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Comments on BLA 125141 Myozyme
From A. Jacobs 4/20/06

a- S
1. Pharm/tox Review: 1 agree with the comments in the Dr. Choudary supervisory
memo of April 14, 2006 concerning what is clearly drug-related in animals (in contrast to
some of the primary reviewer’s conclustons) and with the Pharm/tox supervisor’s
recommendations for phase 4 commitments: a chronic tox study in neonatal/juvenile
mice; a pre-postnatal study in rats; and a second species teratogenicity study in rabbits
that have not received diphenhydramine. [ concur with the supervisor that these studies
can be condueted post approval.

2. Labeling:

a. | agree with the labeling comments of Dr. Choudary and with what should be included
in the labeling (in contrast to some of the primary reviewer’s recommendations) and
concur with the latest proposed labeling, which Dr. Choudary shared with me.

b. I concur with the pregnancy category of B, (recommended by the Supervisor, but not
the primary reviewer) pending results of the second species teratogenicity study in
rabbits). This would be consistent with labeling for other similar products (with similar
anaphylactoid effects) for this indication, although an anaphylactoid reaction of moderate
severity might warrant a pregnancy categors —
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG-ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: April 14, 2006

FROM: Supervisory Pharmacologist
Division of Gastroenterology Products, HFD-180

SUBJECT: BLA STN 125141 (Myozyme)—Supervisory Addendum to Pharmacology Review

TO: BLASTN 125141

Under BLA STN 125141, the sponsor provided reports of a modest preclinical program in
support of the indication of Myozyme for use in patients with Pompe disease. The submission
included (1} pharmacology studies of Myozyme in GAA knockout mouse model for Pompe
disease, (2) pharmacokinetics and tissue distribution studies in GAA knockout mice and rats and
toxicokinetics in rats, mice and monkeys and (3) single dose i.v. toxicology studies in rats and
dogs, repeated dose i.v. toxicology studies of 4-week duration in rats and mice, 26-week and 13-
week repeated dose 1.v. toxicology studies in monkeys, a Segment 1. Fertility and reproductive
performance study in male and female mice and a Segment II. Teratology study in pregnant mice.
These studies have been reviewed by Dr. Barbara J. Wilcox of the Division of Neurology
Products and her review is attached.

The following supervisory comments and recommendations should be noted.

1. Except for the anaphylactic and hypersensitivity responses in the 4-week rodent repeated
dose i.v. toxicology studies, no specific target organs of toxicity were identified.
Although Myozyme is intended for use in infantile onset Pompe disease, a chronic
toxicology study in juvenile rodents is lacking. A 6-month chronic toxicology study in
neonatal/juvenile mice is recommended. The dose selection for this study should be such
that the high dose should elicit toxicity or it should be the maximum feasible dose.

2. As per sponsor’s correspondence dated December 29, 2003, the disposition of the 4-week

- rat toxicology study #6354-140 was in accord with the agreement between the
Agency (CBER) and the sponsor. Under the circumstances, the matter should be brought
to a closure. No further requests for histopathology examination of the retained tissues
are warranted.

3. In the nonclinical overview of the submission, sponsor claims that in a safety
pharmacology study in dogs, Myozyme did not exert any clinically relevant effects on
electrocardiogram etc. No report of such a study is available in this submission. The
only dog study in the submission is a single dose i.v. toxicity study ¢ —  study #



6354-1342). There was no monitoring of ECG in this study. There was no indication of
ECG monitoring in the 26-week and 13-week monkey toxicology studies / —
studies 6354-152 & 6354-157). This is a major deficiency. Sponsor should be asked to
conduct a cardiovascular safety pharmacology study in dogs or monkeys as a post
marketing commitment.

. There is no need to mention the low incidences of mild elevations of transaminases (ALT

& AST) in the rat toxicology studies in the labeling under “PRECAUTION: Laboratory
Tests” since the incidences are not exclusively treatment related or dose related. The
incidences in the mouse toxicology study are also isolated occurrence. These 4-week
toxicology studies are not sufficiently long to elicit any treatment related trends or
identify the specific target organs of toxicity. Since the drug is intended for life long
administration and the patient data base is limnited, it is recommended that the sponsor
should undertake a 6-month chronic toxicology study in neonatal/juvenile mice as a post
marketing commitment.
. Even though Myozyme is intended to be used in early onset patients, information on the
prenatal and postnatal developmental toxicity is lacking. It is recommended that the
sponsor should conduct a Segment III. Prenatal and postnatal study in rats as a post
marketing commitment. Such a study would clearly identify potential postnatal
developmental toxicities.
. Segment L Fertility and reproductive performance study in male and female mice

—-  study # 6354-155). There were no significant differences in the reproductive
performance of male mice and the fertility indices in female mice for the control and
treated groups. Even though the number of pregnant females at autopsy on day 13 of
gestation is generally low in all groups (41 to 60 %}, it is known that pregnancy failures
are highest (about 27%) during days 12 to 15 of gestation in White Swiss mice which
coincides with transient hormonal imbalance before full placental function is established
(Choudary, J.B. and Greenwald, G.S., Ovarian Activity in the Intact or
Hypophysectomized Pregnant Mouse, Anatomical Record 63: 359-372, 1969). The
sperm parameters from the epididymal samples are not optimal indices. They do not
present any dramatic differences between control and treatment groups with respect to
motility or % abnormal sperm cells. Overall, the study results do not demonstrate an
adverse influence of Myozyme on reproduction in male and female mice. For further
evaluation, the sponsor should be asked to (a) submit the final report of the additional

— study 6354-163 titled “Intravenous Injection Study of Recombinant Human

Acid-alfa-Glucosidase(thGAA) on Female Fertility and Early Embryonic Development to
Implantation in Mice”, (b) conduct histopathology examination of the testes of male mice
in study # 6354-155 and submit the full pathology report and (c) study the
effects of Myozyme on spermatocytogenesis and spermiogenesis in male rabbits after
treatment for a minimum of 90 days.
. The characterization of the pregnancy category should be based on the outcome of the
Segment II. Mouse teratology study * ~— . study # 6354-153). In this study, there
were no significant differences between control and treatment groups in regard to
pretmplantaion and postimplantation losses. Myozyme was clearly not teratogenic or
contragestational in mice. Even in the Segment 1. Fertility and reproductive performance
study /' —  study # 6354-155), there were no treatment related adverse effects. The



category for pregnancy should be “Pregnancy: Teratogenic Effects. Pregnancy Category
B.” The sponsor in correspondence dated December 29, 2005 committed to initiate a
Segment II. Teratology study of Myozyme in rabbits. Sponsor should first conduct a dose
ranging study in rabbits for selecting appropriate doses. In the interest of clarity and
precision for the data obtained, pretreatment with diphenhydramine should be avoided
since it was implicated to be teratogenic in some teratology studies.

8. RECOMMENDATION: From a preclinical standpoint, approval of Myozyme for use in
patients with Pompe disease is recommended, with the understanding that the sponsor
undertakes the aforementioned post marketing studies.

Jasti B. Choudary, B.V. Sc., Ph.D.  Date
Supervisory Pharmacologist, HFD-180

Cc:

BLA

HFD-130
HFD-181/CSO
HFD-180/Dr. Choudary
HFD-120/Dr. Wilcox
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EXECUTIVE SUMMARY

E. Recommendations

A. Recommendation on approvability

The data reviewed here support approval of Alglucosidase alfa for the infantile onset
patient population. This recommendation is made considering the absence of any available
treatment for this disease, which is uniformly fatal within 18 months of birth. The product was
generally well tolerated in the mouse and monkey and shows dose dependent efficacy in
clearance of tissue glycogen in the Pompe GAA knockout mouse model

B. Recommendation for nonclinical studies

Several issues remain regarding the toxicology package, however. Further
reproductive toxicology studies are recommended using additional species to rule out
questions aboul the sensitivity of the mouse model and confirm findings. Because
manufacturing issues for the 2000 liter scale product having an impact on the
pharmacokinetics and possibly toxicity remain unresolved, approval for that manufacturing
process is not recommended at this time. Approval is recommended for only the 160 liter
scale product for which clinical safety data arc available.

Additional toxicology studies recommended:

Further reproductive toxicology studies are recommended prior to approval of Alglucosidase
alfa for the late onset patient population for the following reasons:
* Only one species was studied for Segment IT reproductive toxicology. The usual
requirement is 2 species, one non-rodent. A rabbit study 1s recommended,
* No Segment HI reproductive toxicology studics were performed. Studies of this type
should be performed prior to approval of Alglucosidase alfa for the late onset patient
population.

* Study # 6354-140 is a repeat dose study performed in Sprague-Dawley rats conducted
for the purposc of comparing toxicity among three lots of thGAA from different
manufacturing processes. In that study, there were several unscheduled deaths and
gross lesions noted at necropsy that were not su fficientty explained. The sponsor
should be asked to perform the histepathology analysis that was not performed per the
original protocol and submit the results for review.

* The integrated non-clinical summary states that an additional study (#6354-163) was
underway and expected to be completed by Q3 2005. That study is not included in this
BLA submission. The sponsor was asked to provide the study report but has not vet
complied with that request.

C. Recommendations on labeling
Based on the non-clinical package as a whole, the following recommendations regarding
labeling are given:
e Inthe Laboratory Tests section, the sponsor menlions only the two monkey toxicology
studies where very little toxicity was noted.  ——

e,

.
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Although these findings are not clearly dose refated, they do appear to be treatment
related. ,

¢ In the section on Carcinogenesis, Mutagenesis, Impairment of [ ertility, addition of a
statement on effects of Alglucosidase alfa on male fertility parameters should be
mentioned here. Results of study # 6354-155 (Fertility and Early Embryonic
Development) showed a dose dependent decrease in Sperm count and ncrease in
abnormal morphology. This study was done in mice, which may not be the most
sensitive species. Therefore, the toxicities inay be underestimated. In addition, study
#6354-140, treatment related finding of ovarian Cysts were observed in 2 of § rats
receiving 50 mg/kg Alglucosidase alfa for 4 weekly doscs.

* Pregnancy Category: The sponsor suggests that this product be designated pregnancy
category B. However, study #6354-153 showed 4 significant increase in post-
implantation loss in the high dose group when pregnancy parameters are considered as
a whole. The trends of reduced embryo viability in study #6354-155 and the increased
post-implantation loss scen in study 6354-153, the lack of toxicokinetics to assure
€Xposure to the test article in study #6354- [55, the lack of a segment 2 study in a
second (non-rodent) specics, and the lack of Justification of the high dose used in both
studies render the Category B claim tenuous, at best. At this time, Pregnancy Category
" vould be more appropriate.

1L Summary of nonclinical findings

A. Brief overview of nonclinical findings

Primary Pharmacodynamics
The primary pharmacodynamic studies provided with this application consist primarily

of repeated studies demonstrating dose dependent clearance of tissue glycogen load in the
Pompe GAA knockout mouse model under varying conditions. These conditions included
varying dose levels, treatment regimens, age of the animal and drug preparations. The doses
tested ranged from 1 mg/kg administered weekly for four weeks to 100 m £/'kg administered
weekly for 4 weeks. The longest duration studies consisted of 10 and 20 mg/kg administered
weekly for 16 weeks, and 10, 20, 40 mg/ke every other week (qow) for 16 weeks,

In general, the rhGAA showed consistent efficacy in depleting glvcogen load from a ran ge
of muscles including cardiac, di aphragm, quadriceps, psoas and triceps as demonstrated by
both histological and biochemical detection methods. Differences in response to the rhGAA

reaccumulation were investigated, cardiac muscle appeared to clear faster and more
completely and the depletion appeated to last fonger relative to skeletal muscle, When Pompe
knockout mice were treated with 100 mg/kg weekly for 4 weeks, complete depletion was
noted in cardiac muscle by day 1, in skeletal muscle by day 3. Onset of reaccumulation was
observed in skeletal muscle by day 28 bui no reaccumnulation was detected biochemically for
cardiac muscle at day 42, The various skeletal muscles showed stgnificant variation in
response to rthGAA. The relative magnmtude of depletion among muscle remained consisient
from study to study. The differences in efficacy among the various muscles tested may reflect
heterogeneity of mannose-6-phosphaie receptor among those muscles.
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When efficacy between 3 month old and 12 month old Pompe knockout mice wasg
investigated, younger animals were significantly more responsive to glycogen clearance by
rhGAA than the older animals. The relative magnitude of depletion among the muscle types
was consistent with other studies. The 12 month old mice had higher tissuc glycogen load at
study initiation, which may have affected the tesulting levels at study termination. When long
term dosing regimens were compared, results indicated that 40 mg/kg, qow, was as effective as
20 mg/kg administered weekly.

Several unscheduled animal deaths occurred during the pharmacology studies with no
details regarding cause of death provided. Some of these deaths can be accounted for by
hypersensitivity reactions that are a common response of rodents to the thGAA. However,
some of the deaths could not be accounted for by hypersensitivity and no data on the potential
cause are provided.

Due to the concemn about hypersensitivity, rodents were routine] y pre-treated with
diphenhydramine (DPH), usually at 5 mg/kg, 20 minutes prior to infusion of the rhGAA. Tt is
not clear whether the vehicle control animals also received DIPH, but it appears that no study
included a DPH only control group,

Secondary phanmacodynamics:

One study in Pompe knockout mice was conducted to investigate the nature of the
hypersensitivity reaction seen routinely in mouse studies. Serum and plasma was collccted
from GAA knockout mice afler administration of thGAA and analyzed for the presence of
IgG, IgGl, IgE, histamine, total complement and C3a/C5a. The resulis showed that animals
teceiving vehicle alone had low IgGr titers, no detectable specific anti-drug antibody, and no
detectable IgE titer. No detectable IgE titer was reported for any trcatment group.
Significantly elevated histamine levels were detectable in mice recerving thGAA after the 8™
dose. Significant levels of IgG and IgGl titers were reported in ail mice receiving rthGAA, .
These data are consistent with hypersensitivity response in the Pompe knockout mice.

Pharmacokinetics:

Both single and repeat dose pharmacokinetic studies were conducted in Pompe GAA
knockout mice. When a semilogarithmic plot of concentration versus time was constructed
from data produced by each of the PK studies, the curves exhibited characteristics ot a two
compartment model with first order elimination

When PK parameters were analyzed afier doses of 10, 20 or 40 mg/kg, results were
linear with increasing doses. At doses up to 40 mg/ke, there was no evidence of saturation
kinetics and the clearance of the dru g followed a first order process. PK parameters were
somewhat variable between species and between studies. Elimination half-ljfe was on the
order of 2-3.5 hours for monkey, 1-2 hours for rat, 1.5 to 2 hours for Pompe knockout mouse
I-2 hours, approximately 75 minutes for CD-] mousc, and approximately 75-100 minutes for
beagle dog. No consistent differences could be identified between male and female rodents.
due to the large variations. For the two mounkey studies, the females consistently had lower
AUC and AUC/dosc. Both males and females in the high dose group showed significantly
higher elimination half-life relative to the other dose groups, females for days 1-85 and males
for days 1-169.

PK studies were conducted 1o investigate the potential differences between the 160 liter
manufacturing process and the 2000 liter process. The results demonstrated that the ninety
percent confidence intervals for either AUC, ot ATC,,., ratios between (he 160L 1ot and the
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2000 L lots evaluated in this study were not within a pre-determined acceptability range (80%
to 125%). These data indicate that the pharmacokinetic equivalence was not established
between the products from the two processes.

Biodistribution:

Biodistribution studies in mice demonstrated that the hj ghest levels of rhGAA activity
are consistently found in the liver. Significantly lower levels (on the order of 30 X lower)
were detected in spleen. Muscle results were lower stil] with cardiac muscle consistent] y
demonstrating the highest levels of activity among the muscles studied. When the
biodistribution of thGAA from the 160 liter process was compared to that from the 2000 ljter
process, there appeared to he a higher magnitude of uptake in the {liver for the 2000 liter
product. When a lot from early harvest of the 2000 liter scale was compared to one from the
late harvest, greater thGAA activity levels were noted for the carly harvest product. Changes
me , —_ among lots and during the
course of manufacture might explain both the PK and biodistribution differences detected in
these studies.

Toxicology:

The toxicology package for this BLA contains single dose studies in Sprague-Dawley
rat and beagle dogs, repeat dose studies in Sprague-Dawley rat, cynomolgus monkey and
C57Bl/6 mice as well as Scgment I and Segment TI reproductive toxicology studies in CD-1
mice. The rhGAA was well tolerated in mornkey at doses up to 200 mg/kg, qow, for 13 weeks,
and up to 100 mg/kg, qow, for 26 wecks. No adverse effects were reported for the 13 week
study. For the 26 week study, a few findings were reported including thrombus formation in
the atrium of 2 malc animals (of 3 in each group) from the two higher dose groups and ovarian
cyst and unequal sized ovaries in one female of 3 from the high dose group as well as
inflammation and degeneration of the quadriceps muscle in one female of three from the high
dose group. A relationship to the test article cammot be ruled out but, due to the small number
of animals per group, this relationship is difficult to establish.

The thGAA was also generally well tolerated in C57BI/6 mice at doses up to 100
mg/kg administered weekly for 4 wecks. The nmouse study was intended to compare toxicities
produced by product from three different mantfacturing processes. The toxicity profile was
similar among the three products, but an increase in severity scemed o be present for the
BIZKrhGAA (2000 liter) and BI — chGAA = liter) relative to the GENZrhGAA. The
toxicities noted include a small decrease in WBC for all three formulations. The biological
significance for this finding is not clear since no baseline data is available and most values
remained within normal limits for this species. [n addition, a dose related mild increase in
serum albumin was noted for ail treatment groups and was more prevalent in females. Two of
6 females receiving 100 m g/kg each of GenzthGAA had mildly increased AST and ALT
Jevels. This finding may be related to the test article and suggests a potential adverse effect on
the liver. Tn a similar study carried out in rats (6354- 140, described above) toxicity was much
inore apparent. Several unscheduled deaths occurred during the study that were not
sufficiently explained. In addition, although a full] panel of tissues was collected no
histopathology was reported even though gross examination at necropsy revealed several
unexpected fesions. The sponsar explamed that studv# 6354-140 was terminated at the end of
the in-life portion due to the number of deaths that were thought to be due to hypersensitivity,
The histopathology analysis was never performed but the tissues are archived with Genzyme.
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An additional repeat dose toxicity study was performed in rat included only 5 per sex
per group and investigated only one test article. The animals in this study showed a dose
related statistically significant decrease in body weight. For males the weight loss was 23.3%
and for females, 11.6%. No clinical pathology or anatomical pathology results correlated with
the weight loss finding. No other significant findings were reported. There is no indication of
why the thGAA was so apparently toxic in study 6354-140 relative to this additional rat study,
except possibly the difference in lots used for study 6354-140.

Single Segment I and single Segment 11 reproductive toxicology studies were
performed, both in CD-] mice. For the Segment I study, mice received doses up to 40 mg/kg
cvery other day beginning prior to mating and through early embryonic development. No
clear rationale was given for the choice of dose and no pilot studies are included to support the
choice of high dose. Results of this study showed a trend toward pre-implantation loss and
late resorptions. These findings did not reach statistical significance and historical normal
values for comparison werc not found. Changes in male fertility parameters were also found.
A statistically significant and dose related reduction in sperm count as well as an increase in
abnormal sperm. The male mice also showed urine stained abdomens suggesting the presence
of more generalized toxicity. Ina toxicology study (#6354-140) female rats receiving 50
mg/kg weekly for 4 weeks showed an increased occurrence of ovarian cysts. No toxicokinetic
analysis was performed so relative exposures to the test article cannot be established.

For the Segment 1T study, mated female mice received doses up to 40 mg/kg
administered daily. No evidence of pretmplantation loss was noted during this study. A smail
dose related increase in late resorptions was observed but did not reach statistical significance
when considered alone. However, in considering pregnancy parameters as a whole, a
significant increase in post-implantation loss was noted for the high dose group. There were
no statistically signiticant adverse effects on fetal development reported.

A second segment 2 study in a non-rodent species is recommended to confirm and
clarify the potential toxic effects. The sponsor has agreed to performance of such a study and
this should be identified as a post-markeling comumitment.

An additional non-clinical study is mentioned in the mtegrated summary of non-
clinical studies in this BLA. That study, # 6354-163, was to be finished by Q3 2005, but is not
included in this submission. Submission of this study report should be identified as a post-
marketing commitment,

B. Pharmmacologic activitv

The function of this product, human recombinant acid o-glucosidase (thGAA), is
degradation of glycogen to glucose, a process that normally takes place within the lysozomes
of the cell. Enzymc deficiency results in accumulation of glycogen in the lysozomal
compartment, a condition known as glycogenosis type I The product, rhGAA, is
administered intravenously (I V) as a form of enzyme replacement therapy (ERT). Once
internalized by the cell, and passed to the lysosome by intracellular mechanisms, hGAA is
proteolytically processed, forming an active, multi-subunit complex which degrades lysosomal
ulycogen at low pH (Van der Plocg. 1988 Pediatr Res, Moreland, et. al., 2005, J Biol Chem).
Intraceltular trafficking of the 110 kD form of rhGAA to the lysosome is thought 10 occur
through a mannose-0-phosphate receptor dependent mechanism. This receptor s also present
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on the surface of many cell types and is thought to play a role in uptake of exogenously
administered enzyme by endocytosis (Raben, 2003, Molecular Genetics and Metabolism).

C. Nonclinical safety issues relevant to clinical usc

Repeat dose studies demonstrated that this product is generally well tolerated in
monkeys and mice. A small number of animals in various studies showed elevation of liver
enzymes. As the highest uptake of Alglucosidase alfa is the liver, liver function parameters
should be monitored during human use: As indicated above several issucs remain 1o be
addressed for reproductive toxicology. The reproductive toxicology issues should not be a
relevant concern for the patients with infantile onset of Pompe’s disease.

The variations in PK and biodistribution and potentral variations in toxicity between
the 160 liter and 2000 liter manufacturing processes should be resolved prior to approval of the
2000 liter process. However, approval of the 160 liter process, for which clinical safety data
exists, should be acceptablc as tong as appropriate controls are in place.

APPEARS THIS WAY
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 125141

Review number:

Sequence number/date/tvpe of submission: BLA
Information to sponsor: Yes ( X) No ()

Sponser and/or agent:  Genzyme Corporation
Manufacturer for drug substance: Genzyme Corporation

Reviewer name: Barbara J. Wilcox, Ph.D.
Division name: Division of Neurology Products
HFD #: . 120

Review completion date: 3720006

Drug:

Trade name:

Generic name: alglucosidase alfa

Code namec:

Chemical name: recombinant human acid alpha-glucosidase (rhGAA)
CAS registry number:

Molecular formula/molecular weight: This protein molecule is S .
length. The . - with a calculated molecular welght ot
kD.

Structure: The graphic below (provided by the sponsor) gives the ——
of the human recombinant acid alpha glucosidase (rhGAA).
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PO

Relevant INDs/NDAs/DMTFs:
BB IND —, 10780

Drug class: biological therapeutic/recombinant protein/replacement enzyme

Intended clinical population: Alglucosidasc alfa is indicated for —

/

Clinical formulation: The commercial formutation is composed of ~ — ThGAA, —
mannitol, -, polysorbate 80 in  — sodium phosphate, —

Route of administration: Intravenous

Disclaimer: Tabular and graphical information are constructed b vy the reviewer unlcess cited
otherwise.

