulla, midbrain, occipital cortex,
striatum and thalamus) and spinal cord were collected from animals treated with 14 mg 
of BMN 190 at 3, 7 and 14 days post-dose.  Qualified Enzyme-Linked ImmunoSorbent 
Assays (ELISA) were used to measure concentrations of active rhTPP1 in brain, spinal 
cord, and plasma, and concentrations of the inactive form of rhTPP1 (BMN 190, pro-
enzyme) in plasma and CSF.

The brain, heart, liver, kidney, lung, spinal nerve roots and ganglia, sciatic nerve, tibial 
nerve, sural nerve, and gross lesions were subjected to histopathologic examination. 
The brain, spinal cord and peripheral nerves from all animals or from the control and 
high-dose animals were sectioned and stained with hematoxylin and eosin (H&E), 
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Fluoro-Jade B (for staining of neuronal degeneration), Bielschowsky’s silver (for staining 
axons, dendrites and neuronal filaments) and/or anti-GFAP (for staining of astrocytes).  

All animals survived to the scheduled necropsy.  There were no drug-related changes in 
clinical signs, body weight, food consumption, or ECG (heart rate, waveform 
parameters, QRS duration, intervals of PR, RR, QT, or QTc).  BMN 190 treatment had 
no effects on hematology, serum chemistry, coagulation, urinalysis, or absolute/relative 
organ weights.  There were no anti-BMN 190 antibodies detected in the plasma or CSF 
samples.

There were no drug-related effects on CSF cell counts or chemistry.  BMN 190 at 14 mg 
produced a non-significant increase in CSF protein (2.1-fold) and albumin (2.2-fold) at 
24 hours post-dose.  Most of the increase in total protein and albumin was due to 
animals # 015 (Group 6; 134.0 mg/dL and 72.3 mg/dL, respectively) and # 020 (Group 
7; 301.0 mg/dL and 156.6 mg/dL, respectively).  An additional three animals in this dose 
group had increased total protein and albumin compared to the control and other 
treatment groups.  However, the increase in total protein and albumin was not dose-
dependent.

There were no drug-related macroscopic findings.  Histopathologic examination was 
performed only on the brain, spinal cord, spinal nerve roots, peripheral nerves (sciatic, 
tibial and sural), trigeminal ganglion, heart, liver, kidney, lung, and gross lesions.  There 
was a slight increase in the proportion of granulocytes (neutrophils and/or eosinophils) 
along the catheter in the cellular infiltrates in the 20 mg animals sacrificed on day 15.  
This change was considered to be related to BMN 190 and the route of administration 
(ICV).  There were no drug-related microscopic findings in the brain, spinal cord, spinal 
nerve roots, peripheral nerves, trigeminal ganglion, heart, liver, kidney or lung.  

Fluoro-Jade B and Bielschowsky’s silver stains did not reveal neuronal necrosis or 
degeneration in the brain, spinal cord or the peripheral nerves.  The anti-GFAP staining 
did not reveal any drug-related astrocytosis.

Exposure to BMN 190 (pro-enzyme) in CSF and plasma was dose-dependent.  ICV 
infusion of BMN 190 resulted in systemic exposure.  The highest plasma levels were 
approximately 25-fold, 50-fold and 75-fold greater than the mean vehicle-treated control 
enzyme levels for the 5, 14 and 20 mg groups, respectively. In comparison, the highest 
CSF enzyme levels were approximately 200-fold, 270-fold and 320-fold greater than 
their respective plasma peak levels for the 5, 14 and 20 mg groups, respectively.  

There was a dose-proportional increase in Cmax, but not AUC.  Drug elimination from the 
CSF followed biphasic kinetics with a distribution half-life of approximately 3 hours and 
a terminal half-life of 7 to 24 hours.  CSF levels of BMN 190 were highly variable 
between animals in each dose group.  CSF levels remained above the Kuptake for 
approximately one day at the 5 mg dose level and for 2-3 days at the 14 and 20 mg 
dose levels.  CSF TK parameters for BMN 190 are summarized in the Sponsor’s table 
below.
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Table 17: CSF TK Parameters for BMN 190 (Pro-enzyme) Following a Single ICV 
Infusion in Cynomolgus Monkeys 

The plasma Cmax occurred at the end of the 3.6-hour infusion and was approximately 
100- to 1000-fold lower than the CSF Cmax.  The catalytic form of BMN 190 was 
quantified at low to undetectable levels in the plasma of animal # 002 (<4 to 5.11 ng/mL) 
and animal # 011 (<4 to 9.45 ng/mL).  Plasma TK parameters for BMN 190 are 
summarized in the Sponsor’s table below.