Data reliance : Ixcept as spectfically identified below, all data and information discussed
below and necessary for approval of BLA 125141 are owned by Genzyme Corporation or are
data for which Genzyme Corporation has obtained a written right ol reference. An ¥
information or data necessary for approval of BLA 125141 that Genzyme Corporation does
not own or have a written right to refercnce constitutes one of the following: (1) published
literature, or (2) a prior FDA finding of safety or effectivencss for a listed drug, as described in
the drug’s approved lahelin g Any data or information described of referenced below from a
previously approved apphication that Genzyme Curporation does not own {or from FDDA
Ieviews or summaries of o previously approved application) is for descri plive purposcs onty
and is not relied upon for approval of BLA 125141,
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BLA No 125141,

Studies reviewed within this submission: The studies reviewed w

include non-clinical pharmacology ( pharmacodyn

toxicology (general toxicology and reproductive toxicology).
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| Study Title Study Lot aumber | Testing Page
Number | Lab #

Clearance of glycogen in targeted tissues #01- GW10124094 Genzyme | 18
following 4 weekly doses of thGAA in 0713pga | E1585AMO3
6"°/6"Pompe knockout mjce R 007774
Efficacy of thGAA at 20 and 100 mg/kg in | #01- GW10124095 Genzyme | 20
the 676" knockout Pompe 1l mouse - 0813pga | E1585AMO03
model.
Analysis of glycogen depletion and re. #02- EI585AM03 Genzyme | 22
accumulation after administration of a single | 0209pga | GAO28
dose of thGAA in Pompe mice ]
Efficacy of thGAA in GAA knockoul mice #02- 11284103 Genzyme | 25
with every other week dosing and 0314pea
mvestigation of blood glucose levels in
GAA knockout mice pre and post dosing i
Investigation of glycogen depletion/re- #02- KSK11283091 Genzyme | 28
accumulation in GAA knockout mice after 4 0359pga

lﬂekly doses of thGAA |
A comparison of the efficacy of thGAA in 3 | #02- KsK11283092 Genzyme | 29
month and 12 month GAA knockout mice 0380pga
Investigation of thGAA KO mice treated #02- KSK 11283091 Genzyme | 32
with 10 or 20 mg/kg of enzyme for 16 weeks | 0500poa
Efficacy of thGAA in GAA knockout mice | #02-0715 | 930018 Genzyme { 34
with every other week dosing at 10, 20 and
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Investigation of the efficacy of processed #04- GA139 Genzyme | 48
thGAA in Pompe knockout mice 0279pga | GW12400008

Efficacy of 20001 and 160L rhGAA in the #05- 160L: 930018 | Genzyme | 50
Pompe knockout mouse model 0217pga | 2K:4573352

The investigation of the imnune response in | #03-
Pompe mice treated with rhGAA 0665pga

Pharmacokinetic studies:

Study title S Wludy # Lot# Testing
i ol Lab
Pharmacokinetics and biodistribution of H02- 330018 Genzyme
three formulations of thGAA in the GAA 0710pga | GAO63
knockout mouse L 1GAOR
Pharmacokinetics of thGAA in the GAA #02- EI585Am03 | Genzyme | 57
knockout mouse 0779pga | GAO28
____ | 930018
Pharmacokinetics and biodistribution of two | #03- [ GAAI Genzyme | 59
recent thGAA lots of formulated bulk 0370pga | (ref.std)
U3TPO21
03TP022
Pharmacokinetics of 160L rhGAA in #04- 751295 Genzyme | 61
CD:A®(ICR) BR mice _ | 0144pga | (1601)
Repeat pharmacokinetics of thGAA 2000 #04- GAL79 Genzyme | 62
liter in the Pompe knockout mouse 042dpga | GA180
930018
Pharmacokinetics of Alglucosidase alfa #05- #930018 Grenzyme | 64
produced at the 20001, scale 0414pga | (1601
5744693
(20001)

T’hannacokinetics and biodistribution of

#a-
rhGAA 2000 liter in the Pompe knockout tlSZpga

mouse

—— sy

2K:5744693
GA096 Genzyme | 51

]

4573352
(20001 o
GAT79 Genzyme | 68

(2000L,)
GA180
(20001.)
930018
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Pharmacokinetics and biodistribution of #05- 5744693 Genzyme | 69
Alglucosidase alfa produced at the 20001 0252pga | (2000L)
scale 4573352

(2000L)

930018

(1601.)
Pharmacokinetics and biodistribution of #03- GA095 Genzvme | 71
rhGAA on the Pompe knockout mouse with 0087pga
the presence of antibodies -
Pharmacokinetics and brodistribution of f03- GA096 Genzyme | 71
rhGAA in the presence of antibody afler 0543pga
infravenous dosing N
Toxicology studies:
Study title Study # | Lot # Testing Page

F.ab #

Effcct of a single intravenous administration | #6354- | GW101 24094 | 81
of rh-a-glucosidase to Sprague-Dawley rats 134 - |
Effect of a single-dose intravenous #6354- | GW10124094 ! — 84
administration of rh-a-glucosidase to beagle 132 ”
dogs A‘l
Effect of repeat intravenous infusion toxtcity | #6354- | 996793 —_— 86
study with recorubinant human acid-o- 157
glucosidase in cynomolgus monkeys with a !
14-day recovery period :
26-week toxicity study of recombinant human | #6354~ 608341 — {91
acid-a-glucosidase administered 152
intravenously every other week 1o
cynomolgus monkeys with a 2-week recovery
phase
Effect of repeated intravenous administration | #02009 GAD2ZE Genzyme | 67
of three formulations of rh-a- glucostdase to
C57Bl/6 mice
Effect of repeated intravenous administration | #6354 GWI0124094 | — 101 |
of th-a-glucosidase to Sprague- Dawley rats 133 '
for 4 weeks .
Effect of repeated intravenous administration #6354- | GAD28(1601) —~ 104
of three formulations of rh-a-glucosidase to 140 ET585AMO3
Sprague-Dawley rats — 1)

105067

(20001

Intravenous injection study of recombinant | #6354- 608341 e 10
human acid-a-glucosidase on ferility and i55

carly embryonic development to implantation 1

e

|
]
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1 mice

Intravenous injection study for effects on #6354- [ 751295 — | 114
embryo-fetal development with recombinant | 153
- human acid-e-glucosidase

Studies not reviewed within this submission:

2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

The primary pharmacodynamic studies consisted primarily of repeated studics
demonstrating dose dependent clearance of tissue glycogen load in the Pompe GAA knockout
mouse model under varying conditions. These conditions included varying dose levels,
treatment regimens, age of the animal and drug preparations. The doses tested ranged from ! -
mg/kg administered weekly for four weeks to 100 mg/kg administered weekly for 4 weeks.
The longest duration studies consisted of 10 and 20 mg/kg administered weekly for 16 weeks,
and 10, 20, 40 mg/kg every other week (qow) for 16 weeks.

In general, the thGAA showed consistent efficacy in depleting glycogen load from a range
of muscles including cardiac, diaphragm, quadriceps, psoas and triceps as demonstrated by
both histological and biochemical detection methods. Differences in response to the thGAA
were observed among the various muscles sampled. Glycogen was consistently cleared from
cardiac muscle more readily than from skeletal muscle. When rate of depletion and
reaccumulation were investigated, cardiac muscle appeared to clear faster and more
completely and the depletion appeared to last longer relative to skeletal muscle. When Pompe
knockout mice were treated with 100 mg/kg weekly for 4 weeks, complete depletion was
noted in cardiac muscle by day 1, in skeletal muscle by day 3. The onset of reaccumulation
was observed in skeletal muscle by day 28 but no reaccumulation was detected biochemically
for cardiac muscle at day 42. The various skeletal muscles showed significant variation in
response to rhGAA. The relative magnitude of depletion among muscle remained consistent
from study to study. The differences in efficacy among the various muscles tested may reflect
heterogeneity of mannosc-6-phosphate receptor among those muscles.

When efficacy between 3 month old and 12 month old Pompe knockout mice was
imvestigated, younger animals were significantly more responsive {o glycogen clearance by
rhGAA than the older animals. The refative magnitude of depletion among the muscle types
was consistent with other studies. The 12 month old mice had higher tissue glycogen load at
study initiation, which might have affected the resulting levels at study termination. When
long term dosing regimens were compared, results indicated that 40 mg/kg, qow, was as
cffective as 20 mg/kg administered weekly.

Several unscheduled animal deaths occurred during the phamacology studies with no
details regarding cause of death provided. Some of these deaths can be accounted for by
hypersensitivity reactions that are a common response of rodents to the thGAA. However,
some of the deaths could not be accounted for by hypersensitivity and no data on the potential
cause are provided.

Due to the concern about hypersensitivity, rodents were routinely pre-treated with
diphenhydramine (DPI1), usually at 5 mg/kg 20 minutes prior to infusion of the rhGA A, 1t is
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not known whether the vehicle control animals also reccived DPH, but it appears that no study
tncluded a DPH only control group.

- One study in Pompe knockout nuce was conducted to investigate the nature of the
hypersensifivity reaction seen routinely in mouse studies. Serum and plasma was collected
from GAA knockout mice after admimistration of thGAA and analyzed for the presence of
IgG, IgGl, 1gE, histamine, total complement and C3a/C5a. The results showed that animals
receiving vehicle alone had low IgG titers, no detectable specific anti-drug antibody, and no
detectable [gE titer. No detectable IgE titer was reported for any treatment group. Moderate
levels of histamine were detecled in mice receiving thGAA after the 3™ dose. Significantly
elevated histamine levels were detectable in mice receiving rhGAA after the 8" dose.
Significant levels of 1gG and 1gG1 titers were reported in all mice receiving rhGAA.

These data are consistent with hypersensitivity response in the Pompe knockout mice.

2.6.2.2 Primary pharmacodynamics

Mechanism of action: The function ot this product, human recombinant acid a-glucosidase
(rhGAA), 1s degradation of glycogen to glucose, a process that normally takes place within the
lysozomes of the cell. Enzyme deficiency results in accumuiation of glycogen in the
lvsozomal compartment, a condition known as glycogenosis type I1. The product is
administered intravenously (IV) as a form of enzyme replacement therapy (ERT). Once
internalized by the cell, and passed to the lysosome by intracellular mechanisms, rhGAA is
proteolytically processed, forming an active, multi-subunit complex which degrades lysosomal
glycogen at low pH (Van der Ploeg, 1988 Pediarr Res, Moreland, et. al., 2005, J Biol Chem).
Intracellular trafficking of the 110 kD form of thGAA to the lysosome is thought to occur
through a mannose-6-phosphate receptor dependent mechanism. This receptor is also present
on the surface of many cell types and is thought to play a role in uptake of exogenously
administered enzyme by endocytosis (Raben, 2003, Molecular Genetics and Metabolism).

Drug activity relaied to proposed indication: Glycogen storage disease type I (GSDID), also
known as Pompe disease, is an inherited condition resulting in a disorder of glycogen
metabolism duc to defective function of the lysozomal hydrolase acid o-glucosidase in all
tissues. The symptoms of Pompe disease are mainly due o functional impairment of skeletal
and cardiac muscle, resulting in weakness, cardiomyopthy and cardiomegaly and respiratory
impairment due to weakness of the diapiragm.

The following studies were included in the BLA submission as support for the primary
pharmacodynamic activity of natalizumab.

Study #01-0713pea

Title: Clearancc of glycogen m targeled tissues following 4 weekly doses of thGAA in
61160/(“6[') )] -
: 5 Pompe knockout mice.

Drug, lot#: The lot numbers for each of the enzymes are listed below as presented b y the
Sponsor:
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Test Article(s:: ' 7 Lot Number:

1. Genzyme thOAA 1. GWI61 24004
2.8 —hGAA 201385 AMG3
3.1 2K rhGAA AT

Methods:

The purpose of this study was to compare the clearance of glycogen from tissues of the Pompe
GAA knockout mouse model following trealment with three different but similar thGAA
forms. Mice (4 per group) were treated with one of three enzymes {Genzyme, BI — or BI2K)
at | mg/kg or S mg/kg week]y.

e

Animals: mouse, Pompe 6"/6", 4/group
Age: 20 gm at study initiation,

The table below, supplied by the sponsor, illustrates the basic study design. Animals were
dosed weekly for 6 weeks followed by sacrifice.

Groop | Fof | Dose ¢ Conc, | Test Amcie | Vebicle | Dasmp 1 Reute of
L2 Artferals §omgkg | mpdng A : Reginew |+ Sdmisistration
3 4 0 ¢ MA ] Nodesing j MNA Nor dusing No Dosing
T 4 i MA L Velkile
3 4 L [F I ;wrs(} T7 — sedium™ v
ROAA plesspliate, ob
4 4 § Cin Chsie v _ maRial. ey woskly
rHEAA for frdases ¢
3 4 I A TS 3%mM histicine | (soe deviation) |
rhiAA p&*f &8 with ?
i e 2 1 . . —— VAP, T fhnn :
G ST T R 0026 Twean 20 |
Dorktian | i
U SP— E gt ¢
¥ i { LI B ) S g — e
HGAA i whesplate - é

i

5 e z TETTTRY = wsannin] wod

L nGAA _] - | |

"Mote: Al amimals roceived Smzfkp diphendiydizming 3 150 unues BHOT 1O LRmUne Bl et e Seuing
duse und dhereailer.

The table, below, supplied by the sponsor lists the scheme for sample collection:

Sample Cpliection:

GN}"’P . kﬁfim}:@\}”‘:‘:m A M;:‘H:E‘l{‘..(:!!'i‘-;‘;( - ST e NJMMM—‘;
[ D Prodase | The fTowing 156068 w tedd fur ghycoaen wmly s ”
15 24 o Faver, spieen, kidieys, foreliond mascie, hisdiing mu
after fimd 7 beart ap songee
lose
v Fermminnd Blouds wero abe e e chagead ¢ 4 heraainig !
i SURPUP i+ Ak ek
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Results:

The results of in-life analyses showed no remarkable signs of toxicity. The glycogen load of
heart and skeletal muscle was evaluated using computer assisted morphometry after
appropriate processing and histological staining. No dose response pattern in tissue glycogen
load was detected for the skeletal muscle samples. For heart muscle, a small degree of
glycogen clearance was observed for all enzymes at the 5 mg/kg dose level. Due to large
variability, significance is questionable. The largest effect was seen with the BI2K enzyme at
5 mg/kg in cardiac muscle. These results were confirmed using an enzymatic colorimetric
assay to assess tissuc glycogen in the muscle samples. One animal was found dead on the day
of necropsy. However, no remarkable in-life observations were reported during the duration
of the study.

Liver tissue showed approximately 33% and 67% reductions after treatment with 1 and §
mg/kg, respectively

No dose response was noted in tissue giycogen clearance from skeletal muscle for any
of the three preparations. A small percentage of clearance of glycogen from cardiac muscle
was observed after 5 mg/kg dosing for all preparations. The changes did not appear to be
statistically significant due to the large variation in results. The lareest reduction was observed
with the BI2K preparation.

The following graph, provided by the sponsor, summarizes the biochemical analyses of heart
tissue glycogen levels after treatment with rhGAA:

Glycogoen Results, Study 01-0713Pga, Heart !

30

mg glycogen / g wet tissue

Conclusion:

Depletion of glycogen from the various musele tissues was small and statistical significance
was not achieved.

Study # 01-0813pea

Title: Efficacy of thGAA at 20 and 100 mg/ky in the 6"/6™ knockout Pompe [T mouse
mode].
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Drug Lot#:

Project/Tesl Article(s): Lot Number:

t. Genzyme thGAA L OWI0124093

2. BI — thGAA 20 L1385 AMO3
Methods:

The purpose of this study was to evaluate and compare efficacy of two doses of rhGAA after 2
and 4 weekly doses in a Pompe knockout mouse model. Efficacy was determined by
analyzing tissue glycogen levels using biochemical methods as well as Metamorph analysis.

Animals: Mouse (Pompe 6"“/6""), female, 25 gm at study initiation
Dosing: 0, 20 or 100 mg/ke

Study design:
The basic study design is illustrated in the table below (supplied by the sponsor):

Grovp | ®of Drse | Cone. | Test Aniele Velicle i Tosmg b Remewst
2@ fwmals oegke | ompdmd g " e P Repumen | Abninisteation
1 G - 0 NA Vakiele i i

. !
2 - B¢ 3T Genavme | b | |
= N i e Oor weekly :
shiiAA phosthale, pH o ““l & I
S S S | I T ot o 2or s
ERREE i 14 (:‘*'zs,vrw . ihiges :
| ohGas ?
CI S VA S T e T
_ thrA A % phosphme pH G5,
b b 1 10 Bf — 26 eanndsol and
hGAA t u % sucrose i
4 - RPN . e e gt L

PNane: Adl aipmals received Smgfie diphenhvdranme 1P 13-20 minotes prict o reatme ol al the sacond
doss apd theresfer

The following samples were collected (table supplied by the sponsor):

Group | Timepoin [ Fissue collection o ]

il Prodose (nd © The folfowing lissnes were cotlootod B v *xmu aeilysis %

2 vy (B Liwer, forglin nmeede, hindiimb mascle, ﬂphru{m th_x :

o +doses [0y 7 teagie i

3.5 2 doses (ne?)
Resulis:

No significant test article-related adverse effects were noted during the in-life portion of this
study. Histological analysis of the glycogen load in cardiac and skeletal muscle showed
significant clearance of glycogen in a dose related pattern after 4 weeks of treatment (up to
95% clearance).

The glycogen toad in each tissue sample (cardiac and skeletal muscle) was measured using
computer assisted morphometry with MetaMorph software. A dose-related pattern of
glycogen depletion was observed for both muscle types. Clearance was greater with the 100
mg/kg dose than the 20 mg/kg dose. The 100 mg/kg dose showed greater clearance 1n cardiac
muscle than skeletal muscle (95% and 50-75%, respectively). The clearance after two weeks
was much less robust. Clearance of glycogen from skeletal muscle was less robust (50 to 75%
clearancc after 4 weceks of therapy) relative Lo results for cardiac muscle. Thesce results were
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confirmed by analytical biochemical analysis of the tissue samples. The graphs below,
provided by the sponsor demonstrate, as an example the depletion of glycogen in heart muscle
after 2 and 4 weeks. The hustological analysis gives resuits in % area occupied by glycogen.

Stunty G1-0813 #gacifetaMarph Analysis of Tinswe Giyeagen in i Pempr Mause fodel Hoant
Ared S 01 2 Wepks

TARFEPIG 360 Lmpneked By gReaRaEn

% e nps R PRy N I

Sty G 10813 Pa: Metatlarph Aningals of Tlesae Glyiogen in the Pompe Magee Mge
Heged aad Quiand 8t 4 Weeks

Ad0J 3181SS0d 1539

seccant gred poupied by gtetiogen

Conclusion:

After treatment with thGAA, tissue glycogen load is cleared in a dose and time-related
manner. Cardiac muscle is the most sensitive to glycogen clearance by thGAA. This finding
may be duc to higher density of mannose-6-phosphate receptors in this tissuc type.

Study # 02-0209pea
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Title: Analysis of glycogen depletion and re-accumulation after administration of a single
dose of thGAA in Pompe mice

Drug Lot#:
Project/Test Articleis): Lot Numben
1By — { LI585 AMOR

2, Geazyme thGAA 2 GANZE

Methods:

Animals: mouse, Pompe (6"/6"")

Age: 3-4 months

Dosing: 100 mg/kg for each enzyme. No control group was used.

The basic study design is illustrated in the table below, supplied by the sponsor: Each animal
recetved a single dose and groups were sacrificed at 0, 1, 3, 6, 8, 14 and 21 post administration
{n=3 per timepoint).

Giroup | Mouse | %of | Dose | Cenc, | Tesl . Mebile osiny | Dose )
sHain  Apjmals | mgdhe ¢ omgfinl L Al T T
i Tromipe | T T i Bl w7 Sodiem
thCiAA | TPhosphate, =
: -
[ L mammital,
P Pempe | 20| 166G E Geﬂz}'rm{“i — odium|  Vinale dose e
e LY fl*hos]ﬂmm pH
: P ;
} : [ mannitod, i
b L e =
The following table, supplied by the sponsor, lists the sample collection for this study.
(Group [ Timwpoint | Trsue colleetion _ ) _
l _ The folowing tissaes were collected {or biochamical
ghycogen andlysic and enzyime setivity anatysis' (snap
frozeny: . -

Tissues were
eoltected at G, 1, 5. 6,
.1 ang 21 days

- after injection

Liver, heart, diaphragm, quadgiceps, triceps and psoas muscle

ot

The foltowing tissues were cotlected for histopatbokigical
ghyengen mnalysis (3% gluteraidehydead
{ Laver, beart, diaplyagm. quadriceps, triceps and psoas musele

et S

"Frozen tissue sarsples wore sent o Or entyme aclivity analysis.

Results:

The resuits of the histological analysis showed that, after a single dose of either BJ — or
rhGAA (100 mg/kg), glycogen is pragressively cleared from cardiac muscle for up to 21 days
with nearly complete depletion at 14 days. No re-accumulation was detected by 21 days post-
injection. Genzyme rhGAA appeared to be equal to or slightly more effective than BT — n
effectivencss. The treatment appeared 1o be less effective for other muscle tissue (triceps.
psoas, diaphragm, quadriceps). The histological resulis were conlirmed by biochemical
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analysis of the tissues. The graphs below, provided by the sponsor illustrate the relative
depletion observed in various tissues.

I3 - o

Glycogen Results, Study 02-0209Pga,

Heart
o3
L ow 25
. g 720 e
i by S Bl
L83 18
L 2w 10 4 ONZYIMe
5 ) &
i b 2 5.
: E 0 : 4
6 1 3 6 8 4 21
Timepoint (days)
Glycogen Results, Study 02-0209Pga,
Guadriceps
Lo s
L e
BN
pg
-
R
- .
P E {

: a 1 3 6 8 14 21
: Timepoint (days}

Tissue rhGAA activity: Enzyme activity analysis demonstrates that the two preparations of
rhGAA have similar persistence time in the tissues. The graphs below, supplied by the
sponsor illustrates the tissue thGAA activity over time after a single dosc.
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Conclusion:
The results of this study are consistent with other studies demonstrating that cardiac muscle is
sensitive to the glycogen depleting activity of rh(GAA than other muscle tissues examined. A

single dose of rhGAA of 100 mg/kg can clear glycogen from cardiac tissue to below levels of
detection for up to 21 days.

Study # 02-0314pga

Title: Efficacy of thGAA in GAA knockout mice with every other week dosing and
investigation of blood glucose levels in GAA knockoul mice pre and post dosing.

Drug Lot#:

ProjectsTest Ariiclossi Lot Number:
b Gicngyme thTAA Lo 4284103
20 Wehiele iplaccho bullen R B s S

25

Ad09 31191SS0d 1534
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Methods:
The objective of this study was to evaluate the efficacy of rhGAA in GAA knockout mice after

every other week dosing for 2 or 4 doses. 'The intent of testing blood glucose was not
successful because the N nat objective was not
pursued after the first dose. Mice werc treated with thGAA or vehicle and sacrificed after 2 or
4 doses of 100 mg/kg. An additional control group that received no injections was also

destgnated.

Animals: Mouse, C57B1/6 and mutant Pompe (6""/6"°} mousc

Dosing: 0 or 100 mg/kg, every other week for two or 4 weeks.

Study design: Beginning with the second dose, mice were treated with 5 mg/kg
diphenhydramine, IP, 20 minutes prior to dosing o combal cxpecled hypersensitivity. Tissues
were taken at sacrifice (liver, heart, diaphragm, quadriceps, triceps and psoas muscles) and
analyzed for glycogen content histologically and biochemically. Then table below, provided
by the sponsor, tllustrates the basic study design.

Dose
fv\u[g .

— . —
H E i nit

Com

;ommfee]

|
i

i —

; : v t Mgy b H

| ; ! ‘: o wwery ot

' i o Dok Far tve or

! ; [aceho

; } bafler | fonsr dosey (4
A U IS UV U V30 SO sl B
3 IR 5 : X dns..
6 | Fomps EN R . R .

i i.;:“‘u.f{.(‘ oy LAl fuonae & 1| tivxi\ i

Group, | Timepoint
Bascline. | Tadd vain blend sy
e {nre- I Chak sdvanmes disboes monin
H
5

e
“4

Aol |

s post-
dose, 2
prost-dho
frst j
mjeelinay |
Tasciive and {
fagted ,
i N m—_g

HUy

s Ll

Lad

20



Reviewer:Barbara J. Wilcox, PH.D. BLA No 125141,

ot o A e AR i . re i TR e v b bt

[Gigup,_ | Timencint " Hissue collection o .
] 7 ddays after st The fotlowing igsves were colincted for plocherml

jrtien {2 doswsh o Jxlngwmm 15 [$tagr Frigen)
{fve. hoart, disphoagm, gusdrceps, e fod peons musele

} last Enjectlion L2 : glyuuwcn analysis (3%
s s 0w 20 bowrs D aver, hoarl, diapReagin. choericops, I0seps win iuds moescie
[RT [T ?“ 2 i

USRI S et g 0055

S T B wals - by 3

; ﬁﬂdb.lf}?i\ o, Ulvaps am! paads masile )

e e L g v e

Results.
No remarkable findings reported for clinical obecndtlom OF gross necropsy examination.

Biochemical results showed that glycogen was completely cleared from heart muscle after 2 or
4 doses of thGAA. Blood glucose levels could nol be evaluated in a meaningful way due to
the presence of sucrose in the test article formulation. Skeletal muscle showed significant
decrease in glycogen (63% in quadriceps, 33% in psoas, 83% in diaphragm, and 46% in
triceps) relative (o control. After 4 doses, the depletion was greater (range: 68% to 94%).
Morphometric analysis confirmed these findings.

The following table and graphic, provided by the spounsor, illustrate the glycogen content of
the various tissucs examined. (Values represent the mean of each group in mg/gram of tissue.)
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Conclusion:
These findings agree with those of other studies showing greater efficacy of rthGAA treatment

in cardiac muscle relative to skeletal muscle.

Studv # 02-0359pga

Title: Investigation of glycogen depletion/re-accumulation in GAA knockout mice after 4
weekly doses of thGAA

Drug Lot#:

Praject/Test Articleds): Lot Number:

I, Cenzyme thGAA Lo KsK 1128300t

2. Vehicle 20 Kk 31283092
Methods:
Animals: mouse, Pompe KO (6"/6"), 25-30 grams at study initiation
Dosing: 100 mg/kg or vehicle |
Study design:
Groups of mice were given weckly doses of thGAA for 4 weeks, followed by sacrifice on
SD1, 3, 7, 21, 28 and 42 alter the last dose. Beginning with the second dose, mice were pre-
treated with 5 mg/kg diphenhydramine, TP, to avoid hypersensitivity reactions. The table
below, supplicd by the sponsor, illustrates the basic study design.

| {rous f #of ! e [ o, | Yesl Artivle ] veldele | Froesi P Dose
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i e 1%l ; W ag Chaitpmus 1 _ ! I
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Sample collection is described in the table below, supplicd by the sponsor:
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Tissue glycogen levels were determined using biochemical methods as well as histological
methods (MetaMorph analysis).

Results:

No adverse effects attributable to test article administration were observed during the in-life
portion of this study.

Biochemical results showed glycogen content was reduced to non-detectable levels in
cardiac muscle and diaphragm by day 1 after the final injection of rhGAA. No significant re-
accumulation was detected biochemically up to day 42. However, histological analysis
detected slight re-accumulation beginning on day 21 for cardiac muscle. {Diaphragm was not
analyzed histologically.) Quadriceps muscle samples showed partial depletion (52%) by day 1
and with continued decline on days 3, 7, 14 and 21. Complete depletion was noted on day 3.
Slight re-accumulation was noted starting on days 28 and 42. Significant reduction was
observed on day 3 with gradual re-accumulation up to day 42. However, glycogen levels
remained significantly below control levels at day 42. Similar results were obtained for psoas
muscle samples. Triceps muscle less depletion than quadriceps muscle but the reductions
followed a similar pattern with the lowest levels observed on day 3 followed by slow re-
accumulation. The data table below, provided by the sponsor, gives the biochemical analysis
results for each tissue cxamined at each timepoint. Values are in units of m g/gram tissue.

Conclusion:

The results of this study agree with those of other pharmacology studies indicating that thGAA
administration results in near complete depletion of glycogen load in the cardiac muscle
sample. The effect was less robust in other muscle types. The glycogen depletion persists for
at least some time after termination of dosing. Gradual re-accumulation will occur at varying
limes after treatment is stopped.

Study #02-0380pgea

Title: A comparison of the efficacy of thGAA in 3 month and 12 month GAA knock out
mice.

Drug Lot#:
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Praject Test Article(si: Lot Number;

b Gengyme thGAA 1. KsK1128300)
2 Valyeke 2 OKsKii283002
Methods:

The purpose of this study was 1o compare efficacy of thGAA replacement in 3 and 12 month
old Pompe mice. The test arficle was administered weekly for four wecks at a dose of 100
mg/kg, LV, Glycogen levels in samples of a variety of muscle including cardiac, quadriceps
psoas and diaphragm were analyzed histologically using computer assisted morphometric
analysis as well as biochemically for confirmation.

2

Animals: mouse, GAA knockout, n=5/group, gender not specifted
Dosing; 0 or 100 mg/kg administered 1V weekly for 4 weeks.

Study design: The basic study design is illustrated in the table below, provided by the sponsor.
Groups -3 consisted of 3 month old mice; groups 4-6 contained 12 month old mice. Controls
lor both ages were either sacrificed pre-dose or received injections of vehicle only. All mice
receiving injections of thGAA or vehicle were sacrificed 7 days afier the final dose.
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Results:
No effects attributable to test article administration were noted during the in- 11f ¢ portion of this
study. No abnormal findings were noted at gross necropsy.

Cardiac and quadriceps muscle were analyzed histologically for cellular morphology
and glycogen content using computer assisted morphometry. After 4 weeks of dosing (100
mg/kg), 3 month old mice showed reductions in glycogen of 97.5% and 99.9% in quadriceps
and cardiac muscle, respectively, relative to vehicle-treated controls.

After 4 weeks of dosing at 100 mg/kg, the 12 month old mice showed less dramatic
reduction in tissue glycogen. Reductions reported for quadriceps and cardiac muscle were
65.0% and 78%, respectively, relative to vehicle-treated controls.

Biochemical analysis confirmed these findings. In addition, reductions ol glycogen in
diaphragm muscle displayed a similar patiern to cardiac muscle showing compete depletion in
3 month old mice after 4 weeks of treatment. Glycogen depletion in triceps, psoas and
quadriceps in the 3 month old mice were 77%, 89% and 93%, respectively.

Biochemical analysis showed significantly more glycogen accumutation in cardiac and
diaphragm muscles pre-dosing for the 12 month old mice relative to the levels at 3 months.
This difference was not apparent for the other skeletal muscle samples (triceps, psoas or
quadriceps). Glycogen depletion after 4 doses of ThGAA for the 12 month animals was 97%
for cardiac muscle, 76% for diaphragm, 40% for the quadriceps, 45% for the psoas and 35%
for the triceps. These data indicate that glycogen in the older animals is not as readily cleared
as the in the vounger animals. The table below, supplied by the sponsor, summarizes the {inal
mean glycogen levels in the various tissue samples.
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Analysis of thGAA activity in muscle samples from treated mice was also performed.
Enzyme activity in the 12 month old mice was increased relative to the 3 month old mice for
cardiac and diaphragm muscles. The reverse was true for the other striated muscles. Results
for the 12 month old mice were more highly variable relative to values for the 3 month old
mice. The table below, provided by the sponsor, summarizes the mean thGAA levels in the
tissues examined.
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Conclusion:

These results suggest that, skeletal muscle from older mice may be less responsive to the
effects of rhGGAA administration. However, the starting glycogen load was generally larger for
the older animals and may have required larger doses or longer duration of dosing to sec the
full effects of the treatment.

Study # 02-0300pga

Title:. Investigation of thGAA in GAA KO mice trealed with 10 or 20) mg/ke of enzyine for
16 weeks

Drug Lot#:
Project/ Test Articleds): Gereyme shiAA Lot Number: Kel 1 1283041
Methods:

The purpose of this study was to explore efficacy of two doses of ThGAA in the Pompe GAA
knockoui mouse model. The doses compared were 10 and 20 mg/kg delivered [V weekly for

16 weeks.
Animals: mouse, Pompe KO (6"°/6"), 5-6 month at study initiation, gender not specified

Dosing: 0, 10 or 20 mg/kg delivered IV weekly for 16 weeks.
Study design: Groups of animals were sacrificed after 4, 8, 12 or 16 doses. The basic study
design is illustrated in the table below, supplied by the sponsor.

~eLARS THIS WAY
31 ORIGINAL
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Resnlts:
Four mice died during the in vivo portion of this study. Two mice were found dead 24 hours

after the third dose (one from group 3, one from group 6). One mouse from group 6 died 15
minutes after the 4" dose and one mouse from group 10 was found dead 24 hours after the 10"
dose. The sponsor hypothesizes that the deaths were duc to hypersensitivity responses to the
rhGAA. Clinical observations consistent with hypersensitivity response were reported for
other mice subsequent to the 3™ and 4™ doses.

When mice were sacrificed after 4 weeks of treatment with 10 mg/kg thGAA, cardiac
glycogen was reduced by 27%. After 8, 12 and 16 doses, glycogen was reduced by 45%, 60%
and 53%. Comparison is made relative ta vehicle control mice. After treatment with 20
meg/ke for 4, 8, 12 and 16 weeks, glycogen levels were $7%. 75%, 09% and 66%,, respectively.

Ad0) 3181SS0d 1S39
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For quadriceps muscle, afler 4, 8, 12 or 16 weeks of dosing at 10 mg/kg glycogen
depletions were 23%, 41%, 43% and 12%, respectively. After treatment for 4, 8, 12 or 16
weeks of 20 mg/ke, glycogen depletion for quadriceps was 29%, 28%, 61% and 35 %,
respectively. The tables below, provided by the sponsor, summarizes the glycogen deplction
in cach of the tissucs examined. {Expressed in mg/gram wet tissue.)
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Conclusion:

A time and dose dependent decrease in tissue glycogen tevels was noted for cardiac and
skeletal muscle. In gencral, glycogen depletion was greater for cardiac muscle than skeletal
muscle and the 20 mg/kg dose was more effective than the 10 mg/kg dose. Depletion was
grealer after each subsequent dose up to week 12. For both dose levels, a small increase in
tissue glycogen was noted after the 16" dose by morphometric analysis, indicating that re-
accumulation had begun at this time point.

Study #02-0715pga

Title: Efficacy of thGAA in GAA knockout mice with every other week dosing at 10, 20, and

40 mp/kg

Drug Lot#:
Project/ Test Articlels ) Cienzyme rhGAA - Lot Number: 930018

Methods:
The purposc of this study was to evaluate the efficacy ot Genzyme rhGAA, 160 L product, In

reducing tissue glycogen of the mutant GAA knockout mouse

Animals: GAA knockoul mouse, Pompe KO (6"/6"), gender not specified, 25-30 g at
study initiation
Dosing: 0,10, 20, or 40 mgfky

Study design: Mice received test article by IV administration every other week {ow) for 8
weeks, Prior to the 2™ and subsequent doses, animals were pre-treated with diphenhydramine
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(5 mg/kg, IP) to prevent hypersensitivity reactions. The basic study design is illustrated in the
table below, provided by the sponsor. The mice were sacrificed either pre-dosing or after 4

gow treatmenis.
Stueedy Design Table
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After sacrifice various muscle samples were rcirieved for analysis of glycogen levels by
biochemical and histological methods.

Results:
No adverse findings attributable to the test article were noled during the in-life portion of this
study.

Histology results: Cardiac and quadriceps muscle samples were analyzed using computer
assisted morphometry. A dose respouse effect of rhGAA was noted for glycogen depletion in
both cardiac and quadriceps muscle samples. Cardiac imuscle showed reductions in glycogen
of 22%. 38% and 93% for the 10, 20 and 40 mp/kg dose groups, respectively, relative to
vehicle control. A small reduction was noted for quadriceps muscle with reductions of 2%,
21%, and 52%, relative to vehicle control.

Biochemical results. (Enzymatic colorimetric assay used for all studies.) For cardiac muscle, a
clear dose response was observed for tissue glycogen levels. Complete depletion was reported
for the 40 mg/kg group. A less dramatic effect was observed for the quadriceps muscle,
although a trend of reduction demonstrating a dose related was present. Similar results were
ohtained for other skeletal muscle samples with greatest depletion observed at the 40 mg/kg
dose. The table below, supplicd by the sponsor, summarizes the glycogen levels for cach
tissue examined for cach dosc. (Data is expressed in mg glycogen/gram wet tissuc.)
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Conciusion:
A clear dose response effect in reduction of tissue glycogen content was apparent for both

histological and biochemical analysis after 4 weeks of treatment with thGAA. IN agreement
with other studies, cardiac muscle 1s apparently more responsive to the glycogen depleting
effects of thGAA. AT 40 mg/kg, near complete depletion of glycogen was noted for cardiac
muscle.

Studv #02-1136pga

Title: Determining the optimal debulking dose of rhGAA in the Pompe knockout mouse

Drug Lot#:

Project/Tost Articdels): Genoyme thGAA Lot Number: GAQZS

Methods:

The purpose of this study was to explore dosing and regimen for clearing accumulated
glycogen from cardiac and skeletal muscle of the GAA knockout mouse. Animals reccived
F00 mg/kg in three different regimens: 2 weekly doses, 3 weekly doses or 2 doscs gow.

Animals: Pompe GAA knockout mouse, Pompe KO (6"°°/6™), gender not
specified.
Dosing: 0 or 100 mg/kg, IV administered weekly or every other week (qow)

Samples were taken at 3, 7 or 14 days post-dose. Three groups of nine mice each were
designated.

Study design: The basic study design is illustrated in the tables below, provided by the
Sponsor.

APPEARS THIS WAY
ON ORIGINAL
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Study Design Table
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Results:
No findings attributable to test article administration were noted during the in-life portion if

this study.

Glycogen was 100% depleted in cardiac muscle at all timepoints except the day 3 day point for
the group receiving 2 weekly doses. In the remaining skeletal muscle samples, results for the
groups receiving 3 weekly doses were similar to those of groups receiving 2 qow dosing. The
tables below, supplied by the sponsor, summarize the glycogen levels in each tissue examined
for each group. (Data given in units of mg/gram wet tissue. )
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Conclusion:
The least effective regimen for the 100 mg/kg dose level was the biwoekly two dose regimen.

Study #02-1165pga

Title: Long-term dosc response of qow dosing 1n the Pompe knockout model

Drug Lot#:

ProjectTest Article(s): rhFAA 1.0t Nowher: GAOIS

Methods:

The purpose of this study was to cvatuate efficacy of thGAA administered every other week
(qow) in clearing glycogen long-term in the Pompe GAA knockout mouse model. Five groups
of mice received doses of 0, 10. 20 or 40 mgikg, qow. One of the 2 groups receiving 20 mg/kg
was dosed weekly. Tissue samples were analyzed for glycogen depletion using histological
and biochemical methods as in previous studies.

Animals: tThGAA knockout mouse, Pompe KO (6"/6"), gender not specified.

Dosing: 0, 10, 20 or 40 mg/kg administered 1V either weekly or qow

Study design: Five groups of mice were designated: groupl was sacrificed pre-dose or
received vehicle, group 2 received 20 mg/kg weekly, group 3 received 10 mg/kg, qow, group 4
received 20 mg/kg, gow, group 5 received 40 mg/kg, qow. Mice were sacrificed 7 days alter
the final dose. Study duration was 16 weeks. Glycogen levels in selected muscle tissues were
determined by biochemical and morphological (histological) methods. The following tables,
provided by the sponsor, illustrate the basic study design.
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Study Dasign Table
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Resalts:
Seven deaths occurred during the study. A majority of these deaths were attributed to

hypersensitivity reactions. Hypersensitivity is not unexpected with this product in mice.
Treatment with diphenhydramine was able to prevent death in some cases where signs of
hypersensitivity were recognized. One death from group 4 was determined to not be due to
hypersensitivity but the cause was not determined,

Histology results: Cardiac and quadriceps musclc were analyzed by computer assisted
‘morphometry (MetaMorph) for tissue glycogen levels. The results showed depletions in the
quadriceps muscle of 48.7%, 15.3%, 12.1 % and 53% for weekly dosing at 20 mg/kg, qow
dosing at 10, 20 or 40 mg/kg, respectively. Glycogen level changes for cardiac muscle for the
same groups were 131.3%, +106%, -36.7% and -41.7%.

Biochemical results: A dose dependent reduction in glycogen levels was observed for qow
dosing from 10 mg/kg to 40 mg/kg. Long-term qow dosing at 40 mg/kg was as effective at
clearing glycogen accumulation as 20 mg/kg administered weekly. Depletion was apparently
more efficient in cardiac muscle than skeletat muscle with glycogen levels consistently lower
in cardiac muscle after similar dosing. The lowest glycogen levels were observed after 20
meg/kg admnistered weekly.

)
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Serum anti-drug antibodies: ELISA assay was used to determine the level of anti-thGAA
antibodies in the mouse serum taken at weeks 4, 8, 12 and 15. Anti-drug antibodies were
detected for all dosing regimens and dose levels. Highest levels were found in animals treated
at 40 mg/kg, qow, at weeks 8, 12 and 15. The table and graph below, supplicd by the sponsor,
summarized the resulis of tissue glycogen loads and thGAA levels for each tissue examined in

cach group.
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Conclusion:
These data demonstrate that dosing af 40 mgikg, qow, is as cffective in cardiac muscle as 20

me/kg weekly. Dasing of 40 mg/kg, gow, would be needed to equal the effect in the
quadriceps muscle that 1s seen with 20 mg/kg weekly.

Study #03-0255pga

Title: Investigation of a debulking and maintenance dosing regimen using thGAA in the

Pompe knockout mouse model

Drug Lot#:

Praject:Test Articie{si: Genayime thGAA - Lt Namber: (GADYS
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Methods:
Animals: thGAA knockout mouse, Pompe KO (6™°/6™"), gender not specified.
Dosing: The dosing regimen included inittal high dose (100 mg/kg X 2 gow) followed by
lower doses (5, 10 or 20 mg/kg), qow, lor 16 weeks. Test article was administered V.
Study Design: The basic study design, dosing regimens and sample collection are illustrated
in the tables below, provided by the sponsor. Tissue samples were analvzed for glycogen
content using a biochemical colorimetric assay.

Study Pesign Table
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Results:

Two mice died during the in-life portion of the study. The cause of death was not determined.
However, the timing of the deaths was not consistent with an acute hypersensitivity response.
Glycogen assay results: A significant reduction 1 accumulated glycogen was observed for all
samples after 2 doses gow at 100 mg'ks  Reaccumulation was noted in all tissues from
animals receiving mainienance doses of > or [0 mefkg. Re-accumulation was more robust in
skeletal muscle samples that cardiac muscle or diaphragm. Re-accumulation {or cardiac lissue
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and diaphragm from animals receiving maintenance doses of 20 mg/kg, qow, or monthly was
rated as moderate and re-accumulation for this group in skeletal muscle was rated as
significant. The levels after re-accumulation were simtlar to those from the vehicle
maintenance group.

The tahle below, provided by the sponsor, summarizes the mean fevels of glycogen for each

tissue for each dose regimen.
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Alpha glucosidase activity assay: A signtficant amount of thGAA activity was detected in
tissues after the 100 mg/kg, qow, initial clearance regimen. A dose response was noted in all
tissues (except psoas muscle) during the maintenance phase of dosing. More thGAA activity
was observed after the 20 mg/kg monthly regimen than for the 20 mg/kg, qow, regimen. No
explanation was given for this phenomenon. The table below, provided by the sponsor,
summnarizes the results of the thGAA activity analysis.
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Serum anti- a’msz annhou’} fevels: Significant anti-drug antibodv titers were detected n all dose
groups. A small increase in titer was observed between days S and 9 bul ne increasces
thereafter. No apparent correlation with rhGAA dose was noted.

Conclusion:
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The results of this study are consistent with those of other similar studies indicating that
thGAA is more effective in clearing glycogen from cardiac muscle relative to other types ol
muscle and that reaccumulation does occur afer termination of dosing. Enzyme activity
studies confirm that thGAA is retained in the tissues with highest levels of activity found

the liver.

Study #03-0317pga

Title: Efficacy of two recent thGAA lots of formulated bulk.

Drug Lot#: .
Projeci/Test Article(sh: CGenzyme WmGAA Lot Numbers: GAAL GITPO2E O3TPOLL

Methods:
The purpose for this study was to compare efficacy of two lots of formulated bulk {rom the

1601 scale. Biochemical analysis of lots 03TP021 and 03TP022 showed —_—

— elative 1o the reference standard lot, GAA1. Animals received doses of one
of three drug preparations: one group received refercnce material, two groups recetved drug
from one each of the two lots that showed a deviation in — results.

Animals: thGAA knockout mouse, Pompe KO (6"™°/6™"), gender not specified.

Daosing: ¢ or 100 mg/kg of each of the three lots o be compared for efficacy. Test article was
administered 1V, gow, for 2 doses.

Study design: The basic study design is illustrated in the tables below, provided by the
sponsor. Animals were sacrificed 14 days after the sccond dose. Tissue samples were
analyzed biochemically for glycogen clearance. Serum was stored for future reference as

needed.
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Results:

A thyroid neoplasm was noted at necropsy lor one mousc from group 2. The mass was not
present al the time of the sccond dosc. This finding was thought to be spontancous and not
related to the test article. 1t is not clear why this judgment was made by the sponsor. White
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spots were observed on the liver of one mouse from group 2. No information regarding this
finding was given. The sponsor states that the finding is not related to administration of the
test article.

No significant differences in glycogen clearance were detected among the three treated
groups relative to control for any tissue analyzed. Complete depletion of tissue glycogen was
observed for cardiac tissue, approximately 30 -40% rcduction in quadriceps muscle,
approximately 50% reduction in triceps, approximately 25% reduction in psoas muscle. The
diaphragm showed a larger mean depletion cffect relative to control than other skeletal muscle
sarples but the large variation resulted in no significant difference between the treated groups.
The tables below, provided by the sponsor, summanze the results of tissue glycogen loads in

each dose group for each tissuc.
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Conclusion:

No significant difference in cffectiveness in glycogen clearance was observed between the
three lots. However, study # 03-0370pga demonstrated that the pharmacokinetics of lots
03TPO21 and 03TP022 differed significantly from the reference standard lot GAA1. (AUC for
lots 03TPO21 and 03TP022 were 30-50% less than that for the standard lot GAAL). The
apparent discrepancy between the two studies suggests that the glycogen clearance data is not
a sufficiently sensifive measurc for detecting potential variations among lots.

Study #03-0462pga

Title: A comparison of 3 and 12 month old Pompe mice treated with thGAA

Drug Lot#:
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Praject/Test Articlefsy: Genzyme hGAA Lot Number: GAOGS

Methods:

Animals: thGAA knockout mouse, Pompe KO (6™°/6"), gender not specified.

Dosing: 0 or 100 mg/kg, adminisicred weekly for 4 weeks

Study design: Four groups of mice were destgnated: groups | and 2 contained 3 month old
mice, groups 3 and 4 contained 12 month old mice. All mice were sacrificed 7 days after the
{inal dose. The tables below, supplied by the sponsor, illustrate the basic study design:
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Results:
A lump was observed on one mouse from group 3. The lump was removed at necropsy and

examined histologically. The results identified the lump as a deep soft tissue abscess probably
not related to test article administration. No other in-life findings were reported.

Hisiology report: The glycogen load in each tissue sample was quantified {as i the previous
studies listed in this review) using computer assisted morphometry with MetaMorph software.
The resufts showed that glycogen depletion is less robust in the older mice. Glycogen levels in
cardiac and quadriceps muscles of 3 month old mice afier 4 weeks of treatment at 100 mg/kg
were reduced by 98.4% and 77.7%, respectively. The results for the 12 month old mice were
90.1% and 68.5% in cardiac muscle and quadriceps, respectively. These results are relative to
vehicle treated controls.

Biochemical analytical repori: The three month old mice showed glycogen levels in cardiac
muscle to be below the level of detection (0.00%). A significant reduction of tissue glycogen
was observed for skeletal muscle samples: 79%, 83%, 88% and 88% for triceps, psoas,
diaphragm, and quadriceps, respectively. For the 12 month old mice, more glycogen
accumulation was noted in cardiac muscle of vehicle treated mice than that of vehicle treated 3
month old mice. This increase of glycogen wus nol observed 1n triceps, quadriceps, psoas or
diaphragm of the 12 month old vehicle treated mice. Cardiac muscle of the 12 month old
rh(rA A treated mice showed near complete clearance of tissue glveagen and moderate
clearance for the skefetal muscle. This finding sugeests that older mice are {ess efficlent in
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clearing accumulated glycogen. The tabie below, provided by the sponsor, summarizes these

resulis.
Pinal Glveopen Results, mse £ o wet Hosne ] )
Groufs Dosn Heart Quadriceps | Triceps Pgoas | Olaphragm
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Anti-drug antibody report: Moderate levels of anti-drug antibodies were detected in both the 3
month old and 12 month old micce that received thGAA at 100 mg/kg. The mean antibody titer

appears to be generally lower for the 12 month old animals relative to the mean titer for the 3
month old animals. However, the large range of variability makes it difficult to determine 1f
the difference is biologicalty significant.

rhGAA levels: Tissue levels of thGAA were measured for each tissue for all animals in each
group. Increased rthGAA activity was observed in cardiac muscle of 12 month old mice
relative to the 3 month old mice. In contrast, thGAA levels triceps psoas and quadriceps were
Jower in 12 month old mice relative to the 3 month hold mice. Enzyme levels are similar in
both age groups for the diaphragm muscle. A high variability was observed in the results of
this analysis, especially in the samples from the older animals. The table below, provided by

the sponsor, summarizes those results.
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Conclusion:
These findings suggest that older mice are iess efficient in clearing accumulated glycogen.
However, the older mice had a higher glycogen load at the start of the study. Therefore, it is
difficult to determine if the results reflect a true reduction in efficacy. Results of the
biodistribution analysis indicate that a higher tevel of uptake in cardiac muscle 1s apparent for

the 12 month old mice but is not apparent for the 3 month old mice.