Table 18: Plasma TK Parameters for BMN 190 (Pro-enzyme)  Following a Single 
ICV Infusion in Cynomolgus Monkeys 

The catalytic (active) form of BMN 190 was distributed widely in the brain and spinal 
cord after a single 14 mg ICV infusion.  Active BMN 190 (i.e. the mature enzyme with 
enzymatic activity) was detected in both brain and spinal cord homogenates from all 
treated and control monkeys.  In the vehicle control group, the levels of catalytic BMN 
190 (endogenous TPP1) in the spinal cord ranged from 34.3 to 73.9 ng/mg.  Higher 
BMN 190 concentrations were observed in tissue sections close to the CSF.  BMN 190 
concentrations in brain and spinal cord declined with elapsed time after dosing.  The 
brain regions with the highest enzyme levels were striatum, occipital cortex, cerebral 
cortex, and cerebellum.  The t1/2 for most tissues ranged from 3 to 15 days.  The longer 
t1/2 calculated for some tissues may be due to low initial delivery of BMN 190 and 
variability in the TK assay.  The TK data of active BMN 190 in brain and spinal cord is 
summarized in the Sponsor’s table below.
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Table 19: CNS Tissue TK Parameters for the Active Form of BMN 190 Following a 
Single 14 mg ICV Infusion in Cynomolgus Monkeys

In conclusion, there were no toxicologically significant findings associated with a single 
ICV infusion of 5, 14 or 20 mg BMN 190 in monkeys.  Active BMN 190 was widely 
distributed in the brain and spinal cord.  The No Observed Adverse Effect Level 
(NOAEL) was 20 mg via ICV infusion.

Addendum:

Given the limited number of animals used in this study (3 females/group, no males) and 
the small number of organs that were examined microscopically, the reviewer’s 
conclusion that a NOAEL (20 mg) was established is not justified.  However, the 20 mg 
dose level was well tolerated.  
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Single IT-L Administration Toxicity, TK and CNS Distribution Study of
BMN 190 in Cynomolgus Monkeys (Study #: BMN190-11-046)

This non-GLP study was conducted to assess the CNS biodistribution, toxicity and 
toxicokinetics (TK) of BMN 190 after a single IT-L (intrathecal-lumbar) infusion of 14 mg 
in three cynomolgus monkeys (age 15 -17 months).  Animals were necropsied 
approximately 72 hr post-dose and selected brain tissues (cerebral cortex, occipital 
cortex, cerebellum, striatum, medulla, midbrain and thalamus) were harvested for 
biodistribution analysis.  A superficial specimen (defined as the 3 mm-thick layer of 
brain tissue directly in contact with the CSF) and a deep specimen (>3 mm deep) from 
each brain tissue was collected for analysis.

A qualified ELISA was used to measure the active form of rhTPP1 in brain, spinal cord, 
and plasma, and the inactive form of rhTPP1 (BMN 190, pro-enzyme) in plasma and 
CSF.

BMN 190 was formulated in artificial CSF vehicle containing: 216.5 mM NaCl, 0.8 mM 
MgSO4, 3.01 mM KCl, 1.4 mM CaCl2, 0.8 mM Na2HPO4, 0.2 mM NaH2PO4, pH 7.3).  
There was no control group in this study.  The study design is summarized in the 
Sponsor’s table below.

Table 20: Study Design of a Single Dose IT-L Infusion Toxicity, TK and CNS 
Distribution Study in Cynomolgus Monkeys

All animals survived to the scheduled necropsy.  It cannot be determined whether BMN 
190 treatment had effects on clinical signs, body weight, food consumption, 
absolute/relative organ weights, CSF chemistry, total cell count in CSF, gross findings in 
necropsy, or histopathologic changes, since no control animals were included in this 
study.

Histopathologic findings included infiltrates of mononuclear cells in the meninges of the 
brain and lumbar spinal cord   Nerve fiber degeneration in the spinal nerve roots were 
attributed to catheter insertion.