Study #04-0177pga

Title: Efficacy of 2000L rhGAA in the Pompe knockout mouse model

Drug Lot#:

PrafectiTest Avtickefsy: rhGAA (20000 & Lot Numbee: DA N s GA Y, xGALED

16813

Methods:
The purpose of this study was to cvaluate the efficacy of two lots (early and late harvest) of

thGAA produced by the scaled-up, 2000L manufacturing process, relative 1o the product
manufacturcd with the 160L scale.
™), gender not specified.

Animals: tThGAA knockout mause, Pompe KO (6™
Dosing: (0 or 100 mg/ke, weekly for 4 weeks via 1V administration

Ad0J 3191SS0d 1S39
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Study design: Groups 1 -3 received 100 mg/kg of thGAA. Groups | and 2 each received from
one of two lots of product produced by the 2000L pracess. Group 3 received 100 mg/kg of
product produced with the 160L process. The tables below illustrate the basic study design
and sample collection. Animals were dosed weekly for a total of 4 doses. Animals were
sacrificed 6-7 days after the final dose. Samples were analyzed using a biochemical
colorimetric assay to determine the relative levels of TRGAA. The tables below, provided by
the sponsor, illustrate the basic design of this study:
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Results/conclusion:
Analytical results demonstraied that there was no detectable difference in efficacy between the

products from'the two different manufacturing processes. The table below, provided by the
sponsor, summarizes these results for each group.
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Study #04-0297pga

Title: Investigation of the efficacy of processed rhGAA in Pompe knockout mice

Drug Loti#:

Project/Test Article(sy: .ot Numbér:

Myozyme GA139 (Myozyine)

Processad thGAA (W 12400008 (Processed thGAA)
Methods:

Animals: thGAA knockout mouse, Pompe KO (6™°/6™), gender not spectfied, 5-6 months
old.
Dosing: 0 or 60 mg/ke, administered [V weekly for 4 weceks
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Study design: 3 groups were designated, each containing 4-5 animals. Group 1 received

vehicle, group 2 received 60 mg/kg Alglucosidase alfa (thGAA), group 3 received 60 mg/kg
processed ThGAA species. Mice received 4 doses administered weekly for 4 weeks and were

sacrificed 7 days afler the final dose.
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The processing of the thGAA modifies the terminal glycan and mannosc-0-phosphate residues
resulting in decreased binding to the mannose-6-phosphate receptor.

Results:

No remarkable findings attributable to the test article were reported for the in-life portion of
the study.

Results of biochemical analyses: Significant glycogen clearance was observed for all samples
from animals that received thGAA relative to control. The reduction in cardiac muscle after
treatment with Alglucosidase alfa was 95%, 54% in quadriceps, 65% in triceps, 47% in psoas
muscles. The samples from animals treated with the processed specics of thGAA showed a
much smaller response: 26% reduction in cardiac muscle, 27% reduction in quadriceps, 38%
reduction in triceps and 23% reduction in psoas. Thus, it appears that the processed thGAA
species is less effective in glycogen clearance than Alglucosidase alfa.
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Conclusion:
The processed thGAA species is less effective in glycogen clearance than Alglucosidase alfa.
This change in effectivness 1s most likely due to — L

~— during processing.
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Study #05-0271pga

Title: Efficacy of 2000L and 160 L rhGAA in the Pompe knockout mouse model

Drug Lot#:
Project T ost Avtickols: A ot Number: il #9308
{Mvarvone) < HARFRRAD
HHY TR0
Methods:

This study was performed for the purpose of evaluating the efficacy of rhGAA from two
different manufacturing processes (1601 and 20001 scale manufacturing processes). Animals
were dosed with 0 or 100 mg/kg of material taken from one of three lots of thGAA weekly for
4 weeks. Tissuc samples were taken at sacrifice and glycogen levels were deternned
biochemically. Histological analysis was not performed
Animals: thGAA knockout mouse, Pompe KO (6"/6"), gender not specified, 4 months old.
Dosing: 0 or 100 mg/kg, administered weekly via IV infusion, for 4 weeks
Study design: Animals were divided into 6 groups of 6 mice per group. Group 1 received
vehicle only, Group 2and 3 received 100 mg/kg of one of two lots of rhGAA manufactured by
the 2000L manufacturing process, Group 4 received 100 mgrkg rhGAA manufactured by the
1601, process. Samples were collected for biochemical and morphometric analysis. However,
the morphometric analysis was not performed. The samples were stored for future usc as
needed. The tables below, provided by the sponsor illustrale the basic study design and

sample collection.
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Results:
One animal from group 2 was found dead 5 days afier the 3 dose. The cause of death was not

determined. No other in-life observations attributable to the test article were reported.
Biochemical analysis detected no significant difference in cfficacy of 100 mg/kg hetween
products from the two processes. The tahte and graphic below, provided by the sponsor,

illustrate the results of this analysts.

20
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Conclusion:

Biochemical analysis showed no significant difference in efficacy among the three lots of
thGAA. However, these results are in conirast to results of study #05-0414pga that
investigated potential differences in the pharmacokinetics among these lots. That study
demonstrated that the lots from the 1601 scale and the 20001 scale are not
pharmacokinetically equivalent. The glvcogen clearance is not a sufficiently sensiive measurce
for detecting inter-lot variability or comparability.

2.6.2.3 Secondary pharmacodynamics
Study #03-0665pga

Title: The investigation of the immune response in Pompe mice treated with rhGAA

Drug Lot#:
Project/Test Artiele(sy ridGAA Lot Numiber: {47090

Methods:
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The purpose of this study was to evaluate the naturc of the immune response mounted by the
mice being treated with rhGAA. Rats and mice have been shown to develop a hypersensitivity
reaction to thGAA, thus requiring treatment of the animals with an anti-histaminic agent prior
to dosing with rhGAA. To investigate the nature of the hypersensitivity reaction, serum and
plasma was collected from GAA knockout mice after administration of rhGAA and analyzed
for the presence of 1gG, [gGl, IgE, histamine, total complement and C3a/C5a.

Apimals: thGAA knockout mouse, Pompe KO (6"°/6™°), gender not specified, 3-4 months old
Dosing: 10 mg/kg weekly for 3 or 8 weeks.

Study design: Three groups of mice were designated: Group |1 reccived vehicte, Group 2
received 20 mg/kg rhGAA weekly for three doses. Group 3 received 20 mg/kg weekly for 8
weeks. Mice in group 3 were treated with diphenhydramine prior to receiving the test article
for doses 3-8.

Ciroap | Kot Dow | Come. | 1 Vebicke { baw
1 Andmais | oggke | omeot Dosgticde P e
i 0] NA | NA | Vel Tl odiom ] Weekbe
3 ; ) ahosphan - R : !
T ST R | T Taaeanel & Welklix D]V
! i - ! . . L i 3[»,190.1‘]‘:;1!0 b33 . !
’*“““‘"_-:‘T‘“z‘@“‘”‘“”! o E L akGAA v |
H ! i

Mate AL anmnals m Group | e § seeeived Smplkg zt%pﬁeméwrﬁ:amﬁ:xc T8 1520 s par 1o troatment
at the thied through sevetith dose.

) ‘ S i "iisrsa;f;{ it
- rajnutes of dose 13 ancd dose 8 Secuntand plasma

Crrovp i Points ’
i Prre-dase, asd within

S —— e et H

2 Pre-dose and within 2-3 misutes of die 43
: i 1 Ear
Sice saerifioed after the 3 dase
3 Pro-duse and within 2-3 tuegtes of dose #5 ' ;

Nise saoriliced afier the £ dose

o e

ST S, »

b s - fopen et e e e o

One deviation occurred: on 11/03/03, pre-dose samples were collected and accidentally
discarded. The text does not state which samples were discarded or if all the pre-dose samples
were discarded.

Results:

e 2 mice from group 3 were found dead after dose 4.

e 2 mice from group 3 appearcd to be lethargic after dosc &.

¢ One mouse from group 2 appeared lethargic and cold to touch after dose 3.

« Animals receiving vehicle alone showed Ig( titers below 100, no detectable specific
anti-drug antibody, no detectable IgE titer.

e No detectable IgF titer was reported for all treatment groups.

e Moderate levels of histamine were detected in 2 of 4 mice in group 2 after the 1 dose.
Significantly elevated histamine levels were detected in group 3 after the 87 dose.
Significant levels of IgG and 1€ titers were reported in all mice recerving thGAA.
Indicating the formation of anti-drug antibodies
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Conclusion:

These data are consistent with hypersensitivity response in the Pompe knockout mice.
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2.6.2.4 Safety pharmacology No studies performed.

2.6.2.5 Pharmacodynamic drug interactions No studies performed.

2.6.3 PHARMACOLOGY TABULATED SUMMARY

Tables omitted per Dr. Choudary

2.6.4 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary

Both single and repeat dose pharmacokinetic studies were conducted in Pompe GAA
knockout mice. When a semilogarithmic plot of concentration versus time was constructed
from data produced by each of the PK studies, the curves exhibited characleristics of a two
compartment model with first order elimination.

When PK parameters were analyzed after doses of 10, 20 or 40 mg/kg, results were
lincar with increasing doses. At doses up to 40 mg/kg, there was no evidence of saturation

kinetics and the clearance of the drug followed a first order process. PK parameters were
somewhat variable between specics and between studies. Elimination half-life was on the
order of 2-3.5 hours for monkey, rat 1-2 hours, Pompe knockout mouse 1-2 hours, CD-1

mouse approximately 75 minules, and beagle dog approximately 1.5 to 2 hours. No consistent
differences could be identified betwecn male and female rodents due to the large variations.
For the two monkey studies, the females consistently had lower AUC and AUC/dose. Both

males and females in the high dose group showed significantly higher elimination half-lifc

relative to the other dose groups, females for days 1-85 and male for days 1-169. The table

below, provided by Dr. Anil Rajpal summarizes the human pharmacokinetic parameters. ,

Table 1. Single-dose PK Parameters in Study 1602

Single-dose PK Parameters in Study 1602 (Mean + SD)

Dose N Cmax AUC, . L2 iz Cl Vss
[mg/ka] [mcg/mi] [mcg*hr/imt] [hi] [mL/hr/kg] [mL/kg]
20 5 162 + 31 811+ 141 2.3+04 2524 3.8 96.3+157
40 8 276 + 64 1781 £ 520 29+0.5 241+65 | 119.0 + 28.1

i

Botesf

ssina GAK levels wereidatarmingd bas

Values above were calculated by this reviewer from concentration time data in dataset PKX_PL_1 PK 1602 using WinNonlin.

PK studies were conducied to investipate the potential differences between the 160 liter

manufacturing process and the 2000 liter process. The results demonstrated that the ninety
percent confidence intervals for either AUC,, or AUCy.., ratios between the 1601, lot and the
2000 1. lots evaluated in this study were not within a pre-determined acceptability range (80%

to 125%). These data indicate that the pharmacokinetic équivalence was not cstablished

between the two lots.

Biodistribution:
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Biodistribution studies in mice demonstrated that the highest levels of thGAA activity
are consistently found in the liver. Significantly fower levels (on the order of 30 X lower)
were detected tn spleen. Muscle results were lower still with cardiac muscle consistently
demonstrating the highest levels of activity amang the muscles studied. When the
biodistribution of ThGAA from the 160 liter process was compared to that from the 2000 liter
process, there appeared to be a higher magnitude of uptake i the liver for the 2000 liter

product. When a lot from  —— of the 2000 liter scale was compared to one from the
—_ greater thGAA activity levels were noted 1n the liver relative to those for the - —
— product. Changesin_ =~ ——

among lots and during the course of manufacture might explain both the PK and
biodistribution differences detected in these studies.

2.6.4.2 Methods of Analysis
Please refer to individual study reviews.

2.6.4.3 Absorption
The following studies were performed o evaluate non-clinical pharmacokinetics:

Study title: Pharmacokinetics and biodistribution of three formulations of thGAA in the
GAA knockoul mouse

Study #: 02-0710Pga

The purpose of this study was to evaluate the pharmacokinetics (PK) and biodistribution (BD)
of three sources of thGAA: Genzyme lot# GA028, GA063 and lot#930018. Lol #930018 was
produced by the 160L manufacturing process and was the same material used in the clinical
study ‘
Methods: For PK analysis: Mice (n=4/group) received a single dose of thGAA via the tail
vein at a dose of 20 mg/kg. Samples were collected via tail vein at 2, 5, 10, 15, 30, 60, 120
and 240 minutes post-dosing. For BD analysis: Mice (n==12/group) received test article via tatl
vein injection and 3 mice were sacrificed at each of the following 4 times: 1, 4, 8 and 24 hours
past-dosing. Tissues were collected for determimation of thGAA activity. Whole tissue
analysis of ThGAA activity was determined for three of 9 tissues collected. The basic study
design is summarized in the tables below. supplied by the sponsor:

APPEARS THIS WAY
ON ORIGINAL
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Study Desipn Table
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Results: The following table, provided by the sponsor, summarizes the results of the PIC
analysis.
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This table does not contain data for lot #930018 (1601 manufacturing process}). The sponsor
states that there was a clear anomaly in the data from that lot so the results were not
interpretable. A subscquent study (#02-0779) was planncd to obtain appropriate data.
However, the BD portion of the study was completed as well as PK analysis for the other 2
lots (GA028 and GAOG3).
e The PK data for the two remaining lots did ot yield a straiglt line, indicating more
that one disposition phase. The curves show behavior o 4 two comparlment model
and show no difference between the two formulations.

~0
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e For the BD comparison among the lots, all three appeared to distribute in a similar
manner. The majority of activity is found in the liver at 1 hour for all test articles (14-
23%). At 1 hour, 0.24 to 0.31% activity is found in the heart and 0.05 to 0.07% in the
quadriceps muscle. The rate of decline in each tissue appears to be similar for all three
test articles, with little decrease seen in 24 hours, The BD data is summarized in the

tabie below, provided by the sponsor.
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Study conclusion:
The planned PK analysis was not performed for all three test articles due to data loss from

10t#930018. The reasons for this loss were not described. PK analysis of the remaining two
fots revealed parameters that were quite similar between the two preparations.
The BD analysis revealed that the three test articles had very similar distribution profiles.

Study title: Pharmacokinetics of thGAA in the GAA knockout mouse

Study #: 02-0779Pga
Lot # : BT —rhGAA lot #E1585AMO3, Genzyme thGAA ot GAO28 and Genzyme rthGAA

lot #930018 (1601 manufacturing process).

Methods: GAA knockout mice were separated into 3 groups of 4 mice each. The test article
was administered by 1V injection via the tail vein in a single dosc o £ 20 mg/kg. Samples were
collected at 2, 5, 10, 15, 30, 60, 120 and 240 minutes post-dosing.



Reviewer:Barbara J. Wilcox, PH.D. BLLA No 125141.

Study Design Table
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Results:
Pharmacokinetics: The PK analysis results are summarized in the table below, provided by the

SPONSOL:
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e The semilogarithmic plot of concentration versus time does not result i a straight ling,
suggesting more than one dispositional phasc. Concentration in tissues takes longer to
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reach equilibrium with the plasma concentration. The curves generated from the data

exhibit characteristics of a two compartment model with first order elimination.
Study conclusion:

AUC and terminal hali-lifc of the B! — material differs from the other two drug
preparations. Thercfore, it appears that lot#GA028 has a similar PK profile to the 160L
material but he BI — product is not comparable to the other two preparations.

Study title: Pharmacokinetics and biodistribution of two recent thGAA lots of formulated
bulk

Study #: 03-0370Pga

Methods: The purpose of this study was to cvaluate the pharmacokinetics (PK) and
biodistribution (BD} of two lots of thGAA from the 1601, manufacturing scale. The two lots
in question are lot # 03TP021 and 03TPN22. These lots showed a variation in —

when compared to the reference standard. Groups of Pompe tThGAA knockout mice, aged 3-4
months received onc of three preparations of thGAA as a single dose of 20 mg/kg by [V
infusion. The tables below summarize the study design and sample collection scheme.

APPEARS THIS WAY
ON ORIGINAL
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Study Presign Table
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Results: No deviations from the protocol occurred. No abnormalities were noted during the
in-life portion of this study.
Pharmacokinetics: The results of the PK analyses are summarized in the table below, provided
by the sponsor:
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The curves produced by semilogarithmic plots of concentration versus time exhibit behavior
consistent with a two compartment model and first order elimination. These results are i

agreement with results from other PK studies. PK parameters among the three lots appear to
be somewhat different, including longer half-life and AUC for the reference standard relative

to the two 160 L process lots.
Biodistribution results: No significant differences in biodistribution are reported.

Study conclusion:
The two lots produced by the 1601 process that were lested in this study show shorter halt-life

and lower AUC relative to the reference standard. Although they show similar distribution
patterns, they arc not comparable to the reference standard and were not released for use in the
clinic without further investigation. '

Study title: Pharmacokinetics of 160L rhGAA in CD:I®ICR)BR mice
Study #: 04-0144Pga

Methods: The purpose of this study was to evaluate the pharmacokinetics of ThGAA (160L
process). Three groups of 4 mice each received 10, 20 or 40 mg/kg. Serum was collected at
time 0, 10, 30, 60, 180 and 360 minutes post-dosing.

Project{Test Article(s): thGAA 1601 1.0t Number: 751293
The tables below, provided by the sponsor, summarize the study design:

Study Design Tuble

Gramp | 7ol | CChne T Tewt | Vehitle Dosing | Dose
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Results:

The 360 minute serum timepoints were lost due to equipment malfunction. Therefore, the PK
analyses were performed using data out to the 180 timepoint only. No abnormal clinical
observations were reported for the ini-life portion of this study.

i1
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PK parameters indicate a linear relationship among doses. No evidence of saturation kinetics
was observed.
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Study conclusion:

At doses up to 40 mg/kg, there was no evidence of saturation kinetics as the clearance of the
drug followed a first order process. There is no information on the gender of the antmals used.
Thercfore, no conclusions can be drawn about potential gender differences in 'K.

Study title: Repeal phaymacokinetics of thGAA 2000 liter in the Pompe knockout mouse

Study #: 04-0424Pga

Methods:

The purpose of this study was to asscss the pharmacokinetics of thGAA produced by the
20001, manufacturing process compared to that produced by the 160 L process. Two lots of
the 2000 L process were used: one from the .« and one from the — Two
groups were designated for each drug lot. Animals were dosed at 20 mg/kg and samples were
collected for PK analysis at times from 2 minutes post-dose to 480 minutes post-dose. Early
tinie points up to 30 minuies were taken from groups 1,3 and 5. Late time pomts were taken
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from groups 2, 4 and 6. Animals bled for early time points were randomly paired with animals
bled for late time poinis to generate complete serunt concentration/time data sets
The tables below, provided by the sponsor, illustrate the basic study design.

Study Design Table
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Results:

The results of data analysis are summarized in the tables below, provided by the sponsor.
Differences in AUC were noted among the three preparations of thGAA. Statistical
significance was achieved for the difference in AUC between hoth lots from the 2000L process
relative to the lot produced by the 160L process. The curves resulting from the
semilogarithmic plot of concentration versus time exhibit characteristics of a two-compartment
mode] with first order ¢limination.

Study conclusion:

Ninety percent confidence intervals for either AUC or Aucg. ratios between the 160L lot
and the 2000 L lots evaluated in this study were not within a pre-determined acceptability
range (80% to 125%). These data indicate that the pharmacokinetic equivalence was not
established. Further analysis of the data was performed. The data were re-analyzed based
upon individual animals necessitating the analysis of carly and late time points separately. The
following tables, provided by the sponsor, describe the results of these analyses.

0
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Phurmacokinetic Parameters Using Early Tinte Points Only (2-30 minutes)
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Study title: Pharmacokinetics of Alglucosidase alfa produced at the 20000 scale
Study #: 05-0414Pga

Lot #: 160L: 930018, 2000L: 5744693 and 4573352

Methods:

Three -4 month old Pompe knockout mice, 12 per group (gender not specified), were used for
this study. Serum was collected for PK anatvsis from all groups at 5, 15, 30, 60, 120, 240, and
480 minutes post-dose.
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Strdy Design Table
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Restults:
The sunumnary tables for this study as provided by the sponsor arc appended below.
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Conclusion:

The determination was made that, under the conditions of this study, the thGAA produced by
the 160L manufacturing process is not cquivalent to that produced by the 2000L process.

2.6.4.4 Distribution
The tables below, provided by the sponsor, sunumarize the tissue distribution results for

various lots of rhGAA as determined for the Pompe GAA knockout mouse. The product
produced by the 2000L scale manufacturing process appears to undergo greater liver uptake
than the product produced by the 160L process.

APPEARS THIS WAY
ON ORIGINAL
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Study #: 04-0152
Lot#: 160L: 930018, 2000L: GA179 and GAI80

Methods:
The objective of this study was to evaluate the pharmacokinetics and biodistribution of thGAA

produced by the 2000L scale process i the Pompe GAA knockout mouse model. Three lots
of thGAA were compared: 2 lots at the 2000L scale (one from the - and onc from
the -, and one lot from the 1601 scale.
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Results:

No PK analysis was conducted for this study duc to extensive sample loss. Biodistribution
analysis was conducted on liver, spleen, heart. quadriceps, and triceps. A high degree of
variation was obscrved in thGAA distribution for all three lots. No statistical significance
between values was found. Biological significance of these results is questioned.

Study conclusion: .

No PK parameters were determined due 1o sample loss. The high degree of variation in the
biodistribution data does not allow any clear conclusions to be drawn regarding differences in
behavior among the lots examined.

Study title: Pharmacokineticg and biodistribution of Ajuiscosidase alfa produced at the
2000L scale
Study #: 05-0252
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Lot#: 160L: 930018, 2000L: 5744693 and 4573352
Methods

Steredy Dexign Table

£ ‘M‘dth’: ke AT gk |

Results:
¢ No remarkable in-life findings attributable to the test article are reported.
e Levels of rhGAA were lower tan expected. Therefore, PK parameters were not
determined for this study.
¢ Biodistribution Lo muscle tissues was similar among the three lots examined.
¢ Significantly increased thGAA levels are reported for the 2000L lots relative to the
160L lot The table below prowded by thc sponsor summarizes the data.
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Conclusion:

Although the biodistribution among the various muscle samples appears to be sumilar among
the tree [ots tested, there does appear to be a higher fevel of uptake in the liver (or the 20000
product relative to the 160L product.
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Title: Pharmacokinetics and biodistribution of thGAA on the Pompe knockout mouse with
the presence of antibodies.

Study #: #03-0087pga
Lot #:

Methods:

Two groups of Pompe knockout mice received either vehicle or | mg/kg thGAA, i.p., weekly
for 16 weeks. Serum was collected every 4 weeks to be analyzed for the presence of anti-drug
antibodies. Mice with the highest titers of anti-drug antibodies were selected for the
pharmacokinetic and biodistribution portion of the study=+or this portion of the study two
groups (group 1, n=4, PK and group 2, n=12, BD}. The mice received 10 mg/kg radiolabeled
rhGAA, i.v., followed by analysis for detection of radiolabel in the serum at 2, 5, 10, 15, 30,
60, 120, 240 and 1440 minutes post-dose. Tissues were examined at 1, 4 and 8 hours post
dose for the presence of thGAA activity.

Results:
o 8 of 16 mice in group 2 died within | hour of dosing from hypersensitivity reactions.
o Due to the loss of animals and the hypersensitivity reactions, no PK analysis was
performed.

Conclusion: _
Due to technical problems with hypersensitivity rcactions in the mice the planed anlyses were
not performed and no conclusions were drawn.

Title: Phammacokinetics and biodistribution of thGAA in the presence of antibody after
intravenous dosing.

Study #: #03-0087pga
Lot #: GA096

Methods: ,
This study is a repeat of study #03-0089 (above). The tables below, supplied by the sponsor,
illustrate the basic study design.

Appears This Way
©n Original
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e Animals receiving vehicle had antibody titers of less than 1:100.
The table below, provided by the sponsor, summarizes the results of PK analysis:

No in-life ohservations attributable to {est article administration are reported.
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Conclusion:
The resuls indicate that the presence of anti-drug antibodies (in mice) does not signtficantly

alter pharmacokinetic behavior of ThGAA.
2.6.4.5 Metabolism No studies performed.
2.6.4.6 Exeretion No studies perfonned.

2.6.4.7 Pharmacokinetic drug interactions No studtes performed.

2.6.4.9 Discussion and Conclusions

The most significant finding derived tfrom this collection of PK studies 1s the apparent
difference in PK parameters among the various lots and manufacturing processes that were
compared. A shorter half-life, lower AUC and greater uptake by liver for 2000L process when
compared to the 160 liter process. Thercefore, the product produced by these two processes:

cannot be considered comparable.
One hypothesis on why this difference occurred 1s the potential for lot to lot variation in

e

/
/ i

Under an agreement with the sponsor, the product from the 2000L process was
withdrawn from consideration for approval at this Lime.

2.6.4.10 Tables and figures to include comparative TK summary

The tables below, provided by the sponsor, illustrate the toxicokinetic results for the various
species used to investigate the toxicity of thGAA. These species include cynomolgus monkey,
CD: 1®(ICR) BR mouse, Sprague-Dawley rat, beagle dog. Results from human
pharmacokinetic analysis are also summarized for compartson.

APPEARS THIS WAY
QN QRIGINAL
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TFable 2.6.4.9-1:
Phaemseokineie Parameters of Varioos Formutations and Scales of Myazyme in GAA Knotkout Mice
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Summary of Pharmacokinetic Parameters Moasared In Study AGEIG1602
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2.6.6 TOXICOLOGY
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2.6.6.1 Overall toxicology summary

Genceral toxicology:

The toxicolopy package for this BLA contains single dose studies in the Sprague-
Dawley rat and the beagle dog, repeat dose studics in Sprague-Dawley rat, cynomolgus
monkey and C57Bl/6 mice as well as Segment ] and Segment 11 reproductive toxicology
studies in the CD-1 mouse. The test article was delivered by [V infusion for all studies. The
rhGAA was well tolerated in monkey at doses up o 200 mg/kg, every other week (qow), for
13 weeks, and up to 100 mg/kg, qow, {or 26 weeks. No adverse effects were reported for the
13 week study. For the 26 week study, a few findings were reported including thrombus
formation in the atrium of 2 male animals (of 3 in cach group) from the two higher dose

Pt A s sarrpbes cobicelod ug P B

i ond fsed onr dinet

e meokartiloe velass oY

e e e LONE and

PHARMACOKINETICS TABULATED SUMMARY
[pivolal studies pertinent to the primary indication and core pharmacology studies relevant to the
primary pharmacodynamic effect, as available and as provided by the sponsor]

Tables omitted per Dr. Choudary.

Ad0J 3191SS0d 1534

groups and ovartan cyst and uncqual sized ovaries in one female of 3 from the high dose group
as well as inflammation and degeneration of the quadriceps muscle in one female of three from
the high dose group. A relationship to the test article cannot be ruled out but, due to the small

number of animals per group, this relationshiy is difficult to establish.

The rthGAA was also gencrally well tolerated 10 O3 7B16 miice at doses up to 100
mg/kg administered weekly for 4 weeks. The mouse repeat dose toxicity study was intended
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to compare toxicities produced by product from three different manufacturing processes. The
toxicity profile was similar among the three products, but an inerease in severity seemed to be
present for the BIZKrhGAA (2000 liter) and BI — rhGAA  —  liter) relative to the
GENZrhGAA (presumably the 160 liter product). The toxicities noted include a small
decrease in WBC for all three formulations. The biological significance for this finding is not
clear since no baseline data is available and most values remained within normal limits for this
species. In addition, a dose related mild increase in serum atbumin was noted for all treatment
groups and was more prevalent in females. Two females of 6 per group receiving 100 mg/kg
of GenzrhGAA or Bf — rthGAA had mildly incrcased AST and ALT levels (55-79%). This
finding may be related to the test article and suggests a potential adverse effect on the liver.

In a similar study carried out in Sprague-Dawlcy rats (0354-140), toxiciiy was much
more apparent. Several unscheduled deaths occurred during the study that were not
sufficiently explained. In addition, although a full panel of tissues was collected no
histopathology was reported even though gross examination at necropsy revealed several
unexpected lesions. The sponsor was asked to explain the absence of the histopathology and
ihe fate of those tissues. In addition, they were asked to provide information on the apparent
increased toxicity in this rat study compared to study #6354-133 where the same dosc levels
and regimen was used.

In the major amendment (o the BLA, (submitted 12/30/03), the sponsor reports that the
microscopic analysis was removed from the protocol near the end of the in-life portion of the
study. This change was documented with an amendment to the study protocol. They note that
the study was terminated early and microscopic analysis was not performed due to clinical
observations and unusual number of animal deaths. They report that the clinical signs were
consistent with hypersensitivity reaction. Therefore the sponsor determined that the study
resulls were not interpretable and followed this rat study with a similar study using mice. The
strategy for follow-up was discussed with CBER in teleconference on 5/22/02. The sponsor
reports that the tissues for the microscopic analysis that was not performed are retained and
archived with Genzyme Research and Development Quality Assurance per GLP regulations.

An additional repeat dose toxicity study was performed in the rat (#6354-133) included
only 5 per sex per group and investigated only one test article. Toxicities were Jess
pronounced than those observed in 6354-140. The animals in this study showed a dose related
statistically significant decrease in body weight. For males the weight loss was 23.3% and for
females, 11.6%. No clinical pathology or anatomical pathology resulls correlated with the
weight loss finding. No other significant findings were reported. There is no indication of
why the thGAA was so apparcntly toxic in study 6354-140 relative to this additional rat study,
except possibly the difference in lots used for study 6354-140,

The sponsor was asked to comment on the differences in toxicity seen between the iwo rat
studies (6354-133 and 6354-140). They contend that the adverse effects were not significantly
different between studies when consideration is limited to the groups receiving Alglucosidase
alfa (160L product). The cause of the gross stomach findings was not explained but it was
pointed out that the finding was observed in one of the conirol animals so may not be related
to the test article administration. The sporsor poinis out that signs of hypersensitivity were
noted in both studies although no deaths occurred in Studv #6354-133. [n addition, the
sponsor suggests thal the effect on {iver function pavameters (moderate (o marked elevations
increased aspartate aminotransferase and alanine aminoiransferase) that were ohserved in
study #6354-140 were also observed in siudy #6354-133 at the similar rate of incidence (2 of
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62 rats and 3 of 40 rats, respectively). They also contend that these clinical chemistry findings
are not dose related. However, the pathology report for study #6354-140 clearly states that
the stomach lesions are interpreted as being test article-related (Page 27).

Rodents tend to launch a severc hypersensitivity reaction to the human recombinant
rhGAA, and numerous unscheduled deaths were attributed to this hypersensitivity. In most
cases, the diagnosis was based upon clinical observations and the response to administered
anti-histamine medications, and no in depth investigations were conducted. In response to the
known hypersensitivity concern, for all rodent studics, the animals were pre-treated with 5
mg/kg diphenhydramine (DPH), i.p., approximately 20 minutes prior to administration of the
test article. None of the study reports indicate that a separate control group recetving DPH
only was used for any study, nor was there any indication of whether the control animals were
also pre-treated with DPH. Therefore, any effects that the DPH may have had or any
interaction between DPH and the test article could not be assessed.

Genetic toxicology: As recombinant protein molecules, biological therapeutics do not
normally have access to cellular DNA. Therefore, traditional genotoxicity studies are not
thought to be relevant and are usually not required or conducted.

Carcinogenicity: No carcinogenicity studies were performed for this application. Biological
therapeutics do not interact with cellutar DNA. Therefore, tradittonal carcinogenicity studies
arc no! thought to be relevant.

Reproductive toxicology:

Single Segment T and single Segment II reproductive toxicology studies were
performed, both in CD-1 mice. For the Segment [ study, mice received doses up to 40 mg/kg
every other day beginning prior to mating and through early embryonic development. No
clear rationalc was given for the choice of dose and no pilot studies are included to support the
choice of high dosc. Results of this study showed a trend toward pre-implantation loss and
Jate resorptions. These findings did not reach statistical significance and historical normal
values for comparison were not found. Changes in male fertility parameters were also found.
A statistically significant and dose related reduction in sperm count as well as an increase in
abnormal sperm. The male mice also showed urine stained abdomens suggesting the presence
of more generalized toxicity. No toxicokinetic analysis was performed so relative exposures to
the test article cannot be established.

For the Segment [1 study, mated female mice recetved doses up to 40 mg/kg
administered daily. No evidence of preimplantation loss was noted during this study. A small
dose related incrcase in late resorptions was observed but did not reach statistical significance
when considering this parameter alone. However, in considering pregnancy paramelers as a
whole, a significant incrcasc in post-implantation loss was noted for the high dosc group.
There were no statistically significant adverse etfects on fetal development reported. An
additional finding of increased incidence of ovarian cysts was noted

A second scgment 2 study in a non-rodent species 15 recommended to confinn and
clarify the potential toxic elfects. '

&
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An additional non-clinical study is mentioned in the integrated summary of non-
clinical studies in this BLA. That study, # 6354-163, was to be finished by Q3 2005, but is not

included in this submission.

Special toxicology: No studies performed for this calegory.

2.6.6.2 Single-dose toxicity

Study title: Effcct of a single Intravenous Administration of rh-a-glucosidase to Sprague-
Dawlcy rats.

Key study findings: The purpose of this study was to evaluate toxicity of rhGAA after a
single intravenous dose in rats. No remarkable findings were observed for clinical
observations, clinical pathology, body weight, food consumption, gross necropsy examination
or microscopic examination. The NOAEL under the conditions of this study was determined
to be 100 mg/kg.

Study no.: 0354-134  — (1025 (Genzyme)
Volume #, and page # N/A
Conducting laboratory and location:

/

Date of study initiation; 8/16/2001

GL.P compliance: Yes.

QA report: yes( X }no( )

Drug, lot #, and % purity: rhGAA lot # GW10124094
Placebo lot # GW10124089 ¢ —  sodium phosphate, -
mannitol —_

Methods
Doses: 0,1, 10 or 100 mg/kg
Species/strain: - ~ D (SD) 1GS BR rats
Number/sex/group or time point {main study): 5/sex/group
Route, formulation, volume, and infusion rate; [V administration in a volume of 10.87

m!
Satellite groups used for toxtcokinetics or recovery:
Age: 42 days old at initiation of the study
Weight: males, 190-222¢ females, 126-171g

Sampling times:
Unique study design or methodology (if any):

=]
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No. of Animals Dose Level Dose Concentration
Giroup ... Male  Female  (mgkg)  (mg/mbly
T (Controlt® 5 5 0 §
2 {Law} 3 5 t 0.002
3 {Mad) 3 3 14 082
4 {High) S o...3 100 -

a  Dase concentrations were based on dcruat values. The doss volumme was
10.87 miskg.
b Andmals in die comtrol group received conrol amicle (placebo/dituent) onty.

Observations and times: (these parameters can be captured separately here or described
in conpection with each endpoint under the resuits section.

Mortality: All animals survived to the scheduled sacrifice date.

Clinical signs: Recorded twice daily for mortality and mortbundity. Cageside observations
were performed once prior to treatment, 10, 30, 60 minutes and 2 hours post-dosing and daily
thereafter.

Body weights: Recorded prior to study inttiation, on the first day of treatment and weekly
thereafter.

Hematology: Samples for clinical pathology were collected at termination.

Clinical chemistry: See above.

Gross pathology: Necropsy with gross examination was performed on day 15.

Organ weights (specify organs weighed if not in histopath table):

Peer review: yes (), no { ) not specified
adrenal (2) eves {2} preserved in Davidson's
brain sohwion)
COLuin fomur with bone imarraw {articular
colon surface of the distal end)
duadenuny izt
epididymis (23 e
esaphagis imjection site(s)
jejunum skeletal muscle (thigh)
kidney (2} skin
legions spaal cord {eervical, thoracic, and
[iver feumdbar!
lueg with mainstem brogachi spleen
Fymiph node (Mmesonters) sternum with bone marrow
mammary glamd {females only) stomach
ovary (2) testis (21
pancreas thy s
pitubtary aland thyroid (2} with parathyiosd
prostae Longihe
ceCtuny traches
sahivary sland [mandibular €2 urinauy bladder
SCIEIe nerve ner
seannal vesicle (23 vy

o
I~
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Results
Mortality: All animals survived to the scheduled sacrifice.

Clinical signs: No test articte-related effects are reported. No effects attributable o test article
adminustration are reported.

Body weights: No effects on body weight or body weight change attributable to test article
administration are reported.

Hematology: No effects on clinical pathology atiribuiable to test article administration are
reported at two weeks post-dosing.

» A significantly lower absolute neutrophil counts was noted for female animals that
reccived 10 mg/kg. However, this effect was not noted in males from the same group
nor was it noted in higher dose groups. Therefore, i1 js considered to not be related to
test article admunistration.

Clinjcal chemistry: Sce above for clinical pathology results,

Gross pathology: No test article macroscopic findings are reported.

Organ weights (specify organs weighed if not in histopath table):

Histopathology: Adequate Batlery: yes{ ), no ( )—explain

Peer review: yes( ), no( )
Histopathology was not performed except for observed lesions. Tissues listed above were
stored for future reference, as needed. A dilated renal pelvis was noted for two animals: one
control female and one male receiving 100 mg/kg. One male receiving 10 mg/kg showed
minimal hemorrhage in the thymus. These findings were not considered to be related to test
article administration.

Toxicokinetics: Samples for toxicokinetics were collected prior to study initiation and 10 and
30 minutes post-dose, 1 and 3 hours posi-dose ou day t. The data were analyzed using a non-
compartmental model.
e Plasma concentrations of ThGAA decreased with time in a monophasic manner after all
doses.
» TK parameters were linear with dose after normalization of the AUC to the dose
administered (AUC/dose).
¢ The results indicate that the rats received expected exposure.
» There were no significant differences in exposure hetween genders.
* No evidence of saturation kinetics for doses up te 100 megike was noted.

K3
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Study title: Effect of a single-dosc intravenous administration of rh-o-glucosidase to beagle
dogs

Key study findings: The purpose of this study was to evaluate the toxicity of thGAA when
administered as a single dose by intravenous injection to beagle dogs. The results indicate that
thGAA is generally well tolerated. Duc to the tremors seen in dogs treated at 10 or 100
mg/kg, the NOAEL under the conditions of this study is determined to be 1 mg/kg.

Study no.: 6354-132/ Genzyme # 01026
Volume #, and page #: N/A
Conducting laboratory and location:

//
Date of study initiation: 8/23/2001
GL.P compliance: Yes.
QA report: ves{ X)no( )
Drug, lot #, and % purity:
thGAA lot # GW10124094 Placcbo lot # GW 10124089
vehicle: — sodium phosphate. — mannitol, - —

Methods
Doses: 0, 1, 10 or 100 mg/kg
Species/strain: Beagle dogs
Number/sex/group or time point (main study): 3/sex/group
Route, formulation, volume, and mfusion rate:
Satellite groups used for toxicokinetics or recovery:
Age: 5 months old
Weight: 7.2 to 10.6 kg
Unique study design or methodology (1 anv):

o
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T _No.af Anmmals ~ Dose Levet  Dose Concentration
Groyp Male Fomale  (mgfkg) _ (mghml)’

I (Controlt® 3 3 0 0

2 {La 3 3 | {1092

3 (Mlid) 3 3 H 092

4 (High) K i 100 9.2

a  Dosc concentrations weare based on actual values The dose volume
was [0.87 mb/kg,
b Animals i the control group received placeboddilzem only.

Observations and times: (these parameters can be captured separately here or described
in connection with each endpoint under the resulits section.
Mortality: Observations were made twice daily for mortality/morbidity.
Chlinical signs: Cageside observations were made once prior to treatment, 10, 15, 30 and 60
minutes post-injection, and daily thereafter. Observations included blood pressure, heart rate,
respiration rate, and rectal body temperature.
Body weights: Body weights were recorded weekly prior 1o study initiation, on the day of
treatment and twice weekly thereafter.
Hematology: Samples for clinical pathology were taken prior to study initiation, 24 hours
post-dosing and prior to necropsy on SD16.
Clinical chemistry: Samples for chinical pathology were taken prior to study initiation, 24
hours post-dosing and prior to necropsy.
Gross pathology: Animals were sacrificed on SD16. Gross examination was performed,
tissues were maintained for future use.
Organ wetghts (specify organs weighed if not in histopath table): Not done.
Histopathology: Adequate Batlery: yes ( ), no ( )}—explain

Peer review: yes{ }, no( )}
The only tissue retained at necropsy was the injection site from each animal. These samples
were preserved and stored for possible future examination.

Results

Mortality: All animals survived to scheduled sacrifice.

Chlinical signs: Tremors were noted in one of three males and one of three females in the 10
mg/kg dose group and one female in the 100 mg/kg group at 60 minutes post-dosing. One
male in the 10 mg/kg group had foamy vomitus 10 minutes post-dose. No other findings
related to test article administration were noted.

Body weights: No effect on body weight atiributable to the test article was noted.

Hematology: No effects in clinical pathology attributable to the test article administration
were reported at 24 hours or 2 weceks afler single dose administration.

Chinical chemistry: See above,
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Gross pathology: No findings for macroscopic examination attributable to test article
administration were reported.

Organ weights (specify organs weighed if not in histopath table): N/A

Histopathology: Adequate Battery: ves (), no { )—explam Not performed.

Peer review: ves ()}, no( )
No histopathology analysis was included in the study protocol. Only injcction sites were
retained for possible future cxamination. '

Toxicokinetics: Blood samples were collected pre-dose, 5, 10, and 30 minutes post-dose; 1, 2,
4, and 6 hours post-dose on day {. A fluorometric enzyme assay was used to determine
rhGAA activity. The table below, provided by the sponsor summarizes the TK data analysis.

g ks { gk . 10 mgike | 10mghg 100 mpky | 100 Mgy
Clemmbe ;omale female male female
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DVesomykgy  1Sa0 541 140K 398 desx  lsee |
Msg 7 lawsjo9x 1098 1098 085 oo

No significant difference in toxicokinetics was noted between genders. The parameters were
linear with no evidence of saturation kinetics. Re-analysis did not alter these conclusions.
2.6.6.3 Repeat-dose toxicity

Study title: Effect of repeat intravenous 1nfusion toxicity study with recombinant human acid-
a-glucosidasc (thGAA) in cynomelgus monkeys with a 14-day recovery period

Key study findings: The purpose of this study was to evaluate the potential toxicity of
rhGAA administered via a 12-hour intravenous infusion cvery other week to cynomolgus
monkeys for at least 13 weeks. In addition, a 14-day recovery period allowed assessment of
reversibilily, persistence or delayed occurrence of such toxictlies. The test article was well
lolerated. All animals developed anti-drug antibodies but this immune response did not appear
to affect the PK of the drug. No other effects attributable to thGAA administration were
reported. Therefore under the conditions of this study, the NOAEL was determined to be 200
mg/ky.

Study no.; —= 06354157

Volume #, and page #: N/A
Conducting [aboratory and location: Y
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Date of study initiation: 6/24/04
GLP compliance: Yes

QA report: yes{ X )no( )
Drug, lot #, and % purity:

~ Reseree{Awchive)
Test Article Supplier Lt N, Storape’ Ratest Dawe’ Baniple
Facombinant hmar  Sponses WY Ing rv:ﬁigelatot el o Cletober 2006 and | viad
actd-Ceghucosidase nmdptain 2 ta $5°C, Jure 0G5
ihGAA protected fivm [l;:hl
Reag ve (Archived
Control Anticde Suppalier Lot Mo, Storase smimmtion Date Samplr
A3ia A Contnd Sponaar (LR Refrigeraled 3T 005 [£3 mi.
Methods

Doses: 0 or 200 mg/kg

Species/strain: cynomolgus monkeys

Number/sex/group or time point {main study): Group 1: 2/sex/group, Group 2:
4/sex/group

Route, formulation, volume, and infusion rate: IV infusion at a rate of 3.33 mlkg/hr

Satellite groups used for toxicokinetics or recoverv: | monkey per sex per group were
designated as recovery animals and sacrificed 14 days after the terminal sacrifice.

Age: 3-5.5 vears old at study initiation

Weight: 3.0 to 4.4 for the males; 2.5 to 3.6 for the females

Unique study design or methodology (if any): Animals were dosed via 12 hour TV
infusion once every other week for a total of 7 treatments.

Group Designation and Duse Leovels

Mumbrer of Aninls’ Dose Parsmeters”
Male Female Lovel Rule [BITETHT Coneentralion
Group muzleiose i Skl huckome il
T ivehivle eontrall 2 1 373 |2 0
I rebir-glucosicdazer 4 + I RIS 12 A0

a Animalz clesipnated For revovery sacrifice Thist animakse pronpd undervent oy laagl H davs of revasve e
ol ing the final dose adindnistration,
b Amimals weere dosedd £ 12-howr infusion ence every athar ook foratoll of 7 doees,

Observations and times: (these parameters can be captured separately here or described
in connection with each endpeint under the results section.

Mortality: Animals were observed twice daily for mortality and moribundity.

Clinical signs: Detailed clinical exams were performed prior to study initiation and weekly
during the study. On dosing days, observations were made prior to infusion, approximately
hour after initiation of mfusion, 10 minutes and 2 hours afler infusion completion. Physical
exams included heart rate, respiratory rate and rectal bady lemperature.

Beody wetghts: Recorded twice prior to study initiation, one the first day of treatment (SD1)
and weekly thereafter.

Food consumption: Qualitative asscssment of food consumption was made once daily.
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Ophthalmoscopy: Performed prior to study initiation, during week 13, and during week 15 for

recovery animals.

EKG: Not performed.

Clinical pathology: Samples were taken for hematology, coagulation, and clinical chemistry
upon animal arrival (clinical chemistry only), once prior to study initiation (at least 1 week
after surgery to install instrumentation), once during Weeks 2 and 3 (hematology and clinical
chemistry only), once during Week 12 (6 days prior to the last dosc), and once during Week 16
(prior to recovery necropsy}.

Urinalysis: Urine was collected from all surviving animals (over approximately 16 hours on
wet ice) once prior to tnitiation of treatment (at least 1 week after surgery), once during Week
12 (6 days prior to the last dose), and once during Week 16 (prior to recovery Necropsy}.
Anti-drug antibody apalysis: Samples were taken from Group 2 animals only within 24 hours
prior to dosing on Days 1, 29, 57, and 85.

Toxicokinetics: Samples were taken from Group 2 animals only on Days 1 and 85 within |
minute of the EQL at 2, 5, 10, 30, 60, and 120 minutes (= 1 minute) after the EQI, and at 24
hours (+10 minutes) after the EOL

Gross pathology: Sacrifice of the main study animals was carried out on day 93 (8 days alter
the final dose). Recovery animals were sacrificed on day 107 (22 days after the final dosce).
Gross examination included examination of catheterization sites, external features, external
hody orifices, all internal cavities, organs and tissucs.

Organ weights (specify organs weighed if not in histopath table):

adrepal 121 semnsl vesicle (3

brain shelotal muscle ~ quadriveps
heart skeletal mrasele - friceps

kidaey {21 skeketal muscle -~ diaphragm
Hver spleen

bumng testis (21 with epididymis ()
ovary {21 thavinus

pHuitary gland thvrold (2 lobes) with parutbyroid
Prostake ulerus

salivary gland [nsandibular (D]

Histopathology: Adequate Battery: ves (X ), no () —explain
Peer review: yes( ), no( )

APPEARS THIS WAY
ON ORIGINAL
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adrenal (2} ovary (2}
Aoty pancreas

brain pituitary gland

fetun: prostate

colon rechun

dundenum salivary gisod [mandibulae (2]
epididymis (1}~ solatic perve

esophagus seminal vesicle {2)

eye (21 skeletal muscle - quadriceps (3
gallbladder skeletal muscle - trieeps (2)
heart skeletal vuscio - diaphragin
Hewn skin

infusion and catheteriration shes spinal cord (corvieal, thoragic st lmmbat)
jejunum spdeen

kidney (2} stermym with bone marcow
laorimal gland stomyach

Tesions testis (2) -

tiver thymus

tung with mainstem bronchi thyroid {27 with parathyraid
Tyriph mode Gogueinal} LOngUe

Iymph node {submandibudar) trachon

Ivinph node (mescateria) urinary bladde

wymnary gland ulerns

optic nerve (2) ! vaging

Results

Mortality: One female animal from group 2 was found dead on SD5. The previous day the
clinical observations included hunched posture, hypoactivity and no food consumption. Post
necropsy evaluation revealed that the probable cause of death was renal failure and
cardtovascular collapse resuliing from multiorgan embolic septicemia probably of pulmonary
origin. Data from the pre-study examination as well as the post-necropsy examinations
indicate that this death was probably due to a pre-existing bactenial infection. A replacement
monkey was assigned to group 2 prior to the second dose (#156847).

Clinical signs: No clintcal observations attributable to the test article administration werc
reported.

Body weights: No effccts in body weight attributable to test article administration were
reported.

Food consumption: No apparent effects on food consumption attributable to the test article
adminisiration were noted. '

Ophthalmoscopy: No ophthalmic observations attributable 1o {est article administration were
noted.

EKG: N/A

Clinical pathology: No effects on clinical pathology including hematology, clinical chemistry
and urinalysis attributable (o fest article administration were noted.