IT-L infusion of BMN 190 resulted in systemic exposure to BMN 190.  Peak plasma 
levels (Cmax) of BMN 190 were approximately 300-fold lower than the Cmax in CSF, 
measured at 2 minutes after the end of infusion.  AUC0-t for BMN 190 was approximately 
200-fold lower in plasma compared to the CSF.  The TK parameters for BMN 190 in the 
CSF and plasma are summarized in the Sponsor’s tables below. 
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 Table 21: CSF Toxicokinetic Parameters for BMN 190 (Pro-enzyme) Following a 
Single Intrathecal Infusion of BMN 190 in Cynomolgus Monkeys

Table 22: Plasma Toxicokinetic Parameters for BMN 190 (Pro-enzyme) Following 
a Single Intrathecal Infusion of BMN 190 in Cynomolgus Monkeys

As shown in the Sponsor’s table below, the active form of BMN 190 (i.e. the mature 
enzyme with enzymatic activity) was widely distributed in brain and spinal cord tissues 
after a single IT-L infusion.  The brain regions with the highest enzyme levels were 
occipital cortex, cerebral cortex, medulla oblongata, and cerebellum. 
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Table 23: Concentrations of Active BMN 190 in Brain and Spinal Cord Following a 
Single Intrathecal Infusion in Cynomolgus Monkeys

Because of the absence of control animals in this study, no conclusions about the 
effects of BMN 190 (rhTPP1) can be made.  However, the data indicates that 
administration of BMN 190 (14 mg) via IT-L infusion in cynomolgus monkeys produced 
detectable levels of the active form of rhTPP1 in the brain and spinal cord, and that 
systemic exposure to BMN 190 (pro-enzyme) occurred.  The peak plasma drug 
concentration was approximately 300-times lower than the maximum concentration in 
CSF, which is an expected outcome given that 100% of the dose was delivered directly 
into the CSF. 
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Observations and Results

Mortality:

None.

Clinical Signs:

Hypersensitivity reactions including facial swelling, hyperemia, urticaria, pallor, vomiting, 
hypotension, tachycardia, arrhythmia, and seizures were observed in some animals 
after the second or third injection.

Body Weights:

No clear treatment-related change was observed.

Feed Consumption:

Not determined.

Ophthalmoscopy:

There were no clear treatment effects.
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ECG:

Not performed.

Hematology:

Not determined.

Clinical Chemistry:

Not determined.

Urinalysis:

Not performed.

Gross Pathology:

No clear treatment-related change was observed.

Organ Weights:

The treatment effect on brain weight was inconclusive due to the small number of 
animals in this study.

Histopathology:

A standard histopathological examination was not conducted in this pharmacology 
study.  The following organs/tissues were collected: brain, spinal cord, eyes, liver, heart, 
small intestine, kidney, lung, testis, and skeletal muscle (biceps femoris). These tissues 
were examined for TPP1 enzyme activity, disease-specific storage body content, and 
biomarkers of disease progression.  The results are summarized in the following table 
and figures (taken from the study report). 

Addendum: The data table is presented in the Pharmacology section of this review.   

Reference ID: 4084323



BLA 761052 Reviewer: Fang Cai, PhD

48

Reference ID: 4084323



BLA 761052 Reviewer: Fang Cai, PhD

49

Reference ID: 4084323



BLA 761052 Reviewer: Fang Cai, PhD

50

Toxicokinetics:

Plasma Cmax of BMN 190 was 2183-10878 ng/ml, detected at one hour after dosing.

Other:

Anti-drug antibodies were detected in CSF and plasma after repeat dosing with BMN
190.  The results are presented in the following figure (taken from the study report).
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autofluorescent lysosomal storage material in some parts of the brain, and prolonged 
life span in the TPP1-/- dogs.  The dose of 4 mg BMN 190 was well tolerated. 
Anaphylactic-type reactions were observed following infusion of 16 mg BMN 190 over 2 
hours, but these reactions were greatly reduced by extending the infusion time to 4 
hours.  The anaphylactic-type reactions included facial edema, erythema of the ears 
and face, urticaria, hypotension, diarrhea, and vomiting.  These signs appeared shortly 
after the start of infusion or just after the end of infusions.  Anti-BMN 190 antibodies 
were detected in CSF and plasma after repeat dosing.  Histological examination 
revealed inflammation associated with the ICV catheter, which was present in both the 
BMN 190 and vehicle-treated groups.
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There were six unscheduled deaths, including three from the control group and three 
from the treatment groups.  The deaths were due to either complications from implanted 
CNS catheters or disease progression.