89
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Gross pathology: No effects on gross pathology attributable to the test article administration

were noted.
Organ weights (specify organs weighed if not in histopath table):
Histopathology: Adequate Battery: ves ( X }, no ( )-—explain

Peer review: yes{ ), no{( )
No dose related microscopic findings are reported.

Toxicokinetics: Samples were laken at SD[ and 85, at 1, 2, 5, 10, 30, 60, 120 and 1440
minutes post-infusion for detection of thGAA activity. Serumn samples for anti-drug antibody
analysis were taken on SD1, 29, 57 and 85. Antibody detection was performed using an
ELISA assay.
» The high dose of 200 mg/kg showed a significant increase tn hatf-life in female
monkeys from SD1 to SD85.
e AUC was higher in males than females at SD1 but the difference was not statistically
significant. No differcnce was noted at SD85.
o Clearance parameters did not vary throughout the study. Calculated clearance
parameters appeared to be slightly higher in females than males.
o . All animals receiving thGA A developed anti-drug antibodics. Tiiers appeared to
increase up to day 85.
o rhGAA activity levels in tissues declined significantly at 22 days post-dose (200
mg/kg) relative to levels observed at SD¥. rhGAA activity remained in the live at
SD22 suggesting the possibility of accumulation in this organ. No detectable levels
were observed in cardiac or skeletal muscle at 22 days post-dose. Therefore, it 1s
concluded that repeat administration did not result in accumulation in muscle tissue.

The table below, provided by the sponsor summarizes the result of the toxicokinetic analysis.

e A2AY v 85 PDavl | Day$s
Efiwination | 14152 ]33 FEG LAY T A3 U PR
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The NOAEL for thGAA under the conditions of this study was determined o be 200 mg/kg.

0
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Study title: 26-week toxicity study of recombinant human acid-o-glucosidase ( rhGAA)
administered intravenously every other week to cynomolgous monkeys with a 2-week
recovery phase

Key study findings:
The test article was administercd QOW for 13 treatments, followed by a 2-week recovery
period. A total of 13 doses of ThGA A were administered. Doses used were 0, 4, 20 or 100
mg/kg administered 1V in a 6-hour infusion (a rate approximately twice the expected rate for
human use). The rhGAA was gencrally well tolerated in monkeys. However, some toxicities
with possible relationships o the test article administration were noted. On microscopic
examination, two male animals, onc in group 3 and one in group 4, showed thrombus
formation in the atrium. The sponsor attributes this finding to the method of sacrifice
(exsanguination). However, due to the small number of animals and the apparent dose related
occurrence in the two higher dose groups, a test article contribution cannot be fully ruled out.
Onc female of 3 from group 4 showed degeneration/atrophy and chronic inflammation of the
quad muscle. In addition, one female of 3 in group 4 showed an ovarian cyst and unequal

. sized ovaries. A relationship to the test article is possible for these findings since they were
observed only in the high dose group. Due to the small number of animals, this relationship is
difficult to establish. However, one control animal also showed unequal sized ovarics al the
recovery sacrifice, supporting the conclusion that this finding is not test article related.

TK analysis showed that ferale animals had consistently lower AUC and AUC/dose at
all dose levels and at all time points relative to the males. This suggests possible reduced
exposure for the females and was most pronounced for the high dose females on day 169
relative to day 1. A decreasc in AUC and increase in clearance and V,, were also noted in high
dose males. These results are somewhat different than results of other studies. Therc may be a
lot o lot difference in ratc and amount of cellular uptake of the dru g. No correlation is
possible at this time. The sponsor has been asked to provide information on which
manufacturing process was used to produce cach lot used in the non-clinical studies.

All amimals developed anti-drug antibodies. The titers pcaked at day 85 and remained
high until day 169 but were not dose related. The highest levels of thGAA activity was
observed in the liver with a dose response relationship. No indication of saturation was noted
for repeat dosing at any dose. thGAA activily was significantty fower at 14 days post-dose
{recovery animals) but remained detectable above control.

Study no.: 6354-152
Volume #, and page #: N/A
Conducting laboratory and location:

Date of study initiation: 7116/03
GLP compliance: Yes
QA report: yes{ X )no( )

Drug, lot #, and % purity:
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st Asticle Suppiler Lot Mo, Sterage
Recombingnt hunym Sponsor A08AL g cefrigeraon ot 1w
acid-czptovasidase maintakn 2 o &%,
{RCAAD : proteckad Tront light
Methods

Doses: 0, 4, 20, or 100mg/kg

Species/strain: cynomolgus monkeys

Number/sex/group or time point (main study): 3/sex/group

Route, formulation, volume, and infusion rate: Test article was adnunistered by
intravenous infusion at a rate of 3.33 ml/kg/hour (approximately a 6-hour infusion, 10.6
myg/kg/hr- a rate more than 2 times the maximum infusion rate anticipated for the clinical
study).

Satellite groups used for toxicokinetics or recovery: 2/sex from groups | and 4 were
designated recovery animals and survived an additional 15 days afler the terminal sacrifice.

Age: 510 8 years old

Weight: males: 2.9 to 4.6 kg, females: 2.3 to 2.9 kg

Unique study design or methodology (1 any): The test article was administered QOW
for 13 treatments, followed by a 2-week recovery period. The table below, provided by the
sponsor, illustrates the hasic study design.

ND, of ,Mﬁlnﬂ‘[ﬁx sy pglm@tﬂ‘hl
CGroup : Hale Female Level Rats Daration Comreontyation
Migehas dose mbkpcr heidpse mesl,
1 (Conttrad 5 s i RIE X # 0
2 {Lows 3 3 4 R o (1.2
3 M) A k! 2l a i i
4 (High 3 g 1410 333 § 8.0

i Aninm!sdasigmia:l {oF recavery s oe (last woanimal€ses in Groups | and 47 underwent 81 least
i 4 days of recovery following the final dose admibisiralion.
b Animsls weres dosst (O-hanr imfusiond onee every offier wesk for a total of [3 cosas,

Observations and times: (these parameters can be captured separately here or described
in connection with each endpoint under the results section.

Mortality: Observations made twice datly for mortahty, moribundity and signs of distress.
Clinical signs: Detailed clinical observations recorded prior to study mitiation and weckly
thereafter. Daily cageside observations were done on dosing days prior to desing, 1 hour after
inttiation of infusion (101), within 10 minutes and 2 hours after the end infusion. Physical
exams were performed once prior to study initiation (post surgery}, during week 24 and on
week 26 (surviving recovery animais). ‘the exams included body temperature, heart rate, and
respiratory rate. '
Body weights: Reccorded twice prior o mitiation of treatment, on day one of treatment and
weekly thereafter.

Food consumption: Qualitative food consumption was recorded daily,

Ophthalmoscopy: Hxams were perforred prior to initration of treatment and during weck 24
as well as week 26.

EKG: Not performed.

Chinical pathology: Samples were taken for hematology, coagulation, and clinical chemistry
once prior to initiation of treatment {at feast | week aller surgery), once during Week 12 (S or
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6 days prior to the 7th dose), once during Week 24 (5 or 6 days prior to the 13th dose), and
once during the end of Week 27 (prior to recovery necropsy).

Urinalysis: Urine was collected {rom ail surviving animals (over approximately 16 hours on
wet ice) once prior to initiation of treatment, once during Week 24 (prior to the 13th dosc), and
once during the end of Week 27 (prior to recovery necropsy).

Anti-drug antibody analysis: Samples were collected 24 hours prior lo dosing in SD 1, 29, &S,
127 and 169.

Gross_pathology: On Day 170 (the day after the 13th dose), three animals/sex/ group were
sacrificed and necropsied. On Day 184 (15 days after the 13th dose), all remaining animals
(two/sex 1n Groups | and 4) were sacrificed and necropsied.

Organ weights (specify organs weighed if not in histopath table):

adrenal (2)

brain

heart

kidney (23

fiver

hng

avary ()

pitaitary gland

rostate

sativary gland [mandibular{2}]

seminal vesicle (2)

skeletal muscle - guadniceps (2)
skeletal tvscle - triceps (2)
skeletal muscle - digphragm
splecn

testis (2) with epididyms (2)
thymus

thyrod {2) with parathyroid
uterus

Histopathology: Adequate Battery: yes ( X ), no ( )—explain

Peer review:

adrenal ()

s0ri4

brain

CELUm

colon

duodenum ,

epididymis (2) :

esophagus

eye (2)

gadibinddor

heart

ilenm

infusion and catheterization sitez
Jefuenam

kidaey (2)

tacrimal gland

tosions

lver

lung with mainstem bronehi
lyrmph node (inguinal)

ves (), no ( ) not noted

ovary (2}

phancreas

pituitary gland

prostate

rectum

sativary gland [mandhhulur {21}
seiatic nerve

serqinal vesicle (2)

skeletal muscle — quadriceps (2)
skeletal musche - triceps {2)
skedutal musele - daphragm
skin

spinal cord {cervical. thoracic and lambar)
splegs

sterum with bone marraw
stomnch

testis (27

thyrnus

thyroid (23 with parathyroid
Ealiiigeid
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Iymph node (submandibular) trachea

bemiph node (mesenteric) wrinary ladder

marumary gland aters

optic nerve (23 vaging
Results

Mortality: No unschedufed deaths were recorded.
Clintcal signs: No observalions attributable to test article administration were reported.

Body weights: No adverse effects on body weight or body weight change attributable to test
article administration were noted.

Food consumption:
» All groups showed transient reduced food consumption regardless of group during this
study. This finding is also reported for the control and high dose group during the
recovery pertod.

Ophthalmoscopy: No findings attributable to test article administration are reporied.

EKG: Not performed.

Clinical pathology:

* A small reduction relative to baseline in red cell parameters (RBC, HCT, HGB) was
noted for all groups. No differences for these values between groups were reported.
No relationship to test article administration is apparent.

* A small reduction relative to baseline for platelets was reported. Large standard error
results in Jack of statistical significance. However, since all groups were affected, a
study drug effect is not likely. '

* A small increase it WBC is noted for all groups, duc mostly to increases in neutrophil
counts. The significant differcnees reported among groups were evident prior to
treatment. Therefore, no Lest article effect on WBC is likely.

* No other findings are noted for clinical pathology paramcters.

Gross pathology: No macroscopic obscrvations are reported for the male animals. One female
of 3 in group 4 showed an ovarian cyst and unequal sized ovaries and one female of 3 in group
3 showed alopecia. Relevance of ovarian findings to test arlicle administration cannot be
determined due to the small number of animals. However, onc conirol animal showed unequal
sized ovarics at the recovery sacrifice.

Organ weights (specify organs weighed if nat in histopath table): No si gutficant eflects
attributable to test article administration were noted for organ weights.

04



Reviewer:Barbara J. Wilcox, PH.D. _ BLA No 125141,

Histopathology: Adequate Battery: yes( ), no{ )—explain

Peer review: yes( ), no( )
One female of 3 from group 4 showed degeneration/atrophy, chronic inflammation of
the quad muscle. Relationship to the test article is not determined due to the small
number of animals.
Signs of chronic inflammation were noted for multiple other organs in all groups, both
male and females. This type of finding is common for this species and may be the
result of a pre-existing condition. Therefore, it is not likely to be related to the study
drug administration.
Thrombus in the atrium of the heart was noted for 2 male animals: 1 of 3 from group 3
at the terminal sacrifice and 1 of 2 from group 4 at the recovery sacrifice. No female
animals showed this finding. Animals were terminated by exsanguination. The
thrombus formation in the atrium of the heart may be an artifact of the termination
procedures. The animal from group 3 was one of two animals where drug levels were
below the level of detection, indicating that exposure to the test article may have been
reduced. This finding supports the hypothesis that the thrombus formation was not a
test article effect.

Toxicokinetics: Samples were (aken on SD 1, 85 and 169 within | minute of EOI, at 2, 5,10,

30 60 and 120 minutes after EOQL and at 24 hours after EOL

TK analysis showed that female animals had consistently lower AUC and AUC/dose at
all dose levels and at all time points relative to the males. This suggests reduced
exposure for the femalcs.

In the 100 mg/kg group, there was a significant increase in elimination half-life in
males and females on days 1 to 85 and in males on days | to 169 relative to other dose
groups. A similar trend was nated for the 20 mg/kg group but did not achieve
statistical significance.

However, the elimination half life for the 100 mg/kg group on days 85 to 169 was no
different from other groups for either males or females.

No effect on elimination half-life was observed for the 4 mg/kg group.

These findings could be due to circulating ant-drug antibody or to receptor saturation at
the higher doses. However. rhGAA activity analysis indicate that no saturation was
apparent.

Two animals (155276 and 155279, 4 and 20 m g'kg, respectively) did not have
detectable drug levels at ali timepoints and were excluded from analysis. One of these
animals was one of the male animals (group 3) that showed thrombus formation in the
atrium.

A statistically significant decrease in AUC and a slight increase in Cland V,, were
noted for females in the high dose group on day 169 relative to day 1. No difference in
AUC or CI was noted for males in this same group although an increase in V,, was
observed in males in the high dose group for days 85 to 169,

The tables betow, provided by the sponsor, summarize the caleulated TK parameters for
thts study.
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Other:
Anti-drug antibody assessment: Samples were taken within 24 hours prior to dosing on SD 1,

29, 85, 127 and 169.
¢ All animals developed anti-drug antibodies. The titers peaked at day 85 and remained
high until day 169

s Antibody titers were not dose related.
* Antibody titers fro the two animals that had low drug levcls did not differ from other
animals, indicating that anti-drug antibodies most likely did not contribute to the low

drug levels.

rthGAA activity levels in tissue:
¢ A dose response was noted for thGAA activity in liver.
» No indrcation of saturation was noted for repeat dosing at any dose.
» thGAA activity was significantly lower at 14 days post-dose but remained detectable

above control.

Study title: Effect of repeated intravenous administration of three formulations of rh-o-
glucosidase to CS7BY6 mice.

Key study findings: The purpose of this study was to test {he effects of each of three test

articles when administered once weckly for 4 weeks to C57B1/6 mice. Each lot was produced

by a different manufacturing process (160 liter: lot # GA028, 2000 liter: Lot # 105067 and
= ater: lot # EESESAMO3). The sponsor wishes lo market the 20001 scale product but PK
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indicate that the product produced by the 2000L. process is not comparable to the 1601, scale
product, which was used in the chinical studies. A similar study in rats was performed
approximately 2 months earlier than this study (See review of  —  study number 6354-
140. In contrast to the similar study done in rats, the thGAA was well tolerated by the mice.
Some lethargy was noted after dosing for a few mice in the high dose groups but the effect was
inconsistent, occurred after only one of four doses for each animal and did not occur after the
final dose. Therefore, if this finding ts an cffect of the test article it does not appear to be
biologically significant. The instances of lethargy that occurred in three high dose mice after
the third dose might be accounted for by the higher dose of DPH (10 mg/kg) that was
administered prior to treatment. Other mouse studies used doses of 5 mg/kg to protect against
the anticipated hypersensitivity to the test article that usually developed in rodents after the 3"
or 4" dose. The higher dose was most likely in response to the number of deaths in study
6354-1440.

Chinical pathology results showed a dose related mild increase in serum albumin for
GenzrhGAA at 10 and 100 mg/kg, for Bi = -hGAA at all dose levels and for BI2ZKthGAA at
10 and 100 mg/kg. This finding was more prevalent in females. Two females receiving 100
mg/kg each of GenzrhGAA or B — 1GAA had mildly increased AST and ALT levels
(approximately 79% for AST and 69% for ALT). This finding may be related to the test
article. Thesc clinical pathology results suggest a test article effect on liver function. Effects
on the liver are consistent with biodistribution results showing the highest thGAA activity in
the liver.

Very limited histopathology was performed. Aggregates of melanocytes were
observed throughout the red pulp. This finding correlates with the macroscopic observation of
dark spots scen in the spleen. This is not unusual for pigmented animals
No TK resulits are provided for this study.

Due to the liver findings, the NOAEL for GenzrhGAA is I mg/kg. For BI2K thGAA the
NOAEL is 1 mg/kg. No NOAEL is determined for B* — hGAA due to liver findings at all
dose levels.

Study no.: 02009
Volume #, and page #: N/A

Conducting laboratory and location: - Genzyme

‘ ' . Framingham, MA
Date of study initiation: 6/10/2002
GLP compliance: Yes.

QA report: yes({ X )no( )
Drug, lot #, and % purity:
Genzyme thGAA: Lot # GAG28, Bl —  .errhGAA: lot # E1S85AMO03, BI2000 liter
thGAA: lot # 105067, vehicle 1: tot # KsK11283089D, vehicle 2: SWIFI,
Control article: Lot #KsK 11283140
Methods
Doses: 0, 1, 10 or 100 mg/kg for Genz thGAA and Bl — titer; 0, 1, 10 or 25 for BI
2000 hter product. .
Species/strain: mouse, C37B1/6; male and femalc Pompe knockout mice
Number/sex/group or tirme point (main study): 6/sex/group; knockout mice:
2isex/group
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Route, formulation, volume, and infusion rate: infravenous in a volume of 10 ml/kg.

Satellite groups used for toxicokinetics or recovery:

Age: 6-7 weeks old, knockout mice: 9-10 weeks old.

Weight: males: 20.06 to 24.83g; females: 15.9 to 20.36

Unigue study design or methodology (if anyy):
The study design is illustrated in the table below, provided by the sponsor. Thirteen groups
were designated with 6/sex/group m groups 1-4, 6-8 and 10-12. Groups 3, 9, and 13 consisted
of 2/sex/group. Animals were euthanized on 51D 23, Pompe knockout mice were used as
reference only. In this study, the mice were treated with 10 mg/kg DPH prior to
administration of the study drug. This 1s twice the dose admunistered in other mousc studies.

Greup i Animals s Dose Leve Dose Concentration
e Male  Fesnale (nglkgdayy | {mg/mL)

[y 6.8 CentrelArticle @ 0

3 6 6 _ l 0.1

3 G & . . I H

4 a p Ciene thilAA o (0
A 2 106 to

0 6 T o { 0.1 T
i 6 G Bl ~— .iter 10 {

8 ! & thGAA ] 10

0* 2 we

10 G fi 1 0.t

14 G {] B 20 heer ({1 {

12 6 6 ROIA A 25 235

137 2 2 23 2.5

a The dose volume will be 10 1';;{*,5}*;"55,:
b Animals in Group I wilt receive the control aticle only,

¢ GAA knoekout (KO muce will be used in grovps 5, 9 and 13 a5 reference animals, High
dose MGAA bas Deen successfully adwimistered 1o these mice in the past zod therefore toy
are included as reference anmmals as 0 the expecied response.

Observations and times: (these parameters can be captured separately here or described
in connection with each endpoint under the results section.

Mortality: Observations performed once daily.

Clinical signs: Performed once prior to initiation of treatment and 60 minutes post dosing on
each day of treatment.

Body weights: Recorded once prior to initiation of treatment and prior to dosing on each day
of dosing.

Clinical pathology: Samples were collected for hematology and clinical chemistry analysis at
sacrifice.

(iross paihology:

Organ welghts (specify organs weighed tf not in histopath table): A limited number of organ
weights were recorded: brain heart, kidney (2) Liver, lung and spleen.

Histopathology: Adequate Battery: yes (), no ( X )—explain Only a limited number of key
tissucs were collected. This study was intended to test variations in effect among three test
articles and was not intended as a pivotal toxicity study.
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Peer review: ves( ), no ()
¢ Brain, heart liver, lung, spleen, tongue, quadriceps.

Results
Mortality: All animals survived to the scheduled sacrifice.

Clinical signs: No clinical observations atiributable to administration of the test article were
reported. Mild lethargy was noted in 4 animals (25, 38, 91 and 132} after doses 1, 3, 3, and 3,
respectively. This response was not considered by the sponsor to be related to the test article
administration since it was inconsistent and occurred only after a single dose for each animal
and did not occur after the last dose. However, each animal was in one of the groups receiving
the highest dose for the specific formulation (groups 5, 5, 7 and 13). Therefore, relationship to
test article administration is possible but probably not biologically significant.

Body weights: Two statistically significant body weight effects were noted. Neither of these
results appears to be dose related. These same groups did not show similar weight changes at
later timepoints.

Hematology:
e A decrease in WBC was observed for all three formulations: GenzrhGAA at 10 and

100 mg/kg, BT = nGAaat 1, 10 and 100 mg/kg, BI2KcthGAA at 1, 10 and 25 mg/kge.
A clear dose-response is not apparent and all but one value (GenzrhGAA at 100 mg/kg
in females) are within the historical normal. No pre-dosing values are available for
comparison. Biological stgnificance 1s not clear.

Clinical chemistry:

e A doserelated mild increase in serum albumin was noted for GenzrhGAA at 10 and
100 mg/kg, for BT — hGAA at all dose levels and for BIZKrhGAA at 10 and 100
mg/kg. This finding was more prevalent in females.

¢  Two females receiving 100 mg/ke each of GenzrhGAA or Bl ——1GAA had mlldlv
increased AST and ALT levels. This finding may be related to the test article.

]
Group # AST ALT
I 67 22
{control)
4 122 74
(100mgikg
! 118 79
(100 mg/kg) '
Gross pathology: Gross observations were limtled to the finding of darkened areas of the
spleen.

Organ weights (specify organs weighed 1f not in histopath table): Not reported.
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Histopathology: Adequate Battery: yes ( ), no( X )-—explain See above.
Peer review: yes( ), no( )

o Aggregates of melanocytes were observed throughout the red pulp. This finding
correlates with the macroscopic observation of dark spots secn in the spleen. This is
not unusual for pigmented animals

e No other test article-rclated findings are reported.

Toxicokinetics: Not found.

Study title: Effect of infravenous adminjistration of rh-a-glucosidase to Spraguc-Dawley rats
for 4 weeks.

Key study findings: This study was an early toxicology study that was performed to
investigate the safety of thGAA administered weekly for 4 weeks. Sprague-Dawley rats
received doscs of a single lot of thGAA weekly for 4 weeks 1n a range of doses up to 100
mg/kg. Prior to the third dose, the rats were pre-ireated with 5 mg/kg DPH to prevent the
expected hypersensitivity reaction. Much lower rates of toxicity are reported than was scen in
study 6354-140.

The test article was generally well tolerated. No effects on clinical pathology related to
rhGAA administration were reported. However, a dose related 23.3% decrease 11 body weight
was observed for males in group 4 (100 mg/kg). The decrease was noted between weeks | and
2 as well as for the study duration, ruling out an effect of diphenhydramine, which was
administered only after the 3rd and 4" doses. Females in group 4 also showed a decrease in
body weight but lesser in magnitude (11.0%), and the results did not reach statistical
. significance.

Signs of chironic inflammation in the liver were obscrved for a total of 4 animals: one
male group 4, one temale in cach of groups 1, 3 and 4. This finding could be related to the test
article but the low incidence, lack of clinical chemistry correlate and occurrence in the control
group suggests that the finding is not likely to be biologically significant.

No significant difference in toxicokinetics between genders was observed. For males,
a small increase in AUC and elimination half-life was observed af the high dose at week 4
relative to week 1. Thus difference did not achieve statistical signtficance.

Testing for anti-drug antibodies was not performed.
Due to the effect on body weight observed in the high dose groups, the NOAEIL under the
conditions of this study 1s 10 mg/kg.

Study no.: —  #0354-133, Genzyme # 01027
Volume #, and page #: N/A

Conducting laboratory and location: y
Date of study initiation: 8/29/01

GLP compliance: Yes.

QA report: yes{ X )no( }

Drug, lot #, and % purity:

Test article: Lot # GW10124094 Placebo: Lot #GW 10124089 and KSK 10125099
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Methods

Doses: 0, 1, 10 or 100 mg/kg

Species/strain: Rat — "D®(SD)IGS BR

Number/sex/group or time point (main study): 4 groups, 5/sex/group

Route, formulation, volume, and infusion rate: Intravenous administration in a volume
of 10.87 ml/kg

Satellite groups used for toxicokinetics or recovery:

Age: Approximately 57 days old at study 1nitiation

Weight: males: 252 to 316 g; females: 165 to 2006 g

Unique study design or methodology (if any): The study drug was administered IV
once per week for at least 4 weeks via tail vein. Because allergic response is usually elicited
after the second dose in rodents, diphenhydramine was adminstered (5 mg/kg, [V) pre-dose at
the time of treatment for all animals after hypersensitivity was observed in at least one animal
after the third dose.

o et s

1 ey i 1 R e

No. of Animals Dose Level Mose Concentration
roup Male Female {mg/kg) , (g/il.)
I (Control)® i 5 0 0
2 (Low} 3 5 { 0092
3 {Mid) 5 3 19 0.92
4 (High) 5 5 100 9.2
a Dose concentrations were based on actual values., The dose volume was
10.87 ml/ke.

b Animals in the control group received control articke (placebosdiluent)y onty,

Observations and times: (these parameters can be captured separately here or described
in connection with cach endpoint under the results section.
Mortality: Observations made twice daily.
Clinical signs: Observations were made once prior to initiation of treatment, then 10, 30, 60
and 120 minutes post-dose on each treatment day and daily on non-ireatment days. Detailed
observations were made once weekly.
Body weights: Recorded prior to study initiation, on the day of {irst treatment and weekly
thereafter. _
Chinical pathology: Blood samples were collected at sacrifice. A standard panel of hematology
and clinical chemistry analyses werc performed.
Gross pathology: Necropsy was performed on SD23. Macroscopic exam of carcass, body
cavities, organs and tissues was performed.
Organ weights (specify organs weighed if not in histopath table): Not reported
Histopathology: Adequate Battery: yes (X)), no( ) explain

Peer review: ves{ ), no( )

Resulis
Mortality: All animals survived to scheduled sacrifice.