Clinical Signs:

In general, treatment with BMN 190 delayed the onset of neurological deficits, improved 
performance in a cognitive function test, attenuated brain morphological changes, 
reduced the level of autofluorescent lysosomal storage material in some parts of the 
brain, and prolonged life span in the TPP1-/- Dachshund dogs.

The ICV dose of 4 mg BMN 190 was well tolerated.  Anaphylactic-type reactions were 
observed following infusion of 16 mg BMN 190 over 2 hours, but it was greatly reduced 
by extending the infusion time to 4 hours.  The anaphylactic-type reactions included 
facial edema, erythema of the ears and face, urticaria, hypotension, diarrhea, and 
vomiting.  These signs appeared shortly after the start of infusion or just after the end of 
infusion.

Body Weights:

No clear treatment-related change was observed.

Feed Consumption:

No clear treatment-related change was observed.

Ophthalmoscopy:

Pupillary light reflexes (PLRs) declined with disease progression.  Treatment with BMN 
190 increased the PLR.  The results are presented in the figures below (taken from the 
Sponsor’s report).
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ECG:

Not performed.

Hematology:
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No clear treatment-related change was observed.

Clinical Chemistry:

No clear treatment-related change was observed.

Urinalysis:

Not performed.

Gross Pathology:

No clear treatment-related change was observed.

Organ Weights:

The following tissues were weighed: brain, heart, liver, kidney, lungs, and spleen.  No 
clear treatment-related change was observed.

Histopathology:

The following organs were examined: brain, spinal cord (cervical, thoracic, lumbar), 
lungs, liver, heart and kidneys.

The brain examination included the following regions: meninges (all sections), lateral 
and third ventricles/periventricular tissue, frontal cortex/medial septum (area between 
lateral ventricles), temporal-parietal, occipital gyri, striatum, hypothalamus/thalamus, 
midbrain, pons, fourth ventricle/periventricular tissue, medulla oblongata, and 
cerebellum.  Brain and spinal cord sections were stained with H&E, GFAP (for 
astrocytes), or IBA-1 (for microglial cells).

Histological examination revealed inflammation associated with the catheters, which 
was present in both the BMN 190 and vehicle-treated animals.  The results from 
microscopic examinations in the brain are summarized in the following table (taken from 
the study report).
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Toxicokinetics:

TK results were summarized in the following tables (taken from the study report).

Reference ID: 4084323



BLA 761052 Reviewer: Fang Cai, PhD

58

Reference ID: 4084323



BLA 761052 Reviewer: Fang Cai, PhD

59

Other:

Anti-drug antibodies were detected in CSF and plasma after repeat dosing with BMN
190.  The results were presented in the following figure (taken from the study report).
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MRI:

Quantitative MRI analysis indicated that BMN 190 treatment reduced the ventricular 
enlargement (see sponsor’s figures below).
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Cognitive Function Testing:

Treatment with BMN 190 improved performance in a cognitive function test (see 
sponsor’s figure below).

Reference ID: 4084323





BLA 761052 Reviewer: Fang Cai, PhD

63

of age for about 39 weeks.  Hypersensitivity and/or infusion associated reactions were 
observed after the second dose of 16 mg.  Therefore, the dose was reduced.  The study 
was terminated early due to hypersensitivity reactions.  Inflammation associated with 
catheters was also noted.  Anti-drug antibodies were detected in plasma and CSF in all 
animals treated with BMN 190.

BMN 190 was delivered to the central nervous system of Dachshund dogs via an 
implanted intracerebroventricular (ICV) or intrathecal lumbar (IT-L) catheter every 2 
weeks starting at ~4 months of age for about 39 weeks.  The study design is 
summarized in the following table (taken from the study report).
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Observations and Results

Mortality:

None.

Clinical Signs:

Hypersensitivity reactions occurred in some animals starting at Dose 2.  Clinical signs 
associated with these reactions included tremors, febrile condition, tachycardia, 
tachypnea and increased blood pressure.  These reactions eventually occurred in all 
animals and prevented dose administration for the planned study duration.  The dose 
level was reduced in animals that displayed these reactions, in an attempt to induce 
tolerance to BMN 190.  However, the reactions continued, even in response to infusion 
of the simulated-CSF vehicle.  Due to requirements of the testing facility Animal Care 
and Use Committee, dosing was discontinued and the study did not continue for the 
entire planned duration.

Body Weights:

No clear treatment-related change was observed.

Feed Consumption:

No clear treatment-related change was observed.

Ophthalmoscopy:

No clear treatment-related change was observed.

ECG:

No clear treatment-related change was observed.

Hematology:

No clear treatment-related change was observed.

Clinical Chemistry:

No clear treatment-related change was observed.

Urinalysis:

Not conducted.
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Gross Pathology:

No clear treatment-related change was observed.

Organ Weights:

Following tissues were weighed: brain, heart, liver, kidney, lung and spleen and no clear 
treatment-related change was observed.

Histopathology:

The following organs were examined: brain, spinal cord, heart, lung, kidney, liver, and 
spleen.  Inflammation associated with the ICV/IT-L catheters was noted.

Toxicokinetics:

TK parameters for CSF and plasma are shown in the tables below (taken from the study 
report).
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Other:

Anti-drug antibody formation:

Anti-drug antibodies were detected in plasma and CSF from all treated animals.  The 
results are summarized in the following tables (taken from the study report).
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MRI:

Quantitative MRI analysis indicated that BMN 190 treatment reduced the ventricular 
enlargement (see sponsor’s figure below).
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Cognitive Function Testing:

Treatment with BMN 190 improved performance on a cognitive function test (see 
sponsor’s figure below).
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Addendum:

In the final study report submitted under BLA 761052, the Sponsor submitted data for 
ophthalmological examinations, electroretinography (ERG), optical coherence 
tomography (OCT), pupillary light reflex (PLR), and electrocardiography (ECG).  

BMN 190 had no effects on ophthalmic examination, ERG, OCT, or PLR in WT dogs.  
However, BMN 190 treatment failed to inhibit the disease-related decline in PLR, and 
had no effects on development of progressive, multifocal retinal detachment lesions in 
TPP1-/- dogs.  The data for ophthalmological examinations, ERG, OCT, and PLRs are 
reviewed under the Pharmacology section of this review.

There were no test article-related ECG findings.  The ECG data is summarized in the 
Sponsor’s table below.
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Key Study Findings

BMN 190 was delivered to the central nervous system of three Dachshund dogs
(TPP1-/-, CLN2 phenotype) once every weeks via an implanted intracerebroventricular 
(ICV), intrathecal lumbar (IT-L), or intrathecal cisternal (IT-C) starting at ~9 weeks of 
age until sacrifice at 8-20 months of age.  In general, treatment with BMN 190 delayed 
the onset of the neurological deficits associated with this disease model, improved 
performance in a cognitive function test, improved the pupillary light reflex, attenuated 
brain morphological changes, reduced the level of autofluorescent lysosomal storage 
material in some parts of the brain, and prolonged life span relative to the life 
expectancy for this disease model.  Hypersensitivity reactions were observed after two 
administrations of 48 mg; these reactions occurred immediately after infusion and 
disappeared within 24 hr.  Anti-drug antibody titers were detected in plasma and CSF 
from all animals.

BMN 190 was delivered to the central nervous system of three Dachshund dogs
(TPP1-/-) via an implanted intracerebroventricular (ICV), intrathecal lumbar (IT-L), or 
intrathecal cisternal (IT-C) catheter once every 2 weeks starting at ~9 weeks of age until 
sacrifice at 8-20 months of age.  Initial infusions (48 mg) were made via an ICV catheter 
at a rate of 0.42 mL/hr for a total duration of 4 hr.  The study design is summarized in 
the following table (taken from the study report).
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No clear treatment-related change was observed.

Feed Consumption:

No clear treatment-related change was observed.

Ophthalmoscopy:

No clear treatment-related change was observed.

ECG:

Not performed.

Hematology:

No clear treatment-related change was observed.

Clinical Chemistry:

No clear treatment-related change was observed.

Urinalysis:

Not performed.

Gross Pathology:

No clear treatment-related change was observed.

Organ Weights:

No clear treatment-related change was observed.

Histopathology:

The tissues in the table below (from the study report) were examined microscopically:
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Toxicokinetics:

TK parameters for CSF and plasma are shown in the tables below (taken from the study 
report).
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Other:

Anti-drug antibody formation:

Anti-drug antibody titers were detected in plasma and CSF from all treated animals.
The results were summarized in the following tables (taken from the study report).
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MRI:

Quantitative MRI analysis indicated that BMN 190 treatment reduced the ventricular 
enlargement (see sponsor’s figure below).
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Cognitive Function Testing:

Treatment with BMN 190 improved performance in a cognitive function test (see 
sponsor’s figure below).
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Addendum:

The final study report submitted under BLA 761052 contained data for neurological 
examinations and CNS distribution.  The data was reviewed in the Pharmacology 
section of this review. 