Clinical signs: Hypersensitivily responsce was observed in onc and one male from group 4 after
the third dose.
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Body weights:

s A dose related 23.3% decrease in body weight was observed for males in group 4 (100
mg/kg). The decrease was noted between weeks 1 and 2 as well as for the study
duration, ruling out an effect of diphenhydramine.

¢ Females in group4 also showed a decrease in body weight but lesser in magnitude
(11.6%), but the results did not reach statistical significance.

Clhinical pathology:

» No effects on clinical pathology parameters attributable to the test article are reported.

Gross pathology: No macroscopic effects attributable to test article administration are
reported.

Organ weights (specify organs weighed il not in histopath table): Not reported.

Histopathology: Adequate Battery: yes ( X ), no { )—explain
Peer review: ves{ ), no{ X))

» Signs of chronic mflammation {red focus, hepatocellular necrosis, chronic
inflammation, hemorrhage) in the liver were observed for a total of 4 animals: one
male group 4, one female in cach of groups 1, 3 and 4. This finding could be related to
the test article but the low ncidence, lack of clinical chemistry correlate and
occurrence in the control group suggests that the finding is probably not biologically
significant.

Toxicokinetics: Samples were collected at 10 and 30 minutes, 1 and 3 hours post-dosing
during weeks | and 4.
Male
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o Under the conditions of this study, no difference in toxicokinetics between genders was
ohserved.

o For males, a small imcrease in AUC and elimination half-life was observed at the high
dose at weelk 4 refative to week 1. This difference did not achieve statistical
significance.

e Findings for femalcs administered 1 mg/kg could not be established since only one of 5
animals had detectable levels at week 4.

L

The presence of anti-drug antibodies was not determined. Therefore, TK parameters
may have been affected. There is no way to determune if this is the case.

Study title: Effect of repeated intravenous administration of three formulations of rh-o-
glucosidase to Sprague-Dawley rats.

Key study findings: The purpose of this study was to compare the toxicity and toxicokinetics
of three preparations of thGAA (GenzrhGAA, BI2KrhGAA, BT —thGAA) after weekly
dosing for 4 weeks by intravenous administration in Sprague-Dawley rats

The animals received doses of 1, 5, 10 or 50 mg fkg of GENZrhGAA or Bl o nGAA, 0,1, 10
or 25 of BZKrhGAA.

A number of unexpected deaths occurred ou this study. Nine males and 6 females died after
the third or 4" dose. These deaths were determined 1o be related to hypersensitivity reactions
However, no details on how this was determined are provided.

Five animals were sacrificed moribund: one receiving GenzrhGAA at 50 mg/kg, three
receiving BI — aGAA at 10 mg/kg and once receiving BIZKrhGAA at 25 mg/kg.

Observations recorded after administration of the third and fourth doses were attributed o

hypersensitivity response to the test arlicles. Thesc observations included hypoactivity,

recumbancy, dilated pupils, clear discharge from eves, abnormal respiration, blue skin, cold to
touch. These findings were noted tn some combination in all treated groups

Clinical pathology results showed that cach test article was assoctated with moderate to
marked increases in mcan liver enzvime ievels for some animals relative o control. The effect
was not clearly dose related. Because no baseline data are available, i is difficult to draw

conclusions. The group receiving 10 my ke of Bl —aGAA had the mghest incidence (more
females). However, the highest severity was observed in two females receiving BI2ZKrhGAA
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(one at 10 mg/kg and one at 25 mg/kg). Other findings included lower glucose for males
receiving BI2ZKrhGAA at 25 mg/kg, lower alburmnin to globulin ratio for males given
BIZKrhGAA at 25 mg/kg.

Gross examination at necropsy revealed stomach lesions in animals from all treatment
groups (except controls) and in those that were found dead or sacrificed early. The stomach
lestions were characterized as dark or red areas or focl in the mucosa or diffusely red mucosa.
The findings were not dose related but was most likely test article related since they occurred
only in animals that received rhGAA.

Liver weights were increased relative to control in female animals receiving 50 mg/kg
of GenzrhGAA, females receiving 10 or 50 mg/kg BT — nGAA and females given 25 mg/kg
BI2ZKrhGAA. Lung weights were increased females receiving cither | or 5 mg’kg of
BT — nGAA or 1 or 25 mg/kg BI2ZKrhGAA. Unforfunately, no histopathology results were
provided with this report, although the protocol indicates that tissues were harvested for that
purpose. The sponsor has been asked to provide information on the fate of those tissues and
an explanation on why the histopathology was not reported.

Due to adverse effects at all dose levels for all thGAA preparations, no NOAEL was
determined for any test article. However, there docs appear to be a trend toward increased
toxicities for the BIZKrhGAA and B — hGAA relative to Genzrh(GAA.

It is recommended that further investigation be focused on this issue.

The sponsor was asked to comment on the differences in toxicity seen between the two rat
studies (6354-133 and 6354-140) and the disposition of the tissues retained for histopathology.
They responded in a major amendment submitted 12/30/05. In that document the sponsor
contends that the adverse effects were not significantly different between studies when
consideration is limited to the groups receiving Alglucosidase alfa (160L product). The cause
of the gross stomach findings was not explained but it was pointed out that the finding was
observed in one of the control animals and suggested that the finding may not be related to the
test article administration. However, the pathology report for study #6354-140 clearly states
that the stomach lesions are interpreted as being test article-related (Page 27, pathology
report, Study #6354-140).

The sponsor points out that signs of hypersensitivity were noted in both studies
although no deaths occurred in Study #6354-133. In addition, the sponsor suggests that the
effect on liver function parameters (moderate to marked elevations increased aspartale
aminotransferase and alanine aminotransferase) that were observed n study #6354-140 werce
also observed in study #6354-133 at the similar vate of incidence (2 of 62 rats and 3 of 40 rats,
respectively). They also contend that these clinical chemisiry findings ave not dose related.

The information included in the major amendment (0 the BLA includes an explanation
that the tissues retained for histopathology are currently archived with Genzyme Research and
Development Quality Assurance. In addition, they explain that the original protocol indicates
that only limited microscopic analysis would be performed and that this protocol was amended
to eliminate the microscopic analysis completely when the decision was made (o terminated
the study. They have included a copy of the study protocol and amendments with the 12/30/05
submission to the BLA. Neither the protocol nor the amendments ov indication of the protocol
changes were included in the study report included in the originel RLA.
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Study no.: — #6354-140
Volume #, and page #. N/A

Conducting laboratory and location: ' Y
Date of study initiation 4122102
GLP compliance: Yes.

QA report: yes{ X )no( )
Drug, fot #, and % purity:
e Testarticle GENZthGAA: lot #GA028, Test article Bl — aGAA: lot #E1585AMO03,
Test article BIZKrhGAA: lot # 105067
»  Placebo/vehicle 1: Lot 2 KsK11283089D, Placebo/vehicle 2: tot #86-004-1T and 82-

138-JT
e Diluent 1 Lot# KsiK11283100, Diluent 2: lot 3 KsK11283099, Diluent 3: lot #
KsK11283098
o  Control arlicle: Lot # KsK11283100
Methods

Doses: 0, 1, 5, 10 or 50 mg/kg of GENZrhGAA or Bl — hGAA, 0, 1, 10or 25 of
BI2KrhGAA.

Species/strain: Rat  — D®&(SD)GS BR

Number/sex/group or time point {main study): Groups 1-9 had 8/sex/group, Groups

10-12 5/sex/group.
Route, formulation, volume, and infusion rate: Intravenous in a volume of 10 mb/kg

Age: Approximately 7 weeks old

Weight: Males: 169-230 g, Females: 167-218 g

Unique study design or methodology (if any): Test articles were injected via tail vein
once per week for 4 treatments.  All animals were treated with 5 mg/kg diphenhydramine, i.p.,
20 minutes prior to the 3™ dose and i.v. prior to the 4™ dose.

APPEARS THIS WAY
ON ORIGINAL
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No. of Animals Dose Leve!  Dose Concentrition
Group  Malg Female _ Substance (mgfkg/dayy  (mg/mip
It g B Control Article 0 T
2 g & | 0.1
j :; :: Cieny ThGAA !S ?':}
3 5 8 50 -
6 8 8 o 0.1
z : f Bl — ter thGAA . ‘f”
9 8 8 S0 5
i 3 3 1 (.1
1l 5 3 B 200000er thGAA 10 ]
12 ) 5 23 2.5

a  The dose volume wus 10 mb/kg.
b Anmualsin Group | received the controd article only.

Obs
ervations and times: (these parameters can be captured separately here or described in
connection with each endpoint under the results section.

Mortality: Observations were made twice daily.
Clinical signs: Cageside observations were madc once prior to treatment, [0, 30, 60 and 120
minutes post-dosing, then daily on non-dosing days. Detailed observations were made weekly
and prior to sacrifice.
Body weights: Recorded twice prior to study initiation, on SD1 and twice weekly thereafter.
Clinical pathology: On SD23, prior to sacrifice, blood was collected for hematology, clinical
chemistry, and coagulation parameters. Animals were fasted overnight.
Gross pathology: Necropsies were performed on all animals that were sacrificed moribund or
died prior to scheduled tenmination. Surviving animals were sacrificed on SD23. Gross exam
was performed to include external carcass, all body orifices and cavities, organs and tissucs.
Organ weights (specify organs weighed if not in histopath table): Organ weights were
recorded for adrenals (2), brain, heart, kidney (2), liver, lung, ovary (2) pituitary, prostate,
spleen, testis (2).
Histopathology: Adequate Battery: ves ( ), no { X }-- explain A full panel of tissues was
collected at necropsy (See below). However, no histopathology results are included. There is
no explanation of what the fate of those tissues was or intended to be.

Peer review: ves{ }, no( X)

APPEARS THIS WAY
ON ORIGINAL
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adrenal (2) ' pancreas
brain pituitary gland
cecum prostate
calon rectum
dundenum salivary gland [mandibular (23]
epididymis (2) sCiate nerve
esophagus seminal vesicle (2}
eve (2} skeletal muscle (thigh?
fesnur with bone marrow {articular surface  skin
of the distal end) spinal cord {cervical, thoracie, and lumbar)
heant spleen -
tleum sterauan with hone niimow
injection sife(s) stormach
fejunt teslis {20
kidney (2} thymus
fesions thyroid (2 with parasthvroid
fiver tongue
lung with maisstem bronch trachea
iymph node (uesenteric) urinary bladder
maramary gland {females only uterus
ovary {2} vagiii

* o Testis were preserved in Bonin's fixative (moribund and scheduled sacrifices only)

Results

Mortality; 9 males and 6 females died afier the third or 4" dose. Deaths were determined to
be related to hypersensitivity reactions.

Five animals were sacrificed moribund: one receiving GenzrhGAA at 50 mg/kg, three
receiving B" —rhGAA at 10 mg/kg and one receiving BI2ZKrhGAA at 25 mg/kg.

Clinical signs: Observations recorded after administration of the third and fourth doses were
attributed to hypersensitivity response to the test articles. These observations included
hypoactivity, recumbancy, dilated pupils, clear discharge from cves, abnormal respiration, blue
skin, cold to touch. These findings werc noted in some combination in all treated groups.

Body weights: No eflects on body weight or body weight change attributable to test article
administration are reported.

Clinical pathology:
¢ Each test article was associated with moderate to marked increases in mean liver

enzyme levels for some animals relative to control. The effect was not dose related.
Because no baseline data are available, it is difficult to draw conclusions. The group
receiving 10 mg/kg of BT — hGAA had the highest incidence (more females),
However, the highest severity was observed in two females receiving BI2ZKrhGAA
(one at 10 mg/kg and one at 25 mw/kg). Although these findings do not appear to be
dose related, they do appear to be test article related.

» Lower glucose was observed malues receiving BI2KrhGAA at 25 mgike
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Lower albumin to globulin ratio for males given BI2KrhGAA at 25 mg/kg

(Gross pathology:

+ Stomach lesions were noted in animals from all treatment groups and those that were

found dead or sacrificed early. The stomach lesions were characterized as dark or red

areas or foci in the mucosa or diffuscly red mucosa. The findings were not dose related
but was most likely test article related.

Organ weights (specify organs weighed if not in histopath table):

e Liver weighls were increased relative to control in female animals receiving 50 mg/ikg
of GenzrhGAA, females receiving 10 or 30 mg/kg Bl —aGAA and females given 25
mg/kg BIZKrhGAA.

L ]

Lung weights were incrcased females receiving either 1 or 5 me/kg of BT — 1GAA or
For25 mg/kg BI2ZKrhGAA.

These organ weight changes are likely related to test article administration despite the fact that
they are not clearly dose related. No such changes were noted for control antmals. The

following table taken from the pathology report summarizes the gross findings for this study:
Inestlepve of Selevted Mucroseopic Lesens 0 R wven Gees thiaA
Teeemngl Socriliee

Drose fevel (malkudday)

Bawveresomioed 46 16 15 5
Stomach, mucosy, rad fogi o : 2 : 4 3
Dvasivn Cyits . i} 2

Toxg Tabde 3
Ineidence of Setected Macroscople Lesions in Kats guven Bl
e AT Spenree
Dose tevel implkaiday) D - -

— ey thlO A A

Numberexanined 16 11 b
Siengeh, mwose dark or ped TosVwreps or diffose. 00 6 5

Text Table d
Incidense of Selected Macroscopic Lesions 1o Rats given BI 2000hter chGAA
_ Terminat Suerifice

Diose leved {mgﬂ;;{;"{!—uylmwm o T | . 1
MNumberewamined b s .

Stomach, mucesa, dork or ted focifireas or Eifige o I

Drack flaidd o gostraintestingt o i i
Perincaliperizsnd steming 0 1} i
Mesenteri Iymph sade, motiled or dellusely wed @ {

Histopathology: Adequate Battery: ves (), no ( X J—explain
Peer review: ves( 3, no{ X)
The protocol fists a complete pancl of tissues (o be coliected for histopathology

: . Howcver, the
pathology report does not include anv histopathology results.

Toxicokinetics: No data included.
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2.6.6.4 Genetic toxicology _
No genotoxicity studies are included with this BLA. Genotoxicity is not usually required for

biological therapeutics.

2.6.6.5 Carcinogenicity
No carcinogenicity studies are included in this BLA. Traditional carcinogenicity studies are

often not required for biological therapeutics. In this case, the product is a replacement
enzyme that should not have access to nuclear DNA. 1t is taken up into the cell by endocytosis
and remains within the lysosomal system.

2.6.6.6 Reproductive and developmental toxicology
Fertility and early embryonic development

Study title: Infravenous injection study of recombinant human acid a-glucosidase ( thGAA)
on fertility and early embryonic development to implantation in mice

Key study findings: The purposc of this study was to evaluate potential adverse effects of
thGAA admunistration on fertility and embryonic development when given every other day in
doses up to 40 mg/kg via IV injection to male and female mice. The dosing was initiated prior
to mating and comtinued until termination for the males and through early gestation for the
females. No toxicokinetic analyses were performed with this study.

Three unscheduled deaths occurred during this study. Two female deaths were
attributed to hypersensitivity reactions, although no details on how this conclusion was
reached are provided.

Findings included a slightly higher rate of pre-implantation loss in treated groups that
appeared to be dose dependent. In addition, treated females showed a small increase in late
resorptions. These findings did not reach statistical significance but in a more sensitive
species, such as rat, the effect may be greater.

A statistically significant, dose-rclated reduction in sperm count per gram of
epididymus is reported for the 20 and 40 mg/kg groups, representing a 6 and 22% reduction
relative to controls, respectively. A treatment-related increase in the percentage of abnormal
sperm was obscrved in the 40 mg/kg group. The increase in abnormal sperm morphology was
characterized by 45% of the animals having at least 5% amorphous sperm heads, as compared
to 18% of the control animals. :

Chnreal stgns included swelling and irritation of the 1ail beginning around SD35. As
dosing continued, scaly skin and sores appeared in all groups and eventually necrosis and loss
of a portion of the tail near the end of the study. A low incidence of tail swelling was noted
for all groups, but a slightly higher incidence of these findings was noted in dose groups
receiving 220 mg/kg. In addition, hypoactivity was observed after approximately 2 weeks of
dosing. The hypoactivity was resolved with administration of DPII

The sponsor sets the NOAEL for embryo/fetal viability to be 40 mg/kg in this study.
However, the small increasc in pre-implantation loss and late resorptions relative to control,
although not clearty dose related indicate that the test article may not be benign. the choice of
mousc as the species for this study is unusual. Previous toxicology data (see above) indicates

]
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that rat 1s more sensitive to the toxic effects of the test article. Therefore, the trends noted in
embryo viability noted above should not be ignored. Additionally, there was no toxicokinetic
analyses performed for this study. Therefore, the true exposure of the mothers and offspring to
the test article is not substantiated as expected for such a study.

The doses chosen for the reproductive toxicology studies are in question. There is no evidence
that any pilot dose ranging studies were performed in pregnant mice nor was any data provided
comparing exposure of the high dosc females in this study to thosc of the high doses in other
toxicology studies or the expected human exposure. Additional justification for the choice of
the high dose in this study was requested from the sponsor.

The sponsor responded to these inquiries in the major amendment submitted 12/30/05. The
choice of species for the reproductive toxicology studies was chosen with concurrence from
CBER. Nice were selected because rats had been shown in one study (#6354-140) to have a
more severe problem with hypersensitivity reactions to Alglucosidase alfa. The doses were
chosen with reference to the mouse toxicology study (#02009). No toxicokinetic analysis was
performed with this study. Therefore, actual exposure of the animals is not verified.

Study no.: Genzyme (4006, — 6354-155
Volume #, and page #: N/A

Conducting laboratory and location: —
Date of study initiation: 5/8/04
GLP compliance: Yes

QA reports: yes (X )no( )
Drug, lot #, and % purity:
thGAA lot# 608341 placebo lot#04-LS-0040
Methods
Doses: 0, 10, 20 or 40 mg/kg
Species/strain: mice, — “D-1®&(ICR)BR
Number/sex/group: 22/sex/group
- Route, formulation, volume, and infusion rate; [V administration in a volume of &
ml/kg

Satellite groups used for toxicokinettcs:
Study design:
No, of Animals Dose Level Doze Comeenteation

Cireup vlale Pemale  Lmpdaevery other day} fmgimi
{{ Velsiele Connoll 2 2 i 0
2{Lowi 0 22 ) {15
F{ddidy 2 »n 26 2.3
ditughs 12 A 40 5

Due to the probability of allergic reaction to the thGAA, S/mg/kg of DPH was administered
10-20 minutes prior to test article administration. 1t is not clear whether or not the control
animals also received the DPH. Afler dose #7, the DPH was administered prophylactically to
both males and {females prior 1o all remaining doses.
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Parameters and endpoints evaluated: Observations recorded are included in the table
below (provided by the Sponsor):

Procedure Frequency/Comment _ .

Clinieal Observations Anitvals were cheeked twice daily fam. and p.m ) for maotdality, abmormalites, and

sighs of pain and diseress. Addiional findings were recorded 25 they were

waserved.

Detailed observations were done ence prior 1o inftiation of treatment and al eavh

beeely weiph inderval thereafiar

Onee daily. dueing the first 2 weeks of dosing for each sex, vageside ohservations

ware done, On dostng days, postdose observations were conelictad within

16 minttes after dosing (PIXO-1) 1o chack for anaphylasis andior postdose

ohservations and approximately hour after dosing (F130:3) for postdose

ohszrvations, ,

Body Weigliy! - Forthe males, bedy weights ware vecorded prior 1o inftiation of tremmant, on the

’ st day of reatment, and bwice weekly thereatter. For Lhe farmales, body weights

were rverded prior Lo initiation of teatment, on the first day of heatment. and
twice weekly during the premating trestment phase. and diing mating Female
bocy wotghls were also recorded on G 0, 3, 7. 10, md (3,

Focd Coasstimplion Foe the tales, foad consueption was determisied weekly during the promating
treatmertt perod bt was not recarded during or atter imating. For the femwles.
Tood consymption was deterniined weeldy during the premating reatment paviod.
Beginnirg ot GO 0. foad consumpption was measured a1 gestation body weight

mHervals.

Estreos Cyede Delerminyion” uring the 2wk premativg pariod. vaginal smears were assessed Tor stige of
s,

wating Procacires Al from fespective dose groups were matad by placing one female in the

breeding cage of amale Frown the same dose growp. During the mating perind, a
chaity inspection was made for the prosence of a retained capulatery plug or
abvious copulatony plugs anthe way finer. The day of plug chsersation was
S desianated as €D 0, » " )
Sucrifice ol Cesarcan Section” Performed on GIY 13 Mice were saarificed by carbon dioside inhalation and

exsatguination. Uterfue contents were examined.
Rale Sacrifice Altorat least 9 weeks of dose adminisivation, all surviving males were rendered

neanscions with carbon dioxide and exsanguinated.
Male Reproductive Assessmenl Al the eeminal sacrifioe, all s wviving males in eacks group wete evaluated for
spetin moti lity, sperst cownts, and sperm morpholoay,  Fyvaluation wes conducted

by —

g Weights Protocol-specified organ weighis were recorded for e males af the Srninal
sacrifive.

Tissue Preservation Adwormal viscens were saved i 10% meutral- busfered formalin. Protseal-specified

male reproductive ocgans preserved in 10% newtral-bu Fered fonnalin,

Results

Mortality: Three unscheduled deaths occurred during this study.

*  OnSDI12, amale animal teceiving 20 mg/kg was found recumbent within 10 minutes
of administration of dose #7. DPH, 5 mg/kg, was given 1.p., but the animal
subsequently died. Other males showing hypersensitiviiy: 1 male receiving 10 mg/kg
showed hypoactivity and squinted eyes, s¢veral 40 mg/kg nales showed similar signs.
These mice received 5 mgikg, i.p. and the symptoms resolved.

* - One female in the 20 mg/kg eroup was found dead on the first day of gestation (GD1).
No clinteal observations or necropsy findings were reported. The cause of death is
presumed to be due to anaphylactic-like reaction.

* Amale mousc recciving 40 mg/kg was found dead on SD53. This was a non-dosing
day. Chnical observations made prior to death include: hunched posture, hypoactivity,
squinted cyes, rough coat, urine stains, reduced feces and a 10.6 gram weight loss.
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This death was apparently not due to hypersensitivity. None of the other mice in this
group had similar signs. The cause of death was presumed to be due to undetermined
factors compromising the health of this animal.

¢ Due to the necrotic tails, all males werc sacrificed early at 9 weeks of dosing.

Clinical signs:
e Clinical signs in the remaining male animals included urine stains in all groups and tail

findings that related to the tail vetn route of admunistration. The tail findings included
swelling and irritation beginning around SD35. As dosing continued, scaly skin and
sores appeared in all groups and eventually necrosis and loss of a portion of the tail
near the end of the study. A slightly higher incidence of these findings was noted in
dose groups receiving »2( mg/kg,

» In surviving females, hypoactivity was obscrved after approximately 2 weeks of
dosing. The hypoactivity was resolved with administration of DPH.

s A low incidence of swollen tails in females was noted 1n all groups.

Body weight:
e No remarkable effects on maternal body weight attributable to the test article were

observed.
* For males, no consistent effect on body weight change attributable to the test article

was reported.

Food consumption: No effect on food consumption for either males or females attributable to
the test article was reported.

Toxicokinetics: No toxicokinetics were performed.

Necropsy:
e No treatment rclated effects on organ wetghts is reported.