7 Genetic Toxicology
N/A

8 Carcinogenicity
The Sponsor submitted an assessment of carcinogenicity potential, but did not conduct 
any carcinogenicity studies. 

The enzymatic activity of cerliponase alfa, a 65 kDa protein, is restricted to the 
lysosomal compartment where it cleaves N-terminal tripeptides from substrates. The 
lysosomal compartment provides an acidic pH environment that is necessary for 
activation of cerliponase alfa.  The mechanism of activity does not raise a concern 
regarding the potential for neoplasm induction or tumor promotion.  Furthermore, there 
were no proliferative lesions in the 39-week study in normal and TPP1-null Dachshund 
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dogs, in which the animals were treated every other week with up to 16 mg ICV 
cerliponase alfa.  Based on a weight-of-evidence approach, the carcinogenic potential 
of cerliponase alfa appears to be low.  

CAC Concurrence (y/n): Yes

CAC Recommendations: None

Comments: None

9 Reproductive and Developmental Toxicology
N/A

10 Special Toxicology Studies
N/A

11 Integrated Summary and Safety Evaluation

Neuronal ceroid lipofuscinosis type 2 (CLN2) disease (also known as tripeptidyl 
peptidase-1 (TPP1) deficiency, a form of Batten disease) is a rare genetic disease 
caused by deficiency of the lysosomal enzyme TPP1 due to mutations in the CLN2 
gene.  These mutations lead to synthesis of a truncated or misfolded TPP1 protein, 
resulting in altered lysosomal transport, reduced pro-enzyme activation and very low or 
absent enzyme activity.  The deficiency of TPP1 activity results in accumulation of 
lysosomal storage material in the central nervous system (CNS), which leads to 
neurodegeneration, loss of function, and death.  Death frequently occurs during 
childhood, depending on the age of disease onset.  The onset of the disease is typically 
between ages 2 and 4 years with clinical symptoms including seizures, ataxia, 
myoclonus, impaired speech, cognitive impairment, and developmental regression.  
Visual, cognitive, and motor functions are rapidly lost and patients become blind and 
wheelchair bound by approximately 6 years of age.  Disease progression is very rapid 
with death typically occurring between 10 and 16 years of age.

Brineura (cerliponase alfa, BMN 190) is a recombinant form of human tripeptidyl 
peptidase-1 (rhTPP1) expressed in CHO cells.  rhTPP1 is produced as a zymogen (pro-
enzyme, 544 amino acids in length).  The pro-enzyme is taken up by cells via the 
cation-independent mannose-6-phosphate (CI-M6P) receptor, translocated to 
lysosomes, and is then activated at acidic pH by lysosomal proteases.  The activated 
proteolytic form of rhTPP1 (368 amino acids) cleaves tripeptides from the N-terminus of 
polypeptides that accumulate for degradation in the lysosome.
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The proposed indication for Brineura is neuronal ceroid lipofuscinosis type 2 (CLN2) 
disease in patients age 3 years and older.  The recommended dose is 300 mg once 
every other week as an ICV (intracerebroventricular) infusion followed by ICV flushing 
solution infusion over approximately 4.5 hours.

The receptor for cerliponase alfa, CI-M6PR, is conserved across species (mouse, dog, 
and monkey) with more than 80% amino acid sequence identity to the human form.  
The TPP1 amino acid sequence homology for the mouse, dog and monkey in 
comparison to the human form is 91%, 95% and 98%, respectively.
Two animal disease models, TPP1-KO mice and TPP1-null Dachshund dogs, 
recapitulate the disease progression of CLN2 in humans, which includes the 
accumulation of autofluorescent lysosomal storage material in neurons, progressive 
neurodegeneration, decline in neurological function, and greatly reduced lifespan.  The  
TPP1-null Dachshund dog is a spontaneously occurring CLN2 disease model due to a 
single base pair deletion (c.325delC) in exon 4 of the TPP1 gene.  This animal disease 
model displays a TPP1 deficiency similar to that in human CLN2 patients, including 
ataxia, visual tracking deficits, tremors, myoclonus, and proprioceptive deficits.  The 
TPP1-null Dachshund dog requires euthanasia by 11 months of age due to loss of 
cognition and visual tracking, severe mentation abnormalities, drug-refractory myoclonic 
jerks, and lack of ability to eat without significant assistance.

The TPP1-null Dachshund dog was used to evaluate the pharmacology, 
pharmacokinetics (PK), and toxicity of cerliponase alfa.  In addition, healthy beagle dogs 
and monkeys were utilized in PK studies because they have CNS and CSF parameters 
more similar to humans, including a more complex and larger brain and a similar rate of 
CSF turnover.  Based solely on the receptor (CI-M6PR) and TPP1 sequence homology 
with the respective human forms, the mouse, dog (disease model and normal animals 
for mice and dogs), and cynomolgus monkey are considered as relevant species for the 
nonclinical development program for cerliponase alfa.  However, the disease models 
were especially useful for evaluating the pharmacological activity of cerliponase alfa.

The most frequently used species in the nonclinical program was the TPP1-null 
Dachshund dog.  All four studies using this disease model were conducted at the 

 and each study 
included pharmacology, PK, and limited toxicity parameters.  The conduct of these 
studies under non-GLP conditions is considered acceptable, given that the TPP1-null 
Dachshund dog model and the needed expertise are not available in GLP-compliant 
testing facilities.  The submitted study reports provided the necessary information to 
enable a thorough review and evaluation of the methods and data.  The pivotal toxicity 
data was generated from one study (# 0190-10-077) that used both TPP1-null 
Dachshund dogs and wild type (normal) Dachshund dogs. 

The PD, PK, and toxicity of BMN 190 (cerliponase alfa) were evaluated in one in vitro 
study in TPP1 deficient fibroblasts, and in eight in vivo studies including three single-
dose studies in beagles and monkeys, and repeat-dose studies in TPP1 KO mice (one 
study) and TPP1-null and WT Dachshund dogs (four studies).  No stand-alone safety 
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pharmacology studies were performed.  Cardiovascular (CV) safety pharmacology 
parameters were assessed in the single ICV administration monkey study.  CNS and 
CV safety pharmacology parameters were assessed in the repeat-dose studies in WT 
and TPP1-null Dachshund dogs.

The range of lysosomal Kuptake values for BMN 190 was 2.7-3.4 nM in TPP1-deficient 
human fibroblasts with a lysosomal half-life of approximately 11.5 days (Lin L, et al., 
Biochem J 2001; 357[Pt 1], 49-55).  In TPP1-KO mice, IT-L (intrathecal-lumbar) 
injection of BMN 190 for three days produced an increase in TPP1 enzyme activity in 
brain homogenate, reduced accumulation of subunit C of mitochondrial ATP synthase 
(SCMAS) in brain, and increased lifespan by 33%.  

Four in vivo studies were conducted to evaluate the PD of BMN 190 in TPP1-null 
juvenile Dachshund dogs.  The treatment regimens in these studies included monthly 
dosing for 3 months, biweekly dosing for 9 months, biweekly dosing for 6-18 months, 
and biweekly dosing for up to 6 months via ICV, IT-L, and/or IT-C (intrathecal-cisternal) 
administration.  Three of these studies included groups with normal (wild type) juvenile 
Dachshund dogs.  

BMN 190 at 32 mg/month (IT-C) for three months increased TPP1 enzyme activity 
levels throughout the brain (cerebellum, hippocampus, hypothalamus, medulla 
oblongata, midbrain, occipital cortex, frontal cortex, pons, striatum, temporal/parietal 
cortex, thalamus, dorsal thalamus) and spinal cord, but not in retina.  

The PD, PK, and distribution of BMN 190 following ICV, IT-L, or IT-C administration 
were evaluated in four studies in TPP1-null Dachshund dogs, age 2.5 or 4 months at 
the start of dosing.  The following dose regimens were used: 32 mg/month for three 
months, 4 or 16 mg/dose biweekly for 9 months, up to 48 mg/dose biweekly for 6-18 
months, or up to 16 mg/dose biweekly for up to 6 months.  Catalytic BMN 190 was 
widely distributed throughout the brain (cerebellum, hippocampus, hypothalamus, 
medulla oblongata, midbrain, occipital cortex, frontal cortex, pons, striatum, 
temporal/parietal cortex, thalamus, dorsal thalamus) and spinal cord, but not in retina.  