Fertility parameters (mating/fertility index, corpora lutea. preumplantation loss, etc.):

Mo, of mlefamale pates a2 D b, n
Mo, of femalas mated 22 Sl 2z 1z
MaleFemale Copulation Index (% jimn e W 1an
No. of Jemales successfally maled B K H3 13
MaleTemale Fertitity Index i % 41 i 35 k]

e A slightly higher rate of pre-implantation loss is noted in treated groups. The trend
appears to be dose dependent. However, the finding did not achieve statistical

significance.
e The table below summarizes the {indings for pre-implantation loss:
Pre- Group 1 Group 2 Group 3 Group 4
Impiantation 0 me/kg 10 mgikg 20 mg/kg 40 mg/kyg
toss
mean 4.2 a8 47 185
SD 40 54 |52 7.8
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o Treated females showed a small increase in late resorptions. This finding did not reach
statistical significance.

e No difference In live litter size was noted.

e A statistically significant, dosc-related reduction in sperm count per gram of
epididymus 1s reporied for the 20 and 40 mg/kg groups refative to control and low dose
groups.

o A dose-related trend toward mcreased percentage of abnormal sperm for the 40 mg/kg
group. This finding did not reach statistical significance.

A treatment-related reduction in the epididymal sperm count was observed in the 20 and 40
mg/kg groups, representing a 6 and 22% reduction relative to controls, respectively. A
treatment-related increase in the pereentage of abnormal sperm was observed in the 40 mg/kg
group. The increasc 1n abnormal sperm morphology was characterized by 45% of the animals
having at lcast 5% amorphous sperm heads, as compared to 18% of the control animals. A
reduction in the sperm motility in all groups, compared to historical control, may be attribuied
to cither the vehicle control or the IP admnustration with DPH1. Treatment with rhGAA did
not exacetbate the reduction in motiity; therefore, changes i sperm motility are not attributed
to rhGAA. NOEL for embryo/fetal viability was determined by the sponsor to be 40 mg/kg.
Howevecr, the simall increase in pre-tmplantation loss and late resorptions relative to control,
although not ctearly dose related indicate that the test articie may not be benign. The choice of
mouse as the species for this study 1s unusual. Toxicology data indicates that rat is more
sensitive to the toxic effects of the test article.

Embryofetal development

Study title: Infravenous injection study for effects on embryofetal development wiih
recombinant human acid-u- glucosidase thGAA) in mice :

Key study findings: The purpose of this study was 1o assess the potential embryo/fetal
toxicity and teratogenic polential of thGAA administered daily in doses up to 40 mg/kg to CD-
1 mice. Mated mice were dosed on gestation days (GD) 6-15 and fetuses were delivered by
Cesarean section on G18. Analysis of pregnancy data demonstrated no treatment cffects on
preimplantation loss, number of implantation sites, or number of corpora lutca were noted for
this study. A small, dose related increase in tate resorptions is noted. This finding did not
reach statistical significance. However, it is consistent with findings from the previous study
(#6354-155). Due {o the loss of one whole litter in the high dose group, a significant increase
in post-implantation loss was noted for the 40 mg/kg/day group. The low frequency of the
finding indicates that it may be sporadic or perhaps due to a problem with maternal health.
However, because it occurred in the high dose group, a test article effect cannot be ruled out.
The results would be more convineing, perhaps, if the study had been performed in a more
sensitive species,

No statistically significant effects of the test article on external fetal variations are
noted. In some cases a slight trend may be observed but the incidence is very low and does
not reach statistical significance. A test article effect is questionable. The total for fetal
external malformations ts such a case: The incidence among groups is 2, 3.3, and 6 for groups

L]
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1, 2, 3, and 4, respectively. The total number of fetuses examined was 264, 301, 315 and 297
for each group, respectively. ‘

The low incidence of these findings suggests that 1t may not be above the normal
incidence for this species. The sponsor has not supplied historicat data that may resolve this
gquestion.

Toxicokinetic analysis showed that serum concentrations for ail groups were lincar
with dose. No evidencc of saturatton kinetics was noted for any dosc up to 40 mg/kg. No data
are provided for fetal or amntotic fluid levels.

Analyses of rhGAA activity in maternal liver, fetal liver and placenta indicated that
there was a dose dependent increase 1n enzyme activity in adult liver and placenta but very
little found in fetal liver. This indicates that either little rhGAA crosses-the placental barrier or
that the doses were not large enough to provide significant cxposure to the developing fetus.

Study no.: 6354-153
Volume #, and page #:

Conducting laboratory and location: /
Date of study initiation: , [/6/04
GLP compliance: , Yes.

QA reports: yes ( X )no( )
Drug, lot #, and % purity:

Besztve tarchiel
et dutisle Lead MNas. Slerg Caniity Toxgeerad nen ke Sampls

thiisn TEEIS redngem ied —= ke 2 Faid

Beens (Guelitvst

L uf_ .-tlli;t‘;; L4 M ] Nswgy [Lxpird s Ve Setwphe
EeAA Contral i3 N3 13 selnygersatod el Dy 290 ¢ nf

Rerer e [Archpnes

b elacds iy Bls Ny Lxpinapan i Bils Saple
Neeribe Wit ORI (-3 ¢ ARkl 2a0d 5l
Methods

Doses: (0, 10, 20 and 40 mg/ky

Spectes/strain: Mouse, CD-1, females were 10-12 weeks old

Number/sex/group: 25/females/group with additional 18 at each dose level (except
control) for toxicokinetic analysis.

Route, formulation, volume, and infusion rate; Animals were dosed IV in a volume of
8 ml/kg/day.

Satellite groups used for toxicokinetics: 18 animals per dose group, except control.

Study design: Mated females were administered test article, TV, on SDG-15. The basic
study design 1s summarized in the table below, provided by the sponsor. Cesarean delivery
was performed on GDIE.
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T of Poineder | Floss Lovel | e Cosceptrnee Dowing Schedale

Citvup SawTE, kb ingital Tigys of Coasdticn
1 ¥ eliets Coauredy 85 i a .y
3L} L] in [ 15
Jently 2314 z»- < W3
4(LEeh 29718 it : et

observations (daily), body weights (GDO0, 4, 6, 8, 10, 12, 14, 16, and 18), TK (samples taken
GD6 at pre-dose, 10, 30, 60, 180, and 360 minutes post-dose), food consumption (measurcd at
each body weight measurement), gross necropsy of mothers including placenta and ammniotic
sac, uterus examined for number and placements of implantation sites, number of live and
dead fetuses, early and late resorptions, fetal abnormalities. Ovaries were examined for
number of corpora lutea. Livers from the dams and placentas from 5 randomly selected litters
in each group were retrieved and fixed for further evaluation.

Results

Mortality (dams): All dams survived to scheduled sacrifice.

Clinical signs {(dams): No significant effccts attributable to test article administration were
reported.

Body weight {(dams): No freatment eficct noted.

Food consumption (dams): No treatment effect noted.

Toxicokinetics:

APPEARS THIS WAY
ON ORIGINAL
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Table 1: Toxicokinetie parpmters

T
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Toxicokinetic analysis showed that serum concentrations for all groups were linear with dose.
No evidence of saturation kinetics was noted for any dosc up to 40 mg/kg. No data are
provided for fetal or amniotic fluid levels.

Analyses of thGAA activity in maternal liver, fetal liver and placenta indicated that there was
a dose dependent increase in enzyme activity in adull liver and placenta but very ltitle found in
fetal liver. This indicates that cither Hitle thGAA crosses the placental barricr or that the doses
were not large enough to provide significant exposure to the developin g fetus. The tables

betow, provided by the sponsor, summarize the levels of ThGAA activi ty n adult and fetal
liver and placenta.
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Adult Livers, Finat Data

Bludy 8354-153 Adult Livers

48U Aciivity Assoy Analysis
Final
Data
Grdirp Dasr ¢ Mean, < SBithow ; w“Ov
L —
£ 13 408 28113 ig_f

| vEEs T oeey EE
CWMET D 88753y 1
{3 §aE | 19d4nit . i%8

Riem V)Lh‘; —
3

Frial Livers, Final [Naia

Study 83654153 Felaf Livars
rhGAA MU Activity Assay
Analysis
Fina:
Diata

Group | Doss %} Mags, | Stdov ROV

Placentas, Fnal Data

Stutly 6364-143 Futid

Ad09 31491SS0d 1S39
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rhGAA AU Activity Assay
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Data . B
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Terminal and necroscopic evaluations:C-section data (implantation sites, pre- and post-
implantation loss, etc.):

s No treatment effects in preimplantation foss were noted for this study.

 No treatment effect on the number of implantation sites wis reported.

e No treatment effects were noted for the number of corpora lutca.

*  Small, dose related increase in late resorptions is noted. This finding did not reach
statistical significance. However, it is consistent with findings from the previous study
(#0354-155).

* A sigmficant increase in post-implantation loss for the 40 mg/ke/day group.

The tables below, provided by the sponsor, summarize the cesarcan section parameters
examined and results:

13
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Summary of Cesavean Section Data
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Offspring (imalformations, variations, etc.):

» No statistically significant effects of the test article on external fetal vanations are
noted. In some cascs a slight trend may be observed but the incidence is very low and
does not reach statistical signiftcance. A test article effect is questionable. The total
for fetal external malformations 1s such a case: The incidence among groups is 2, 3, 3,
and 6 for groups 1, 2, 3, and 4, respectively. The total number of fetuses examined was
264, 301, 315 and 297 for each group, respectively.

Reviewer comment: The low incidence of these findings suggests that it may not be above the
normal incidence for this species. The sponsor has not supplied historical data that may resolve
this question.

e One dam in the high dosc group had 0 viable fetuses. No other groups showed this
finding.

Reviewer comment: The low frequency of the finding indicates that it may be sporadic or
perhaps due to a problem with maternal health. However, because it occurred in the high dose
group, a test article effect cannot be ruled out. The results would be more convincing, perhaps,
tf the study had been performed 1n a more sensitive species.

» No treatment effect on offspring scx ratios is reported.

The tables below, provided by the sponsor, summarize the parameters examined in the fetuses
and the results: :

APPEARS THIS way
ON ORIGINAL

120

IN:‘

[

FRGAE

Ad0J 3181SS0d 1S3



Reviewer:Barbara J. Wilcox, PH.D.

BLA No 12514].

Sumnary of Mean Fetal Weights (g)
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Fetal Soft Tissue Variations
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Fetal Skelefal Variations
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Fetal Skeletal Matformations
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Prenatal and postnatal development

No studies of prenatal and postnatal development were performed for this BLA. For the
infantile indication, such studics should not be required prior to initial approval due to the dire
nature of the disease. However, for the late onsct tndication such studies should be requested.

2.6.6.7 Local tolerance
No studies were performed.

2.6.6.8 Special toxicology studies
No studies were performed.

2.6.6.9 Discussion and Conclusions
The toxicology package for this BLLA contains single dose studies in SD rat and beagle dogs,
repeat dose studies in SD rat, cynomolgus monkey and C57bl/7 1 mice as well as segment |
and segment 2 reproductive toxicology studies in CD-1 mice. A number of concerns tegarding
thesc studies have been identified during this review. These inctude the following:
¢ The potential for higher rate of toxicity in rats as evidenced by unexplained deaths and
uninvestigated toxicities in study 6354-140.
* The potential lot-to-lot difference in rhGAA uptake in the liver, PK and toxicity. This
is especially apparent in thGAA from different manufacturing scales. These concermns
have been discussed with the product review team.

¢ The choice of species for the repraductive toxicolopy may not he the most sensitive to
the toxicities of thGAA possible resulting in under-representation of adverse effects.
However, the chotce of the mouse was discussed with CBER and was agreed to based
on tho greater severity of the hypersensitivity reactions apparent in the rat loxicology
studres.

* Nosecond spectes for the Segment 2 reproductive loxicology studies, (The sponsor
has agreed (o perform a second segment 2 toxicology study in a non-rodent species.)

e The Segment | reproductive toxicology study did not include woxicokinetics so
cxposure o the test article cannot be veritied.

* Anadditional toxicology study mentioned in the non-clinical summary that was to be
finished by 33 2005 6354-163 is not included in this submission.
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In spite of these concerns, from the Pharmacology/Toxicology perspective, approval is
recommended for alglucosidase alfa for use it the infantile onset indication and for the 160
liter manufacturing process only. It is recommended that the outstanding issues be resolved
prior to approval for the late onset indication or the 2000 liter manufacturing process.

2.6.6.10 Tables and Figures

2.6.7 TOXICOLOGY TABULATED SUMMARY
Tables omitted per Dr. Choudary.

OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions:

Pompe’s disease is an autosomal recessive disorder resulting in the failure of acid o-
glucosidase to hydrolyze lvsosomal glycogen. This failure leads to abnormal accumulation of
glycogen within lysozomes of some tissues. Pompe’s disease is a severe form in which
rapidly progressive disease resulls in cardiac failure. The infantile onset form is uniformly
fatal within 18 months of birth.

Alglucosidase alfa (thGAA) 1s a replacement cnzyme produced by recombinant
technology using Chinese hamster ovary cells as the production cell line. The function of this
product, human recombinant thGAA, ts degradation of glycogen to glucose, a process that
normally takes place within the lysozomes of the cell. Enzyme deficiency results in
accumulation of glycogen in the lysozomal compartment, a condition known as glycogenosis
type II. The product, thGAA, 1s administered intravenously (IV) as a form of enzyme
replacement therapy (ERT). Once intermalized by the cell, and passed to the lysosomc by
intraceliular mechanisms, hGAA is proteolytically processed, forming an active, multi-subunit
complex which degrades lysosomal glycogen at low pH (Van der Ploeg, 1988 Pediatr Res,
Moreland, et. al., 2005, J Biol Chem). lntracellular trafficking of the 110 kD form of thGAA
to the lysosome is thought to occur througlt 4 mannose-6-phosphate receptor dependent
mechanism. This receptor is also present on the surface of many cell tvpes and is thought to
play a role in uptake of cxogenously adnunistered enzyme by endocytosis (Raben, 2003,
Molecular Genetics and Metabolism.)

A series of non-clinical efficacy studies was performed to identify an optimal dosing
regimen. Those studies were performed in the Pompe knockout mouse model in which the
GAA gene is distupted by a neo insertion in exon 6 (6"“/6"™°). These animals develop
biochemical and pathological changes similar Lo those seen in the human disorder including
reduced muscle strength and immobility. . The doses tested ranged from 1 me/kg
administered weekly for four weeks to 100 mg/kg administered weekly for 4 weeks. The
longest duration studies consisted of 10 and 20 mg/kg administered weekly for 16 weeks, and
16, 20, 40 mgikg every other week (qow) for 16 weeks.

In genceral, the rhGAA showed consistent efficacy in depleting glyveogen load from a range
of muscles icluding cardiac, diaphragm, quadriceps, psoas and triceps as demonstrated by
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both histological and biochemical detection methods. Differences in response to the thGAA
were observed among the various muscles sampled. Glycogen was consistently cleared from
cardiac muscle more readily than from skeletal muscle. When rate of depletion and
reaccumulation were investigated, cardiac muscle appeared to clear faster and more
completely and the depietion appeared to last longer relative to skeletal muscle. The various
skeletal muscles showed significant variation in response to hGAA. The relative magnitude
of depletion among muscle remained consistent from study to study. The differences in
efficacy among the various muscles tested may reflect heterogeneity of mannose-6-phosphate
receptor among those muscles.

When efficacy between 3 month old and 12 month old Pompe knockout mice was -
investigated, younger animals were significantly more responsive to glycogen clearance by
rhGAA than the older animals. The relative magnitude of depletion among the musele types
was consistent with other studies. The 12 month old mice had higher tissue glycogen load at
study initiation, which might have affected the resulting levels at study termination. When
long term dosing regimens were compared, results indicated that 40 me/kg, gow, was as
effective as 20 mg/kg adminstered weekly.

Both single and repeat dose pharmacokinelic studies were conducted in Pompe GAA
knockout mice. When a semilogarithmic plot of concentration versus time was constructed
from data produced by each of the PK studies, the curves exhibited characteristics of a two
compartment model with first order elimination.

When PK parameters were analyzed after doses of 10, 20 or 40 mg/kg, results were
linear with increasing doscs. At doses up to 40 mg/kg, there was no evidence of saturation
kinetics and the clearance of the drug followed a first order process. PK parameters were
somewhat variable between species and between studies. Elimination half-life was on the
order of 2-3.5 hours for monkey, rat 1-2 hours, Pompe knockout mouse 1-2 hours, CD-1
mouse approximately 75 minutes, and beagle dog approximately 1.5 to 2 hours. No consistent
differences could be identified between male and female rodents due to the large variations.
For the two monkey studies, the fernales consistently had lower AUC and AUC/dose. Both
males and females in the high dose group showed significantly higher elimination haif-life
relative to the other dose groups, females for days 1-85 and male for days 1-169.

The toxicology package for this BLA contains single dose studies in the Sprague-Dawley rat
and the beagle dog, repeal dose studies in Sprague-Dawley rat, cynomolgus monkey and
C57B1/6 mice. The test article was delivered by 1V infusion for all studies. The rhGAA was
well tolerated in monkey at doses up to 200 wg/kg, every other week (gow), for 13 weeks, and
up to 100 mg/kg, qow, for 20 weeks. No adverse effects were reported for the 13 week study.
For the 26 week study, a lew findings were reported including thrombus formation in the
atrium of 2 male animals (of 3 in cach group) from the two higher dose groups and ovarian
cyst and unequal sized ovaries in onc female of 3 from the high dose group as well as
inflammation and degeneration of the quadriceps muscle in onc female of three from the high
dose group. A relationship to the test article cannot be ruled out but, due to the small number
of animals per group, this relationship is difficelt o establish,

The thGAA was also generally well wierated in C37BI/6 mice at doses up to 100
mg/kg adminisiered weekly for 4 weeks. The mouse repeat dose toxicity study (#2009} was
mtended to compare toxicttics produced by product from three different manufacturing
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processes. The toxicity profile was simifar among the three products, but an increase in
severity seemed to be present for the BI2ZKrhGAA (2000 liter) and B! — ;/hGAA  —  iter)
relative to the GENZrhGAA (presumably the 160 liter product). The toxicities noted include a
small decrease in WBC for all three formulations. The biological significance for this finding
is not clear since no baseline data is available and most values remained within normal limits
for this species. In addition, a dose related mild increase in serum albumin was noted for ajl
trcatment groups and was more prevalent in females. Two females of 6 per group receiving
100 mg/kg of GenzrhGAA or BT — 1GAA had muldly increased AST and ALT levels (79%
for AST, 69% for ALT). This finding may be related to the test article and suggests a potential
adverse effect on the liver.

[n a simifar study carried out in Sprague-Dawley rats (6354-140), toxicity was much
inore apparent. Several unscheduled deaths occurred during the study that were not
sufficiently explained. In addition, although a full panel of tissues was collected no
histopathology was reported cven though gross examination al necropsy revealed several
unexpected lesions. The sponsor was asked to explain the absence of the histopathology and
the fate of those tissucs. The histopathology was not performed but the tissues are archived at
Genzyme. (Sec toxicology summary (or complete discussion.)

An additional repeat dosc toxicily study was performed in the rat (#6354-133) included
only 5 per sex per group and mvestigated only one test article. Toxicitics were less
pronounced than those observed in 6354-140. The animals in this study showed a dose related
statistically significant decrease in body weight. For males the weight loss was 23.3% and for
females, 11.6%. No clinical pathology or anatomical pathology results corrclated with the
weight loss finding. No other significant findings were reported.

Rodents tend to launch a severe hypersensitivity reaction to the human recombinant
thGAA, and numerous unscheduled deaths were attributed to this hypersensitivity. In most
cases, the diagnosis was based upon clinical observations and the response to administered
anti-histamine medications, and no in depth investigations were conducted. In response to the
known hypersensitivity concern, for all rodent studies, the animals were pre-ireated with 5
mg/kg diphenhydramine (DPH), 1.p., approximately 20 minutes prior to administration of the
test article. None of the study reports indicate that a separate control group receiving DPH
only was used for any study, nor was there any indication of whether the control animals were
also pre-treated with DPH. Therefore, any effects that the DPH may have had or any
interaction between DPH and the test article could not be assessed.

A number of concerns regarding these studies have been identified during this review.
These include the following:

+ The potential for higher rate of toxicity in rals as evidenced by uncxplained deaths and
uninvestigated toxicities in study 6354-140.

* The potential lot-to-lot difference in rthGAA uptake in the liver, PK and toxicity. This
1s especially apparent in thGAA from different manufacturing scales. These concems
have been discussed with the product review team.

* The choice of species for the reproductive toxteology may not be the most sensitive to
the toxicities of thGAA possible resulting in under-representation of adverse effects.

¢ No sccond species for the Segment [ reproductive toxicology studies.
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¢ The Segment I reproductive toxicology study did not include toxicokinetics so
exposure to the test article cannot be verified.

* An additional toxicology study mentioned in the non-clinical summary that was to be
finished by Q3 2005 6354-163 1s not included in this submission.

* In considering all the non-clinical studies together, a pattern seems to emerge that mav
suggest the presence of a lot-to-lot variation in pharmacokinetics (PK) and toxicities.
In study #6354-140, the incidence and severity of toxicities appear to be increased in
rhGAA produced by 2000 liter and  — .iter manufacturing processes. In addition,
biodistribution studies indicate that thGAA from the 2000 liter process has increased
uptake into the liver relative to the product from the 160 liter process. There was some
suggestion that lot-to-lot variation {_ - 1w the 160 liter process
resulted in observable variations in PK and toxicities dHIOIlfj lots. Not enough data is
available at this time to fully investigate this concern. However, these concems reflect
manufacturing issues that are being managed by the CMC review team. The non-

clinical data has been provided to the product reviewers and (hscusseci in detail. These

issues will be followed up by the CMC review team.

Reproductive toxicology:

The reproductive toxicology package included in this submission is inadequate to
support approval of alglucosidase alfa for the late onset indication. The studies performed
include a single Segment I study and a single Segment 11 study, both performed in CD-1 mice.
For the Segment I study, mice rcceived doses up to 40 mg/kg every other day beginning prior
to mating and through early embryonic development. No clear rationale was given for the
choice of dose and no pilot studies are included to support the choice of high dose. Results of
this study showed a trend toward pre-implantation foss and late resorptions. These findings
did not reach statistical significance and historical normal values for comparison were not
found. Changes in male fertility parameters were also found. A statistically significant and
dose related reduction in sperm count as well as an increase in abnormal sperm. The male
mice also showed urine stained abdomens suggesting the presence of more generalized
toxicity. No toxicokinetic analysis was performed so relative exposures 10 the test article
cannot be cstablished.

For the Segment II study, mated female mice received doses up to 40 mgikg
administered daily. No evidence of preimplantation loss was noted during this study. A small
dose related increase in late resorptions was observed but did not reach statistical significance,
However, in considering pregnancy parameters as a whole, a significant increase in post-
implantation loss was noted for the high dose group. There were no statistically significant
adverse effects on fetal development reported. .

A second Scgment I1 study in a non-rodent species is recommended to confirm and
clarify the potential toxic effects.

In addition, a Scgment 11T study should be considered for the older patient population.
Thesc issues should be resolved prior to approval of alglucosidase alfa for the late onset
indication.

Suggested labeling:

2%
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Based on the non-clinical package as a whole, the following recommendations regarding
labeling are given:
 In the Laboratory Tests section, the sponsor mentions only the two toxicology studies
monkey where very little toxicity was noted.

7

* Inthe section titled Carcinogenicily, Mulagenesis and Impairment of Fertility, addition
of effects on male fertility parameters is recommended. Results of study # 6354-155
(Fertility and Early Embryonic Development) showed a dose dependent decrease in
sperm count and increase in abnormal morphology. This study was done in mice,
which may not be the most sensitive species. Therefore, the toxicities may be
underestimated. In addition, increased occurrence of ovarian cysts was observed for
mouse and monkey.

* Pregnancy Category: The sponsor suggests that this product be designated pregnancy
category B. However, study #6354-153 showed a significant increase in post-
tmplantation loss in the high dose group when pregnancy parameters arc considered as
a whole. The trends of reduced embryo viability in study #6354-155 and the increased
post-implantation loss seen in study 6354-153, the lack of toxicokinetics ta assure
cxposure to the test article in study #6354-155, the use of a potentially non-sensitive
species for these studies, the lack of a segment 2 study in a second (non-rodent)
species, and the lack of a clear justification of the high dose used in both studies render
the Category B claim tenuous, at best. At this time, Pregnancy Categors — would be
more appropriate.

¢ A toxicology study in juvenile animals may be useful.

It is recommended that the outstanding issues be addressed prior to approval of alglucosidasc
alfa for the late onset indication.

Recommendation on approval

Based on the non-clinical data provided, from a non-clinical standpoint, approval is
recommended for treatment of infantile onset Pompe’s diseasc.
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