The level of BMN 190 among different brain regions was variable.  Within individual 
brain regions, the highest drug levels were generally observed in the area closest to 
CSF flow.  Specifically, superficial tissues (<3 mm from the closest CSF flow) typically 
had higher levels of BMN 190 than the deep tissues (>3 mm from the closest CSF flow).  
Compared to IT administration, ICV administration produced a greater distribution to 
deep brain structures adjacent to the ventricles (thalamus, striatum and midbrain).

In TPP1-null Dachshund dogs, BMN 190 increased lifespan by 18-87% and delayed the 
onset and progression of the disease by 3.5 to 50 weeks.  BMN 190 treatment improved 
cerebral and cerebellar atrophy, and cognitive functions.  However, the drug had no 
effects on the onset and progression of multifocal retinal detachment or the loss of cone 
and inner retina function, due to failure of BMN 190 to distribute in the outer retina, and 
variable distribution in the brain.  The effect of BMN 190 on the development of impaired 
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pupillary light reflex was inconsistent.  A significant decrease in accumulation of 
autofluorescent storage bodies in different brain regions and reduction in SCMAS in 
cerebellum (surface and deep tissue samples) and thalamus were observed in TPP1-
null dogs treated with BMN 190.  In general, the PD effects and distribution of BMN 190 
in brain were roughly dose and duration dependent.   

Following a single dose of BMN 190 at 8, 32 or 128 mg in normal beagle dogs via IT-C 
administration, the drug distribution pattern showed a higher concentration in the 
surface tissues of brain and spinal cord (3 mm-thick layer of brain or spinal cord tissue 
directly in contact with the CSF) at 48 hr.  In monkeys, the catalytic (active) form of BMN 
190 was distributed widely in the brain and spinal cord after a single dose of 5, 14, or 20 
mg by ICV or IT-L infusion.  The brain regions with the highest enzyme levels were 
striatum, occipital cortex, cerebral cortex, and cerebellum.  The t1/2 for most tissues 
ranged from 3 to 15 days following a single dose of BMN 190 via ICV infusion.

Following a single dose of BMN 190 at 5, 14, or 20 mg via ICV infusion in monkeys, 
exposure to BMN 190 in CSF and plasma was dose-dependent.  Elimination from the 
CSF followed biphasic kinetics with a distribution t1/2 of approximately 3 hr and a 
terminal t1/2 of 7 to 24 hr.  BMN 190 was detected in plasma following a single infusion 
via the ICV or IT-L route in monkeys.  However, BMN 190 concentration in plasma was 
100-1000 times lower than that in the CSF.  CSF exposure was similar following single 
or multiple doses, while plasma exposure was lower following multiple doses compared 
to single doses in the Dachshund dog disease model, due to anti-drug antibodies.  Anti-
BMN 190 antibodies were detected in both CSF and plasma following multiple doses.

In the pivotal study for toxicity evaluation (# 0190-10-077), TPP1-null Dachshund dogs 
were treated biweekly with 0 (vehicle), 4, or 16 mg BMN 190 for approximately 9 
months using ICV, IT-L, or IT-C infusion, with all groups initiated using the ICV route (3 
dogs/group).  The study also included three groups of normal Dachshund dogs that 
were given identical treatments as in the disease model groups (3 dogs/group).  The 
dose of 4 mg was well tolerated.  Anaphylactic-type reactions were observed following 
infusion of 16 mg over 2 hr, but these reactions were greatly reduced by extending the 
infusion time to 4 hr.  The anaphylactic-type reactions included facial edema, erythema 
of the ears and face, urticaria, hypotension, diarrhea, and vomiting.  These signs 
appeared shortly after the start of infusion or just after the end of infusions.  Anti-drug 
antibodies were detected in CSF and plasma.  Histological examination revealed 
inflammation associated with the ICV catheter, which was present in both the BMN 190 
and vehicle-treated groups. 

For the purpose of dose comparison between animals and humans, expression of dose 
levels as mg/g brain weight appears to be the most appropriate method.  The 16 mg 
dose was the highest dose tested in the pivotal study for toxicity evaluation, and is 
considered to be the LOAEL (lowest observed adverse effect level) in normal and 
TPP1-null Dachshunds.  The only adverse effects observed at 16 mg (approximately 
0.32 mg/g brain weight) were hypersensitivity reactions, which are not predictive for 
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